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PREFACE .

TO

THE FIRST EDITION.

THERE is probably no department of practical science so gene-
rally useful, or so little studied of late years, as the machinery
of transmission. The term ¢millwork,’ as applied to this class
of machinery, is of modern origin, but ¢ millwright’ has long
been a household word, and at no distant period conveyed the
idea of a man marked by everything that was ingenious and
skilful. ‘

The millwright of former days was to a great extent the sole
representative of mechanical art, and was looked upon as the
authority in all the applications of wind and water, under what-
ever conditions they were to be used, as a motive power for the
purposes of manufacture. He was the engineer of the district
in which he lived, & kind of jack-of-all-trades, who could
with equal facility work at the lathe, the anvil, or the car-
penter’s bench. In country districts, far removed from towns,
he had to exercise all these professions, and he thus gained the
character of an ingenious, roving, rollicking blade, able to turn
his hand to anything, and, like other wandering tribes in days
of old, went about the country from mill to mill, with the old
song of ©kettles to mend’ reapplied to the more important
fractures of machinery.

Thus the millwright of the last century was an itinerant
engineer and mechanic of high reputation. He could handle
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the axe, the hammer, and the plane with equal skill and pre-
cision ; he could turn, bore, or forge with the ease and despatch
of one brought up to these trades, and he could set out and cut
in the furrows of a millstone with an accuracy equal or superior
to that of the miller himself. These various duties he was
called upon to exercise, and seldom in vain, as in the practice
of his profession he had mainly to depend upon his own re-
sources. Generally, he was a fair arithmetician, knew some-
thing of geometry, levelling, and mensuration, and in some
cases possessed a very competent knowledge of practical mathe-
matics. He could calculate the velocities, strength, and power
of machines: could draw in plan and section, and could con-
struct buildings, conduits, or watercourses, in all the forms and
under all the conditions required in his professional practice;
he could build bridges, cut canals, and perform a variety of
work now done by civil engineers. Such was the character and
condition of the men who designed and carried out most of the
mechanical work of this country, up to the middle and end of
the last century. Living in a more primitive state of society
than ourselves, there probably never existed a more useful and
independent class of men than the country millwrights. The
whole mechanical knowledge of the country was centred amongst
them, and, wherever sobriety was maintained and self-improve-
ment aimed at, they were generally looked upon as men of
superior attainments and of considerable intellectual power. It,
however, too frequently happened that early training, constant
change of scene, and the temptation of jovial companions, led
the young millwright into excesses which almost paralysed his
good qualifications. His attainments as a mechanic, and his
standing in the useful arts, were apt to make him vain; and
with a rude independence he would repudiate the idea of work-
ing with an inferior craftsman, or even with another as skilful
‘a8 himself, unless he was born and bred a millwright.* I re-
* This had reference to the young practitioner being the oldest son of a mill-

wright, which circumstance in itself was, until of late years, considered a sufficient
guarantee for skill and industry, whether he possessed them or not.
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member an old millwright who, in palliation of an offence with
which his employer charged him, urged that he ought not to
forget, that he had condescended o work even with carpenters
to please him. '

The introduction of the steam engine, and the rapidity with
which it created new trades, proved a heavy blow to the dis-
tinctive position of the millwright, by bringing into the field a
new class of competitors in the shape of turners, fitters, machine-
makers, and mechanical engineers; and, notwithstanding the
immense extension of the demand for millwork and the great
stimulus which it afforded to the manufactures of the country,
it nevertheless lowered the profession of the millwright, and
levelled it in a great degree with that of the ordinary mechanic.
He, however, retains his distinctive appellation, and I hope he
will long continue the representative of a higher class of me-
chanical artisans, to whom the public are deeply indebted for
many of our first and greatest improvements in practical
science.

Serious, and perhaps not altogether unfounded, charges have
been brought against millwrights as a class, but on examination
I do not think that they are borne out to the extent some
pérsons would wish us to believe. On the contrary, I am per-
suaded there is no class of mechanics so intelligent or who work
harder than the millwright, or who exercise a sounder judgment
in the performance of their varied duties in the perfect execu-
tion of their work. It is true that, in former times, they too
frequently gave way to habits of dissipation, and neglected their
work ; but in this respect they were not alone, as the changes
which have lowered their standing have proved of use in re-
forming their habits, and produced in the millwrights of the
present day a highly moral and intellectual class of workmen.
Taking them as a body, I believe there is not a more trust-
worthy or a more respectable class of men in existence. I make
this statement from experience, and have great pleasure in
doing so.
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It used to be a custom, before the days of Mechanics’ Insti-
tutes, for the millwrights to form one for themselves in every
shop. Their meetings were generally held at a public house on
Saturday evening ; and many were the times when long discus-
sions on practical science and the principles of construction
were carried on between rival disputants with a fiery eagerness
which not unfrequently ended in a quarrel, or effected a settle-
ment by the less rational but more convineing argument of blows.
It was a rough way of imparting knowledge, but it was not
worse than that practised in the schools and seminaries of the
day, where the application of the rod was the general remedy
for dull apprehensions and indocile minds. This was be-
ginning at the wrong end, endeavouring to impart knowledge
through the sensitive parts of the body, instead of appealing
to the higher organs of the intellect. The principal dif-
ference between the Millwrights’ Institute and such schools was,
probably, that the former was the more ferocious of the two, as
the rival disputants hit harder under the influence of potations
than would now, fortunately, be tolerated. On more peaceful
occasions, however, it was curious to trace the influence of these
discussions on the young aspirants around, and the interest ex-
cited by the illustrations and chalk diagrams by which each side
supported their arguments, covering the tables and floors of the
room in which they were assembled. The great objection to
these gatherings was, however, the angry feeling too frequently
aroused, and the injurious influence of the place of meeting,
which gave rise to prolonged debates under the encouragement
of the landlord, who on most occasions was appealed to as
referee in all matters in dispute.

The above is no overdrawn statement of the condition of
the millwrights some fifty years ago. Their education and habits
were those of the times in which they lived. There were then
no schools for the working classes but those of the parish, nor
auny libraries or mechanics’ institutes; and after the usual course
of reading, writing, and accounts, the millwright was thrown
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upon his own resources in the attainment of the knowledge
which might aid him in his profession. Hence his value and
worth were most exhibited when away from home, and isolated
from all assistance, where he was left to the comstruction and
erection of work. In such a position his energies were fre~
quently called into action, and on many occasions he displayed
powers calculated to advance the interests of his employers, and
to complete his task with accuracy and skill. Thus the genuine
millwright became, to a fault, tenacious of his own views and
position, and jealous of any interference or assistance from
others. He would reconnoitre and survey the premises on
which he was to work, rule and line in hand, and would
stand for hours (much to the annoyance of his employers)
before he could make up his mind as to what was best to be
done. These preliminaries being settled, his decision was final,
and he would fix his levels, stretch his lines, and in the course
of a day or two commence work with an energy which generally
led to the best and most satisfactory results.

Another feature of this class, which should not be lost sight
of, was the kindly feeling and generous sympathy which gene-
rally belonged to them, and that exhibited especially towards
those in declining years or in distress. It is in acts of charity
and good will to those in want that the millwright of all times
has shown his native goodness. He may frequently be reckless
and dissipated, but he seldom fails in generosity, and I know of
no other trade where a more hearty feeling of liberality and
kindness exists.

Yet the millwrights, with all these good qualities, have been
and are still subject to faults injurious to themselves, and an-
noying to the public. Such are their frequent contests with
their employers, either for an advance of wages or for some
fancied privilege which they seek to maintain or establish. They
are united in benefit societies for the relief of the old and indi-
gent, and those who from sickness or other causes may be un-
able to work, Unfortunately these are connected with trade
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societies established for the purposes of maintaining what they
consider their rights—rights often of a very imaginary character,
and ill calculated to advance their position or promote their
individual interests. It is not my wish to enter here into the
questions which these contests suggest. I am willing to forget
bygone days and to look forward with sanguine hope to better
times, when truer principles of freedom and social economy
shall be acted upon, without destroying the independence and
originality which have always been characteristic of an intelli-
gent body of men for whom I entertain individually and collec-
tively the highest veneration and respect.

I have deemed it necessary to give this brief account of the
habits and character of a body of men whose skill and spirit
of perseverance has done so much for the advancement of
applied science, and whose labours have still a large influence
on the industrial progress of the country. I am, perhaps,
better qualified for this task than most others, from having
been associated with them from early life, so that an experience
of some fifty years must be my excuse for having imposed this
narrative upon the reader.

For many years I have had it in contemplation to give an
account of my own practical experience in millwright construc-
tion, but a multiplicity of engagements has combined with
other causes to delay the work, and to modify considerably the
original plan. This first volume, I hope, may contain reliable
data and true principles for the successful guidance of the mill-
wright in his professional duties.

The present portion of the work treats of the first principles
of mechanism generally, and proceeds to the discussion of the
various constructions of prime movers. I hope shortly to
complete the work by a treatise on the new system of trans-
missive machinery, and on the arrangements necessary for im-
parting motion to the various descriptions of mills.

The accumulation, storage, and measurement of water has
received attention; as well as the construction of prime movers
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depending upon this motive power, including the best forms of
water-wheels, according to my own practice, and the more
recently introduced varieties of turbines. In discussing the prin-
ciples of the steam engine I have inserted a short treatise on the
properties of steam, derived in part from researches carried on
under my own superintendence, bearing on the density of
saturated steam and the law of expansion of superheated steam.
To this has been added a chapter on engines and boilers, their
strength, powers, and principles of construction.

It is evident that, in the present improved state of mill

machinery, steam and water are the chief agents on which
we depend for motive power. In former times the wind was
also looked to as a source of power, but it is now very little
employed, except in Holland and the fenny districts of this
country, where it is still used for pumping and other operations
where constant uniformity of action is not required. Notwith-
standing the changes effected by steam, as windmills are not
yet obsolete, I have given a short chapter on their mode of
construction.

In the prosecution of this work I have been ably assisted by
my friend Mr. Thomas Tate, to whom I owe the chapter on the
elementary principles of mechanism ; asalso to my assistant and
secretary, Mr, William C. Unwin, to whose assiduous attention
and love of science I am greatly indebted.

-~
~~



PREFACE

TO

THE SECOND EDITION.

TrE early demand for a Second Edition of my Treatise on
Mills and Millwork, has enabled me to correct errors and
supply omissions, which are almost sure to escape notice when
the Author’s time is occupied in professional pursuits,

The history of Mills is a subject which might be greatly ex-
tended ; but the main object I have had in view is to lay before
the reader the results of a successful practice as a Millwright and
Engineer during a period of half a century—a period which has
contributed more than any previous one to the development and
perfection of the manufacturing industry of the world.

MANCHESTER : June 26, 1864.
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A TREATISE

ON

MILLS AND MILL-WORK.

SECTION 1.

INTRODUCTION.

CHAPTER 1.
EARLY HISTORY OF MILLS.

WE may search in vain for dates from which to calculate
the earliest period at which the principles of accumulating
power, and transmitting it for employment in mills, were first
introduced, and it is equally impossible to trace.consecutively
the progressive developments that have taken place from the
days of antiquity to the present improved state of the arts,
Perhaps the earliest introduction of machinery was in the pro-
cesses for the preparation of food, as we read of the Egyptians
and Babylonians, and other nations in Europe and Asia, having
mills for grinding corn from the earliest period of historical
records. Hesiod and Pliny both describe the most primitive
method of the preparation of corn, a method still further illus-
trated among the pictorial remains of the Egyptians, viz.
pounding in a mortar.

CorN Miris.—When millstones were introduced is uncer-
tain, although they boast of a high antiquity. Agatharcides
(B.c. 113) mentions grinding stones employed in the reduction
of gold ore in the mines on the Red Sea, and of the same kind,

PART I. B



2 EARLY HISTORY OF MILLS.

10 doubt, were the early flour mills. Two round stones, with
concave and convex fitting surfaces, roughened or notched like
the pestle in Pliny’s description, is probably the best form
for the distribution of the grain introduced through a hole
in the upper stone, and to throw off the flour at the edges.
A pivot in either stone, fitting a recess in the other, would
be necessary to guide the upper or running stone, which
would be moved by simple manual labour. Millstones of
this kind, or querns, as they are commonly called, are found
not unfrequently amongst the foundations of Roman villas,
and along the lines of Roman encampments. Fig. 1 is a
representation of the nether stone of such a mill found at
Gayton, near Northampton,
and figured in the Archao-
logia, vol. xkx. The stone of
- which these mills were com-
LR posed, was a sort of pudding
Roman Quern. Archaologia, xxx. 128, stone, or rough lava, which
from its varying hardness tended to retain a biting surface.
Some of the querns retain traces of the notches or “work :”
they vary from ten inches to twenty inchesin diameter. Usually,
as at the present time in some countries, these handmills were
turned by women, but amongst the Romans male slaves were
employed for this purpose, or it was reserved as a penal
exercise for convicts.

The essential defects of this moede of grinding, the want of
power, and the tediousness of the operation, led gradually to the
employment of cattle mills, and these are sometimes mentioned
by classical authors, although little was known of their construc-
tion until recently. In disemtombing the baker’s house at
Pompeii, several of these large mills were found, in excellent
preservation. Fig. 2 is a representation of one of them, and
may be described as follows: The base A is a cylindrical stone,
about five feet in diameter, and two feet high. Upon this,
forming part of the same block, or else firmly fixed into it,
is a conical projection, about two feet high, the sides slightly
curving inwards; upon this rests another block ¢, externally
resembling a dice-box, internally an hour-glass, being shaped
into two hollow cones with their vertices towards each other,
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the lower ome fitting the conical surface on which it rests,
but not with any degree of accuracy. To diminish friction,
however, a strong iron pivot was inserted in the top of the solid
cone, and a corresponding socket let into the narrow part of
the hour-glass shaped stone ¢. Four holes were cut through the
stone parallel to this pivot, the narrow part was hooped on the
outside with iron, into which wooden bars p p were inserted, by
means of which the upper stone was turned on its pivot by the
Fig. 2.

Pompeian Corn Mill.

labour of men or asses. The upper hollow stone served as a
hopper as well as a grinder, and was filled with corn, which fell
by degrees through the four holes upon the solid cone, and was
reduced to powder by friction between the two rough surfaces;
of course it worked its way to the bottom by degrees, and fell
out on the cylindrical base, round which a channel was cut to
facilitate the collection. These machines are about six feet high
in the whole, made of rough grey volcanic stone full of large
crystals of leucite.”

Imperfect and tedious as the operation of grinding must still
have been, cattle mills seem long to have held their ground
* Clarke, Pompeii, vol. ii. p. 136.

B2



4 EARLY HISTORY OF MILLS.

against further innovation, and even down almost to our own
day in old works on machinery various contrivances for employ-
ing the labour of cattle in corn mills are described. However,
before the Christian era a new power was beginning to be applied
to corn mills, that of flowing or falling water. Probably the
immense quantities of water required in Egypt and Assyria for
the irrigation of the land first led to contrivances for turning to
account the current of rivers as a motive power. Vitruvius
describes water wheels employed both. for raising water and for
grinding corn®, the motion in the latter case being made avail-
able by a rude kind of gearing, in which we may trace the rudi-
ments of our present transmissive machinery. Whittaker, in
his History of Manchester, describes a water mill ascribed to the
Romans, of which traces were found in Manchester some years
since. This mill served equally the purposes of the town and
garrison, but was not alone sufficient, as the use of handmills re-
mained very common in both, many having been found on the site
of the station at Campfield. The Roman water mill atManchester
was placed upon the River Medlock, immediately below Camp-
field, and a little above an ancient ford. The sluice and conduit
which actually regulated and conveyed the water to the mill was
accidentally discovered about the middle of the last century. It
was found at a place called Dyer’s-croft, where a flood in the
river swept away a dam with a large oak beam upon the edge of
it, and disclosed a tunnel in the rock below. This, when exca-
vated, was found to be about three feet wide and three feet deep,
gradually narrowing at the bottom, and upon the sides the
marks of the tool were everywhere to be found. This ancient
tunnel was bared to the extent of twenty-five yards, but it evi-
dently had been continued in a direct line up to the commence-
ment of a wide weir in the river above. From these discoveries
it will appear that mills for grinding corn by power were of
ancient date even in this country.

In our attempts to trace the progress of the mechanical arts,
we are compelled to leave as a wide blank the period of intes-
tine war which succeeded the decline of the Roman Empire.
The conquest of Rome by Alaric and the spread of a race of
barbarians over the whole of Europe, had the effect, for many

* Vitruvius, Architecture, book x. ¢. 10.
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centuries, of obliterating almost every vestige of the arts which
in the turmoil and tumult of war were either entirely lost or
utterly neglected. Thus, for along succession of years, during
the middle ages and at the period of the Crusades, the indus-
trial arts languished and retrograded, and it was not until
the time of Michael Angelo and Galileo that mathematics,
architecture, engineering and mechanics received the least
encouragement or attention. The mathematician and natural
philosopher had before then been looked upon with suspicion,
and carefully watched as a person dangerous to society. During
the rise of painting, sculpture, and architecture, the arts which
rendered the republics of Italy so illustrious, mechanism began
to attract notice, and to that age we may trace the introduc-
tion of water mills in many parts of Italy. Little or no pro-
gress, however, was made down to the close of the seventeenth
century.

The Dutch, owing to the natural difficulties of their location,
were urged, in their own defence, to take the lead in the field
of mechanical appliance; and the vast embankments of that
enterprising people, with their canals and docks, fully justify
the remark that they were amongst the first to benefit mankind
by the introduction of mills for grinding corn, which was chiefly
imported, and of machines for draining the lands which their
patient industry had reclaimed from the sea. As a prime mover
the Dutch had no water power except what was obtained by
impounding the tidal water and working it off during the reflux
of the tide. At best this was an expensive and uncertain power,
which caused wind to come into more general use; and during
the greater part of the seventeenth century we were chiefly
indebted to the Dutch and Belgians for our improved knowledge
of mills and the extension of our manufacturing industry. '

MiLLs FoR THE MANUFACTURE OF TEXTILE FABRICS.—Woollen,
cotton, and linen cloth was manufactured in this country from an
early period, and the manufacture of silk was practised in Italy
in the twelfth century. It was subsequently introduced into
France and other parts of Europe, and we learn that James I.
encouraged the manufacture, and made an attempt to grow the
mulberry and produce silk in this country, which, however, as
might have been expected, totally failed. During the reign of
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Charles I, the Commonwealth, and the reign of Charles II., the
manufacture of silk goods made great progress, and it is stated
that in 1661 as many as 40,000 persons were employed in that
branch of industry. In 1685, on the revocation of the Edict of
Nantes, a large colony of skilful French weavers settled at
Spitalfields, and from that time to the present have carried on
the manufacture in that locality., The winding, throwing, and
weaving was chiefly done by hand, and it was only from the
construction of the large throwing mill at Derby, in 1719, that
we date the introduction of mill-machinery, technically so called,
for the production of these fabrics.

‘Woollen mills have a much greater antiquity than either silk
or cotton mills. Spinning and weaving processes were known
in the time of Moses and are illustrated in ancient Egyptian
monuments. Pliny attributes the discovery of the art of full-
ing cloth to Nicias of Megara (B.c. 1131). The origin of the
woollen manufacture is evidently beyond the reach of tradition,
though the process of felting was probably known before the
art of spinning and weaving. Among the Romans the woollen
manufacture attained considerable perfection, and several of
their writers describe the different qualities of cloth as used for
the tunic and common stuff garments.

From the time of the Romans until the Norman Conquest
we have no record of the manufacture of woollens, and it is
certain that amongst the Saxons, and, indeed, for several cen-
turies after the Conquest, the costume of the peasantry was of
leather, and there is reason to believe that the ¢buff-jerkin ”
retained its place as the ordinary dress of the labouring people
of England until the time of the Commonwealth.

It is generally supposed that the woollen manufacture was
introduced into this country in the reign of Edward III., but
there is every reason to believe that it existed long before that
time. Mr. McCulloch states that it was practised above a hun-
dred years before that prince introduced improvements in the
manufacture. What these improvements were is not known;
probably they were neither more nor less than protective laws,
which by giving an increased monopoly to guilds and corpora-~
tions, seriously injured the freedom and restricted the extension -
of trade. '
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The whole of the woollen mills, from a very early period to
the commencement of the present century, were driven by water,
and this will account for the locations on the streams of the
west of England and Yorkshire, where the woollen manufacture
was carried on. The introduction of improved machinery for
the manufacture of cotton gave to the woollen trade an entirely
new character; and from that circumstance we may safely date
the vastly increased production and the great extension that
has taken place in that important branch of manufacture.

The next article of importance in an historical point of view
is cotton ; and to this produnction we may to a great extent trace
the advancement, prosperity, and power of the British Empire.
The. cotton manufacture had its origin in Indis, where the plant
is indigenous, and where the climate renders a light absorbent
fabric the most suitable clothing for the inhabitants. The
manufacture of cotton in India may be dated from a period
antecedent to the Romans; and the implements used in the
different processes of the manufacture, from the cleaning of the
wool to its conversion into muslin, are of a most simple kind and
may be purchased for a few shillings.

The cotton manufacture of China is of the same character as
that of India; and although of immense extent, the articles
produced are chiefly employed for home consumption. The arts
in that country, as far as we know from the accounts of the
missionaries and the more recent expedition of Lord Elgin, are
stationary; and the tools, implements, &c., are of the same
primitive kind as those used in India. The chief description
of cotton goods exported when the Chinese became famous for
their manufacture were nankeens; but these have long since
given way to the cheaper productions of Great Britain, and for
years past we have supplied the Chinese with large quantities of
cotton yarn and cloth.

The first introduction of cotton into Europe and its manu-
facture were first attempted by the commercial states of Italy;
and as early as 1560 cottons were exported from Venice to the
different markets of Europe in the West. It was not, however,
until the beginning of the seventeenth century that cotton was
manufactured in this country; but we have records that the
manufacturers of Manchester bought cotton wool in London which
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came from Cyprus and Smyrna, and worked it into fustians,
vermilions, and dimities. These goods were woven chiefly at
Bolton, and finished by the Manchester dealers.

It is curious to trace the progressive increase of any de-
scription of manufacture, particularly that of cotton, which
has attained to such colossal dimensions. In early times the
weaver provided his own warp, which was of linen yarn, and
cotton for his weft; buying these where he could best supply
himself. In this way, every cottage formed an independent
factory; the cotton was carded and spun by the female part
of the family, and the cloth woven by the father and his sons.

Such was the state of the cotton manufacture before the
introduction of power machinery, and the division of labour,
and the separation of the different processes into distinct em-
ployments. At this time the workman had usually his residence
in the country, where, with a little garden and perhaps grass
for a cow, he carried on his trade and earned a comfortable
subsistence. ‘ How much mere,” says a philanthropic writer,
“of the comforts of life and of the means of natural enjoy-
ment belong to this state of manufacture than to the more
advanced in which combined systems of machinery and a more
perfect division of labour collect the workmen into factories
and towns!”

It will not be necessary to enumerate here the wellknown
improvements of Arkwright, Hargreaves, and Crompton, or the
changes which followed the introduction of machines for carding,
roving, and spinning. Suffice it to observe, that these improve-
ments inaugurated a new system of operations, and created a
new demand for power and the means of transmitting it to the
different machines required in the manufacture. It was about
this time and at a rather later period that the improvements
of the motive power and machinery of transmission were in-
troduced.

To the steam engine in the first place, and subsequently to
the improved machinery and mill-work, we may attribute the
present gigantic extent of our manufactures. The factory sys-
tem, which has supplanted the cottage manufacture, has enlarged
the resources of the country far beyond those of any former
period. This island stands pre-eminent in productive industry,
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and it is a source of pride and gratification to find that these
* blessings, springing out of the application of physico-mechanical
science, have been attained by the skill and indomitable per-
severance of our own countrymen.

To the immediate action, foresight, and intelligence of the
Government of this country, the workers in coal, iron, and
cotton are under no obligation; but they owe much to their
own invention, skill, and industry in the prosecution and de-
velopment of these pursuits, and the only merit that can be
claimed by the Government is its non-interference and. the
protection it affords through the laws of the kingdom, which
give security to property-and to individual exertion in the
varied departments of productive industry. Further, Dr. Ure,
in his “ Philosophy of Manufactures,” argues that ¢the con-
stant aim of scientific improvements in manufactures, is philan-
thropic, as they tend to relieve the workman either from niceties
of adjustment, which exhaust his mind, or from painful repeti-
tion of efforts which distort or wear out his frame.” Illustra-
tions of this truth are presented every day from the remarkable
extent to which labour is saved, by self-acting machines, all of
them within the domain of Automatic science, and producing a
- result of superior quality and beauty in the manufacture.

The division of labour carried out by means of the factory
system, is not exclusively applied in the manufacture of cotton,
flax, silk, and woollen cloths; it pervades almost the whole of
our manufacturing industry, and is beginning to show itself in
mining and agriculture, and the time is probably not far distant,
when we shall witness almost every operation of the human
hand carried on by a system of divided activity, equally con-
ducive to the interests of individual enterprise as it is to the
public benefit.

The term Factory, according to Dr. Ure, designates, « the
combined operation of many orders of work people, adult and
young, tending with assiduous skill, a system of productive
machines, continuously impelled by a central power. This de-
finition includes cotton mills, flax mills, silk mills, woollen
mills, and certain engineering works, but it excludes those in
which the mechanisms do not form a connected series, or are
not dependent upon one prime mover.” The factory system is
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so much extended since these words were written as to change
the relations of labour, and to affect almost every manufacturing
process. It has created a much higher and more intelligent
class of workmen than existed under the hand system, rmore
respectable, better paid, better housed, and better clothed than
heretofore.

IroN MANUFACTURES.—We are at the present time in a state
of transition in the manufacture of iron and steel, which is making
rapid strides towards improvement. The inventive talent of the
country has been directed to this object, and the production of
homogeneous plates, having the elasticity and tenacity of steel,
together with the improvements of Mr. Bessemer, Mr. Clay, and
others, are likely to produce a complete revolution by a greatly
increased economy in the production of iron. Mr. Bessemer is
now proposing to roll plates in the form of a continuous web
from liquid metal, run direct from the furnace to the rolls. We
cannot vouch for the success of this enterprise, but we are most
anxious to see its results realised, and there cannot exist a doubt,
from the number of able chemists and practical men at work,
that the iron trade of this country is calculated to undergo a
great change, and perhaps with as much benefit as was accom-~
plished by Mr. Cort on the introduction of the puddling and
rolling processes.

In the machinery department of iron manufacture there is
nothing to boast of; it is still crude and rough in its character,
perhaps necessarily so, on account of its liability to breakage in
rolling, and other processes requiring great power. It is, how-
ever, possible, that the processes now in progress, may in-
troduce new and more perfect machinery into the manufacture,
and that the iron master may calculate with the same certainty
of continued progress in his manufacture as now exists in other
trades where machinery is employed.

Although much change has not been effected in the ma-
chinery of the iron manufacturer, considerable improvements
have nevertheless been made in the smelting of the ores, and
since the introduction of hot blast by Mr. Neilson the .pro-
duction of the furnaces has been more than doubled. Looking
forward, therefore, to the improvements and changes now in
progress, we may reasonably conclude that a new era is not only
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imminent, but has in great part been accomplished. The same
progress, and even greater improvements, are observable in the
conversion of iron into steel, and probably the time is not far
distant when we shall be enabled to produce from the same furnace
iron in either a cast or malleable state, or steel, as may best suit
the requirements of the manufacturer. It is quite evident that
our increasing knowledge of chemistry in iron manufactures lead
to these results, and by a still closer adherence to chemical
research, whereby impurities, such as phosphorus, sulphur, &e.,
are removed, the process just alluded to will be fully and satis-
factorily realised.

In addition to the changes now in progress in the manufac-
ture of iron and steel, it may be stated that a new system of
welding by compression is on the point of being introduced for
the purpose of consolidating the mass, increasing its strength
and giving form and vanety to the article required. It is im-
material whether it be in the shape of a plate or a forging for
particular use—the process is the same, namely, by statical pres-
sure calculated to the extent of 250 to 300 tons upon the square
foot. This force is imparted to the mass by the hydraulic
press at a welding heat, and the impression of the mould is
faithfully given when left to cool under pressure. It has yet
to be seen what is the effect of this new process, but I believe
it is in successful operation by Mr. Hassal at Vienna.
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SECTION IL

PRINCIPLES OF MECHANISM.

CHAPTER 1.

GENERAL VIEWS.—LINK~-WORK.,—WRAPPING CONNECTORS.—WHEEL-WORK.—
SLIDING CONTACT. :

1. GENERAL VIEWS RELATIVE TO MACHINES.

Definitions and Preliminary Expositions.

1. Mechanism may be défined as the combination of parts or
pieces of a machine whereby motion is transmitted from the
one to the other.

2. When a body, or any piece of mechanism, moves in a
straight line it is said to have a rectilinear motion, and when it
moves in a curved line it is said to have a curvilinear motion.
When a point moves constantly in the same path, it is said to
have a continuous motion, but if it moves backwards and for-
wards it is said to have a reciprocating motion. We may have
rectprocating rectilinear motions as well as reciprocating cur-
vilinear motions.

If a body moves over equal spaces in equal intervals of time,
it has a uniform motion; but if it moves over unequal spaces
in equal intervals of time, it has a variable motion.

8. The velocity of a body is the rate at which it moves. In
uniform motion the velocity is constant; but in variable motion
the velocity continually changes. If the velocity of a body
increase it is said to be accelerated, and if the velocity decrease
it is said to be retarded.

The motion of a body is said to be periodical when it under-
goes the same changes in the same intervals of time.

4. In order to express the velocity of a body, we must have
a certain number of units of space passed over in a certain unit
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of time. It is customary to take a foot as the unit of space,
and a second as the unit of time.

In uniform motion, the space passed over is equal to the pro-
duct of the velocity by the time. Thus, let 8 be the space in
feet, ¢ the time in seconds, and » the velocity per second ; then

s=wvt..(1)
which expresses the general relation of space, time,.and velo-

city, in uniform motions. Any two of these elements being
given, the rema.ining one may be found ; thus we have

V=g (2), and ¢t = -...(3)

5 If the velocity in one certain direction be taken as posi-
tive, then that in the opposite or contrary direction will be
negative.

6. If two wheels perform a revolution in the same time, their
angular velocities are equal, whatever may be the dimensions of
the wheels. The angular velocity of a revolving wheel or rod
is the velocity of a point at a unit distance from the centre of
motion, The wheel or rod will revolve uniformly when the
angular velocity is uniform. If A be the angular velocity, r the
radius of the wheel or length of the rod, v the velocity at this
distance from the centre of motion ; then

A =:l = (1), and v = A ... (2).

7. The motion of wheels is conveniently expressed by the
number of rotations which they perform in a given time.
Thus, let » be the number of revolutions performed per min.,
the other notation being the same as in Art. 6; then

1 30 v
V=5 70 7. (1), and n = - (2).

Or substituting A for :’T. See formula (1), Art. 6,

_ 304 1
——-...(3), and A = T (4).

Hence the number of turns performed in a given time varies
as the angular velocity.

The number of turns which two wheels respectively make in
the same time is called their synchronal rotations. Let @ and
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g be the synchronal rotations of two wheels whose angular velo-
cities are A and a, respectively ; then—; = %; that is, synchronal

rotations are in the ratio of the angular velocities.

Ezample.—Let a wheel whose radius is 6 ft. perform 50 re-
volutions per min., required 1st, the velocity of its circumfer-
ence, and 2nd, its angular velocity.

Here, by eq. (1), n=>50, and r=6, then
v = % x 31416 x 50 x 6 = 31-416 ft. per sec.

And, by eq. (4), A = 516 x 31416 x 50 = 5:236.

8. If v and v be the velocities of two parts of a piece of
mechanism, then %is the velocity ratio of these parts. Let sand

8 be the corresponding spaces described in the same time, then
when the motion is uniform
v 8
=355 a constant,
that is, when the velocities are uniform, the velocity ratio is
constant,
9. If the velocity ratio of the two parts remains constant,

then however variable the velocities themselves may be, we

still shall have % = g—; where 8 and s are the entire spaces de-

geribed in the same interval of time.

10. When a body moves with a variable motion, its velocity
at any instant is determined by the rate at which it is moving
at that particular instant, that is, by the space which it would
move over in one second, supposing the motion which it then
has to remain constant for that time.

Variable motions may be graphically represented, by taking

Fig. 3. the abscissa of a curve equal to
the units of time, and the or-
) dinates equal to the units of the
~~ corresponding velocities. Thus

let A B be equal to the units of
x, velocity at the commencement
of the motion; Ac¢ the units in
interval of time, ¢ p the units in the corresponding velocity ;

o]
>
[+]
=
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and so on; then the area of the curved space ABDFE will be
equal to the space described in the interval of time represented
by A E.

If the motion be uniform the curve B p r will become a
straight line parallel to o x, and the space described in any given
time will be represented by the area of a rectangle, whose
length is equal to the units of time, and breadth equal to the
units of* velocity.

If the motion be uniformly accelerated or retarded, the curve
BD F will become a straight line inclined to the axis 0x, and
the space described, in this case, will be represented by the area
of a trapezoid, whose base is equal to the units of time,and
parallel sides respectively to the velocity at the commencement
and end of that time.

11. TEHE PARTS OF A MACHINE.—A machine consists of three
important parts.

(1.) The parts which receive the work of the moving power—
these may be called RECEIVERS of work.

(2.) The parts which perform the work to be done by the
machine—these may be called WoRKING PARTS, or more simply,
OPERATORS.

(3.) The mechanism which transmits the work from the
receivers to the working parts or operators—these pieces of
mechanism may be called COMMUNICATORS OF WORK, or the
TRANSMISSIVE MACHINERY.

The form of the mechanism must always be determined from
the relation subsisting between the motions of the receivers and
operators. )

If there were no loss of work in transmission (from friction,
&c.) the work applied to the receiver would always be equal to
the work done by the operator. Thus,let P be the lbs. pressure
applied to the receiver, and 8 the space in feet which it moves
over in a certain time; P, the lbs. pressure produced at the
working part, and s, the space in feet which it moves over
in the same time ; then, neglecting the loss of work by friction,
we have— :

Work applied to the receiver = work done upon the operator,

OrP X 8 =P, X 8 .. (1)
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However, it must be borne in mind, that the actual or useful
work done by a machine is always a certain fractional part
of the work applied ; this fraction, determined for any particular
machine, is called the modulus of that machine. Ifm be put
for this modulus, then we have from eq. (1)

m X P X8=P X 8w (2)
In treating of the motion of these parts of a machine it is
generally most convenient to find an expression for their pro-
portional velocities. Thus, let v be the velocity of the receiver,

and v, that of the operator; then ‘vz is their velocity ratio. See
]

Art. 8, \

It must be observed, that this velocity ratio is not at all
effected by the actual velocities of the parts, provided the ve-
locity ratio of the mechanism be constant for all positions. In
the more ordinary pieces of mechanism'(such as common toothed
wheels, wheels moved by straps, levers, &c.) the velocity ratio
is constant, that is to say, it remains the same for all positions
of the mechanism. , '

In eq. (1) s may be taken as the velocity of the power »,
estimated in the direction in which it acts, and s, that of the
resistance P, ; then this equality becomes—

P X V=P X V,..(3),
1:.I.

v . .
oy =5 = the velocity ratio ... (4).

Nowg-l is called the advantage gained by the machine, or the

number of times that the resistance moved is greater than the
power applied. Hence the advantage gained by a machine, ir-
respective of friction, &c., is equal to the velocity of the power
divided by the velocity of the resistance, or the velocity ratio of
the power and resistance.

This is called the principle of virtual velocities. Workmen
express this dynamic law by saying, * What is gained in power
ig lost in speed.”

12. The DIRECTIONAL RELATION of the motion of the receiver
and the operator admits of every possible variation. It may be
constant or it may be variable. By the intervention of me-
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chanism rectilinear motion may be converted into curvilinear
motion, and conversely; reciprocating rectilinear or circular
motion may be converted into continuous circular motion,
and conversely; and so on to the various possible combina~
tions of which the cases admit. These directional changes are
so important, in a practical point of view, that some eminent
writers on mechanism have made them the basis of the classifi-
cation of mechanism. But however eligible in a practical point
of light such a classification may be, there is complexity in its
application, which renders it less suitable for scientific purposes
than that method of classification which is based upon the nature
or mode of action of certain elementary pieces of mechanism
which enter, more or less, into every mechanical combination.

Elementary Forms of Mechanism.

13. In analysing the parts of a machine we find motion trans-
mitted by jointed rods or links, by -straps and cords, by wheels
rolling on other wheels, and by pieces of various forms sliding
or slipping on other pieces. Hence we have the following ele-
mentary forms of mechanism :

(1.) Transmission of motion by jointed rods,—LINE-WORK.

(2.) By straps, cords, &c.,—WRAPPING CONNECTORS.

(3.) By wheels or curved surfaces, revolving on centres, roll-
ing on each other,—WHEEL-WORK.

(4.) By pieces of various forms, sliding or slipping on each
other,—SLIDING-PIECES.

14. The velocity ratio, as well as the directional relation, in
an elementary piece of mechanism may be either constant or
varying. The number of combinations of which these elemen-
tary pieces admit, is almost unlimited. The eccentric wheel is
a combination of sliding pieces and link-work. The common
crane is a combination of wheel-work, hnk-work and wrapping
connectors; and so on to other cases.

A train of mechanism must be supported by some frame
work ; the train of pieces being such, that when the receiver is
moved the other pieces are constrained to move in the manner
determined by the mode of their connection. Revolving pieces,
such as wheels and pulleys, are so connected with the frame that
every portion of them is constrained to move in a circle round

PART I c
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the axis; and sliding pieces are constrained to move in straight
lines by guides.

Mechanism is to a great extent a geometrical inquiry. The
motion of one piece in a train may differ, both in kind and direc-
tion, from the motion of the next piece in the series: these
changes are effected by the geometrical construction of the
pieces, as well as by their mode of connection. The investiga-
tion of the law of these changes constitutes one of the chief
objects of the principles of mechanism.

1I. ON LINK-WORK.
15. If a bent rod or lever A ¢ B turn upon the centre ¢, the
velocities of the extremities A and B will be to each other in
the ratio of their distances from the centre of motion c, that is,

-velocity A circum. cir. AQ, A ©

BC
5.

velocity B ~ circum. cir. BQ -
Fig. 4. Fig.

It is not necessary that the arms A ¢ and B ¢ should be
in the same plane. Thus let ¢ p be an axis round which the
arms A E and B F revolve, then,

velocity A perpend. dist. A from the axis
velocity B — perpend. dist. B from the axis

Fig. 6.

16. Let A B, B D, D E, be a series of levers turning on the fixed
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centres ¢, Q, and R; then when the arcs, through which the
extremities A and E are moved are small the velocity ratio will
be expressed by the following equality :—

velo.A Ac. BQ. DR

velo. E~ BC. DQ ER

that is to say, the velocity ratio of » and », i found by taking
the product of the lengths of the arms lying towards », and
dividing by the product of those lying towards p,.

17. To find the wvelocity ratio of the rods A B and o b,
turning on the fiwed centres, A and p; and connected by the
link B c.

Through the centres A and b,
draw the straight line p E A, cutting
cB in E; and from A and p let fall
the perpendiculars A ¢ and p K upon
C B, or it may be upon ¢ B produced.
Then

ang.velo.pc A G o (1)3

ang. velo. AB ~ DK

that is to say, the angular velocities
of the rods p ¢ and A B are to each
other 1in the inverse ratio of the
perpendiculars let fall from their
respective awes wpon the dirvection
of the link.

Similarly we also have,

Fig. 7.

ang.velo.pc _ A E @);
ang. velo.AB  DE 7’

that is to say, the angular velocities of the rods » ¢ and A B
are to each other in the inverse ratio of the segments into
which the link divides the line joining their axes.

These velocity ratios are obviously varying, depending upon
the relative positions of the rods.

18. Trr CrANK AND GREAT BEaM.—Let A B represent one
half of the great beam of a steam engine, p ¢ the crank, and
B C the connecting rod. Putting B for the angle o ¢ B, and 8,
for the angle A B ¢; then

c2
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velo. crank  sin 8, (1)
velo. evank — gin B TV 7

beam
When the connecting rod B ¢ is very long as compared with

the length of the crank b ¢, then B, is nearly constant, being
nearly equal to 90° in this case, eq. (1) becomes

velo. crank 1
velo. beam ~ sin B8 " @)

The crank must be in the same straight line with the con-
necting rod, at the highest and lowest points of the stroke of
the beam, and then 8=0. In these positions the crank is
said to be at its dead points.

The velocity ratio, expressed by eq. (2), will be a maximum
when B8=0, that is, the velocity of the crank will be a maxi-
mum when it is in its dead points. When 8=90° or when
the crank is at right angles to the connecting rod, then the
velocity of the crank is a minimum.

If R=A B, or one-half the length of the great beam; r=
D C, the length of the crank; and A=the angular oscillation
of the beam, or the whole angle described by the beam in one
stroke ; then

. A
= = .. (3
7= R&in g (3)

which expresses the length of the crank in terms of the radius
of the beam and angle of its stroke.

A double oscillation of the beam produces one complete rota~
tion of the crank, or conversely, taking the crank as the driver,
each rotation of the crank produces a double oscillation in the
beam. '

From eq. (1) it follows, that the velocity of the crank is equal
to the velocity of the beam, when 8=g, or angle o ¢ B is
equal to angle A B ¢; that is, when the position of the crank is
parallel to that of the beam.

By this form of the crank the reciprocating circular motion
of the extremity of the beam is changed into a continuous
ctreular motion; and conversely a continuous circular motion
is changed into a reciprocating circular motion.
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19. To determine the various relations of position and ve-
locity of the cRANK and PISTON in a locomotive engine.

Here the connecting rod, » E, is attached to the extremity
of the piston rod, p p, and the length of the stroke of the piston

-i¢ equal to double the length of the crank, ¥ E. Moreover, the
centre, ¥, of the crank is in the same straight line with the
axis of the cylinder or the direction of the piston rod.

Let I=b &, the length of the connecting rod ;

l,=P b, the length of the piston rod ;

T=F E, the length of the crank;

k=¥ p, the varying distance of the extremlty of the
piston rod from the axis of the crank;

h=the corresponding height of the stroke of the piston;

0=the varying angle, F E p, which the crank forms with
the direction of the connecting rod.

(1.) The velocity ratio of the crank and piston is expressed
by the following equality :—

velo. crank _ k )
velo. piston ~ [sinf **" (1), or

= si"zl‘ﬁ (@)

where B in eq. (2) is put for angle £ F p; that is, the angle
which the crank makes with the direction of the piston rod.
This latter form of the expression is the same as that given in
eq. (2), Art. 18.
(2.) When the piston is at the bottom point of its stroke,
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its distance from ¥ =¥FE + EDp + PP =7+l + [;; also Fp
=FE+ DE=r+l

When the piston is at the middle point of its stroke, then
F D=E D ; that is to say, in this position of the piston p E ¥ will
be an isosceles triangle.

(8.) The position of the crank at any point of the stroke of the
piston is determined by the two following general equations :—

k=141—h.(3)

P4+ P —(r+1—h)? .
cos = ol oo (4).

When the piston is at the middle point of its stroke, then
h=r, and eq. (4) becomes

_r
cos § = 37 (5).

When the crank is at right angles to the connecting rod,
0=90°, and then we find from eq. (4),

h=r+1—wvr+02..(6)
This expression is, obviously, less than 7, or half the whole
stroke of the piston. Hence it appears that the crank is at
right angles with the connecting rod, before the piston has
attained the middle point of its upward stroke. '
20. Fig. 9 shows how a rotation of the axis A is transmitted
to another ¢, by means of the two equal cranks
A B and ¢ D, connected by the connecting rod o B,
"~ 3 whose length is equal to the distance A ¢, be-
“W?) tween the two axes. In all positions of the
& |  cranks, the figure A B¢ p will be a parallelogram,

e ] and the velocity of p will always be equal to the
3 I velocity of B, and the motion of the axis ¢ will
be exactly the same as that of the axis A.

21. Two sets of cranks may be placed upon
e the axes, having the cranks on each axis at right
fl O»o angles to each other, similar to the mode of
] \(Oc%)‘ connecting the wheels of a locomotive engine,
A J as shown in fig. 10, where the cranks are formed

e by bending, or loops made in the axes. These
axes must be parallel to each other, and the connecting rods
must also be of eéqual lengths.

Ty
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The advantage of this combination consists in maintaining a
constant moving pressure, by which means an equable motion
is sustained without the aid of the inertiz of the machinery.

Fig. 10. Fig. 11.

22. The double universal joint, represented in fig. 11, fur-
nishes another example of link-work, for transmitting motion
from omne axis to another axis. This useful piece of mechanism
should be constructed, so that the extreme axes, A B and ¢ »,
would meet in a point, if produced, and the angles which they
respectively make with the central line of the intermediate piece,
EF H G, shall be equal to each other.

Fig. 12.

TO CONSTRUCT WATT'S PARALLEL MOTION.

23. This beautiful and useful piece of mechanism is formed
by a combination of link-work.
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Let A B and ¢ » (see figs. 12 and 13) be two rods, turning

Fig. 13. on the fixed centres A and », and
connected together by the short link
¢ B; then, when motion is given to
the rods, there is a certain point,
E, in the link ¢ B, which will move,
or very nearly move, in a straight
line. In matter of fact the path, or
locus, of this point is a curve of the fourth degree; but when
the motion of the rods is limited, and their lengths are con-
siderable, as compared with the length of their connecting link,
this path becomes almost exactly a straight line.

In fig. 13, ¢ B K R is a parallel frame of links; to the joint R
is attached the piston rod r P of the steam engine; and to the
point E is attached the piston rod of the air-pump.

(1.) To find the point E (see fig. 12) to which the air-pump
rod must be attached, having given the radius rod ¢ v, the link
c B or Q G, and the rod A B or A @ forming a part of the great
beam.

Let p @, A @ be an extreme position of the rods. Let the rods
be moved to the position A B ¢ p, where the link ¢ B is per-
pendicular to A B and p ¢. Produce B ¢, meeting the link @ &
in the point E; then E will be that point of the link which.
will most nearly move in a vertical straight line. The ratio of
QE to @& E is generally expressed by the following equality:—

in 2
E R "'Slnz
=, X n e (1)

E R &
\,sm2

o

|

[

where R = AB,r =D ¢, a = angle ¢ D Q, and A = angle B A q.
Practically the link @ @ or ¢ B deviates very little from the

vertical ; and the angles o and A are small; hence, 7 sin g=
R sin% very nearly; in this case, therefore, eq. (1) simply

becomes

QE R .
e = e (2
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and from this equality we readily find,

DQ X GQ

Dot ie"” (3),

which gives the position of the point E, as required.

GE =

G . . .
When p Q = A @, theng B = ——22, that is to say, in this case,

the point E is at the middle of the link @ & or ¢ p.

Example—Let ABor A g=>5ft.;pcorpQ=4ft.; and ¢ B
or @ Q= 1'5 ft.; then by eq. (3) we have —

4x15 2
E=Fy5 =3

(2.) To find the length of the radius rod » ¢ (see fig. 13),
when the divisions, A B and B K, on the beam are given.

In this case,

The radius rod, » ¢ = Am (4).
BK

When A B=3 K; then D ¢ = A B; that is, in this case, the
radius rod will be equal to the division A B on the beam.

Example—Let A =6 ft., and B x =4 ft.; then by eq.
(4) we have —

The radius rod, o ¢ = g’ =9ft

To multiply Oscillations by N
means of Link-work.

24. Fig. 14 represents a gys-
tem of links BAG, ¢D, and DE,
turning on the fixed centres A 2
and E, and having the arms A B
and A ¢ united to the same centre
A. The construction is such, that
while the rod A B makes a single
oscillation from B to 1, the rod
epwill make adouble oscillation
viz. from D to ¥, and back from
Ftop. The oscillations of A B
are produced by the rotation of
a crank (see Art. 17), or by any
other means.

poperA
e
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The conditions of the construction may be stated as follows:

Given the lengths of the arms A ¢ and E b, the lengths or
angles of their oscillations, and the length of the connecting
link ¢ b, to construct the mechanism, so that the rod E p shall
perform two oscillations whilst A B makes one.

Let B A ¢ be the position of the bent lever at the commence-
ment of the upward oscillation. Draw A 1 and A B, making the
angles B A I and ¢ A B each equal to the angle of the oscillation.
From A as a centre, with A Band A ¢ as radii, describe the arcs
B1 and ¢ . Through A draw A @ F bisecting the angle ¢ A 1
cutting the arc c Hin .. On A G F take A F equal to the sum
of the rods A ¢ and ¢ p, and make F » equal to the given length
of the oscillation of E . From p and F as centres, with a
radius equal to the length of the rod E », describe circles, cut-
ting each other in E; then E will be the centre of the rod = b,
which will perform two oscillations, whilst the rod A B makes
one.

‘When A B and A ¢ are in the middle points of their oscillations,
the rod & » will have the position E F, that is, it will have per-
formed a complete upward oscillation. When A B and A ¢ have
performed the remaining halves of their oscillations, the rod
E F will have returned to the original position, that is, it will
have performed a complete downward oscillation.

In like manner the oscillations may be further multiplied, by
connecting E p with another series of links.

To produce a Velocity which shall be rapidly retarded, by
‘ means of Limk-work.

25. In fig. 15, R A ¢ and E D represent two rods, turning on
fixed centres A and E, and connected by a link ¢ p; the rod E »
is supposed to oscillate uniformly between the positions E p and
EF. Now the construction is such as to produce a rapidly re-
tarded motion of the rod R ¢ in moving from the position R A ¢
to the position s A B, and conversely.

The conditions of the construction may be stated as follows:

Given the rods E p and p ¢ in position and magnitude, the
angle of oscillation p E F, and the length of the rod A ¢, to con-
struct the mechanism,
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Bisect the arc o Fin &, and then bisect the arc ¥ & in x;
through the points k and E, draw the straight line x E 0 ; from

Fig. 15.

¥ -...R..- G

pand K as centres, with a radius equal to the length of the link
D ¢, describe arcs, cutting K E ¢ in the points ¢ and B ; from B
and ¢ as centres, with a radius equal to the length of the rod
A ©, describe arcs cutting each other in the point A; then A will
be the centre of the rod A c.

When the rod £ p arrives at the position E @, the rod » A o will
have the position s A B very nearly, and it will have moved with
a rapidly retarded motion. During the remaining half of the
oscillation @ F, the rod s A B will remain, virtually, stationary.

This piece of mechanism was first employed by Watt for
opening the valves of the steam engine.

To produce a Reciprocating Intermittent Motion by means
of Link-work.

26. A B and ¢ p (fig. 16) are two rods, turning on the fixed
centres A and p, and connected by a link Bc. The rod A B is
made to oscillate between the positions A B and A 1, by means of
a crank and connecting rod. The construction of the mecha-
nism is such, that the rod » ¢ will oscillate between the positions
» ¢ and D F, but with an intermittent motion.
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The conditions of the construction may be stated as follows:
Given the rods A B,B ¢,and ¢ » in position and magnitude, to
construct the mechanism.

Fig. 16.

From A as a centre, with the radius A B, describe the arc B 1}
through c and A draw the straight line ¢ A @, meeting the arc in
@; make G E equal to one-third the arc @ B, and on the arc take
@ I equal to @ E; on the line @ A ¢ take ¢ F equal to B ¢; then
half the chord B 1 will give the length of the crank,and ¢ ¥ will
be the arc through which the rod » ¢ oscillates.

Bisecting the angle B A E, &c., the position of the rod »’ ¢’ is
found, which being connected with B, by the link B ¢/, will os-
cillate exactly in a contrary manner to that of the rod » ¢, that
is to say, when D c is stationary p’ ¢’ will be in motion,and con-
versely.

When the point B arrives at E, the rod » ¢ will have com-
pleted, practically, its oscillation, and there it will remain sta-
tionary until the rod, turning on the centre A, returns from the
position A I to A E.
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The Ratchet-wheel and Detent.

27. In fig. 17, A represents the ratchet-wheel, and » the
detent, falling into the angular teeth of the
ratchet, thereby admitting the wheel to revolve
in the direction of the arrow, but at the same P
time preventing it from revolving in the opposite
direction.

In certain kinds of machinery, the action of
the moving force undergoes periodic intermis-
sions; in such cases the ratchet and detent are
used to prevent the recoil of the wheels, and
sometimes to give an intermittent motion to the wheel, as in
the following example.

Fig. 17.

Intermittent Motion produced by Limk-work connected with
a Ratchet-wheel.

28. BE is a rod, turning on the fixed centre B, to which a
reciprocating motion is given by the connecting rod ¢ of a
crank, or by any other means; EF is
a click, jointed to the rod B E at its Fig. 18.
extremity, and gives motion to the
ratchet-wheel A. At each upward
stroke of the rod B E, the click E F,
acting upon the saw-like teeth of the
ratchet-wheel, causes it to move round
one or more teeth; and when the ex- -
tremity F of the click is drawn back
by the descent of the lever B E, it will slide over the bevelled
sides of the teeth without giving any motion to the wheel, so
that at every upward stroke of the rod ¢ the ratchet-wheel will
be moved round and it will remain at rest during every down-
ward stroke of the rod. Thus the reciprocating motion of the
connecting rod, ¢, will produce an intermittent circular motion
in the axis A.
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III. ON WRAPPING CONNECTORS,

29. When the moving force of the machinery is not very
great, cords, belts, and other wrapping connectors, are most
usually employed in transmitting motion from one revolving
axis to another.

30. The endless cord or belt A B ¢ », represented in figs. 19
and 20, passes round the wheels,
A B and ¢ D, revolving on the
parallel axes R K and Q ¥, and
transmits motion from the axis
¢ Q F to the axis R K, with a.con-
stant velocity ratio. In all such
cases the motion is entirely main-
tained by the frictional adhesion
of the cord or belt to the surface
of the wheel.

When the cord passing round
the wheels is direct, as in fig. 19,
the motions of the wheels take place in the same direction,
and when the cords cross each other, as in fig. 20, the motions
of the wheels take place in opposite directions.

If the wheel ¢ p makes one revolution, then

No. revo. A B = circum. ¢ p radius ¢ D 1)
* * = Circum. A B radius A B oo (1)

Or putting R and » for the radii of the wheels ¢ » and A B
respectively, and @ and ¢ for their respective synchronal rota-
tions, then

_7T
Q — R e (2)’

Example.—If the radius of the wheel ¢ » be 12 inches, and
that of A B 9 inches, what will be the least number of entire
revolutions which they must make in the same time ?

Here, by eq. (2), we have

9_*r_12
Qe 9

ﬁlw
mlws
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12 4
The fraction 9 reduced to its least terms is 3 therefore the

least number of synchronal rotations are 4 and 3, that is to
say, whilst the wheel ¢ D makes 3 rotations, the wheel A B will
make 4.

31. Fig. 21 represents a system of three revolving axes, in
which motion is transmitted from Fig. 21.
one to the other, by means of a
series of belts.

The belt being direct in the
wheels A and » o, their axes will
move in the same direction, but as the belt crosses in passing
from » ¢ to H @, their axis will move in opposite directions.

Here, whilst the axis B makes one rotation, the

rad. # ¢ x rad. p ¢ 1
rad. E F X ra.d.IK'"( )-

No. rotations A =

Or putting R, = rad. p ¢, R, = rad. H 6, &c., r, = rad. I K,
r, = rad. E F, &c., and putting ¢ and qQ for the synchronal rota-
tions of the first and last axes respectively; then

g R X R, X Ry X &e.
= = e (2)
e 7 x 1, x 1y X &

Ezample.—In the mechanism represented in fig. 21, let , =8,
Ry = 15, r, = 5, r, =4; required the least number of entire
rotations performed in the same time by the axes A and B.

Here, by eq. (2) we have—

.qgq 8x15 6
Qe " hx 41

that is, whilst the axis B makes one revolution, the axis A will
make six.

32. In raising buckets from deep wells or from pits, a con-
tinuous cord coils round an axle or a drum wheel, as the case
may be, the full bucket being attached to one end of the cord
and the empty bucket to the other end; the rotation of the axle
coils up the cord to which the full bucket is attached and at the
same time uncoils the cord to which the empty one is attached,
8o that whilst the former is ascending the latter is descending.
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Speed Pulleys.
33. Fig. 22 represents an arrangement of speed pulleys;
Fig. 22. A B and ¢ p are two parallel axes upon each of
e which is fixed a series of pulleys, or wheels,

adapted for a belt of given length, so that it

- may be shifted from one pair of wheels to any
other pair, say for example, from the pair a q, to
the pair ¢¢,. In order to suit this arrangement,
if the belt be crossed, the sum of the diameters
of any pair of pulleys must be a constant
quantity, that is to say, it must be equal to the
sum of the diameters of any other pair. By

. this contrivance, a change in the velocity ratio
of the two axes is produced by simply shifting
the belt from one pair to another.

In practlce it is customary to make the two groups of pulleys
exactly alike, the smallest pulley of one being placed opposite
to the largest of the other.

In a group of speed pulleys, let s = the constant sum of the
diameters of the driver and follower, p = the diameter of the
driver, d = the diameter of the follower, and Q, ¢ the number

of their synchronal rotations respectively; then 3: g ,and

P= Q+q = (s

d—stormo simpl
e re simply,

=8~—D..(2)

Ezample.—Required the diameters of a pair of speed pulleys,
when the sum of the diameters is 30 inches, and the driver
makes two revolutions, whilst the follower makes 3.

Here 8 = 30, Q = 2, and ¢ = 3; then by eq. (1) and (2) we
have

3 x 30 .
D= )(5 = 18 in.; and d = 30 — 18 = 12 inches.
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If the constant sum of the diameters of a group of 5 pairs of
speed pulleys be 12 inches, and the diameters of the pulleys a,,
b, ¢, d,, €, be 10, 8, 6, 4, and 2 inches respectively, then the
diameters of the pulleys a, b, ¢, d, ¢, will be 2, 4, 6, 8, and 10
inches respectively ; and as the strap is shifted from one pair of
wheels to another, the relative velocities of the axes cp and AB
will be as the numbers }, 4, 1, 2, and 5.

34. It is customary to construct the pairs of speed pulleys so
that the rotations of the follower may be increased or decreased
in a certain geometric ratio. Thus, if  be this ratio, then for 5
pairs of speed pulleys we shall have the series of terms 9—1,, s !

1, », 73, for the different values of -g, the ratio of the synchronal
rotations of each pair. Or, generally, if » be the number of pairs,

1 1 ﬂ—! ’l—l
then =7, 58 see s T » will be the different values of -
r "3 r 3 q

In this case, let p,, Dy, ..., D, = the diameters of the 1st, 2nd,

.., and nth pulleys, respectively, on the driving axis; and these
symbols, taken in a reverse order, will be the corresponding
diameters of the pulleys on the driven axis; then

8 8
D, = w=1,Dy = n—3, and so on: moreover we have

1477 1+7?
D=8—D, D, , =8 — Dy and s0 on.

Ezample.—To find the diameters of a set of 5 pairs of speed
pulleys, so that values of 2 7 (the ratio of the synchronal rotations

of the different pairs) shall have the common ratio of §, the

constant sum of the diameters of each pair being 26 inches.
Here r =4, n=2>5, and S = 26, then from the foregoing

formule we find—

26 ) 26
l+(§)’—18 D, = 1_'_§L_15gf,
26

T+ Q@)Y = 13; and so on.

=1+Q
But the remaining diameters will be better found as follows:
p, = 26 — 18 = 8; p, = 26 — 15} = 10}.
PART I D
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35. Two plain cones, having their axes p;a.rallel, as shown in

Fig. 23. Fig. 23, will obviously answer the same
—— purpose as the ordinary form of speed
pulleys. The slant faces of the cones may
be formed by any continuous curve; but
with this condition, — that the sum of the
diameters at every position of the band
~ shall be a constant.

Guide Pulleys.
36. By the intervention of guide pulleys the direction of
Fig. 24. cords may be changed into any other direction.

Thus, by means of the guide pulleys B and c,
the motion of the chord in the direction cp is
changed into the direction As.
" The cords p ¢ and ¢ B should be in the plane
of the pulley ¢; and the chords ¢B and BA
should be in the plane of the pulley =.
37. Two guide pulleys, E and B, may be employed to transmit
Fig. 25. motion from the wheel A to the

wheel B, when the axes of these
wheels have any given direction.

Let Em be the line where the
planes, passing through the two
wheels, intersect each other. In
this line assume any two convenient
points E and H; in the plane of the
wheel. A draw the tangents Ec¢ and
HD; and in the plane of the wheel
B draw the tangents E F and x ¢;
then ¢ E F ¢ H » will be the path of
the endless cord, which will be kept
in this path by a guide pulley at E, in the plane of ¢ E ¥, and
another guide pulley at m, in the plane of p 1 6.

The relative velocities of the axes A and B depend entirely
upon the ratio of the radii, A p and B &, of the two wheels. See
Art. 30.
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To prevent Wrapping Connectors from Slipping.

38. The slip of the band on the wheel, when it is not excessive,
is in many cases rather an advantage than otherwise; but when
motion i§ to be transmitted from one wheel to another according
to some given exact ratio, gearing chains of various forms are
employed as the wrapping connectors.

39. In some cases the links of the gearing chain lay hold of
pins or teeth formed upon the wheel, as shown in fig. 27. In
other cases, the links of the gearing are joined together, some-

" Fig. 26. Fig. 27.

thing like a watch chain, and carry teeth which pass into certain
notches made at corresponding distances on the edge of the
wheel, as shown in fig. 26.

40. When a belt moves a conical wheel, it always happens
that the belt gradually moves towards the broad end of the

Fig. 28. Fig. 29. Fig. 30,

MA s 1 o s | e

wheel : this is owing to the belt being more stretched on that
side than it is on the other.

41, This property enables us to construct a wheel so that a
belt shall not shift on its edge; this is simply effected by
making the edge to swell a little in the middle, as shown in
fig. 29.-

D2
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42. When two rollers have to make only a limited number
Fig. 31. of revolutions in each
' direction, the slip of
the cord may be pre-
vented by having a
cord coiled round
each end of the rol-
lers in opposite di-
rections, so that while
one cord is coiled
on one extremity of
‘the roller, the other
cord is uncoiled from the other extremity, as shown in fig. 30.
43. By a similar arrangement of cords on the cylinder & ¥
(see fig. 31), a reciprocating motion of this cylinder will produce
a back and forward motion of the carriage A B.

Systems of Pulleys.

44. A system of pulleys must at least contain ome movable
pulley. When a wheel, forming a part of a system of wheels
connected together by cords, has a progressive motion, it mate-
rially affects the velocity ratio of the receiver and the operator
of the mechanism. There are a great many different systems
of pulleys, but they all depend upon the different combinations
of movable and fixed pulleys, and the different modes of redu-
plication of a cord.

45. In this system of pulleys there is one movable block and
a single continuous cord with three duplica-
tions, so that whilst the moving force P acts by
one cord, the movable block with its load is
suspended by six cords: if w ascend one foot,
each of these cords will be shortened one foot,
and therefore the cord » will be lengthened
six feet; that is to say, the velocity of p will
be six times that of w.

46. In the system of pulleys represented in
fig. 33, there are two distinct cords and two
movable pulleys A and B, making two dupli-
cations of cord ; then if A ascends one foot, 8 must ascend two

Fig. 32.
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feet, and the cord at P must be lengthened four feet, that is, the
velocity of P will be four times the velocity of w.
Generally if there are » movable pulleys in such a system,
then, '
velo. p = 2* x velo. w.

Fig. 33. Fig. 34. Fig. 36.

47. The system of pulleys represented in fig. 34, contains
two movable pulleys, one fixed pulley, and two single cords.
In this case the velocity ratio of P to w is as four to one.

48. Fig. 35 represents a similar system of pulleys, in which
the velocity ratio of P to w is as five to one.

In all these systems of pulleys the velocity ratios are con-
stant. - . .

'49. In the compound wheel and axle, represented in fig. 36,
the axle is made of different thick-
nesses as at A and B, and a con-
tinuous cord coils round these parts
in different directions, and passes
round the wheel of the movable
pulley ». In one revolution of the
wheel ¢ p the space moved over by
the pulley p is equal to half the dif-
ference of the circumferences of the
axles A and B. Putting R, for the radius of the wheel ¢ p, & for

Fig. 36,
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the radius of the axle A, and r for the radius of the axle B;
then we have for the velocity ratio

velo. P 2R,

veloow ~ Re—17

veloP 2 x 10
velo.w ~— 4 — 33

This piece of mechanism belongs to a class which produces
what has been called differential motions, their object being to
produce a slow and definite motion in a body by the most
simple and practicable means.

Ifr, = 10, R = 4, 7 = 3§ ; then

= 80.

TO PRODUCE A VARYING VELOCITY RATIO BY MEANS OF
WRAPPING CONNECTORS.

50. To find the ratio of the angular velocities of two eccen-
tric wheels, moved by a cord wrapping
over each.

Let p ¢ be a cord wrapping round the
wheels, whose axes of motion are A and B;
their line ¢ » will be a tangent to the two
curves forming the edges of the wheels.
On p ¢ produced let fall the perpendicu-
lars A Q and B X ; then the velocity of the

» cord, in this position of the wheels, will be
equal to the velocity of the point @, and

at the same time it will also be equal to the velocity of the

point K : hence we find,

Fig. 37.

angular velocity Ac B X e
angular velocity Bp ~ A @ °* M3
that is to say, the angular velocities are inversely as the per-
pendiculars let fall upon the cord from the axes of motion.
51. Let B be a movable pulley suspended from the con-
Fig. 38. tinuous cord P A B 0, passing over a fixed
pulley A, and attached to a point ¢ in
the same horizontal line with A. Let
fall B p ‘perpendicular to A ¢; then B¢
will always be equal to B A, and B will
move in the vertical line B p. Hence
we find —
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velocity p BD

Wﬁ: 2 X B—Zno(l).

This expression may be put in the following trigonometrical
form :—
velocity p

velocity w — 2 % COSPAB ... (2)

52. Fig. 39 represents a simple and ingenious contrivance
for communicating a varying velocity
to the axis B, by means of an endless
band Q K ¢, passing over an eccentric
wheel A ; a pulley B K, and a stretching
pulley c. The curve of the eccentric
wheel, A, must be such as to produce
the varying velocity required. The
weight w, attached to the stretching
pulley c, keeps the band constantly
stretched, so that whatever may be the
velocity of the cord, upon leaving the
eccentric wheel, it communicates the same velocity to the cir-
cumference of the pulley B K. From the axis A let fall A @
perpendicular to the cord @ x; then by eq. (1), Art. 50, the
velocity ratio may be expressed as follows :

Fig. 39.

ang. velo. axisA BEK
ang. velo. axis B ~ A Q°

Let the axis A revolve uniformly, and let the radius, B K, of
the pulley be given ; then

The ang. velo. axis B will vary as the perpend. A Q.
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IV, ON WHEEL-WORK PRODUCING MOTION BY ROLLING CONTACT
WHEN THE AXES OF MOTION ARE PARALLEL.

53. Two wheels £ and 7, in contact with each other, revolve
Fig. 40. on the parallel axes A B and ¢ p; now if

7 . 4| the wheels are in contact in any one po-
& “ Il H sition, they will also be in contact in every
gﬂll m{“"“l other position, and their circumferences

| flgl Im will roll upon each other, so that if the
_ jﬂ?&'— [i“ driver ¥ revolve on its axis ¢ » it will
e Nt/ oY ‘x communicate a rotatory motion to the

follower E in a contrary direction, by the

' frictional adhesion of the parts successively
brought in contact. The edges of these wheels must have the
same velocity, and therefore their angular velocities will be in-
versely as their radii.

54. In order to render the transfer of motion perfectly exact,
the edges of the wheels are formed into teeth, placed at equal
distances from each other, so that when one wheel is turned, its
teeth successively enter into the spaces formed on the edge of
the other wheel. Thus, even with slight errors of construction,
one wheel cannot escape from the other, which may happen in
the case of simple rollers. :

The numbers of teeth in the wheels, acting upon each in this
manner, are in proportion to their radii
Thus, let the radius of the wheel A be 15
%, inches, that of B 6 inches, and let B contain

\} 8 teeth ; then

No. teethin A = 8 x1—65 = 20.

¥ Or generally, if » and r be put for the
radii of the wheels, and N and n the num-
ber of their teeth respectively ; then
N R
. ,’T = ; ' (1)-

Hence angular velocities, as well as the synchronal rotations, of
wheels may be expressed in terms of their numbers of teeth;
thus we have —- :
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ang. velo. A

n

ang.velo.B ~ N °* OF
synchronal rotation A Q n

also, synchronal rotation 3° % ¢ = N *** O

Ezxample—Required the least number of teeth in the wheels
A and B, so that B shall make 105 revolutions per min, and A

only 40.
n 40 8

Here by eq. (3), ~ = 108 = 31}
that is, B will contain 8 teeth and A 21 teeth.

The form which must be given to the teeth of wheels, so
as to maintain a perfect rolling contact, will be explained in
another part of this work. '

35. If the wheel A be the driver then B will be called the
follower. Wheels acting in this manner are sometimes called
spur-wheels. Small toothed wheels are called pinions; thus »
may be called a pinion in relation to A. '

56. Toothed wheels are said to be ¢n gear when their teeth
are engaged together, and they are said to be out of gear when
they are separated.

57. In the train of wheels represented in fig. 42, let N,, N,,
N,, &c., be the number
of teeth in the driving
wheels, and n,, 7, 7,
&c., the number in the
driven wheels ; Q,=the
no. of rotations of the
first axis, Q,=the no.
of the second axis, and so on, performed in the same time;
then

Fig. 42.

Ny.NoeNye ooe N,
Qmu= 1° Ny N3 "...(1).
Q, Ny eMge Ny eoe Ty

This equality may be expressed in language as follows :—The
ratio of the synchronal rotations of the last and first axes, is
equal to the continued product of the number of teeth in the
driving wheels divided by the continued product of the number
of teeth in the driven wheels.
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Similarly we have, _ A
Qflt'i:l — % Q_a QUn + 1 2
o —Q X Q X e X oo e (2),

which may be expressed in language as follows:—The ratio of
the synchronal rotation of the first and last axes, is equal to
the pfroohwt of the separate synchronal ratios of the successive
pairs of axes.

The number of axes in this. combination is always one more
than the number of pairs of wheels.

It is evident, from eq. (1), that the drivers and followers may
be placed in any order in a train of wheel-work without chang-
ing the velocity ratios of the first and last axes.

Example.—Let the number of pairs of drivers and followers
be 3, that is, let m =3, N, =16, N, =15, N, =14, n, =7,
ny = 6, n, = 5 ; required the least number of synchronal rota-
tions of the first and last axes in the train of wheels.

Here by eq. (1) we have—

Q 16 x15x14 16

that is, whilst the first axis makes one revolution, the last will
‘make sixteen.

58, If the number of teeth in a driving wheel be some exact
multiple of the number of teeth in the follower, then the same
teeth will come into contact in every revolution of the driver.
Thus if the driver contains 30 teeth and the follower 6, then
the same teeth will come into contact at every revolution of the
driver. This arrangement of teeth is preferred by the clock
and watchmaker ; but the millwright would add one tooth, called
the Hunring Cog, to the large wheel, that is, he would have
31 teeth in the driver and 6 in the follower, because 31 and 6,
being prime to each other, and at the same time nearly in the
same ratio as 30 and 6, the same pair of teeth would not come
again into contact until the large wheel had made 6 revolutions,
and the small one 31,

59. Eq. (3), Art. 53, enables us readily to find the number of «
revolutions which the wheels must make in order that the same
teeth may come again into contact with each other ; for itis only
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necessary to reduce the fraction x toits least terms, and the de-

nominator of this reduced fraction will give the number of revo-
lutions of the driving wheel asrequired. Thus, let N = 144, and
54 3
n = 54, then g— =1 = 3§ that is, the driver must make 3
complete revolutions, or the follower 8, before the same teeth
can again come into contact.
60. In a combination of wheels, whose motions are expressed
by the equality % = I;;‘ - 2’, an indefinite number of values
1 1° "2
may be assigned to the numbers of teeth, which shall produce a
given synchronal ratio of the first and last axes; but if n, and n,
be given,and N, and ¥, be comprised within certain given limits;
then a limited number of values may be found for N, and N,.

Thus, for example, let % = 60, n, = n, =8, and the values
1

of N, and N, not to exceed 100 nor to be less than 40."

Here we have—
N, . N,
8 x 8

o'oNloN’= 60 X 64;

= 60;

hence, N, may be 60 and N, may be 64 ; but in order to deter-
mine all the combinations, we must put the product, 60 x 64,
into prime factors, and then distribute these factors into different
groups answering to the lilniting values of N, and N,

Here, 60 x 64 = 2% x 3 x 5; hence we have—
1st combination, (2* x 3) x (2¢ x 5) =48 x 80;
2nd combination, (2® x 3) x (22 x §) = 96 x 40;
3rd combination, 2% x(2? x 3 x §) =64 x 60.

61. When all the drivers contain the same number of teeth,
and also the followers, then eq. (1), Art. 57, becomes

= @) e ()

By means of this formula we may readily determine the least
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number of axes requisite for producing a given synchronal ratio
of rotation between the first and last axes, when the number of
teeth in the drivers cannot exceed N, and the number in the
followers cannot be less than n,.

Find m, in eq. (1), equal to the highest whole number, which
does not make the right member greater than the left; then the
least number of axes will be m + 2. But if m, a whole num-
ber, can be found so as to make the right-hand member exactly
equal to the left, then, in this case, the least number of axes
will be m + 1.

Ezample.—Required the least number of axes in a train of
wheels which shall cause the last axis to revolve 180 times as
fast as the first axis, allowing that none of the drivers can con-
tain more than 54 teeth, and none of the followers less than 9.

Here, we must find the greatest whole number for m, so that
(-593) or (6)™ shall not exceed 180, This value of m is obviously
2; and the least number of axes will be 4.

Idle Wheels.

62. The wheel ¢ placed between two other wheels, A and B,

Fig. 43. does not affect the velocity ratio of these

" o s Wheels; and hence the wheel ¢ is called an

{3 e 3% idle wheel. This intermediate wheel, how-

b ever, causes the wheels A and B to revolve in

the same direction, whereas if A and B were

- in contact they would revolve in opposite
directions.

Annular Wheels.

Fig. 44. 63. Fig. 44 represents an annular wheel 4,

having its teeth cut on the internal edge of
4 the annulus or rim. The toothed wheel B,
revolving within the annular wheel A, causes
it to revolve in the same direction; whereas

two ordinary spur wheels revolve in opponte
directions.
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Concentric Wheels.

64. When two separate wheels revolve about the same centre
of motion, they are called concentric wheels. Fig. 46.
The pinion b is fixed to the axis rE, whilst =
the concentric wheel ¢ is fixed to a tube,
or cannon, N, which revolves freely upon
the axis pE. The driving wheels, A and
B, fixed to the parallel axis ® &, com-
municate the relative velocities to the axis
FE and to the cannon N.

Wheel-work when the axes are not parallel to each other.

65. When the axes of two wheels are not parallel to each
other, motion is generally communicated from the one to the
other by bevel wheels or bevel gear. When the axes are perpen-
dicular to each other, the face wheel and lantern,and the crown
wheel are frequently employed.

Face Wheel and Lantern.

66. In fig. 46, F represents a face wheel, with its lantern
L. Here motion is transmitted
from the vertical axis A B to the
horizontal axis A 0. The teeth
F on the face of the face wheel
are called cogs, which are usually (@E=aaa
made of iron, whilst the round ~  »
staves forming the teeth of the
lantern, 1, are made of hard
wood. The axes A B and ¢ D
should, when produced, intersect in a point.
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Croun Wheels.

67. Fig. 47 represents a crown
wheel B, with its pinion A, having their
axes at right angles to each other.
The teeth of the crown wheel are cut
on the edge of a hoop, the plane of
which is at right angles to its axis,
and the pinion.is thicker than wheels
are commonly made.

Case L. To construct Bevel Wheels or Bevel Gear when the axes
are in the same plane.

68. Let A ¢ and A B be two axes of rotation, in the same

Fig. 48. plane, and cutting each other in the point
A.  On these axes two right cones, A p ¥
and A p E, may be formed, touching each
other in the line AED; and also two
right frusta, D ¥ ¢ H and D H K E, of these
M\ » cones may be formed.

Now if the frustum b Fe& Hrevolve on
its axis BA, it will communicate, by
rolling contact, a rotatory motion to the
frustum D HK E upon-its axis ¢ A.

These frusta of cones will obviously perform their rotations
in the same time as the ordinary spur wheels previously described.

On the surfaces of these frusta a series of equidistant teeth
are cut, directed to the apex A of the cones, so that a straight
line passing through the apex to the outline of the teeth upon
the bases pFand pE of the frusta shall touch the teeth in every
part, as shown in the diagram.

‘Wheels cut in this manner are called bevel gear.

Two wheels of this construction will always transfer motion,
with a constant velocity ratio, from one.axis to the other, pro-
vided these axes meet each other in a point, which point being
always made the apex of the frusta forming the bevel of the wheels.

69. General problem.—Given the radii of two bevel wheels,
and the position of their axes, to construct the frusta forming
the wheels, the two axes being in the same plane.
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Let A B and A ¢ be the position of the axes cutting each other
in A. Draw 13 parallel to A at a
distance equal to the radius of the Fig-49.
wheel on the axis A B; and draw
ML parallel to Ac, at a distance
equal to the radius of the wheel on
the axis A ¢, cutting the line 13 in
the point . From the point b,

TN—\
draw p B F perpendicular to A B, and B .\
DO E perpendicular to A ¢. Take <
BF equal to BD, and CE equal to J/‘><

¢D. Join AE, AD,and A¥. Ata

distance equal to the thickness of the wheel, draw ® G parallel
to » ¥, cutting A p in H; and through H, draw H K parallel to
DE. Then pre H and pEKE will be the frusta required.

Case II. To construct Bevel Gear 'whem the axes are not in the
same plane.

70. This is usually done by introducing an intermediate
wheel with two frusta formed upon it, one frustum rolling in
contact with the driving wheel, and the other frustum in contact
with the driven wheel. ’

71. Let A B and ¢ p be the direction of the given axes; take
AD as a third axis, meeting the Fig. 50.
axes AB and ¢ D at any con- ;
venient points, A and p; then
A will be the vertex of two roll-
ing frusta of cones ¢ and &, and
p will be the vertex of two other
rolling frusta of cones 1 and K.
Whilst the intermediate axis,
with its two frusta of cones,
revolves, the teeth of the frustum
H will bave a rolling contact
with the teeth of the frustum @&, and at the same time the teeth
of frustum 1 will have a rolling contact with the teeth of the
frustum K ; and thus motion will be transmitted from the axis A B
to the axis ¢ p with a constant velocity ratio.
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Let ¢, and @, be the number of rotations- performed by the
axes AB and ¢ D respectively in the same time; N,=the number
of teeth in the bevel wheel @; n, = the number in the edge x;
N, = the number in the edge 1; and n, = the number in the
bevel wheel kx; then,

Qs Nl
o = eee (1),
which is similar to the expression given in eq. (1), Art. 57.
When n, = N,, then this equality becomes,
HY_N
. o= @)

In this case the intermediate bevel wheel, 1 1, may be regarded

as an idle wheel.

VARIABLE MOTIONS PRODUCED BY WHEEL-WORK HAVING ROLLING
CONTACT.

72. Two curved wheels, E P and ¥ P, having rolling contact,
Fig. 51. = revolve on the axes A and B. In order
that these wheels may roll on each other
without slipping, or without producing any
strain upon the axes A and B, these axes
must always be in the line of contact A p B,
and if the curve P & on the one wheel be
equal to the curve P ¥ on the other wheel,
the sum of the lines AE and B ¥ must al-
ways be equal to A B, the distance between
the centres of motion. Various curves may be constructed,
having this property. For example, two equal ellipses, & P
and F P, revolving on their foci, A and B, and having A E and
BF in the line of their major axes, will have a perfect rolling
contact. Two equal logarithmic spirals have also the same
property.
Let pP o be the common tangent to the point of contact »;
from A and B let fall A ¢ and B » perpendicular to » P ¢; then,
angular velocity AP BD BP
angular velocity B? — A0 L AP " (1)-
This result may be expressed in language as follows :—Zhe
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angular velocities of the wheels are inversely as the perpendicu-
lars let fall wpon the comvmon tangent from the centres of
motion.

Fig. 52. Fig. 53.

o
D

e}
e

koo
SN
7?

=

73. The form of wheels, represented in fig. 52, are used in
gilk-mills, and in the Cometarium. The curves may be in-
definitely varied, but they must always be constructed to answer
the conditions explained in Art. 72.

74. Roémer’s Wheels.—E F and ¢ » are the axes of two co-
nical wheels or bevel-wheels K and @, having their vertices
turned in opposite directions; the teeth of x are formed like
those of the ordinary bevel-wheel ; but the teeth on & are formed
by a series of pins e k, fixed on the surface of the frustum a.
By varying the relative position of these pins, any given velocity
ratio may be obtained. _

75. Various combinations have been invented for producing
a varying angular velocity ; such as the eccentric crown wheel
and broad pinion, the eccentric spur-wheel with a shifting in-
termediate wheel, and so on.

3

INTERMITTENT AND RECIPROCATING MOTIONS PRODUCED BY WHEEL-
WORK, HAVING ROLLING CONTACT.

76. The following is an example of an intermittent motion
produced by the continuous motion of a toothed wheel.

A driving wheel A, having sunk teeth on a portion of its edge,

PART I E
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. communicates an intermittent motion to the wheel 8, which has a
corresponding number of teeth on a portion of its edge. The
Fig. 54.

portion p ¢ of the wheel B, being a
plain arc of a circle described from
A as centre, allows the plain portion
of the wheel A to revolve without
any interruption. The wheels are
brought into gear by a pin p,
fixed to the wheel A, and a GUIDE-
PLATE @ ¢, fixed to the wheel B.

Now when A revolves, in the direction of the arrow, the plain
portion of its edge runs past p ¢ without moving the wheel
B, and at the same time keeps it from shifting ; but when the
pin p comes into contact with the guide-plate, the wheel B
is moved round, and the teeth p E engage themselves with the

Fig. 55.

teeth on B, and thus the wheel B is constrained
to make a revolution; it then remains at
rest until the pin p again comes round to
meet the guide-plate.

77. The Rack and Pinion.— By this
combination a circular reciprocating motion
is changed into a reciprocating rectilinear
one. Teeth are cut upon the edge of the
straight bars, B¢ and pE, so as to work
with the teeth upon the pinion A. These
toothed bars are called racks, and they are
constrained to move in rectilinear paths by
guides or rollers. The racks in this com-
bmation move in opposite directions.

78. Fig. 55 represents an application of the double rack, for

converting a conti-
Fig. 56. nuous circular mo-

tion of a wheel, a,

TU VY X . .
e ‘ %D into a reciprocating

rectilinear motion,

— = given to the frame

B E.

The teeth on A are formed by pins or staves placed about one
quarter round the face of the wheel ; these staves act alternately
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upon the racks formed on the upper and under sides of the
frame. The tooth on each rack, which comes first into contact
with the stave of the pinion, is made longer than the others, in
order that the first stave should act obliquely upon it, thereby
tending to lessen the shock. In this figure the lower stave is
represented as leaving the last rack on the under side, and the
upper stave as commencing its action on the elongated tooth of
the upper rack.

V. ON SLIDING-PIECES, PRODUCING MOTION BY SLIDING CONTACT.

The Wedge or Movable Inclined Plane.

79. Let A B ¢ be a movable inclined plane or wedge, sliding
along the smooth surface D E, by a
pressure P applied to the end BoO,
and producing a vertical motion in a
heavy rod @ P, resting on the plane
AC, and constrained to move in a
straight path by means of guide
rollers. The velocity ratio of » and
P, will be constant, being expressed by the following equality:—

velocity ? A B length of the wedge
Velocity », — B ¢ °F thickness of the wedge"

To tramemit motion from anm axis A b, to another axis B c,
parallel to it.

80. The axis A D carries an arm A E, and a pin E ¥, which
enters and slips freely in a slit made
in the arm ¢ B attached to the axis
B C. When the axis A » revolves, it
communicates a rotation in the same
direction to the other axis B ¢, but
with a varying velocity ratio, for the
pin F continually changes its distance
B F from the axis B c.

When the distance between the
parallel axes is small, and the axis
A D revolves uniformly, the angular velocity of the axis B ¢

E 2
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varies, very nearly, inversely as the distance, B ¥, of the pin
from this axis,

The Eccentric Wheel.

81. This mechanism is usually employed to give motion to the

Fig, 59. slide-valve of the steam engine.

In fig. 59, B represents the

I“ axis of the eccentric wheel; ¢

; g o the centre of the circle; ERFK

a hoop which embraces the ec~

B K . centric wheel so that the one

- may revolve freely within the

F other ; E ¥ D a frame connecting

this loop w1th the extremity » of the bent lever p L @, turning

on the fixed centre L. Now when the eccentric wheel revolves

in the direction of the arrow, shown in the figure, the frame

with the pin p is pushed to the right, and when the lob side of

the eccentric has passed the line of centres, B and b, the frame

with the pin » is drawn to the left, and so on. Thus the con-

tinuous rotation of the axis B produces a reciprocating circular

motion in the pin p. The stroke of the pin p will be equal to
twice ¢ B, or double the eccentricity of the wheel.

Cambs, Wipers, and Tappets.

82. Cambs are those irregular pieces of mechanism to which
a rotatory motion is given for the purpose of producing, by

sliding contact, reciprocating motions in rods and levers.
83. In fig. 60, B ¢ D represents the camb, turning on its axis
Fig. 60. A, and giving a reciprocating rectilinear motion
to the heavy rod E F, which is restrained to move
in its rectilinear path by the guide rollers. The
rotation of the axis A being in the direction of
the arrow, the rod E ¥ has an upward motion
until the extreme point B of the camb comes in
a line with the rod, then the portion B @ of the
camb allows the rod to fall, by its own weight or
by the action of a spring, until the point @
comes in a line with the rod, and so on; thus
one revelution of the camb, here presented, will cause the rod
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to make three upward and three downward strokes. By vary-
ing the curve of the camb, any law of motion may be given to
the rod.

84. In fig. 61, the pin E of the rod is made to traverse a
groove E @ p, cut in the camb plate, so that Fig. 61.
the pressure of the camb upon the pin pro-
duces the downward stroke of the rod as well
as its upward stroke. In this case the rod will
only make one upward and one downward
stroke in every revolution of the camb plate.
The length of the stroke of the rod will be
equal to the difference between A » and A g,
where D is the point in the groove furthest
from the centre A, and @ is the point nearest
to it.

85. To find the curve forming the groove of a camb, so that
the velocity ratio of the rod and the axis of the camb may be
constant.

Let A be the centre of the camb, and ¢ A B @ the direction of
the rod. From A as a centre, with Fig. 62.
any convenient distance A ¢, de-
scribe the circle cEPBN. On B A
take B @ equal to the length of the
stroke of the rod : divide it into any
convenient number of equal parts,
say five, in the points, b, ¢, d, ¢;
and divide the semicircleB » E F @
into the same number of equal
parts by the radial lines, A », A E,
AF. From A as a centre, with A b,
A ¢, A d, A e, a8 radii, describe cir-
cles cutting A o, A E, &c., respec-
tively in the points g, &, [, m ; then
through these points drawthe curve
@ g kIl m ¢; and similarly in the semicircle BN ¢ draw the other
curve a n p C. '

All lines drawn through the centre A of this curve are equal ;
thusa c =17 = g p = &c. Hence if the rod had two pins
placed at @ and ¢, the camb would revolve between them, and
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would cause the rod to make a downward as well as an upward
stroke. This curve is the spiral of Archimedes.

By dividing the line B @ into parts having a varying ratio
to one another, any proposed law of velocity may be given to
the rod.

86. In fig. 63, the continuous rotation of the camb A E ¢, re-
volving on the axis A, gives an oscillating motion to the rod or
lever F a, turning on the centre ¥. In one revolution of the
camb the rod makes a double oscillation in the arc a a,.

Fig. 64. .

87. Wipers.— When the rod is to receive a series of lifts with
intervals of rest, the camb is made into the form of projecting
teeth which are commonly called Wipers or Tappets.

88. In fig. 64, the revolving cylinder ¢ has five wipers upon
its circumference, which give five downward strokes to the

Fig. 65. Fig. 66.
-
A

1O

hammer, H, placed at the extremity of the lever A &, in each
revolution of the cylinder.

89. In fig. 65, two tappets, upon the revolving cylinder c,
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give two downward strokes to the heavy bar or stamper A B, in
each revolution of the cylinder. In this case the bar A B is
constrained to move in a rectilinear path by means of guide
rollers.

90. In fig. 66, a single w1per on the cylinder ¢ gives an
intermittent rotation to the ratchet wheel A with its detent .
At each revolution of ¢ only one tooth in A is moved round, so
that for the greater portion of the revolution of ¢ the wheel B
is at rest.

91. In fig. 67, the continuous rotation of three wipers a, b, c,
communicates a reciprocating
rectilinear motion to the
frame A B o p. The wiper a
is engaged with the pallet e,
and at the instant of disen-
gagement the wiper b becomes
engaged with the pallet g, and then the frame starts 1ts motion
in a direction contrary to that of the arrows; and so on.

The Swash Plate.

92. By this mechanism, the continuous rotation of an axis
produces a reciprocating rectilinear motion in a rod, in the
direction of its length.

Here o E represents the revolving-axis, to the top of which is
fixed the inclined circular flat plate A B, called the Fig, 68.
swash plate; A p F the rod to which a recipro-.
cating motion is given in the direction of its length,
having a frictional wheel A at its lower extremity
resting on the swash plate. This rod is kept in
contact with the plate by its own weight, or, if this
be not sufficient, by means of a spring. Now as the
swash plate turns round, the rod A r is alternately
raised and depressed, so that at every revolution of
the plate the rod performs an upward and a downward stroke.
Supposing the rod, as represented in this figure, to be at the
lowest point of its stroke; from c, the centre of motion of the
plate, let fall ¢ p perpendicular to A F; then A p will be equal to
half the stroke of the rod. Moreover, let # be any angle
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moved over by the axis, and let & be the corresponding space
moved over by the extremity A of the rod ; then

h=4ap x (1 —cosé),

which gives the position of the rod at any point of the rotation
of the plate.

93. There are an almost endless variety of combinations for
producing reciprocating motions of this kind, by means of
sliding contact.

94. In fig. 69, an eccentric revolving pin e, sliding or working

Fig. 69. Fig. 70.
o
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in the slit of the arm r 8 gives a reciprocating motion to the
rod p ¢ in the direction of its length.

95. In fig. 70, the same effect is produced by the rotation of
an eccentric wheel, @ b, on its axis a, within the frame ¢ » ¥ E.

SCOREWS.

96. Construction of a Heliz or Screw.—Let A a X be a
cylinder, and A » & a piece of paper cut in the form of a right-

Fig. 71. angled triangle, hav-

K » ing its height » E
° a a equal to the height

L D A K of the cylinder.
2/| Now if this paper be
. B c > wrapped round the

cylinder, the slant edge A E of the paper will trace the helix
or screw A @ L b ¢ K upon the cylinder. If AB=B0=0D
be equal to the circumference of the cylinder, the edge of
the paper will form four convolutions, and the perpendiculars
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BF =16 = HE will be the distance between the threads of
the screw.

97. The pitch of a screw is the distance B ¥ between two
successive convolutions. If ¢ = B F, the distance between the
threads of the screw, r = the radius of the cylinder, § = angle
B A ¥; then
2w
tan 0°

t =

98. We may also conceive the helix of the screw to be formed
by the compound motion of a point. Suppose the cylinder to
rotate uniformly upon its axis, whilst a point A upon its surface
at the same time moves uniformly in the direction of its length :
then, with this compound motion, the point A will trace the helix
of a screw.

99. Transmission of motion by the screw.—Leteancmg
be a spiralgroove cut upon a cy-
linder; A B the axis on which
it turns; » E a rod parallel to * =
the axis A B, and constrained
to move in the direction of its [T
length; e a tooth attached to J
this rod fitting the groove of =
the screw. Now when the
wheel ¢ is turned in the direction of the arrow, the tooth with
the rod p & will be moved from left to right in the direction of
its length, that is, parallel to the axis of the screw.

The velocity ratio of the wheel 0 and the rod » & will be
constant, for we have

velocity ¢ circum. described by o
velocity c » —  pitch of the screw

If B be the radius of the wheel ¢, » = the radius cylinder A B
v = velocity circum. ¢, v the velocity of the bar » E, and so on
ag in art. 97 ; then the above equality becomes—
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and when R = 7, then —

%=t.an0...(3);

that is, the velocity ratio is equal to the tangent of the angle
which the thread of the screw makes with the sides of the
cylimder.

100. It is obvious that the number of teeth in the bar p E
will not at all alter its motion.

In fig. 73, the screw acts upon a series of teeth upon the
rack o E. 'This arrange-
ment, called the rack
and screw, converts a
circular motion into a
5 x = ,j rectilinear one.

Solid Screw and Nut.

101. In general the piece acted upon by the screw has its
teeth, or rather its threads, formed in a cavity
which embraces the whole circumferences of the
screw, and the threads of the one exactly fitting
the threads of the other. This modification is
shown in fig. 74, where N is the hollow screw
fitting the threads of the screw 8. The solid
piece 8 is called the male screw, and the hollow
piece the female screw or nut.

102. Screws are either left-handed, or right-handed, according
to the direction of the threads.

103. It is important to observe that the following relations of
motion subsist between the solid screw and the nut.

1. When the nut is fixed, the solid screw will have a motion
in the direction of its length, upon being turned round.

2. If the nut revolves, without having any longitudinal
motion, the solid serew will have a motion in the direction of
its length, provided it is incapable of revolving.

3. If the solid screw revolves without having any motion in
the direction of its length, the nut will have a longitudinal
motion, provided it is incapable of revolving.
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The first two cases are exemplified in the different forms
which are given to the common press, and the last case is exem-
plified in the construction of the self-acting slide rest of the
lathe, and in other kinds of mechanism.

The screw is usually employed for producing very slow uni-
form motions, and for exerting great pressure through a limited
space.

The Comvmon Press.

104. In fig. 75, 88 is the solid screw, N the nut, N P the lever,
B the lower press board which is con-
strained to move in an upward direction
by means of the guide-frame.

Case 1. In this case the nut N re-
volves, but does not move longitudinally,
but the screw s8s is incapable of revolving.
Hence the pressboard Bis moved upwards
at every revolution of the nut, over a
space equal to the pitch of the screw, or
the distance between the threads, that is,

Fig. 76.

velo. » _  circum. described by p
velo. 8 distance between the threads-

Example.—Let the distance between
the threads =1} in., the length of the
lever N p= 2} ft.; required the velocity ratio of the point P
and the press-board B.

velo. P _ 2 x 24 x 12 x 3:1416
velo. B 3

That is, the velocity of P is 753984 times that of .

= 753:984.

Case 2. In this case N is a perforated cylinder forming part of
the solid screw s 8, and therefore turns with it on a pivot which
works in a socket placed on the under side of the press board B;
the piece K fixed to the frame contains the hollow or female
screw ; so that the solid screw, ss, is capable of revolving and
of moving longitudinally, whilst the nut K remains absolutely
fixed.
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Compound Screw.

105. This mechanism consists of two screws A and p, the
smaller one » working within the larger one A.
The screw A works in a fixed nut or female
screw at K, and is capable of revolving and
moving in the direction of its length ; the small
screw D is incapable of revolving, but is capable
of moving in the direction of its length. In one
revolution of the lever p, the screw A descends
a space equal to the distancebetween itsthreads,
but at the same time the screw D enters the
hollow screw formed in A, a space equal to
the distance between the threads on b, so that
the extremity B will only descend a space equal
to the difference between the thickness of the

! threads on A and the thickness of the threads
" on B; hence we have

Fig. 76.

velo. » _ circum. described by p
velo. B dist. bet. threads on A —dist. bet. threads on .

If the length of the lever =7, the pitch of the screw A = t,
and the pitch of p=1%,; then

velo.? _ 2=@7r .
velo.3 t—¢, " (1

Example.—Let r =5 ft., t = }in,, ¢, =3 in.; then

velo. » —2x5x12x 31416 = 3015:936.
velo. B -3

The same velocity ratio might be attained by making the pitch
of a single screw A, equal to ¢t — ¢, but the threads, in this case,
might be too weak to stand the pressure; hence the advantage
of the compound screw.
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The Endless Screw.

106. When the threads or teeth of a revolving screw are
made to act upon the teeth of a

wheel, as in fig. 77, the mechanism Fig. 77.

is called the endless screw. Here,

each rotation of the axis A B of the |2

screw turns round one tooth of the ﬂ

the axis A B being equal to the pitch
of the teeth on the wheel.

If Q and ¢ be the synchronal ro-
tations of the wheels and the screw
respectively, and N the number of
teeth in the wheel ; then

wheel ©, the pitch of the screw on '7

3

d=x..(1)

Q
If N~ = 40, then % = 40; that is, for every revolution per-

formed by the wheel the screw will make 40,

If =, r be the respective pitch-radii of the wheel and screw,
0 being, as before, the angle which the thread of the screw
makes with its axis; then

7_=2
Q= ,rtano...(2).

The Differential Screw.

107. A » is an axis on which are formed two screws,AB and
B 0, whose pitches are differ- )
ent. The screw A B passes Fig. 78.
through a fixed nutor female '
screw E, whilst B ¢ passes ,

capable of moving longitu-
dinally, but incapable of re-
volving from theintervention |
of the guides. °

Let the screw make one turn so as to move the cylinder from
right to left, then the screw A B will move through the fixed
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nut E a space equal to the distance between its threads; but, at
the same time, the screw B ¢ will move through the nut N a
space equal to the thickness of the threads on B ¢; so that the
nut X will only be moved through a space equal to the difference
between the thickness of the threads on A B and B o, that is —

In one revolution of A, the space moved over by the nut
N = pitch screw A B — pitch screw B ¢ = ¢ — ¢,, where ¢ is put
for the pitch of the screw A B, and ¢, for that of B c.

If ¢ =t,, then nut N will remain at rest,

If the screw A B be right-handed, and B ¢ left-handed; then
t + ¢, will be the space moved over by the nut N in one revolu-
tion of A.

The Archimedian Screw Creeper.

108. This machine is used for conveying corn from one part
of a corn-mill to another. It consists of a wooden cylindrical
trough, A 8 0 p, with which revolves a shaft, & ¥, having a deep

Fig. 79.

spiral thread formed upon its surface. The corn is dropped in
at one extremity of the trough by a hopper, and by the revolution
of the creeper the corn is pushed along towards the other ex-
tremity of the trough.

Mechanism for Cutting Serews.

109. ¢ p is the cylinder, or axis on which the screw is to
be cut, revolving with the mandril » of the lathe; A a toothed
wheel revolving with the axis ¢ p, and giving motion to the
toothed wheel B, round its axis ¥ E, on which is cut the parent
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screw ; this screw gives a longitudinal motion to the nut N, as
in Case 3, carrying the sliding table or saddle upon which is
securely clamped the cutting tool P intended to cut the thread of
the screw on the cylinder ¢ p. In the place of the wheels A B,
any combination of wheels may be used so as to produce any
relative longitudinal velocity to the cutting tool p, and thereby
to form a screw of any given pitch on ¢ p with the same parent

screw F E.
- Fig. 80.

Let » = the no. teeth on the wheel A, n, = the no. teeth on
B, t = the pitch of the screw on ¢ b, ¢, = the pitch of the screw
onFE; then

n
t =;Ll oty e (1),

which expresses the pitch of the screw on ¢ D.
From this equality we get,
t n
t—l = ;':l ey (2),

that is to say, the pitches of the screws are in the ratio of the
number of teeth on their respective wheels.
If n, and ¢, be constant, then

tc m,
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that is to say, the pitch of the screw on ¢ p varies with the
number of teeth on its wheel A.

Let kand %, be the number of threads per inch on the cylinders
o p and F E respectively, then

1 1
F=¢t and E = t,
and eq. (2) becomes—

k. =n
7;! = e (3).

Now, let there be an intermediate pinion and wheel, turning
on the same axis, placed between A and B; and let the pinion
(acted upon by A) contain e, teeth, and the wheel e teeth; then
the velocity ratio of the axis ¥ E will be increased by the ratio
g;, and hence eq. (3) becomes—

E me
k_l = -7—?'—3‘ ey (4)0
Example.—Let n = 30, n, = 10, t, = } in. ; required ¢.

n 30 .
Herebyeq.(l),t:;b—l.t,= io X = l}in

To produce a changing reciprocating rectilinear motion
by a combination of the camb and screw.
110. & F is a conical shaped camb, turning on the eccentric
axis A B, on which is cut the screw K B, working in the fixed nut
Fig. 81. or hollow screw N; p ¢ a rod rest-
ing on the camb,constrained to move
in the direction of its length, and
to which the varying reciprocating
motion isto be given. Here, whilst
the camb revolves, it has a con-
tinuous motion in the direction of
the axis A B, so that the lower ex-
tremity, o, of the rod p ¢ describes a
spiral or screw curve upon the cone whose pitch is equal to the
pitch of the screw Kk B. The effect of this is to make ¢ p reci-
procate in its path in such a manner that the stroke in one
direction is shorter than that in the opposite direction.
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To produce a boring motion by a combination.of the
screw and toothed wheels.

111. Here it is required to produce a rapid rotation combined
with a very slow motion in the direction of the axis.

The screw 1 B is cut upon a portion of the revolving axis A B ;
this screw passes through a Fig. 82. '
nut K capable of revolving
with the wheel @, but in-
capable of moving in the di-
rection of its axis, as in Case 2,
page 59 ; the wheel & isdriven
by the pinion F revolving on
the parallel axis p ¢; E is
a long pinion, turning on this axis, and acting on the wheel L,
which transmits a rotatory motion to the screw axis A 8. Now the
rotation of ¢ p produces a rotatory motion in the axis A B, and at
the same time causes it to advance, in the direction of its length,
with a velocity determined by the following formula.

Let q, Q;, ¢, be the synchronal rotations of the axis ¢ p, the
nut K and wheel @, and the wheel and axis A B, respectively; n,
N;, M, m,;, the number of teeth in the wheels r, @, E, L, re-
spectively ; s the space moved over by A B in the direction of its
length ; and ¢ = the pitch of the screw 1 B.

Now g, rotations of the nut Kk moves the screw A B through a
space equal to Q, X t; but g, rotations of L moves the screw
through a space, in the opposite direction, equal to ¢, x ¢;
therefore in @ rotations of the axis ¢ p, the screw A B will be
moved through a space equal to the difference between @ x ¢
and ¢, x 1, that is,

8=(q, —q)t;

Q_X h_",

bt —Nl’ dQ —-nl,
n N

.8 _(771 __Nl) Qt ... (1)

Now the difference ?'— - % may be very small as compared
1 1

with @, and consequently 8 may be made as small as we please
as compared with Q, which is the condition required for the con-
struction of a boring instrument. The boring tool is placed upon
one extremity of the axis A B.

PART L. F



SECTION IIL
ON PRIME-MOVERS.

CHAPTER I

ON THE ACCUMULATION OF WATER AS A SOURCE OF MOTIVE POWER.

THE MACHINERY of mills, as a whole, may be generally divided
into three classes:—the prime-movers, from which the power
is derived for keeping the machinery of the mill in motion;
the transmissive machinery or millwork (shafting, gearing,
&ec.), by which the power obtained through the prime-mover is
distributed over the different parts of the mill, so that it may
be applied at the most convenient place and at the required
velocity; and lastly, the machines, technically so called, by
which the special operations of the mill in the preparation of
its manufactures are carried out. It will be convenient to treat
of these divisions in separate sections and in the order just
named.

Prime-movers are those combinations of mechanism which
recetve motion and force directly from some natural source of
power, and convert it into that condition in which it is appli-
cable to the purposes of manufacture. Thus the water-wheel
takes from the falling water a part of the work accumulated in
it, and imparts it as a rotatory motion to the machinery of the
mill; and, similarly in the steam-engine, the heat force of the
fuel is converted through the medium of the pressure of the
steam into motive power in a condition for producing work or
mechanical effect. Also the force of currents in the atmosphere
impinging upon the expanded sails of windrills, has been in
former days extensively employed as a motive power. From
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these three sources, falling or moving water, the combustion
of coal in the production of steam, and wind, we derive almost
exclusively at the present time the motive power necessary
for carrying on our immense mining and manufacturing
systems.

It is only of late years that in this country the steam-engine
has nearly superseded the use of air and water as a prime-mover.
Until recently steam has been auxiliary to water; it is now the
principal source of power, and waterfalls are of comparatively
small value, except in certain districts. So long as water was
depended upon, the mills of Great Britain and Ireland were
necessarily circumsecribed in their operations and diminutive in
size ; they have now become so colossal, that they require steam-
engines of much greater power than the largest water-wheels,
and there appears to exist no limit to the magnitude and im-
portance to which they may yet attain.

Water-wheels, therefore, are those prime-movers which re-
ceive a certain portion of their energy from falling or flowing
water, and their power or dynamic effect clearly depends upon
the amount of water supplied and the height through which it
falls, or its velocity at the point of application. Hence water-
wheels are usually placed on the banks of rivers where a large
body of water is at hand, and near some considerable natural or
artificial fall in the bed of the stream.

A curious and interesting phenomenon occurs in the neigh-
bourhood of Argostoeli, and is taken advantage of, as described
in Ansted’s Ionian Islands, in the following manner :—

¢At four points on the coast, the sea, at its ordinary level,
enters a very narrow creek, or broken rocky channel, and after
running somewhat rapidly through this channel and among
broken fragments of rock for a short distance, it gradually
becomes sucked into the earth and disappears. By conducting
the water through an artificial canal for a few yards, and so
regulating its course and forcing all the water that enters to
pass in a single stream beneath an undershot wheel, power
enough is obtained in two cases to drive a mill. Mills have,
in fact, been placed there by an enterprising Englishman, and
are constantly at work. The stream after being utilised is
. rs



68 ON PRIME-MOVERS.

allowed to take to its natural channel, and is lost among the
rocks.

It is common enough to drive a wheel by a current of water
going from the land towards the sea; but it is certainly rare,
. and, as far as I am aware, peculiar to the locality, to find mills
driven by a current of sea-water, acting quite independently
of tide, the water constantly and steadily rushing in over the
earth’s surface and finally disappearing.

¢The general condition of the surface is as follows: —

¢The small harbour of Argostoli is enclosed on both sides by
the hard, broken, limestone rock so common in the islands.
On the east side it rises immediately into hills of moderate
elevation; and, on the west side, behind the town, there is a
plateau, scarcely above the usual level of the water, rising about
two or three hundred yards from the shore into a low ridge,
which, in fact, by its projection into the gulf makes the harbour.
Between the shore line and this low ridge there is an evident
depression of the surface in all that part over which the sea
when it enters is sucked in. There is evidently beneath this
part an extensive cavernous tract, which may well hold much
more water than during any ordinary season or succession of
geasons can drain paturally into it, in consequence of the rain-
fall at the surface.

¢But what, it-will be asked, becomes of the waters of the
sea thus pouring in continually to fill the cavern? Certainly, in
time, any cavity must be filled, if it has no natural outlet, and
if water is constantly entering it. How, also, can the water run
off, if its level in the cavern is below the sea-level ? It is not,
perhaps, so difficult as may be thought to answer these
queries.

¢ The water that everywhere enters the earth is always circu-
lating. It not only pours down into and amongst all rocks, but
is afterwards lifted, and the level of these subterranean stores is
greatly elevated by operations going on at the surface, often at
& great distance above.

‘The cause of this is evaporation, which proceeds incessantly
from the surface of all rocks, but especially from limestones.
The narrow crevices, common in limestone rocks, act as capil-
lary tubes, When water falls on the surface of such rock, it
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finds its way down readily, and this seems quite natural; but
when, in hot countries, where there is a long summer season of
great drought, the surface becomes dry and hot, moisture rises
in steam from below ; and, as the heat and dryness increase, the
accumulated waters become more and more exhausted. All
this goes on without reference to the actual level of the water-
line within the earth, which may be far beneath the level of
the sea.

¢That this is the case in the softer limestone rocks, even when
not cracked, has been proved by actual experiment. That it
takes place to an enormous extent in the limestones of the
eastern Mediterranean is proved, if in no other way, by the
fact that vines, planted among bare stones, without soil, obtain
an ample supply of moisture from the earth, and ripen their
fruit to perfection in the hottest and driest seasons. No doubt
the earth and rocks are hot, and appear dry; but so long as
there remains any water below that has passed down during the
rainy season, so long will a part of that water be given back to
the dry and thirsty soil above.

¢If then, as is probably the case, there is so large an evapora-
tion from that part of the surface of the Island of Cepbalonia,
within range of this district, as to keep the water-level of the
year below the sea-level, in spite of the joint supply of rain and
sea-water, it is clear that the water may run in for ever at the
same rate without filling up the space. And this I believe to be
the correct explanation of the phenomenon.

¢ The influx of water, however, is not small. It amounts, as
far as I could make out, to more than half a million of gallons
per diem for the two mills together. The fall of water from
the sea-level into the cavities, where it disappears, seems to be
little more than a foot or eighteen inches.

¢ It will be evident that if the sea-water finds its way into any
large natural cavity from which it is afterwards evaporated, a
deposit of salt must be taking place in this cavity, or in rocks
adjacent or connected with it. Assuming the influx to be at the
rate already mentioned, this may be estimated roughly at about
equivalent to an area of 10 acres or 12 acres of solid matter, 1
foot thick, accumulated each year. It isan interesting question
to consider where this deposit is going on, and whether saline
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springs may not thus be fed: There are no known springs in the
Island of Cephalonia that present any large quantity of saline
matter.’

At the commencement of the present century, when the land
was imperfectly drained, the soil and surrounding marshes,
baving no outlet, retained and stored up the rainfall, and
became the great holders or reservoirs by which the waters
were impounded, and the flow of our rivers regulated with
greater uniformity than at present. Since the introduction of
an extended system of drainage, the whole character of our
rivers has been changed, and now discharge their contents with
much greater rapidity and in larger volumes than they were
accustomed to do before these improvements were introduced.
The result of this has been favourable to the land but injurious
to the mills, both as regards uniformity and the loss of power,
as nearly one half the supply is carried off by floods and
cannot be retained for the use of the mills. In all districts of
the country where drainage and an improved system of tillage
have come into operation, the effect has been a serious loss to
the owners of water-mills, and has driven most of them to the
use of steam, either as an auxiliary, or in some instances
exclusively as a substitute for water.

In some districts and on some rivers the system of impound-
ing the rainfall on the higher lands has been introduced; and
particularly where manufacturing processes are carried on, and
a large body of men employed, it is essential to success that
there should be no stoppages, and that there should be always
at command a uniform power, equal to the requirements of the
mill. Now, as the quantity of water in rivers varies consider-
ably at different periods of the year and in different conditions
of weather, it has been found necessary, in many instances,
to impound the water by means of reservoirs placed at the
sources or the higher portions of the river, 8o as to retain the
waters of wet seasons, and to part with them again in periods
of drought and deficiency. To a small extent this may be
effected by weirs thrown across the river, so as to retain the
water which comes down at night, for the use of the mill during
the day. But in many instances large reservoirs of a hundred
or more acres in extent, and containing when full several mil-
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lion cubic feet of water, have been constructed. In these the
drainage from a large extent of country is collected during the
rainy seasons, and remains stored for use, whenever the supply
of water in the river becomes inadequate ; in this way damage
from floods is prevented on one hand, and the supply for an
indefinite period of time is equalised on the other. Among
the large works of this kind are the Shaw’s waterworks at
Greenock, and the Lough Island Reavy or Bann reservoirs in
the county of Down, in the north-east of Ireland, together with
later works of the same kind for the supply of water to the
cities of Glasgow and Manchester, Melbourne (Australia), &c.

Reservoirs are best placed in hilly districts, at the bottom of
a valley into which the water drains from a considerable extent
of country. In selecting a site for reservoirs regard must first
be had to the value of the land. They should be placed in
retired valleys, where the cost of the land does not bear a high
ratio to the cost of construction, and, should there exist a natural
lake, it may be converted into a reservoir with greatly increased
economy. Regard must also be had to the nature of the site.
The reservoir should be restrained as far as possible by the
natural rise of the ground around it, in order that as few em-
bankments as possible may be requisite for the retention of the
water. Again, the geological structure of the country must be
examined, as the quantity of water to be expected to flow from
a flat country, well clothed with vegetation, will be very dif-
ferent from that which will pour in torrents down the steep
declivities of uncovered mountains. In districts of limestone,
abounding in vertical fissures and subterranean cavities, a very
much smaller quantity of water will drain off the higher dis-
tricts than from a non-absorbent formation of primitive rock,
or where the beds are horizontal and impervious. The
steeper the district and the more rapidly the water is dis-
charged to the reservoir, the less will be lost by evaporation
and absorption.

It is necessary, in constructing reservoirs, to obtain some
measure of the quantity of water which may be expected to
accumulate annually, in order to provide sufficient storage. For
this purpose it is most important to determine the area of
land draining into the valley chosen for the formation of the
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reservoir, and the average annual rainfall of the district, with,
if possible, the probable loss or waste arising from the re-
evaporation and absorption by vegetation, &c.

To ascertain the drainage area it is sufficient to determine
the summit level or watershed, i. e. the ridge surrounding the
valley which marks the line at which the streams flow in
opposite directions into contiguous valleys. This may be de-
termined by a special survey, with a careful examination of
an accurate chart like the Ordnance map, on which the contour
of the country, brooks, &c., are plainly marked. The whole of
the basin included within the watershed is termed the catch-
ment basin. In the case of the Bann reservoirs it amounts to
3,300 statute acres in extent; in that of the Greenock reservoirs
to 5,000 acres; at the Manchester waterworks to 19,000 acres.

Of late years an immense number of experiments have been
made on the rainfall in different parts of Europe, and with con-
siderable success in determining the laws of rain distribution.
For England the annual average rainfall amounts to about
36 in. in depth over the entire surface, distributed throughout
the year : s in the following table :—

TaBLE OF MEAN RAINFALL AT LONDON AND MANCHESTER.

Greenwich * Manchester t
Month Avgl:.a.ge Greatest | Least fall Avfer:ge Greatest Least
34'years | J8llin in 64 vears fall in fall in
in'ins. |°0€ month | onemonth i.ns;ns. one month | one month

January . . . 1-68 4:83 0-30 2:4916 585 0-32
February . . . 1-58 369 004 2:4190 656 044
March. . . . 1-61 345 040 22588 6:03 018
April . . . . 1-73 479 006 2:0225 475 016
May . . . . 1-96 4:18 0-50 2:3746 8:00 0-09
June . . ., . 1-83 426 0569 2:3483 7:05 0-20
July . . . . 2:37 665 0-10 3-7231 11-48 0-29
August . . .| 240 | 465 0-07 35716 874 073
September ., . 2:40 479 0-40 3-1353 900 024
October . . . 2:67 537 053 3:8404 9:00 060

November . . 2:63 433 085 3:5682 737 0:62
December . . 2:02 472 008 3:3088 9:50 007

Mean annual depth| 24-781 355620

* J. H. Belville. :
+ Principally from Dr. Dalton ; see Manchester Memoirs.
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This would give a mean of 30 inches, but it must be
borne in mind that in the lake districts and all along the west
coast, there is an annual fall of rain greatly exceeding that
amount, and in some places in the higher districts in Cumber-
land the returns have been as high as 180 to 200 inches; from
this it will be seen that 36 inches is a fair average for the whole
surface of Great Britain.

It is, however, important in the construction of reservoirs to
have observations of the rainfall in the district in which they
are to be placed. Local causes greatly influence the quantity
of rain; thus the average fall in Essex is about 20 in., whilst
at Keswick, in Cumberland, it is as much as 67°5 in., and at
Seathwaite, in the same county, it averages the enormous
quantity of 141-5 in.

The method of determining the rainfall is very simple. A
cylindrical vessel, of the form shown in section in fig. 83, is placed
on the ground or sunk into it in such a manner that its
mouth is about 12 in. above the surface. Sometimes a per-
manent rod and float is added, by means of which the depth
of rain received on the funnel and preserved in the vessel is
read off at sight; and for ordinary purposes this is probably
the best plan. But where the greatest accuracy is requisite, it
is necessary either to tie down the rod or to remove it alto-
gether after makmg an observation, as Fig. 83.
otherwise the rain in driving obliquely
impinges upon the rod instead of passing
over the funnel, and a slight excess is in
this way registered above the true rain-
fall upon the area of the vessel. It is
most accurate, however, to draw off the
rain and measure it in a graduated glass
tube. By placing two or three of these
rain-gauges at different elevations around
the site of a proposed reservoir, and
examining them at convenient intervals 7%
of a week or month, it is easy to estimate the exact quantity of
rain which falls upon the catchment basin in the course of one
year; which with certain deductions is the quantity to be

AR\ §
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provided for in the reservoir. The precaution of placing the
gauges within 5 in. or a foot of the ground is important, as,
in accordance with an ill understood law, the quantity of rain
rapidly decreases even at slight elevations from the ground, and
it is also important to place the gauge where no artificial cur-
rents of air are created, as by the sloping side of the roof of a
house. This subject was fully investigated several years ago
by Mr. J. F. Bateman and a committee of the Manchester
Philosophical Society. Observations had been made on and
near the lines of the Ashton and Peak Forest Canals, about
the accuracy of which, from their disagreement, doubts had
arisen. The gauges in these observations were placed on the
ridging of the roofs of the houses of the various lock-keepers,
under the impression that, from the exposure of the position, all
the rain which fell must there be caught. ‘New .gauges were
placed in the same localities, but at the surface of the ground,
and the results of these experiments were as follows :—

Gau Gau Excess
Locality on oofs on gmgld pergregnu:.don
n. n.

Near Middleton . . . 1814 288 58-76
Near Rochdale . . . 20-50 30-3 478
‘Whiteholm Reservoir . . 22:64 351 - 550
Blackstone Edge . . . 2345 342 4584
Blackhouse . . . 24-89 359 4423
Sowerby Bridge . . . 1677 238 41-92

This enormous difference, amounting to 50 per cent. on the
average, fully proves the unfitness of the roofs of houses for
registering the rainfall. The upward currents of wind created
by the sloping roof appear to have carried the raindrops over
the edge of the gauge.

Dr. Heberden found the annual fall of rain at the top of
Westminster Abbey to be 12:099 in.; on the top of a house
close by of much inferior altitude 18:139 in.; on the ground
22-608 in.

Mr. Phillips, at York, found the total fall for three years at
an altitude of 213 feet to be 38:972 in. ; at 44 feet, 52169 in.;
and on the ground 65430 in.
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Notwithstanding the explanations of these facts which have
been offered, Sir J. F. W. Herschel has within the last year
asserted that the cause is yet to seek. The raindrops certainly
appear to increase in size in the moist lower strata of the
atmosphere. I

Mr. Phillips’s explanation has been accepted by some Me-
teorologists, that this augmentation is caused by the deposition
of moisture on the surface of the drop, in consequence of its
temperature being lower than that of the moist strata of air
through which it passes. But this does not appear to be con-
sistent with the fact, that in the condensation of vapour a large
amount of latent heat would be liberated. Mr. Baxendale, who
pointed this out, estimates from Professor Phillips’s observations
that in the condensation of the amount of water which corre-
sponds to the augmentation of the raindrop ina fall of 213 feet,
sufficient heat would be liberated to raise the temperature of
the drop to 434° F.

The quantity of rain which falls in twenty-four hours, is
about 1 in. at the maximum in average districts in England,
although in the remarkably exceptional district in Borrowdale,
already alluded to, 6°7 in. have been known to fall in the same
period. The western coasts generally receive a larger propor-
tion of water than other districts. Mountainous districts in
this country, to an elevation of 2,000 feet, receive a larger
proportion of rain than lowlands. According to the late
Dr. Miller there fell in twenty-one months in the lake
district :—

In the valley, 160 feet above the sea . . . 17055 inches.
Styehead, 1,290 o e e e .. 18574
Scatoller, 1,334 g e . . . . 18028
Sparkling Tarn, 1,900 ,, . . . . . 20791
Great Gable, 2926 , . . . . . 136908
. Seawfell, 3,166 w e e e .. 12815,

Mr. Bateman’s observations agree with these results, in prov-
ing the increase of rainfall corresponding to increased elevation®,

* The increase of rainfall in passing from the valley to the mountain must be
carefully distinguished from the decrease as we ascend upward into the atmo-
sphere, as shown in Mr. Phillips’s observations,
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as shown by the following figures, representing the rainfall near
Glossop in one year :—

Westerly foot of hills, 500 feet above the sea . . 46°0 inches.
” edge of table-land, 1,500 ,, . . . 678
Easterly edge of Kinderscout, 1,600 ,, . . . 17145,
»»  foot of hills . . . . . . 4086 ,,

After having determined from these considerations the quan-
tity of water annually falling on the drainage district of a pro-
posed reservoir, it is necessary in the next place to ascertain the
probable loss from evaporation and other causes during the
transmission to the reservoir. The numerous experiments on
evaporation made upon small surfaces of water and of earth
may be dismissed as having afforded too inconsistent results to
be of any practical value.* Dr. Dalton’s experiments are accu-
rate and valuable as far as they go, but they are deficient in
points of application to practical investigations. The area from
which evaporation takes place is identical neither with the area
of the catchment basin nor with the reservoir surface; but is a
variable quantity depending on the season, the climate, and the
locality. It appears to me that the evaporation from a surface
of water in low flat land charged with moisture, or a level
vegetated surface, is very different from the evaporation in
mountainous districts where there are precipitous descents to
the brooks. In the former case the waters are retained and
remain for weeks more or less exposed to the solar rays and
the drying influences of wind. In the latter the rain pours in
torrents down the barren hill-sides, and is launched into the
valley where the principal evaporation takes place upon a very
limited area of surface.

So also in tropical countries ; the evaporation from a surface of
water is greater than the rainfall upon the same surface, but
then the rain falls in torrents, and is rapidly carried away to its

* Dr. Dalton gives the annual evaporation from a surface of water as 25:158
inches ; Dr. Dobson, 36:78 inches; Dr. Thomson, 32 inches. The above views
in regard to these experiments I expressed in a report on the Bann reservoirs in
1836. Mr. Conybeare gives the evaporation from a surface of water at Greenwich
Observatory 5 feet, at Bombay 8 feet, and at Calcutta 15 feet per annum.
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natural or artificial reservoirs, and then the evaporation takes
place from a very small area of surface. ‘

Since the establishment of reservoirs and the carrying out
of large drainage operations, opportunities of estimating the
relation of the rainfall to the discharge by rivers have been
generally available, and several important experiments have
been made in this way. The method of arriving at results is
to ascertain the rainfall over a catchment basin the area of
which is known. The whole of the water discharged by brooks,
&c., is then conveyed over a rectangular weir or waste board,
and the mean velocity of the current and its breadth and depth
determined by observations made omce or twice every day.
The comparison of the amount of water discharged with the
total fall will afford the data for ascertaining the amount of
evaporation.

Observations of this kind were made by Mr. Bateman with
great care in the years 1845, 1846, 1847, with reference to the
construction of reservoirs for the supply of Manchester with
water, from the Derbyshire hills beyond Staleybridge and
Mottram. Gauges were placed at the bottom of the Swineshaw
valley (through which flows a tributary of the Tame), and near
the summit of Windyate edge, and for some time a gauge was
placed midway between these places. Similar gauges were
placed in Longendale valley, and the stream in each was
measured two or three times a day. From these observations
the following table is compiled :—

Locali Y Mean rain Mean ‘iv"tg o
ad e ean discharge ev:;m{ion
n. in. in.
1845 59-8% 4070 1910
Swineshaw Brook . . 1846 426 33-24 9:36
1847 49-3 3710 12-20
Longendale Valley, . . 1847 562 4946 674

The first was a wet year, the second one of the dryest on
record, the third an average year.

* The rainfall possibly somewhat too high. Manchester Memoirs, vol. ix. p. 17.
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By uniting the observations at the Swineshaw and the
Longendale valleys, we get the following general table of the
monthly fall and flow for three years:—

Month Rain Discharge Difference
in. in. in.

January . . . . . 2:36 2:85 —049
February . . . . . 4-30 4-10 +020
March . . . . . . 1-70 - 1:30 +040
April . . . . . . 522 412 +1:10
May . . . . . . 648 475 +173
June . . . . . . 340 165 +175
July . . . . . . 1-52 099 +0°53
August . . . . . . 432 1-24 +3:08
September . . . . . 7-38 612 +2:26
October . . . . . 466 567 —101
November . . . .. 548 6-25 —-077
December . . . . . 674 8-55 —181

53:66 46569 +6°97

In the following table I have collected the most reliable
results on the relations of discharge, rainfall, and evapora-
tion :—

oy | B2 | Discharge | or oo by
count T
Distriot Year | grainedin| SR | 5 nchs | ‘evapora |  Bemarks

. acres tion
Bute . . .| 1826-7 — | 464 239 21'6 |Dry year, Mr.

Thom,

Greenock . .| 1828 —_— 600 410 19°0 (Mr. Thom.
Gorbals . 1852 2,750 | 600 480 120

Swineshaw Brook 1845-7 1,250 | 50°58 37-01 136 (Mr. Bateman.
Rivington Pike .| 1847 10,000 | 56-5 440 12'56 |Mr. Hawksley.

Lough Mask, 18612 | 70,000 |49-34 | 2859 20'75{ Flﬁi“%‘;’g;ﬁ

The above table shows a loss of from 12 to 20 in., or an
average waste of 16 in. of rainfall arising out of re-evaporation
and other causes of absorption.

“The storage requisite for equalising the supply of water
between dry and wet years should be provided with a due refer-
ence to the continuance of drought, and the quantity of water
which will flow off the ground : in extreme wet seasonsno water
should be allowed to run to waste. Experience has shown that

A
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in the regions of comparatively moderate rain in this country,
the storage to effect this object should vary from 20,000 or
30,000 to 50,000 or 60,000 cubic feet for each acre of collect-
ing ground, the smaller quantity being about sufficient for an
available rainfall of perhaps 18 in., and the larger for one of
about 36 to 40 in.”* 80,000 cubic feet per acre of collecting
ground are provided at Lough Island Reavy; 60,000 at the
Gorbals reservoirs, Glasgow; 49,000 at Rivington Pike, and
34,000 at Manchester ; at the last, the whole fall not being
impounded.

I proceed, neglecting further details on this subject, which
belongs rather to the province of the civil than the mechanical
engineer, to give an example of the carrying out of these
views, of the utility and importance of reservoirs in districts
abounding with waterfalls, and where mills are numerous and
depending in whole or in part on a steady and regular supply
of water.

In 1836 I was called upon to report upon the best means of
regulating the water supply upon the river Bann, which from
its excessive variations of flow was a source of great incon-
venience to the manufacturers on its banks. The river Bann
rises among the lofty bare summits of the Mourne mountains,
in the north-east of Ireland, where there is a heavy rainfall,
and in consequence devastating floods frequently poured down
its channel, carrying bridges, embankments, and other obstruc-
tions before them. On the other hand, during the summer
months, the ordinary supply of water was totally inadequate to
the demands of the mills; whilst the flourishing state of the
linen trade called for an extended application of power, in a
district where steam was not available as a motive power
unless at great cost. Hence, in cooperation with Mr. Bate-
man, the ground was surveyed, and two reservoirs erected in
the upper part of the river, by which these evils were removed,
and a continuous and adequate supply of water rendered
available.

* Report of the British Association, “On the Supply of Water to Towns.” By
J. F. Bateman, C.E. 1858.
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Lough Island Reavy, the site selected for the principal
reservoir, was a natural lake, bounded on the north and
south by land of considerable elevation, which although
having a comparatively small extent of drainage (3,300 acres
ultimately) was supplied by good feeders, which, united to
the surplus waters of the river Muddock, would fill the re-
servoir at least once or twice a year. The original surface
of the Lough, fig. 84, was 92} acres in extent; on this it
was proposed to raise a depth of 35 feet more water, by the
aid of embankments, and to draw off at a depth of 40 feet
under that height. The area thus enlarged would be 253
statute acres, and the capacity of the reservoir is 287,278,200
cubic feet.

Corbet Lough was the second site, and although at first
abandoned from its proximity to the town of Banbridge, was
afterwards adopted. At a small expenditure for embankments,
Corbet Lough was raised 18 feet above its summer level, so as
to cover 74} acres,and to have a capacity of 46,783,440 cubic
feet of water.

A third site was selected further up amongst the mountains,
but at this part the works were never executed.

It is understood that 12 cubic feet of water per second falling
one foot, will, in its best application on a water-wheel, afford a
force equivalent to 33,000 lbs. raised one foot high per minute,
or one horse power. Now supposing the reservoirs to discharge
40 cubic feet of water per second, the fall from the lowest point
of outlet at Lough Island Reavy, to the tail water of the lowest
mill on the Bann, being 350 feet, we bhave a total force of
1,166 horses available for mill purposes, or in other words, the
millowners will derive an average advantage of 3-3 horse power
for every foot of fall. This, it must be observed, is not a
supposed quantity, but the result of certain data, taken by
calculation from the waters of the Bann. It must be noticed
further that this supply of 2,400 cubic feet per minute is not
the whole power. The calculations are for one-half, the river
supplying the remainder, except in extremely low water, when
the demands from the reservoir may be increased to meet
the emergency.
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From the estimates made at the time, the expenditure to
secure this result would be

£ s d
For Lough Island Reavy . . . . . 12,600 0 0
» Corbet Lough . . . .. R 3612 0 O

At Lough Island Reavy it was necessary to construct four
embankments, marked A, B, C and D, in fig. 84.

The principal SW. side . . . . . 137,400 cubic yards
Small do. . . . . 17,400 »
» NW.end . . . . . 5,200 .
’ E. end . . . . . 99,781 '
Total . 269,781 ,,

The substratum of the valley being water-tight, the footing
for the puddle was easily obtained by sinking a trench into the
water-tight stratum, whence the puddle wall was carried up
vertically with the bank to the required height. It was 12 feet
in width, at 40 feet below the top, diminishing to 8 feet wide
at the summit. A layer of peat was brought up on the inside
of the puddle, and a similar layer on the face of the slope.
Above the peat a layer of three feet of gravel was laid, and
on that the stone pitching forming the inner side of the bank.
The inner slopes of the embankments were 2} horizontal to
1 vertical, and 3 horizontal to 1 vertical. The outer slopes 2
horizontal to 1 vertical, and 2} horizontal to 1 vertical. The
discharge pipes, two in number, each 18 in. in diameter, were
placed at the bottom of a stone culvert, at the lowest part of
the embankment, with suitable discharge valves, &c. The rain-
fall for the district amounted to from 72 to 74 in. annually, of
which at least 48 in. found its way to the reservoirs.

Fig. 84 is a plan of the original disposition of Lough Reavy
and its feeders. The original area of the lake is shaded, and
its present area is indicated by the dotted line connecting the
embankments A, B, C and D. The diversions of roads and new
feeders rendered necessary are also indicated. o

Fig. 85 represents a section of the embankment of the Bel-
mont reservoir, which will sufficiently explain the arrangement
of the culvert and discharge pipe a a, with the stop and dis-
charge valves vv, in the valve-house T, which in works of this

PART I ¢



Map of Lough Island Reavy Reservoir.

Fig. 84
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kind is always under lock and key. The
water entering the pipe through the
tunnel b b, flows out into the well ¢, and
gauge basin d, where, as it passes over the
gauge or dam board g, its quantity may be
ascertained. The construction of the re-
gulating discharge valve is shown in figs.
86 and 87. Fig. 86 is an elevation of the
valve at the side at which the water flows

in, and fig. 87 a cross section. A is the

valve case, closed below and fitted with a
bonnet b at top; the valve v works up
and down in the valve box, against a
brass facing ¢, and is confined by a guard
d behind; the adjustment of the valve
is effected by a valve spindle f, of wrought
iron, cased in gun metal, so as to slide
freely in the stuffing box g, and is
worked by a fly-wheel %, and screw above.
By means of this fly-wheel the valve may
be adjusted to any required opening. °

Of late years Mr. Bateman has intro-
duced an ingenious valve, admirably
adapted for the discharge of reservoirs of
great depth, where the amount of pressure
upon the valve is an impediment to its
employment. To remedy this evil, the
valve is divided into three parts; first,
the small valve by which about ;4; of the
area is opened ; secondly, the intermediate
valve of about } the total area ; lastly, the
large valve unclosing the remainder. It
will be seen that the small valve is drawn
first, and is followed by the second, and
ultimately by the largest, after the pres-
sure is removed or partially neutralised.

The pressure of water against the side
of an embankment is enormous in most
instances, and varies upon any part in the

G2

Fig. 85.

83
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ratio of its depth below the surface. Let h = the depth of
water in a reservoir; A = the area in square feet of a vertical

Fig. 86. Fig. 87.

| S—— 1111

section of the embankment of the depth %; then the lateral
pressure upon the embankment in a horizontal direction is,

in lbs.,
P=4}h x 624 xA=3125A.h,

a cubic foot of water weighing 624 lbs.

Or, generally, the whole pressure of water upon a submerged
plane surface is equivalent to the area of the surface, multiplied
by the weight per cubic unit of the fluid, and by the head of
water measured from the centre of gravity of the submerged
surface. That is, for water

P=62}.Al ‘hl'

Where h, = the depth of the centre of gravity below the
level of the water in feet; A, the area of the surface in feet;
P = the pressure on the surface in lbs.
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And the whole pressure in any one direction is equal to the
area of a section of the fluid vertical to that direction, multi-
plied by the weight of a cubic unit of the fluid and by the
distance of the centre of gravity of the section from the level
of the water.

Putting [ =the length a b; Fig. 88.

8 = the slope a d; h = the height

a f; k=the breadth f d, all in feet;

P the centre of gravity of abc d.

Then the distance of the centre of

gravity of a b cd from the level of

the water, o p, is equal to 4 2; and

the distance of the centre of gravity of the plane a b ef from the
level of the water is also } A.

Therefore, the whole pressure upon

abcd=1%18hx625=312518h.
The horizontal pressure against the embankment
=31.k %625 =3125 1. A
The vertical pressure = [ x k x k x 62°5.

To the statistics given above of the rainfall and evaporation
in this country it will be necessary to add some account of
their amount in tropical climates, where the conditions are
esgentially different. In such climates for three quarters of
the year the rain never falls, and the whole quantity for the
annual consumption falls during the remaining quarter.

At the Bombay Water Works constructed by Mr. Conybeare,
the annual rainfall is 124 inches, of which ;% are assumed
to be available for storeage. The area draining into the basin
is 3,948 acres, so that the supply is upwards of 6,600,000,000
gallons. The storeage capacity of the reservoir is 10,800,000,000
gallons, or 1,733,000,000 cubic feet.*

At the Melbourne Water Works constructed under the direc-
tion of Mr. Matthew Bullock Jackson, the area of the reservoir
when full is 1,303 acres, greatest depth 25 feet 6 inches, average
depth 18 feet, and capacity 6,400,000,000 gallons. The area
of the natural Catchwater basin is 4,650 acres, together with

* Minutes of Proceedings of Institute of Civil Engineers, vol. xvii. p. 560.
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600 acres drained by a watercourse. This area, however, may
be increased if a larger supply is necessary. This watercourse
at the same time opens a connection with the River Plenty,
through which flows the water drained from an extent of
40,000 acres of country. This watercourse is opened during
the winter to fill the reservoir from this source. The following
table gives the detail of the rainfall and evaporation observed
by Mr. Jackson during the construction of the works:—

TABLE, SHOWING THE AMOUNT OF SPONTANEOUS EVAPORATION AND RAINFALL
ror TWELVE MoNTHS ENDING 31sT JANUARY 1868.

Rainfall at
Ball Spontaneous
Months M;l:;o ge’ Geelong, 1438 feet, Evaporation
above the | Yan Yean 9&2";’;:11’%? above the Mel:otume
level of the level of the
vy . the sea iy

inches inches inches inches inches

February . . 398 1-33 2-39 023 814
March . B 3-80 361 199 376 510
April . . 099 0-78 1-07 1-66 426
May . . R 2:00 206 172 1-86 1-97
June . . . 1-99 1-89 1-58 0:00 1:60
July . . . 116 239 115 0-00 1-86
August . . 169 242 1-14 2:42 267
September. . 3-83 i 370 319 268 376
October . . 528 470 263 463 423
November. = . 2:12 © 180 315 2-27 584
December. , . 083 1-76 033 073 1101
January . . 088 1-07 0-00 000 11-23
Totals . . 28-66 2760 20-34 20°11 61-46

It is to be presumed that the evaporation given above,
nearly three times the rainfall, is the evaporation from a surface
of water such as that of the reservoir itself. The rain, however,
is collected from a surface thirty-five times as great as that of
the reservoir when at its maximum height.

Weirs or Dams, thrown across the beds of rivers, have always
been employed in order to raise the head of water in the river
bed, and to divert a portion of it for the purposes of the mill.
We have now to consider how most economically to secure a
sufficient fall, and to protect the dam from the destructive
effects of floods.

There is hardly any department of engineering which re-
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quires more careful consideration than that of forming barriers
to large quantities of moving water ; and when the nature of
rivers carrying off the drainage from a large area is considered,
and the enormous power of suddenly accumulating floods, the
nature of the resistance required from a dam may be easily con-
ceived, and when all the care of the engineer has been exercised,
it nevertheless sometimes occurs that the torrents tear up and
destroy in a night the work which was intended to perform the
quiet industrial duties of a mill for ages, leaving, in place of
the well turned arch across the stream, only the horns of the
abutments and an indistinguishable mass of rubbish mingled
with the mountain debris of the flood. ‘

Such is frequently the case with weir constructions, particus
larly those across the rapids of mountain torrents, and this not
unfrequently causes the construction of a temporary dyke of
boulder stones capable of Fig. 89.
withstanding the ordinary 3
action of the river, and
easily replaced when floods
have caused its partial
destruction.  This de-
scription of weir is carried diagonally across the stream at a
(fig- 89), and being considerably longer than its breadth, forces
part of the water into the conduit b, and passes the remainder
over the top in a thin sheet, which does little or no damage
to the banks below. In the above description of weir it
seldom happens that much fall can be obtained, and they are

L DR =—= M=

Fig. 90.

therefore adopted where there is a large supply of water em-
ployed upon an undershot wheel.
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Another description of weir, which is generally employed on
moderate sized rivers, is the V form constructed across the bed
of the river, as shown in fig. 90, in plan. The object of adopt-
ing this form of weir is to increase its resisting powers, and, by
spreading the fall of water over a large surface, to diminish its
destructive effects upon the apron below ; the descending currents
meeting in the angle of the V neutralise their effects on the
foundations, and do less injury to the banks on either side.
This weir is generally formed of piles (fig. 91), with an open

Fig. 91.

frame of timber, into which are inserted large boulder stones,
forming a compact mass of boulder sheeting resting on gravel,
and nearly impervious to water. Another weir, preferred to
most others where timber is plentiful, is formed into a series of

Fig. 92.

steps (fig. 92), over which the water falls in cascades, which
destroys its injurious effect on the foundations; it is composed
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of piles placed at right angles with the direction of the stream,
and placed in rows properly stayed and covered with planking
firmly nailed to the horizontal and vertical timbers. When it
is mecessary to have the structure watertight, a line of sheet
piling is usually driven in, in the line of the weir across the
whole breadth of the stream, and these again, supported by foot
piles and stays at different distances, form a perfectly tight and
very durable weir.

The most perfect weirs, however, are formed of stone, built
of solid ashlar, and usually forming part of the segment of a
circle across the breadth of the river (fig. 93). These are made,

Fig. 93.

1st, with long inclined slopes on either side; 2nd, solid, with
nearly perpendicular walls; or 3rd, with a curved apron to
break the force of the fall.

Of the first kind we have a good example in the weir con-
structed by Smeaton at Carron (fig. 94), where @, b, represent

Fig. 94.

two courses of flag stones, breaking joint, and packed with live
moss, to prevent the silt being driven through ; these are footed
upon grooved sheet piling with bearing piles and stringer d,
the flags being supported on rubble ; at the foot of the dam is
another row of sheet piling £, similarly supported anH protected



90 ON PRIME-MOVERS.

by a fir plank at top from the action of the water. Over the
rubble is placed a row of regular stones, laid endways so as to
be perfectly secure from derangements by floods.

The second description of stone weir is a solid ashlar wall,
having its convex side to the current (fig. 93) and abutting upon
heavy masses of masonry on each side of the stream. Fig. 95
exhibits this weir modified by having a curved apron, so as
gradually to convert the vertical fall of the water into a hori-
zontal flow in the direction of the stream.

It will suffice to observe further, that the head of water
immediately over the crest is less than the head of water at.
some distance behind. It is usual to cut a channel, with a
sluice gate in one of the wing walls of the weir, to draw off
superfluous water, when requisite. = The utmost caution is

Fig. 95.

needed, both in observing the conditions of the river and the
effects likely to result in times of flood from the increased
head of water above the weir. Rapid rising of the waters and
sudden changes in the state of the river are too often neglected,
with disastrous consequences to works of this kind, just on the
eve of completion, or to the lands above the dam in consequence
of flooding caused by the obstruction of the dam. In cases
where this last danger is apprehended, a self-acting dam has
sometimes been employed, consisting of a massive frame of
planks carried across the river and attached by hinges to the
crest of the dam. This plank is maintained in a vertical
position in ordinary conditions of flow by balance weights
attached or hung over wheels upon the wing walls, so as to
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retain the maximum desirable head of water. In floods the
increased pressure of the overflowing water overcomes the
balance weights and throws down the plank into a horizontal
position, opening a free passage for the water.

Conduits—Having thus considered the means of accumu-
lating water power and regulating its supply by means of re-
servoirs and weirs, we have yet to consider the formation of
conduits or lades, as they are called in some places, for the
actual discharge of the water upon the water wheel or other
machine by which its power is to be utilised. By the construc-
tion of a weir we may have dammed back the water half a mile
or a mile, and formed the upper part of the stream into a
reserve from which the supply of water can be drawn and two
or three feet or more of fall gained ; but unless the mill is built
close up to the banks of the stream, head courses, canals and
tail races have to be cut in order to make the fall available, and
these conduits are not unfrequently as difficult of construction
and as expensive as the weir. In several large works with
which I have been connected, the cost of conduits has extended
to many thousands of pounds, as at the Catrine Works in Ayr-
shire, or the Deanston in Perthshire. In the former case a
large tunnel, with retaining walls and embankments several
hundred yards in extent, had to be constructed, and at the
latter a wide and spacious canal, nearly a mile long, before
the water reached the mills where it was turned to account in
driving the different machines for spinning, weaving, &c.

The large expenditure in these and similar works, operates
much against the economy of water power, and when the ex-
tremes of floods and droughts, including the interest of capital
sunk, is considered, it will be seen that it frequently happens
that steam power might have been purchased and maintained at
as economical arate. Let us take, for example, the Catrine Mills,
at which there is a fall of forty-eight feet, and a power of 200
horses, nearly constant throughout the year. In this establish-
ment there are two colossal water wheels, each fifty feet in
diameter and twelve feet wide. Now taking the weir, the
tunnel, the upper conduit, tail race, &c., arched to a distance of
a third of a mile down the river, we may estimate the ultimate
cost, approximately, as follows :—
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‘Water privileges and land . . . . £4,000
Cost of weir . . . . . 1,000
Head race, tunnel, and canal . . . . 3,000
Archways, cisterns, sluices, &e. . . . . 1,000
‘Wheelhouse and foundations . . . . 1,600
Tail race . . . . . 1,600
‘Water wheels and erectlon . . . . 4,500
Contingencies . . . . . . 1,500

Total . . . £18,000

The cost of power independent of mill-work equivalent to an
annual rental for interest of capital, repairs, and wear and tear,
at 7 per cent., amounting to 1,260

This may be contrasted with steam power in a district where
coal can be purchased at 7s. per ton, and we have—

Cost of engines of 100 nominal horse power . . £4,000
Engine house, foundations . . . . 1,500
Contingencies . . . . . . 500

Total . . . £6,000

This at 10 per cent. for interest of capital, repairs, and re-
newals, will be equivalent to

An annual rental of . . £600

Add consumption of coal at 4 1bs. per mdlcated horse power
per hour, engineers’ wages, &e. . . 900
Total . . . £1,500

Against the higher rental in the case of steam, must be set
the cost of transit of the raw material and products of the mill,
which must be transported to and from the market at a greatly
increased cost, as in the case of the Catrine works, with the risk
of stoppage also from want of water in long continued drought
or frost. It is true that labour may be had cheaper in the
country than in towns, but that is no counterpoise for want of
skill amongst the operatives, or for the-loss of those numerous
conveniences which are to be obtained in the. great foci of
labour where the whole powers and energy of the country have
been concentrated.

On the whole, there appears (in the present improved state
of the steam engine and the price of coal) to be no advantage in
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this country in water power as applied to manufactures, and it
is only at out districts, and where the mere wants of the inhabit-
ants have to be supplied, that water mills can be used with
profit. Before the introduction of the steam engine, water
power was invaluable, but we now see that it cannot at all times
be depended upon, and that in most cases where a large amount
of power is required, the chief source from which it must be
derived is steam.
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CHAPTER II.

ON THE FLOW AND DISCHARGE OF WATER, AND THE ESTIMATION
OF WATER POWER.

IN the present chapter it is proposed to enter only so far into
those questions of Hydrodynamics which relate to the measure-
ment of the discharge of water, and the estimation of water
power, as it is necessary they should be understood by the prac-
tical millwright, in order that he may be at no loss in comparing
the efficiency of various forms of water machinery, calculating
their power, and proportioning them to their position and their
work. For minute and accurate mathematical investigations,
the reader is referred to special treatises on hydrodynamics, in
which the subject is treated: from another point of view.

From the nature of a non-elastic fluid such as water, in which
the particles are free to move over one another without friction,
the following relations hold between pressure, velocity and dis-
charge.

1st. The pressure p upon a unit of area at the depth k be-
neath a fluid surface is equal to the weight of a column of the
liquid % units high ; that is, if w be the weight of a unit of
volume,

P=wh...(1)

And therefore the pressure on a horizontal surface of @ units
area =W h a.

2nd. The velocity with which a fluid flows from a small orifice
at the depth A beneath the surface, is the same as the velocity
it would have acquired in falling freely the same distance under
the action of gravity, if we neglect those causes of retardation
to be considered presently. If we take v = mean velocity of
the effluent water; 2 = mean depth of orifice beneath the sur-
face, or, in other words, the kead of fluid; g = 32:1908 = the
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velocity generated in a falling body in one second ; then by the
laws of accelerating motion,

v=4+2gh* ...(2)
that is, the theoretical velocity of effluent water is equal to the
square root of 64-38 times the mean head ; understanding by
mean head the head measured from the centre of the orifice.

Thus we bave in the following table the theoretical velocity at
various heads.

TABLE I.—THRORETICAL VBLOCITY OF EFFLUENT WATER.

Velocity Velocity Velocity Velocity Velocity
Head per Head per Head per Head per Head per

second second second second second
St S S Jt Jt. Jt. . Jt S S
1 8:02 11 266 21 368 31 446 41 513
2 11-34 12 278 22 376 32 464 42 520
3 1390 13 289 23 386 33 46°1 43 526
4 16°04 14 300 24 393 34 468 44 532
5 17-93 15 311 26 401 36 474 456 53-8
6 19-64 16 321 26 409 36 481 46 544
7 21-21 17 331 27 41-7 37 488 47 5560
8 2268 18 340 28 42:4 38 494 48 566
9 24-09 19 349 29 432 39 50'1 49 561
10 2538 20 369 30 439 40 | - 607 50 567

3rd. The quantity of water which issues from an orifice at a
depth % beneath the surface of a fluid is equal to the area of
the orifice multiplied by the velocity of the effluent water, that
is, neglecting the diminution from the wend contractd to be
mentioned shortly.

Let @ = units of volume discharged per second
a = area of orifice
= velocity of effluent water
e=av=av2gh..(3).

And in ¢ seconds Q¢ = a v ¢ will be discharged.

Where ¢ is called the theoretical discharge, and is found by
multiplying the area of the orifice in feet by the velocity of the
effluent water in feet per second, found as above.

4th. If the orifice instead of opening freely into the air, as
supposed above, opens into another reservoir of fluid, we must
substitute in the above equations the difference of level of fluid

* Or in feet v = 8:03 +/ A.
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in the two reservoirs for the head above the centre of the
orifice. Let &’ be the head above the centre of the orifice in
the higher reservoir, and %" in the lower ; then the effective head
h=W—HK'..(4).

5th. If the water escape by a rectangular notch instead of an
orifice, that is, an aperture such that the upper level surface of
the water does not come in contact with the sides of the vessel,
falling freely in the air, the theoretical discharge is two-thirds
of the area of the effluent vein multiplied by the velocity of
efflux ; or, more accurately, if & = head of water, b = breadth of
notch. o

Q=%b.h.~v2gh... (5).

We must next examine certain properties of fluid motion -
which cause the actual or effective discharge to differ materially
from the theoretical discharge given in the above equations,
although in a constant ratio, so that the one may always be cal-
culated from the other. .

1st. Thick-lipped orifices or mouth-pieces. For smooth
orifices, the length of which is about twice or three times the
smallest diameter, the actual does not widely differ from the
theoretical discharge. The velocity of the effluent current is
however never so great as that in equation (2), but is dimin-
ished for a constant ratio for each kind of orifice, and the
discharge is less in the same proportion. For a simple cylin-

Fig. 96. Fig. 97. Fig. 98. Fig. 99.

drical tube, fig. 96, of about 1} diameters in length, the velocity
of the effluent water is equal to 0'8 v = 0-8 +/2 g % and the actual
discharge = & x 08 xv = 08 Q. Where the interior angle
of the tube is rounded, as in fig. 98, the velocity amounts to as
much as 0°96 v to 098 v, and hence the discharge to 0°96 @ to
0-98 q, where Q as before is the theoretical discharge given by
the above formul®. This constant ratio is called the coefficient
of velocity.




\
!

ON THE FLOW AND DISCHARGE OF WATER. 97

Hence we have this rule for determining the quantity of
water discharged by a thick-lipped orifice ; seek first in Table I.
the velocity corresponding to the given head of water, mea-
sured from the centre of the orifice; multiply this velocity
by the area of the orifice in square feet, and the product will
be the theoretical discharge in cubic feet per second. For
the actual discharge, this must be multiplied by 0-7, if the
orifice be of the form of fig. 97; by 08, if the orifice be
of the form of fig. 96; and by 0-97 if it be of the form of
fig. 98. The importance of the form of orifice is manifest, and
hence a trumpet mouth® should be employed in all water
pipes, wherein a maximum discharge is desirable, the quantity
being increased whichever way the trumpet mouth is turned,
whether as in fig. 98 or 99, but most in the former case. For
conical converging tubes, d’Aubuisson found the coefficient of
efflux to vary from 0'829 to 0946 as the lateral convergence
increased from 0° 0" to 13°24’, and from 0°946 to 0°847 as the
convergence increased from 13°24’ to 48° 50/; the area of the
orifice being measured at the small extremity. For tubes which
at first converge and then diverge, so as to take the form of the
fluid vein, the coefficient of discharge is 1:55, that is, of course,
taking the minimum area of the tube.

2nd. Thin-lspped orifices, the fluid escaping freely into the
air. With orifices of this nature, the fluid vein contracts very
remarkably at a short distance beyond the orifice, and the dis-
charge is diminished in the ratio of the least area of the vein
to that of the orifice. This contraction amounts to five-eighths
of the area of the orifice in most cases, and hence the actual
discharge is scarcely more than five-eighths that estimated by
equation (3). Putting m = the coefficient of contraction, we
have the actual discharge from an orifice =m Q=m a ~2gh,

The velocity of the effluent vein is also diminished in & slight
degree, perhaps by three or five per cent., but it will be most
convenient to combine the coefficients of contraction and
velocity together, and to call m the coefficient of discharge or
ratio of actual to theoretical discharge.

* As for instance in the reservoir drawing, fig. 87.
PART 1. H
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A very large number of experiments have been made upon
the values of the coefficient m for various forms of orifices,
the most important of which we owe to Michelotti, Castel,
Bidone, Bossut, Rennie and others. But by far the most im-
portant and complete are those conducted by MM. Poncelet and
Lesbros under the auspices of the French government, and all
interested in hydraulic investigations must feel indebted to them
for the skill, perseverance and accuracy with which they
have registered so large a body of results. These determinations
go to show that the value of the coefficient of discharge ranges
between 0-58 and 0-7*, being greater for small orifices and small
velocities and less for large orifices and high velocities.t For
heads of three and four feet and upwards, the coefficient of dis-
charge may be taken at 0°6.

Mr. Rennie’s results give the following values of m.

Head of 4 feet. Head of 1 foot.

Circular orifices . .o . 0-621 0645
Triangular orifices . . . 0693 0-5696
Rectangular orifices . . . 0698 0616

For more accurate calculations I have abridged the following
tables of M. Poncelet’s results from the ¢Aide-Memoire’ of
M. Morin, reducing the measures to the English standard.

TasLs II. — Corrricrents oF DisocHARGE oF VERTICAL REcTANGULAR ORIFICES,
THIN-LIPPED, WITE COMPLEBTR CONTRACTION., THE HEADS OF WATHR MBASURED
AT A PorNT OF THE RBSERVOIR WHERE THE LIQUID WAS PERFECTLY STAGNANT.

Head or Coefficients of discharge for orifices of & height of
summit of
orifice.
ins, 7°9 ins, 8'9 ins, 19 ins, 118 ins. 078 ins., | 039 ins.
079 0672 0:696 0615 0634 0659 0694
19 0:686 0606 06256 0-640 0658 0679
39 0-592 0611 0:630 0637 0654 0666
79 0598 0616 0630 0633 0648 0666
118 0600 0616 0629 0632 0'644 0-650
167 0:602 0617 0628 0-631 0°642 0647
39-4 0606 0615 0626 0628 0633 0632
591 0:602 0611 0620 0-620 0619 0616
787 0601 0607 | 0613 0612 0612 0611
1181 0601 0603 0°606 0608 0610 0°609

* Rankine. + Weisbach.
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TaBLE ITI.—CoxrFICIENTS OF DISCHARGE OF VERTICAL, THIN-LIrpED, RECTAN-
GULAR ORrFicEs, WITH COMPLETE CoNrrAcTION, TuE HEADS OF WATER
MEASURED IMMEDIATELY OVER THE ORIFICE.

Heads or Coefficients of discharge for orifices of a height of
summit of
orifice )
in ins. 7'9 ins, 8'9 ins, 19 ins. 118 {ns, 0°781ins, | 0°89 ins.
078 0°594 0614 0638 0668 0697 0729
197 0693 0614 0636 0°651 0672 0686
394 0°596 0614 0634 0°640 0657 0669
7-87 0°699 0615 0°630 0633 0649 0656
11-81 0-601 0616 0629 0:632 0°644 0651
1574 |° 0600 0616 0630 0632 0646 0653
39-37 0:606 . 0615 0°626 0628 0633 0632
5906 0°602 0611 0:620 0:620 0619 0616
7874 0601 0607 0614 0612 0612 0611
11811 0601 0603 0°606 0608 0610 0-609

Thence we derive this rule for estimating the discharge of
water from thin-lipped orifices; seek in Table L. the velocity
corresponding to the head of water measured from the centre of
the effluent vein; multiply this by the area of the orifice in
square feet, and the product is the theoretical discharge. Five-
eighths of the theoretical discharge will give the actual dis-
charge in cubic feet a second, if a rough approximation only is
required. If the estimation is to be accurate, seek in Tables II.
and IIL the coefficient of discharge most nearly corresponding
to the given head and area of orifice, and multiply the theore-
tical discharge by the coefficient so found. Thus the following
table has been calculated : —

TaBLE IV, — THRORETICAL ‘AND AcTuir DIsCHARGE FROM A THIN-LIPPED
ORIFICE OF A SecTIONAL AREA oF ONE Square Foor.

av mav
h H m | Theoretical 13:.&1 » v m | Theoretical Agit:al
Head| TPl | T8ble | “Diocharge | charge || Head| T201e | Table | ‘gigcharge | charge
* * per second per . . per second per
second second
S . . n. cub. ft. || St N N cub fl. cub. ft.
1 802 | 060 802 4812 || 11 | 266 | 0°60 266 1696
211134 | 060 11-34 6804 || 12 | 27:8 | 0'60 27-8 1668
3| 1390 | 0-60 13-90 8340 || 13 | 289 | 0'60 289 17-34
4 { 1604 | 060 16-04 9:624 || 14 | 30°0 | 060 300 18-00
6| 1793 | 060 1793 |10°75 15 | 311 | 060 311 18:66
6 | 1964 | 060 19'64 |11-78 16 | 32:1 | 060 32:1 19-26
7| 2121 | 0'60 21-21  (12-73 17 | 33'1 | 060 331 1986
8 | 2268 | 0:60 2268 (1361 18 | 34:0 | 060 340 2040
9| 2410 | 0'60 2410 (1446 19 | 34.9 | 060 349 2094
10 | 256°40 | 060 2640 (15624 20 | 35.0 | 060 359 21-64
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The above table is given as a sample of the method of cal-
culation according to the above rule. For other areas and
different heads the calculation may very easily be performed.

3rd. Discharge with incomplete contraction.—It is very fre-
quently the case in practice that one of the
sides of a thin-lipped orifice is prolonged,
80 that the vein of fluid no longer contracts
upon all sides, as in fig. 99A. In this case
! the coefficients in Tables II. and IIL. give
" too low a result. M. Morin gives the fol-
lowing rule for discharge with incomplete

Fig. 99a.

contraction : —
" Multiply the coefficient of discharge for complete contraction

found as above by '

1:035 when the vein contracts on 3 sides only

1-072 ” ” 2 sides ,,

1125 ” » 1side ,,
in order to obtain the true coefficient by which the theoretical
discharge must be multiplied to give the actual discharge. Hence,
for an approximate calculation, we may multiply the theoretical
discharge ={(a x v) by 063, when the orifice is prolonged upon
one side ; by 066 when it is prolonged on two sides, and by 069
when it is prolonged on three sides. When all four sides are
prolonged, the thick-lipped orifice, fig. 94, is formed of which
the coefficient of efflux is 0-8.

4th. Discharge from rectangular notches, waste-boards,and
weirs.— In this case the theoretical discharge =
e=4%b.%.42gk
BN
where @ = discharge in cubic feet per second.
b = breadth of notch or weir.
h = head of water, measured at some distance behind
the crest of the weir.
v = velocity in feet per second = +2 gh...(2)
a = area of effluent vein = b x &.

The actual discharge is found by multiplying the theoretical
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discharge by the coefficient of efflux m, which varies under
different circumstances. The millwright must select this co-
efficient from the following tables, so as to suit the particular
case to which it is to be applied.

TaBLE V.—COEFFICIENT OF DIsCHARGE FoR WEIRS, FROM EXPERIMENTS ON
Norcuss 8 Incass Broap, BY PONCELET AND L=msBROS.

Head of
Water in 089078 | 1-18 | 1'67 | 2-36 | 3-15 | 393 | 590 | 7°86 | 8:65
inches .

of discharge } |0424]0°417]0°412)0°407)0-401]0-397(0°395(0-393|0-390|0-385

Coefficient }
=4fm . .

This gives a mean value of 0°4 or §ths for £m, and hence we
may approximately find the discharge from a waste board by mul-~
tiplying the head in feet by the breadth of the notch in feet,
and by the velocity due to the head found by equation (2)or
Table I. Two-fifths of this produet will be the discharge in
cubic feet per second.

In 1852 the council of the Institution of Civil Engineers
awarded to Mr. Blackwell a premium for a valuable series of
experiments on the discharge of water from weirs made on a
very large scale, and with various conditions of head and with
different kinds of overfall bars. What constitutes the prin-
cipal value of Mr. Blackwell’s paper is the scale on which the
experiments were made, and their close approximation to actual
practice. It must be borne in mind, however, that in calcu-~
lating the quantity of water discharged in the flow of rivers over
weirs, reference must be had to the form of the top, in order to
ascertain the state of the overfall as compared with those in the
following table, from which the coefficient is taken for cal-
culation.
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TasLe VI, — CorrFFICIENTS OF DISCHARGR FRoM WEIRS, FROM EXPERIMENTS BY
Mg, BLACKWRLL.

Ho ot Description of Overtalls Headin | gm,

1to 3 440

8 Thin plate 8 feet long . . . { 3to 6| <402

. 1to 8| -501

Thin plate 10 feet long . . . 4to 6| -435

1 P e { 6to 9| -370

I1to 3 +342

23 Plank 2 inches thick, mth notch 3 feet broad . 8to 6| -384

6to 10 406

1to 3| -359

56 | Plank 2 inches thick, with notch 6 feet broad . (35 :g 3 ggg

9tolds | -358

1to 8 346

3to 6| 397

40 | Plank 2 inches thick, with notch 10 feet broad. 6to 9| -374

9 to 12 *336

4 | Plaak 2 ina.thick, noteh 10 ft broad, withwings { | } 10 2 | 418

7 Overfall with a crest, 3 feet wide, slopmg 1in :l,, :’g g g;g

12, 3 feet long like & weir . 6to 9| -311

9 Overfall with & crest, 3 feet wide, sloping 1 in ;g: 2 ggg

18, 3 feet long, like a weir . . 6to 9| -332

6 Overfall with a crest, 3 feet wxde, slopmg lin lto.4 | 328

18, and 10 feet long 4to 8| -350

14 Overfall with a level crest 3 feet wxde, by 6 { :1;:; g g(l)g

long . - 6to 9| 318

15 Overfall mth level crest, 6 feet long by 3 3to 7| -330

broad . 7 to 12 *310

12 Overfall with level crest, 3 feet wide by 10 ;ttg g ggg
long . .

8to10 313

1to 8 437

61 At Chew Magna, overfall ba.r 10 feet long, 3to 6| -499

2 inches thick . . 6to 91 -506
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The most important of the generalisations from this table
are—

1st. That the discharge is decreased in proportion to the
breadth and inclination of the crest, being least when the crest
is level, ‘

2nd. That converging wing walls, above the overfall, increase
the discharge.

Where, a8 in the case of a river, the water approaches the
weir with a certain velocity, it should be taken separately into
account, the above coefficients being ‘deduced from experiments
on reservoirs so large that the water was approximately stag-

nant.
Let & = height of head due to velocity v of water as it ap-

proaches the weir; that is,let k= 6——4?;8 5
the effective discharge is then =
p—— L
e=4m.b. vZg [h+k)} =] ... (6).

Tasrs VII.—Examrres oy EsTmMATION oF DIscHARGRE FROM WEIRS.

» b.h. .b.A,
Head of | Veloolty Coumiieatot| _ bncorettonr | Y™iount ® Remarks
water head Breadth discharge discharge
Table I, |Tables V. Vi.|. per second per second
inches cubic feet cubic fest Lo
1 2-32 0412 1ft. 1283 793 Thin-lipped
(] 567 0-898 1ft 1-890 1114 waste
12 802 0380 11t 586 3047 board
R . Weir with
6 6567 0360 10 ft: 18'90 9-922 t

According to the above formula I have computed the following
table, showing at a glance the velocity in feet, the theoretical
discharge in cubic feet per second, and the actual discharge of
water over a thin-edged notch or weir for various heads from
4 an inch to 6 feet — the water approaching the weir with no
perceptible current.

* Waeisbach.
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Tasts VIIL.—DiscEARGE oF WATER OVER A THIN-EDGED NorcE or WERIR FOR
EVERY Foor 1N BrrapTH OF THE STREAM IN CuBic FEET PER SECOND.

§m Lh.v b.h.o|| B v m b.h.v |§m.b.h.v

Hgnd Vel:clty co:?d;?t } Yo icall ‘Az.mgl (’i.js-v Head |Velocity)| Coe%ﬂclent '7gL ical ’Aamnl dis-

in per charge discharge |charge per || in per olf dis- dlschargo; charge per

feet | second Table V. | P& second| second feet s pel' second
3 cub. ft. | cub. . cub. ft. | cub. s

‘05 {"79 042 ‘0&)6 '03,;'6 2111 1""62 0-36 1694 8:890
‘1| 253 0-41 168 *1037 || 2'2|11-90 0-35 17-44 9163
2| 368 0-40 478 286 2:3|12:17 036 1866 9796
3| 439 040 878 527 2411243 0-34 19-88 10°142
4| 507 040 1-352 811 2:6 (1268 034 21°14 10-778
5| 567 0-39 1-890 1-106 2+6|12:94 034 2242 11-439
6| 620 0-39 2414 1411 28 |13-42 0-34 2504 12-774
‘71 671 0-39 3130 1-832 301389 034 27-78 13:761
8| 717 0:38 3-82¢4 2179 321435 0-33 30°60 15153
9| 731 0-38 4-386 2:600 341479 033 33-52 16-593
10| 802 0-38 534 3047 361522 033 3663 18:081
11| 842 038 618 35619 3:8(1564 033 3962 19-612
12 | 882 0-37 704 3914 4:0|16°04 033 4278 21-173
13| 915 037 798 4:399 4211624 033 4603 22:786
14 | 947 037 884 4:906 441682 033 49-33 24-422
16| 979 037 978 5430 46 (1720 0-33 5274 26-109
16 | 10-11 036 1078 5821 481757 0-33 5622 27-829
17 11067 0-36 12-09 6529 650(17-93 033 6976 29-564
18 | 1076 036 12-90 6966 5211829 033 63:40 31-385
19 |10-99 0-36 13-92 7-516 541864 033 6711 33216
20 (1134 0:36 1512 8:164 6:0(19-64 033 7856 38887

Mr. Sang of Kirkecaldy has proposed a very ingenious arrange-
ment for the approximate measurement of the flow of water
over a rectangular notch in a waste board, particularly appli-
cable in cases where the flow has to be frequently registered, as
in the daily observations by which drainage is estimated. He
employs a scale graduated variably, so as to give at once the
number of cubic feet per minute of water to every inch in
breadth of the rectangular notch. Hence instead of employing
a complex formula, nothing more is required than to observe
at what number the water stands on the rule, and to multiply
that by the number of inches of breadth of the notch, and we
obtain at once the discharge in cubic feet per minute. He pro-
poses that such a scale engraved on paper should be placed ina
glass tube, hermetically sealed, and permanently fixed in a suit-
able position on the weir. The following table calculated by
Mr. Sang shows the position of the divisions of the scale cor-
responding to cubic feet, and tenths of cubic feet discharge: —
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Distance from Distance from Distance from Distance from
Division| Zero of scale ||Division| Zero of scale ||Division| Zero of scale |[Division| Zero of scale
in inches in inches in inches in inches
0 -000 26 3-327 51 5214 76 6803
‘1 ~379 27 3412 52 5282 77 6:862
2 602 28 3:496 53 5:350 78 6921
-3 789 29 3:679 54 5417 79 6-980
4 ‘966 30 3:661 56 5483 80 7:039
6 1°109 31 3741 56 55649 81 7°098
6 1-262 32 3-822 57 5616 8-2 7'156
7 1-387 33 3901 58 5681 83 7214
-8 1-516 34 3679 59 5746 84 7272
9 1-641 35 4057 60 1 6811 85 7-329
10 1-760 36 4134 61 5876 86 7-387
11 1-876 37 4210 62 6-939 87 7-444
1-2 1-987 3-8 4285 63 6:003 88 7-501
1-3 2096 39 4:360 64 6066 89 7:658
14 2202 40 4-434 65 6129 90 7614
15 2:306 41 4-5608 66 6:192 91 7671
16 2407 42 4681 8-7 6254 92 7727
17 2:607 43 4:654 68 6:316 9-3 7-783
18 2:604 44 4726 69 6378 94 7-838
19 2:700 46 4797 70 6-440 95 7-894
20 2794 46 4:868 71 6601 96 7-949
2-1 2886 47 4-938 72 6:662 97 8:004
22 2977 48 5007 73 6622 98 8:059
23 3:066 49 5077 74 6683 99 8114
24 3155 50 5146 756 6743 100 8-168
25 3:242

5. Priction of fluids in conduits and pipes.—In long tubes
an increased retardation arises, which must be ascribed to the
friction of the fluid against the sides, and it has been ascertained
that this element of retardation, whilst independent of the
pressure of the fluid, increases in the ratio of the length of the
tube, and decreases in the ratio of the width or diameter. It
also increases nearly as the square of the velocity.

For pipes of uniform size and with no considerable amount of
bending, it may be shown that the velocity of discharge

_ Jms0kd 1 1 .
=v=A/T36ad iz Tx55d

or if & be not very small, neglecting the last term,

23804 d
tvsaa(®

and if the pipes be very long,
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2380k d 1
v = 'l——+54d—l_§"'(9)
where | = length of pipe in feet; d = diameter in feet; & =
head in feet; and the constants have been derived from the
experiments of Prony and d’Aubuisson.
Formula (8) very nearly coincides with that given by
Poncelet, namely,

3300 4k
v= 4794/l+54d" 1454 d

The most convenient way in practice of estimating the re-
tardation of friction in the pipes is to measure the head of water
which is requisite to overcome the friction, without increasing
the velocity of the current. In calculations of quantity when
the head £, necessary to generate the required velocity of exit,
has been estimated by the rule for thick-lipped orifices already
given, another head A, must be added as necessary to over-
come the friction, if the orifice is prolonged into a tube.

The height to overcome friction may be calculated from the

formula
I
h,= ng-. 2—.-9 <« (10)

where n is the coefficient of friction derived from experiment.
Hence, putting Q for the discharge,

4

v = F:—, « (11)

when the pipe is cylindrical.

We may combine this formula with the preceding formula
for the discharge from a thick-lipped orifice, puttingm = co-
efficient of resistance for the portion of tube next the cistern,
and m, coefficient of resistance for the remainder of the tube ;
we then have for the whole head of water

Ve I o o
h=7nﬁ+%.a.§§+2~g.n(l2)
ANA
«/2g7i

and V=T (14)
) Vl+m+na .
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and putting a = area of orifice, the discharge =

=av...(15).
If there be bends in the tube an increased element of resistance
is introduced ; if we put p for the sum of the resistances due to
this source,

l ]
p=(1 +m+n3+p);—g...(16)

{ 4Q\? 1
=(l +m+n g+ p) (—;—) Tgd (17).
These formul® we have from Weisbach’s ¢ Mechanics of En-

gineering, ’ from which the following table has been reduced and
adapted to English measures.

Taprs o THE VALUE oF THE CORFFICIBNT OF FRICTION % FOR Dmmm
Vnocrrms .

Velocity in Feet
Inches

0 1 2 3 4 5 6 7 8 9 101 11

o |0316 10265 10244 0229 10220 |:0215 {10209 [-0205 [-0202 [0198(-0195
0443 10293 |10257 |-0239 [-0226 0218 {10213 {-0208 |-0204 |-0201 [-0197 |-0195
*0356 0277 |-0250 -0233 [-0223 |-0217 0211 |-0206 |-0203 |-0200 0196|0194
0316 0265 0244 |10229 |'0220 0216 {0209 [-0205 |-0202 |'0199 [0195{-0193

—
[N N}

To use this table look in the horizontal line at top for the
nearest velocity in feet, in the vertical column underneath and
opposite the nearest number of inches will be found the value
of n required. Thus for a velocity of 6 feet 8 inches per
second, the coefficient n will be found to be 0211, being under
6 and opposite 8.

From sixty-three experiments Wembach deduces another
general formula for the flow of water in tubes which is very con-
venient for calculation. It is based on the hypothesis that the
-resistance to friction increases simultaneously as the square, and
as the square root of the cube of the velocity, and is of the

form
001716)

"= (00144 644, e (18)

which gives the head due to friction in feet. From this for-
mula, Mr. James Thomson, M.A., C.E., and Mr. George Fuller,
C.E., have calculated the following very complete and conve-
nient table.
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110 ON PRIME-MOVERS.

In laying pipes the following directions are not unimportant ;
the mouth, both for ingress and egress, should be trumpet-
shaped ; bends should be as far as possible avoided, and espe-
cially sharp angular bends; at junctions the smaller pipe should
be brought round in a curve to agree in direction with the main.
And, lastly, where a pipe rises and falls much, air is apt to
collect in the upper parts of the bends, and thus reduce the
section at that part, and it is advisable to make provision by a
cock or otherwise for drawing it off at intervals.

Flow of water in open channels.—This is a question of im-
portance, and requires careful eonsideration on the part of the en-
gineer, as it is a case of frequent occurrence in calculations of the
flow of water. Itis often, from various circumstances, impossible
to throw even a temporary waste board or weir across a stream
the quantity of discharge from which it is desirable to ascertain,
and hence it becomes necessary to determine a formula which
takes into account the friction of the river sides.

In estimating the velocity of a stream on a canal or river, by
throwing in floating bodies of nearly the same specific gravity
as the water, and estimating the time they require to pass a
given measured distance, it must be borne in mind that the
velocity is greatest in the centre of the stream and near the
surface, and less at the bottom and near the sides. It is gene-
rally most convenient to ascertain the velocity at the centre,
where the stream is fleetest, but it is essential in caleulations to
know the mean velocity, or the velocity of a stream of the same
section, discharging the same quantity of water, but unaffected
by friction at the sides. In practice it will be sufficient to
assume that the mean velocity of a stream is equal to 0-83 per
cent. or # of the velocity at the surface.

Or we may use an empirical formula of Prony’s, putting v for
the mean velocity, and v for the surface velocity, measured by a
floating body at the middle of the stream

_ v (v +777)
v — _’vm LA R (1 9)
For small streams the most accurate method of measurement is

the formation of a temporary weir by a vertical board thrown
across the stream and carefully puddled at the edges. A rec-
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tangular notch of sufficient capacity to pass the water must be
cut in the middle portion. The height of the water above the
level of the notch should then be measured either at its crest,
or better still at some distance behind, where the water is nearly
still, and the constant for calculation will be found in Table V.
or VI as the case may be.

But if a waste board or weir cannot be employed, we may
find the surface velocity, and from that obtain its mean velocity
by the methods given above. If then we take the depth of the
stream at various parts of its breadth and so calculate its sec-
tional area, we may find the cubic feet of water discharged per
second by multiplying the mean velocity (in feet per second)
by the area so found (in square feet).

Thus, if a body floats along the surface of a stream 300 feet

in a minute, its maximum velocity =60 = 5 feet per second,

5 (5 + 777
. 5 + 10-33
= 4'16. Now let the depth of the stream, 16 feet broad,
measured at equal distances of two feet apart, be 0, 1, 24, 3, 3,
34, 3, 1§, O feet respectively, then the area =
2 x (1 4 2} + 34+ 3 + 3% + 3 + 13) = 36 sq. ft.
.*. Cubic feet of water discharged per second
= 36 x 4'16 = 149-76 cubic feet.

In rivers, the coefficient of friction 7 in formule (12) (13)and
(14) may be taken at 0:0075; it varies according to Weisbach
from 000811 to 0100748 as the velocity increases from 0°1 to
1-0 metres, and from 0°00748 to 0:00743 as the veloclty in-
creases from 1 to 3 metres.

The following formuls express the relations of velocity, fall,
and discharge, when the flow of the stream is uniform :

and its mean velocity, according to Prony, =

=t o)
c’"’\/tlp .. (21)
Q=7Fc...(3)*

* Weisbach, vol. i. p. 493,
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Where h = whole fall, @ = discharge, F = transverse section
of stream, ¢ = mean velocity of stream, ! = distance which

the river flows for a fall h,j—: the perimeter of the water profile,

and ¢ the coefficient of friction.

The best form of section must be that which presents the
least resistance to a given quantity of water flowing through
the channel. Now it has been shown that the resistance of
friction varies directly as the wetted perimeter and inversely as
the area of the section, and when the area is constant it will
therefore vary directly as the wetted perimeter. Consequently
the best form of section will be that with the least perimeter
for a given area. Hence for open channels in which the upper
water line is not part of the wetted perimeter, the half square
is the best rectangular section, and the semihexagon the best
trapezoidal section. For equal flows of water the semicircle
will have less friction than the semihexagon, and the semi-
hexagon than the semisquare. In designing conduits, for in-
stance, the head race or tail race of water wheels, not only must
the sectional form be attended to, but bends must be avoided as
much as possible.

Estimation of Water Power.—~Where a natural reservoir of
mechanical power is employed through the medium of a prime-
mover in overcoming resistances, in sawing, grinding, &c., we
term the moving force the power, and the resistances overcome
the work. A

The dynamic unit by which we estimate force or resistance is
the foot-pound, or the unit of force which is capable of lifting
a weight of one pound one foot high. A second unit is em-
ployed when estimating large expenditure of force, namely, the
horse-power. One horse-power, according to the estimate of
Watt, was equivalent to 33,000 Ibs. raised one foot high in a
minute or 550 foot-pounds per second.

It is evident that a power exerted by a weight of water falling
a given number of feet is capable of raising an equal weight
the same number of feet. The power expended must equal
the resistances overcome. In transmitting power through a
prime-mover, however, a certain loss necessarily takes place,
arising (1) from the loss or waste of the power by spilling,
leakage, &c., and (2) from the absorption of a part of the power
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in overcoming the resistances of the prime-mover itself, friction,
&c. Hence the work accomplished by a prime-mover is never
equivalent to the power expended on it; the useful effect is
always only a certain percentage of the power, and this per-
centage is called the efficiency or modulus of the machine.
Now for a water-wheel on which a stream of water acts by
gravity alone :—
Let 2 = height of fall in feet.
w = weight of water delivered on the wheel per second.
n = the number of cubic feet per second.
P = the dynamic force of the falling water in foot-pounds.
P, = P reduced to horses power.
U = the useful effect of the machine in foot-pounds and
U, = U reduced to H. P,
w = the modulus of the machine.
Then for the total water power of the fall we have, in foot-
pounds, '
P=wh..(1)
and water weighing 625 Ibs. per cubic foot,
) P=625nh
or, in horses power,
wh 625nh nh
T\ =550 = 550 88
Hence, for every foot of fall 8:88 cubic feet of water per
second, or 1-47 tons per minute, theoretically afford an available
force of one horse power.

But by definition,
% = U...(22).
i ) ='ulgoh in foot-pounds.
SOU= ?5—2:'—0 in horses power.
and,
1—02—0—_51-"— P = the sum of the resistances from friction, &c.,

and the loss from wasted water, in accumulating and trans-
mitting the power.
PART I. 1
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CHAPTER IIIL

ON THE CONSTRUCTION OF WATER WHEELS.

In the present age, the same importance is not attached to water
power as before the introduction of steam, as has been already
shown. Nevertheless, since water is still largely employed in
some districts and for certain kinds of work, it is of importance
that the machinery for rendering it useful should be constructed
upon the best principle so as to secure a maximum effect. In
numerous localities in Europe and America, water is the prin-
cipal motive agent by which manufacturing processes are carried
on; and the time has not yet arrived when it can be dispensed
with even in our own country. We shall therefore endeavour to
point out the difference between the ordinary and improved forms
of water wheels, and to lay down sound principles of construction,
accompanied by examples for the guidance of the millwright.

CLASSIFICATION OF WATER MACHINES,

Water may be expended upon water machines, 1st. By gravi-
tation, as in vertical wheels generally; 2nd. By pressure simply,
as in the water pressure engine, where the water acts on a reci-
procating piston ; 3rd. By the impulse of effluent water striking
float boards, as in the Poncelet wheel; 4th. By the reaction of
effluent water issuing from an orifice, as in the Barker’s mill
and Whitelaw’s turbine ; or lastly, by momentum, as in the case
of the water ram.

It is not, however, always possible ih practice to classify
water machines according to the mode in which the water ex-
pends its force, and hence it will be more convenient to divide
them according to the point at which the water is applied, and
the direction in which it passes through the wheel, as in the
following summary : —

1st. Vertical Water Wheels, the plane of rotation being
vertical and the water received and afterwards discharged at the
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same orifice on the external periphery. These may be sub-
divided into :—

a. Overshot wheels, where the water is applied over the
crest, or near the upper extremity of the vertical diameter.

b. Breast wheels, where the water is applied below the crest
at the side of the wheel.

¢. Undershot wheels, where the water is applied near the
bottom of the wheel, and acts, 1. By gravitation as in the im-
proved undershot wheel; or 2. By impulse as in the ordinary
undershot and Poncelet wheels.

2nd. Horizontal Wheels, the plane of rotation being hori-
zontal and the water passing through the wheel from one side
to the other. These may be subdivided into :—

a. Horizontal wheels strictly so called, in which the water
passes vertically down through the wheel, acting as it passes on
curved buckets. '

b. Turbines, annular wheels in which the water enters the
buckeéts at the internal periphery, and passing horizontally is
discharged at the external periphery.

¢. Vortex wheels, in which the water entering at the external
periphery flows horizontally and is discharged at the internal
periphery.

3rd. Reciprocating Engines, in which the water is applied
upon a piston and regulated by valves on the same principle as
the steam engine.

The tmprovements of the Vertical Wheel.—In the present
chapter it will be convenient to enter on the consideration of
the construction of vertical wheels. Since the time of Smeaton’s
experiments in 1759, the principle on which vertical water
wheels have been constructed has undergone no important
change, although considerable improvements have been effected
in the details. The substitution of iron for wood has afforded
opportunities for extensive changes in their forms, particularly in
the shape and arrangement of the buckets, and has given a lighter
and more permanent character to the machine than had pre-
viously been attained. A curvilinear form for the buckets has
been adopted, the sheet iron of which they are composed afford-
ing great facility for being moulded into the required shape. It
is not the object of the present treatise to enter into the dates

12
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of past improvements, but it will suffice to observe that the
breast wheel has taken precedence of the overshot wheel, pro-
bably from the increased facilities which a wheel of this
description affords for the reception of the water under a vary-
ing head. It is in most cases more convenient to apply the
water of high falls on the breast at an elevation of about 30°
from the vertical diameter, as the support of the pentrough is
much less expensive and difficult than when it has to be carried
over the top of the wheel. In cases of a variable head, when it
is desirable to work down the supply of water, it cannot be
accomplished without a sacrifice of power on an overshot wheel;
but when applied at the breast, the water in all states of the
river is received upon the wheel at the highest level of its head
at the time, and no waste is incurred. On most rivers this is
important, as it gives the manufacturer the privilege of drawing
down ‘the reservoir three or four feet before stopping time in
the evening, in order to fill again during the night; or to keep
the mill at work in dry seasons until the regular supply reaches
it from the mills higher up the river. This becomes an
essential arrangement where a number of mills are located
upon the same stream, and hence the value of small regulating
reservoirs behind the mill as a resource for a temporary supply.

Another advantage of the increased diameter of the breast
wheel is the ease with which it overcomes the obstruction of
back water. The breast wheel is not only less injured by floods,
but the retarding force is overcome with greater ease, and the
wheel works in a greater depth of back water.

Component parts of Water Wheels.—Vertical water wheels
consist essentially of a main axis resting on masonry foundations,
and together with arms and braces forming the means of sup-
port for the machine. Chambers for the reception of the water
constructed of shrouding, sole-plate, and buckets. A pentrough
with sluice for laying on the water, and a tail-race for conveying

it away; and an internal or external geared spur wheel and
pinion for transmitting the power. These parts we shall treat
of successively, before describing the modifications of the ver-
tical wheel.

The main axis is a large and heavy cast-iron shaft carried
upon plummer blocks bolted to the masonry foundations of the
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wheel house. It sustains the weight of all the moving parts of
the wheel, and in some cases the power is taken from it, when
it is subjected to a force of torsion. It is usually cast with deep
ribs or wings, calculated Fig. 100. :

to resist the temsile and
compressive  strain  to
which they are alternately
subjected as the wheel
revolves. A section and
elevation of the main-
axis of a water wheel 20
feet in diameter, and 22
feet wide are shown in
figs 100 and 101.* A4 is
one half the main axis
with its four deep ribs.
The part ¢ is the journal
on which the wheel re-
volves, and d is left square,
for. the convenience of
fixing a screw-jack should
the wheel require rais-
ing. B, B, B are the re-
cesses for the radical arms
of 2i-inch round iron
fixed by the keys f, f,
g, g the corresponding recesses for the braces which pass
diagonally across the wheel and alternate with the arms; ¢, ¢ are
the key beds on the main axis for fixing the main centre. It
is difficult to estimate the strain on this shaft when the wheel is
on the suspension principle, although the work it has to per-
form is trifling compared with what it would bave to sustain
in the event of the power being taken from the axle. In the
latter case the wheel has to sustain not only the weight of
the wheel and the water in the buckets, but also the force of
torsion, as the power is transmitted from the periphery through
the arms and axle to the main gearing of the mill.

* The wheel is shown in Plate IV. Fig. 110 is also an enlarged detail drawing
of this wheel,
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The following table exhibits the dimensions of the journals,
which for high and low breast wheels, where the depth of the
buckets is nearly the same, I have found effective, and is a
summary of my own practice in this respect for the last forty
years :—

TasrLe oF DiamrTERS OF THE MAIN Ax18 JOURNALS oF WATER WHEELS.

ot Diameter of Journal for a Wheel
‘Wheels
in fook 5 £t. broad | 10 ft. broad | 15 ft. broad | 20'ft. broad
fnches inches tnches snches

15 8 7 84 10 The lengths of
18 | 6} 7% 9 | 11 |the bean!;ggts are
20 7 8 10 12 usually equal to
26 7% 8} 11 124 one and a half
30 8 9 11 13 diameters of the
40 Gi 10 12 143 journal,
50 9 11 14 16

Tredgold’s rule for the diameter of water wheel journals is
that,

d.—.—% Awh..(1)

where d=diameter of gudgeon in inches, !=its length in
inches, and w=the maximum load placed on it in lbs.; or
supposing the power to be taken off at the loaded side and the
pinion to carry the weight of water, w=half the weight of the
wheel.

Example.— A wheel 18 feet in diameter and 20 feet broad
weighs 34 tons; required the diameter of the gudgeon of the
main axis, taking its length at 10 inches.

1 .
Here, d= 9 .(10 X 32—4x 2240)*=8 in.

Another rule which has been proposed is,

1 —
d=55 v W...(2)

Exzample—Taking the same wheel as before,

1 34 .
d= 2—5'/\/-,; x 2240= 7'8 in,

where the length is nearly equal to the diameter; but both these
give a somewhat smaller journal than in the table above.
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There exists a wide difference of principle amongst mill-
wrights as to the mode of attaching the wheel to the axis. It
may either be rigidly fixed by cast-iron arms which resist its
weight, as a series of columns alternately exposed to & tensile
and compressive strain, or it may be supported by tension rods
on the principle now most generally practised in the construc-
tion of improved iron water-wheels. In the former case the

Fig 102. arms are of cast-iron fixed

in recesses in a cast-iron
main centre, to which they
are accurately fitted on
chipping strips, and then
bolted asshown in fig. 102.
Flat wrought-iron arms
are sometimes riveted to
the main centre in a some-~
what similar manner.

It was reserved for Mr. T. C. Hewes, of Manchester, to in-
troduce an entirely new system in the construction of water-
wheels, in which the wheels, attached to the axis by light
wrought-iron rods, are supported simply by suspension. I am

Fig. 103.

informed that a wheel on this principle in
Ireland was actually constructed with chains,
with which, however, from the pliancy of the
links, there wassome difficulty. But the prin-
ciple on which this wheel was constructed was
as sound in theory as economical in practice,
and is due originally, it is said, to the sugges-
tion of Mr. William Strutt, and was carried out
fifty years ago by Mr. Hewes, whilst at thesame
time Mr. Henry Strutt applied the principle to
cart wheels, some of which, thus put together,
were for a long time in use. Mr. Hewes em-
ployed round bars of malleable iron in place of
the chains, and this arrangement has kept its
ground to the present time, as the most effec-
tive and perfect that has yet been introduced.
In the earlier construction of suspension
wheels the arms and braces were attached to the
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centre by screws and nuts, as shown in fig. 103. The armsc, ¢
passed through the rim b b, and the braces e, ¢ are set diagonally
in the angle of the rim. This arrangement, although convenient
for tightening up the arms and braces, was liable to many
objections; the nuts were subject to become loose from the
vibration in working, so as to endanger the wheel, and to create a
difficulty in keeping it truly circular in form. To obviate this,
in 1824, I substituted gibs and cotters, on the same principle
as those which secure the piston rod of asteam engine, as shown
in figs. 100 and 101 : the ends of the arms are forged square, and
are fixed in sockets in the cast-iron centre and are there re-
tained by the gibs and cotters f, f in perfect security from the
danger of becoming loose.

The shrouds a, a consist of cast-iron plates cast in segments
with curved flanches to receive the bucket Fig. 104,
plates, which are attached to them by
bolts or rivets (d, d, fig. 104), and round
the inner periphery a projecting flanch
(b, figs 104 and 105) is formed for the
reception of the sole plates (¢). Fig. 104
is a side elevation, and fig 105 a section ;|-
of a large shrouding of this description, ,
15 inches deep. a a the cast-iron seg-
mental plate of the shroud; b the flanch
to which the sole plate ¢ ¢ is riveted;
d d the curved flanches and bucket plates ;
B the bucket. The segments of the shrouds
are bolted together by overlap joints,
J»Jj» shown also in section in fig. 106.
The overlap is placed on the bucket side
of the shroud to preserve a smooth face
on the outside of the wheel. The arms
are attached to the shrouds either by
riveting, or, according to my own prac-
tice, by dovetailing into recesses cast
upon the inner face of the shroud. Fig.
107* represents this arrangement in sec-
tion, and fig. 108 in plan. The ends of

* Figs. 104 to 109 are enlarged details of the Catrine Wheels, Plates I. and II.




122 ON PRIME-MOVERS.

the arm ¢ ¢ are forged into a T form, and are fitted into a similar
shaped recess on the shroud. To retain the arms in position, it

Fig. 105. Fig. 106.

e —
)
{ o
©00000606¢
e
is only requisite to give to the recess and T-head a dovetail, as
shown at d. The boss on the shroud must be tapered gradually

Fig. 107.

=

down, to avoid injury in casting from unequal contraction in
cooling. The arms are usually 2 to 24 inches in diameter for
almost all wheels, and the braces 1§ to 2 inches.

Tostrengthen the wheel laterally, diagonal arms, called braces,
Fig. 109. are used (g g, g 9, figs. 100 and 101), and where
the wheel is not of great width, these braces pass
— from the main centre on one side to theshroud on
the opposite side of the wheel, alternating with
the radial arms and fixed in the same manner
(fig 109). Where the wheel is broad I prefer
to attach the braces to a middle ring of cast-
iron, riveted to the interior of the sole plates
in their centre between the shroudings. This
ring strengthens the wheel in an important
degree, by supporting the bucket and sole plate
at their weakest part, where they are liable to
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: Fig. 110.
—_— -
= ]
! /
[ |
L |
\ ]
l\ \
/ BUCKET
‘} v 4 Y 1
Y
)i
SOLE o N PLAT K
r—1:'— e
LA~d

yield to the weight of the water. The middle ring is cast in
segments like the shrouding, ~.
and the braces are attached in [} . \_
the way already described. | Y
Fig. 110 shows the middle
ring of a wheel 20 feet diam.
and 22 feet broad.

The sole plates are of
wrought-iron, #th inch thick
(No. 10 Wire Gauge) riveted
together with lap-joints. The
buckets are riveted through- |}
out their whole length to the
sole plate by a bend at the
bottom, or in some cases by
a small angle iron (% %, fig.
104). For the further support
of the bucket plates, at every
two feet of their length they
are riveted to bucket stays
forming a complete ring of

- Fig. 111.
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auxiliary columns round the wheel at every two feet of its
breadth. These bucket stays may be of wrought-iron, turned,
with two collars, and riveted through each bucket plate, as at m,
fig. 104, or else of cast-iron, as at 8 s, fig. 111.

The overshot water wheel.—By the overshot water wheel was
originally intended that form of wheel in which the stream of
water was led over the summit of the wheel, and thrown upon it

T

AUNTNTRNRRY

P

just beyond the extremity of the vertical diameter. The water
is retained upon the wheel in troughs or buckets, and by its
weight continuously depresses the loaded side of the wheel so
as to create a motion of revolution. By a convenient modifi-
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cation of the mode of applying the water, however, the stream
was laid on to the wheel upon the same side as it approached,
by reversing the direction of the spout or sluice, and for this
form the name of pitch-back overshot wheel was employed.
In present use the term overshot is no longer used strictly, but
is arbitrarily applied to all wheels in which the water is laid on
near the summit, although high-breast is perhaps a more cor-
rect and descriptive designation.

The form of the overshot wheel, as constructed about seventy
to eighty years ago, is shown in fig. 112. The wheel revolves on
a cast-iron shaft a, with broad flanches to which the wooden
~ arms b, b are bolted, as shown in section fig. 113,* with wedges
between them to retain them in place. Fig. 118.

The water is brought from the dam and
carried to the summit of the wheel in a
wooden trough ¢ ¢, which is nearly hori-
zontal as in fig. 112, or has an inclined
apron or spout over the wheel, that the
water may flow with a velocity somewhat
greater than that of the wheel, so as not ;
to be struck by the back of the revolving !
float-boards, and thrown off the wheel.
This apron is usually made to incline at
an angle of about 15° with the course,
and is 18 or 24 inches long. A sluice
or shuttle d is generally placed at the
end of the pentrough, to regulate the discharge on the wheel.

Useful effect.—Thus provision is made for a constant supply
of water falling into the buckets at the summit of the wheel,
and by its weight constantly depressing the loaded side, whilst
at the bottom it is discharged with the same facility as it was
received. Owing to the form of the buckets, however, the
water begins to be discharged at a point considerably above the
bottom of the wheel, and thus escapes before it has performed
all the work due to the fall. The amount of this waste may be
reduced—

1. By adopting a curvilinear form of bucket.

* In earlier wheels, in which the main axis is of wood instead of iron, the prin-

cipal arms are usually placed in parallel pairs extending across the main axis to
the shrouding on either side.
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2. By only partially filling the buckets.

3. By a close-fitting breast to retain the water on the wheel.

But when decreased as far as possible, this waste is still an
important item in the performance of the wheel, and hence the
useful effect secured is never equal to the work of the water due
to the space through which it falls, The fraction expressing the
percentage of useful effect derived from a given quantity of
power expended by the water is called the efficiency of the
machine, and is found by the formula—

100v 100wk
="uw T w=
mwWH
U= 700

where m is the efficiency of the machine per cent.; w the work
of the water employed per minute, or the weight w of the
water in pounds multiplied by the fall & in feet, measured from
the surface of the water in the pentrough to that in the tail-
race; U the useful effect of the machine, or the pressure p in
pounds moved by the working point of the machine, multiplied
by k, the space in feet through which this point is moved per
minute, or the number of pounds raised one foot high by the ma-
chine per minute. In ordinary overshot water wheels, the useful
effect amounts to about 60 per cent. of the power; or a supply
of 12 cubic feet of water per second will give one horse-power
for every foot of fall. In the improved iron high-breast wheels,
as I have been in the habit of constructing them, the efficiency
amounts to 75 per cent., in which case 10'8 cubic feet of water
per second will give one horse-power per foot of fall. This is
about a maximum effect for water machines, and hence the
improved high-breast wheel may be considered as nearly perfect
as a water machine.

The waste of water from spilling may to a certain extent be
reduced by decreasing the opening of the buckets, but with the
disadvantage of at the same time increasing the difficulty of
the exit of the water at the bottom of the wheel, and of its
entrance at the summit. The waste may be further lessened in
an important degree by increasing the breadth of the wheel
and the capacity of the buckets, but in general it is not ad-
visable that the buckets should ever be more than two-thirds
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filled with the average supply of water. The buckets then reach
a much lower position before they begin to discharge than when
they have been nearly filled. The third means of preventing
the spilling of the water is by a curved breast fitting closely to
the wheel, as shown in fig. 112, g g, and serving, when ac-
curately fitted, to retain the water on the buckets. With low
falls this breast is of considerable importance, and secures a
considerable increase of efficiency. But with large wheels for
high falls, with small openings in the buckets, it is of no value,
and does not compensate for its cost, when the buckets are
made of the best form, so as to retain the water as long as
possible upon the wheel ; and in these cases the breast is in-
variably dispensed with.

The pitch-back wheel.—The most important modification of
the old overshot wheel is known as the pitch-back wheel,
in which the course of the current of water is reversed in
the pentrough, and laid on the wheel from the same side at
which it approaches. In old wheels it was essential, as the
wheel generally worked more or less frequently in back water,
that the tail-race should always lie in the same direction as the
revolution of the wheel. Hence when the position of ths
waste water culvert was fixed by other circumstances, it often
happened that the millwright was driven to the use of the
pitch-back wheel to meet the conditions of the case, and the
advantages of this form of wheel were thus forced on his notice.
It was perceived that by increasing the diameter of the wheel,

" the water might be laid on at a distance from the summit, and -

it was shown theoretically that a larger useful effect would be
secured by laying it on at about 25° to 30° from the summit,
than if it took the water over the top. And in this way, when
the introduction of iron gave sufficient facility for the con-
struction of wheels of large diameter, the high breast wheel
was adopted, aud has maintained its ground to the present time
as one of the most perfect and economical machines.

. Direction of tail-race—It is no longer necessary that the
flow of the tail water should be in the direction of the
wheel’s revolution. On the contrary, I frequently take it
in the opposite direction or at the side, according as the
circumstances of the case determine the position of the
wheel, and the point. of discharge. The old plan of setting
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. the wheel parallel with the

stream is no longer requisite,

. provided proper care is taken

to give a sufficient outlet to
the water. To effect that ob-
ject it is essential to sink the
bottom of the tail-race two or
two and a-half feet beneath
the bottom of the wheel, and
that depth should be con-
tinued to the river, so as to
form thetail-raceinto a canal,
withthe water flowing gently,

_and with a comparativelyslow

motion from the wheel. In
this arrangement the bottom
of the wheel, when standing
in an ordinary condition of
the river, is 8 or 9 inches
above the water in the tail-
race, so that its motion can-
not be impeded, and there is
left ample space for the rise
occasioned by the continuous
discharge from the buckets
during the working of the
wheel. To show how imma-
terial is the direction of the
tail-race, I may add that I
havein some cases formed the
tail-raceinto an underground
tunnel, in the shape of an
inverted syphon. Fig. 114
shows this arrangement as
adopted for a mill in 1832, to
secure an increase of fall. A
shows the wheel and wheel-
house, in which originally the
wheel was 24 feet in diameter,
the fall 22 feet, and the tail-

e e
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water conveyed direct into the river Eagley, at B. When
replacing this wheel by a new one, it was found that by taking
advantage of a bend in the river, and conveying the tail-water
to ¢, an increase of about 6 feet of fall could be obtained.
Hence a wheel 32 feet in diameter was adopted, with a fall of
28 feet ; and for the tail-race a tunnel D p was constructed,
nearly a quarter of a mile long, and passing under the bed of
the river at B, 8o as to meet the stream on the other side of the
field at . The substratum being composed of hard rock and
shale, afforded every facility for the drifting of the tunnel, and
when complete, the flow of water through it was so exceedingly
sensitive, that only a few gallons falling from the wheel into
the trumpet mouth at A, immediately caused a perceptible
discharge into the river at c, at a distance already stated, of
nearly a quarter of a mile. The perfect success of thisarrange-
ment caused its adoption in other cases, where the conditions
were favourable for carrying it out.

The Catrine High-breast Wheels.—Plates 1. and II. illustrate
the construction of the improved iron high-breast wheel as applied
at the Catrine Works in Ayrshire, between the years 1825 and
1827, on a fall of forty-eight feet. Taking into consideration
the height of the fall, these wheels, both as regards their power
and the solidity of their construction, are even at the present
day among the best and most effective structures of the kind
in existence. They have now been at work upwards of thirty
years, during which time they have required little or no re-
pairs, and they remain nearly as perfect as when they were
erected.

It was originally intended to erect four of these wheels
at the Catrine Works, but only two have been constructed.
Preparations were made, however, for receiving two others in
the event of an enlargement of the reservoirs in the hill dis-
tricts, and more power being required for the mills. This
extension has not as yet been wanted, as these two wheels are
working to 240 horses’ power, and are sufficiently powerful,
except in very dry seasons, when they are assisted by auxiliary
steam-power, to turn the whole of the mills.

Plate L is a plan of the wheel-house, showing the position of
the wheels, and the arrangement of the main gearing. The

PART L X
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first pair of wheels is shown in section, to exhibit the main axle,
arms, braces, spur segments, and pinions. The other pair are
shown-in plan, one exhibiting the buckets, and five rows of
bucket-stays, while the pentrough, sluice, and regulating gear
are shown on the other. It will be seen that the motion of
each pair of wheels is transmitted through a common pinion
shaft, and thence by another pinion and spur-wheel, by which
the velocity is increased to the first motion shaft of one mill,
whilst between the two pairs of wheels there is the first motion
shaft of another mill geared into the preceding shaft by a pair
of large bevil wheels.

Plate II. is an elevation of the wheel-house, with the masonry
for supporting the wheels, tail-race, tunnel, &. The right half
of the wheel is shown in section, and the left half in elevation,
and there is a section of the pentrough, sluice, and plates, to
guide the water into the buckets.

The following are the references to the different parts of the
wheel : —

A, main axis.

a a @, arms. ¢, segments.
b b b, braces. d, joints of segments.
B, pentrough. '
e, sluice with racks. J, pinion connected with
governor.
¢, tunnel running through the wheel-house, and actmg as the
tail-race.
D, pinion gearing into internal segmental spur-wheel on
shrouds.

E, wheel on the same axis as p,and communicating the power
' to the pinion ¥ on the first motion shaft.
@, galleries to obtain access to the pentrough and other parts
of the wheel.

The water is brought from the reservoirs in a tunnel 10 feet
in diameter through the hill part, and thence in a conduit 12
feet wide, and 5 feet deep, arched over. The reservoirs cover
120 Scotch acres, of an average depth of 8 or 10 feet, giving
storeage room for a large supply of water; and the sill of
the reservoir sluice, from which the aqueduct bottom is carried
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level to the pentrough, is 16 inches above the lowest overflow of
the sluice on the wheel ; hence in dry seasons the water may be
drawn off to within 16 inches of the bottom of the lade. At
the same time the pentrough is made of a depth of 6 feet, in
order that in seasons of plentiful supply the water may be
drawn off at the highest level, and the entire fall, as far as
possible, rendered effective.

The total supply of water requisite to work the mills when
the wheels were started was about 60 tons or 2,150 cubic feet
per minute, the wheels revolving at a circumferential velocity
of 4 feet a second, or 182 buckets passing each sluice per

2,150
182 x 2

nearly for each bucket of the wheels. The whole capacity of
each bucket is 17} cubic feet, hence when thus working the
buckets were just one-third filled.

- When working to their full power of 240 horses, however,
the fall being 48 feet, this pair of wheels would require,

100 x 33,000 x 240 :
= 2 f
75 x 2,240 x 48 98-2 tons of water per minute,

if we suppose the useful effect to be 75 per cent. of the water
power expended. Now if we take the circumferential velocity
at 5 feet per second, at which the wheel should then run, this
777 _ 10
1725~ 22
or one-half nearly, as the ratio of the quantity of water in the
buckets to their capacity.

Between these limits these water wheels act effectively and
economically.

The wheels are 50 feet in diameter, 10 feet 6 inches wide
inside the bucket, and 15 inches deep on the shroud; the
buckets are 120 in number, and have an opening of 6 inches;
the internal spur segments are 48 feet 6 inches diameter, 3}
inches in pitch, 15 inches broad, and have 560 teeth. The
pinions are the same width and pitch, and are 5 feet 6
inches in diameter. The intermediate wheel between the
pair of segment pinions is 18 feet 3% inches in diameter,
16 inches broad, and 3} inches pitch; and the large bevil-

K 2

= 59 ft. or 6 cubic feet of water

minute. This gives

would give 7-7 cubic feet of water per bucket, or
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wheels are 7 feet in diameter, 34 inches pitch, and 18 inches
broad on the cog,so as to be of sufficient strength to convey,
if necessary, the united power of the four water wheels.

When viewed from the entrance, the two wheels already
completed have a very imposing effect, from their elevation on
stone piers. And as the whole of the cisterns, sluices, winding
apparatus, galleries, &c., are considerably elevated, they are
conveniently approached in every part. Under the wheels
there is a capacious tunnel, terminating at a considerable dis-
tance down the river and conveying away the tail-water from
the wheels. «

TABLE OF SPEERDS.
Water wheel 50 ft. 0 in. = 1'6 revolutions = 4 ft. per second.
Diameter. Revs. Diameter. Revs.

Segments, 48 ft. 6 in. and 1-6 into wheel 5 ft. 6 in. = 13-3 of shaft.

Wheels A, 18 ft. 33 in. and 13-3 into pinion 5 ft. 6 in. = 44 of main shaft to mill.
Wheels B, 7.0 in. and 44 into wheel 7 ft. 0 in. = 44 of shaft to new mill.
Wheels S, 6ft. 9 in. and 44 into wheel 4 fi. 0 in. = 63 of upright in new mill.

The journals of the main axes of the water wheels and of the
pinion shafts are 14 inchesin diameter. The first motion shafts
are 13} inches in diameter, and of an average length between
the couplings of 19 feet.

. The maximum fall may be estimated at 48 feet 9 inches.
The distance from the bottom of the wheel to the floor of the
tail-race is 3 feet 6 inches, the average depth of tail-water 2
feet, and the distance from the floor of the tail-race to the level
of the water in the reservoirs is 50 feet 9 inches.

I have been more particular in describing these wheels, as
they are the first erected upon the principle of concentration
and combined action. In former cases it had been the custom
to erect the wheels near where the work was required, so that
it was not unusual to have three or four wheels at a short
distance from each other, working independently. This was
the case at the Catrine Works before the large wheels were
erected. It was found desirable, however, in extending the
works, to have the whole power concentrated in one wheel-house,
with a uniform fall, so as to simplify the transmission of the
power to the different parts of the mills. This was effected in
the manner already described with great success, and the result
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has been a continuous and efficient supply of power from 1827
to the present time.

Immediately following the erection of the Catrine wheels,
those of Deanston, belonging to the same proprietary, were
commenced. The Deanston Works were designed upon a much
larger scale than even those at Catrine, as it was intended to
erect eight powerful water wheels instead of four, as in the

Fig. 115.
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works in Ayrshire. The Deanston Works were erected with
two water wheels in the bottom room of the factory about the
year 1780, and came into the hands of their present proprietors
about 1798 or 1800. After the completion of the alterations in
Ayrshire, a similar concentration of the power was desired for
Perthshire, and I was requested to prepare both for a renewal
of the old wheels and the erection of new ones on a larger and
more comprehensive scale. In obedience to these instructions,
an entirely new site was selected for the water power, close to
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the old mills on the River Teith, and provision made for an
increased fall, and an improved application of the water power.

The new wheels as then designed were eight in number, and
were placed together in a rectangular building adjoining the old
mill, but arranged to afford power to an entirely new establish-
ment surrounding the wheel-house, according to the annexed
plan (fig. 115), in which the centre building A is the wheel-house,
and the buildings B B B B, surrounding it on all four sides, and
three stories in height, contained the machinery driven by the
wheels. From this design it will be seen how the power,
amounting to 800 horses, was given out on each side by the
shafting a @ @ a, radiating from the centre of the wheel-house
at right angles to the mills on every side. Another shaft was
extended in an underground tunnel to the old mill, where it still
gives motion to the machinery in that portion of the works.

It is much to be regretted that this design was never carried
out in its integrity; but the late Mr. James Smith, so well
known as the inventor of the subsoil plough and many other
ingenious contrivances, altered the plans after having raised one
side of the new mill to a height of one story, when unfortunately
it was abandoned for a much less convenient and less perfect
structure. S

As respects the water wheels, the two first were erected by
myself—then in partnership with my much respected friend,

Mr. James Lillie—and the last two by Mr. Smith, who, with the

Cotton Mills, hassince carried on considerable engineering works.
The remainder have never been erected. There were, however,
several novelties in the arrangement of these wheels which it may
be desirable to describe at greater length. The River Teith is
the principal feeder, and falls into the Forth about a mile above
Stirling. The supply in ordinary seasons is about 260 cubic
feet per second, and for many months in the year more than
double that quantity. The original fall was about 18 feet; but,
by the erection of a weir higher up the stream, and the con-
struction of a canal three-quarters of a mile long, it was increased
to 33 feet, s0 a8 to afford, exceptin very dry seasons, nearly 800
available horses’ power. Of late years this has been increased
by a copious supply from Loch Vennaquar, the surface of which
has been raised at.the cost of the Corporation of Glasgow, as a



ON THE CONSTRUCTION OF WATER WHEELS. 135

compensation for the water taken from Loch Katrine, which
falls into the Teith for consumption in the city. From Loch
Vennaquar, therefore, there is a continuous supply at all seasons.

The augmentation of the fall from 18 to 33 feet nearly
doubled the power for the mills, and also the supply of water
which was conveyed direct from the weir to the new wheels in
the rectangular building. The water flowed into a wrought-
iron pentrough 4, fig. 116, supported on iron columns, and
delivered the water into the wheels on each side. The wheels
were 36 feet in diameter, and of the same construction as

Fig. 116.

those at Catrine. Those on one side of the pentrough, d d d d,
gave off their power by an internal spur gearing, and those
on the other, ¢ ¢ ¢ ¢, by an external spur gearing on the shrouds
of the water wheels; the shafts carrying the pinions, b b,
gearing into the water wheel segments, carried also a spur-
wheel, f f, 18 feet diameter, gearing into a common pinion
g. Thislast pinion was on the central shaft, a a, passing along
the centre of the wheel-house, and giving off motion to the
shafts @ & by the bevel wheels %, at the centre of the wheel-
house (fig. 117).
Water wheel, 4:1526 ft. circumferential velocity = 2-203 revolutions.
Ft. in. Revs Ft. in, Revs.
Segments, 33 8} and 2:203into 5 6 pinion = 13'569 cross shaft.

Wheels 5 5, 18 2} and 13:59 into 6 6 pinion =453 ofmain shaftto mill.
Wheels 6 0 and453 into 4 2} wheel = 66 of upright in mill

It will be observed that these high-breast wheels have the
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peculiar advantage of permitting the use of a sliding or folding
sluice, for the admission of the water, which can be adjusted to
a very variable fall. So that, at whatever height the water may
stand, the velocity at which it enters the wheel will be the same,
because it falls over the top of the adjusted sluice. But with
this advantage they are apt to become liable to the defect of
admitting the water with too much difficulty, a defect which
was remedied by the principle of ventilation, which I first in-
troduced in the year 1828, under the following circumstances :—

Ventilation of Water Wheels.—Shortly after the construction
of the water wheels for the Catrine and Deanston Works, a
breast wheel was erected for Mr. Andrew Brown of Linwood,
near Paisley. In this it was observed, that when the wheel
was loaded in flood waters, each of the buckets acted as a water
blast, and forced the water and spray to a height of 6 or 8 feet
above the orifice at which it entered. This was complained of
as a great defect, and in order to remedy it openings were cut
in the sole-plates, and small interior buckets attached, inside
the sole, as shown at b, fig. 111. The air ip the bucket made its
escape through the openings a, a, and passed upwards as shown
by the arrow, permitting the free reception of the water from
the pentrough. The buckets were thus effectually cleared of air
as they were filling, and during obstruction from back-water in
the tail-race the same facilities were offered for its re-admission,
and the free discharge of the water from the rising buckets.
The effect produced by this alteration would scarcely be credited,
as, in consequence of the freedom with which the wheel received
and parted with its water, an increase of power of nearly one-~
third was obtained, and the wheel, which remains as then
altered, continues, in all states of the river, to perform its duties
satisfactorily.

This difficulty in the admission of the water had often been
noticed by the early millwrights, and where it interfered with
the working of the wheel, their remedy was to bore holes for
the escape of the air in the sole-plate or the start of each
bucket. Thus, in his ¢Mechanical Philosophy,” Dr. Robison
gives a similar instance to that of Mr. Brown; a wheel 14 feet
in diameter and 12 feet wide was working in 3 feet of back-
water and labouring prodigiously ; three holes, each one inch

e W e kN o
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diameter, were made in each bucket, when the wheel ceased to
labour, and its power was increased one-fourth. The objection
to holes in the sole-plate or buckets is a certain spilling of the
water over the interior of the wheel, which cannot be avoided.
But it must be remembered that air being 800 times rarer than
water will escape through a hole at least thirty times faster with

Fig. 117.

the same pressure. Hence, the area for the escape of the air
may be made very much smaller than the opening of the bucket.

The amount of power gained, and the beneficial effects pro-
duced upon Mr. Brown’s wheel, induced the adoption of the
ventilating principle as a permanent modification of construc-
tion. The first wheel thus designed was erected at Wilmslow
in Cheshire, and was started in 1828. It was identically the
same with that shown in Plate III., and it was closely followed
by a further improvement, as shown in Plate IV.
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Close-bucketed wheels labour under great disadvantages when
receiving the water through the same orifice at which the air
escapes. When, asis frequently the case, the water is discharged
" upon the wheel in a sheet of greater depth than the opening
between two buckets, the air is thus suddenly condensed in the
bucket, and re-acting by its elastic force throws back the water
upon the orifice of the cistern, and thus allows the buckets to
pass imperfectly filled. A similar obstruction occurred when-
ever the wheel worked in backwater, the water being lifted
in the rising buckets, the mouths of which being under water
the entrance of air was effectually prevented ; and the deeper
the backwater the more completely they filled with water and
the greater became the difficulty in discharging. Many mill-
wrights to remedy this were in the habit of boring holes in the
sole near the start of the bucket, and of narrowing the spout
or sluice so as to leave room on each side of the buckets for the

escape of the air, means which to some extent remedied the

evil of the spilling and sputtering of the water, but in most
cases occasioned considerable waste of power, from the water
being driven through the openings and falling over the interior
of the wheel.

Other remedies have been attempted, such as circular tubes
and boxes attached to the sole-plates ; but these plans have been
generally unsuccessful, owing to the complexity of their structure
and the inadequate manner in which they attained the object
contemplated. In fact, in wheels of this description it has
been found more satisfactory to submit to acknowledged defects,
than to incur the trouble and expense of partial and imperfect
remedies. In the ventilated wheels about to be described, the
perfect escape of the air is effected by very simple means, and
great success has attended their application in situations where
interruptions frequently arise from excess of backwater or a
deficiency of supply.

Low-breast ventilated Wheel.—Plate IIL represents a front
and side view of a water wheel with ventilated buckets. Portions
of the shrouding and segments are removed in order to show a
section of the buckets, and the position in which they receive
the water.

A is the axle or ribbed shaft, supporting the two main axes,
¢ ¢, from which the wheel is suspended ; B B are the projecting
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sockets into which the ends of the malleable arms a @ and the
diagonal braces b b are keyed. The arms are 2 inches, and the
braces 1§ inches in diameter. » represents the buckets, with
the shuttle which regulates the admission of the water, and
which is made to slide downwards. Fr the termination of the
stone breast, and E the tail-race. This wheel, it will be seen, is
arranged as a low-breast.

The principle of the construction of the buckets is more
clearly shown on an enlarged scale in fig. 3, Plate IIIL., the sole-
plate being abandoned and the bucket plates bent round and
prolonged upwards so as to overlap one another, leaving an
opening, indicated by the arrows, for the escape of the inclosed
air. The bucket plates are connected together by tubular
ferules, or stays, through which a rivet is passed, and riveted
on each side.

The wheel should always, as in this plate, be placed above the
tail-water, and not, as in the older forms of wheels (fig. 112), be
carried down to the level of the tail-race floor; and the breast
of wood, iron, or stone, but usually the latter, which is of so
much importance for low falls in retaining the water on the
wheel, should break off about ten inches from the extremity of
a vertical diaméter of the wheel. In fact, the benefits of this
form of breast and tail-race are so great, they should be strictly
carried out where it is desirable to make effective use of the
fall.

In high-breast wheels of 25 feet in diameter, and upwards,
the breast is not required, as the buckets having narrower
openings, and their lips extended nearer to the back of the fol-
lowing buckets, retain the water longer on the wheel. In this
case the loss from spilling constitutes too small a percentage of
the power to compensate for the expense of a lofty and close-
fitting breast. In some cases the breasts have been composed
of iron and wood, but in the best constructed they are of ma-
sonry, and allow little or no space between them and the wheels.
It is, however, necessary to be cautious that extraneous matters
do not in that case gain admission to the buckets, as by jamming
between the buckets and the curb they might cause disaster.

The preceding statements, so far as relates to the method of
ventilation, have been principally confined to the form of
bucket and description of water wheel suitable for low falls. It
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will now be necessary to describe the best form of breast wheels
for high falls, or falls of from one half to three-fourths of the
diameter of the wheel. )

High-breast ventilated Wheel.—A water wheel of this kind,
constructed for T. Ainsworth, Esq., of Cleator, near White-
haven, is represented in Plate IV. It is 20 feet in diameter,
22 feet wide inside the bucket, and 22 inches deep on the
shroud. It has a close riveted sole, composed of No. 10 wire
gauge iron plate, and the buckets are ventilated from one
to the other, as shown on a larger scale in fig. 3. The fall is
17 feet, and the water is discharged upon the wheel by a
circular shuttle, A, which is raised and lowered by a governor as
circumstances require. By this arrangement the whole height
of fall is rendered available, and the water in dry seasons may
be drawn off three or four feet, in order to afford time for-the
dam to fill in the periods during which the mill is stopped.

The power is taken from each side by two pinions working
into the internal spur segments B B, and these again give motion
to shafts and wheels at ¢ ¢, which communicate with the
machinery of two different mills, at some distance from each
other.

Arrangement of Gearing.—The position of the pinion, or
the point where it gears into the spur segments on the water
wheel, whether internal or external, is of importance in every
water wheel, but pre-eminently so in those constructed on .the
suspension principle, which are indifferently prepared to resist
the torsive strain to which they would be subjected if the power
were taken from the unloaded arc of the wheel. Water wheels
of this construction, with malleable iron rods omly two inches
in diameter for their support, could not resist the strain, but
would twist round upon the axle, and destroy the wheel.

It is necessary, therefore, in every case, to take the power
from the loaded side of the wheel, as near the circumference as
possible, in order to throw the weight of the water directly
upon the pinion without transmitting it through a larger arc of
the wheel than is absolutely necessary. For this purpose the
spur pinion should be below the centre of gravity of the water
on the wheel, and therefore more or less below the extremlty
of the horizontal diameter.

In the old water wheels, where the power was generally taken
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"from the axle, the whole of the force passed through the arms
to the point, and afterwards by a pit-wheel by some multiplier
of speed to the machinery of the mill. In the improved wheels
this is no longer the case: the arms, braces, and axle have only
to sustain the weight of the wheel, and to keep it in shape, and
the power being taken from the circumference, considerable
complexity is avoided, and the requisite speed far more easily
obtained. )

Speed of Water Wheels.—I have usually made breast wheels
for high and low falls, with a velocity between 4 and 6 feet
per second at the periphery, and between these limits water
wheels may be worked with economy. But for a minimum
velocity I have taken 3 feet 6 inches per second, for falls of
from 40 to 45 feet, and for a maximum velocity, 7 feet per
second, for falls of 5 or 6 feet. The higher velocities, namely,
from 5 to 6 feet per second, are now very generally adopted for
the best constructed wheels, not indeed on the score of economy
in the expenditure of water, but for the purpose of obtaining
more easily the requisite speed under the variable conditions of
supply. In this climate, where the atmosphere is so much
charged with moisture, the rivers, for eight months in the year,
generally afford an ample supply of water. It is for this
reason that an increased velocity is given to the wheel, in order
to increase the power in average conditions of supply, so as to
work off the surplus rather than adapt the wheel to the minimum
expenditure. It would, however, be advantageous to increase
the capacity of the wheel, and work at a velocity of 4 feet, or
at most 4 feet 6 inches per second.

Area of opening of Bucket.—The width of the opening of
the bucket varies according to the point at which the water is
laid on. I have made them with openings as low as 4 inches
wide and as much as 20 inches, the first being for very high-
breast and the latter for undershot wheels, but ordinarily the
width is from 54 to 8 inches for high-breast and from 9 to 12
inches for low-breast wheels. In this matter the millwright
must exercise his own judgment, taking into account, 1st, the
quantity of water to be delivered upon the wheel; 2nd, the
position on the circumference at which the water is to be de-
livered, a wider opening being necessary for low-breast than for
high; and 3rd, he must consider whether the circumstances of
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the case in any degree limit the width of the wheel. The
width of the opening-must be measured perpendicularly to the
direction in which the water enters the wheel ; thus, in fig. 104,
2 z is the width of opening.

For high falls, the best proportion of the area of opening of
the bucket, that is, the width multiplied by the length between
the shrouds, is found to be such that 5 square feet of sectional
area of opening is allowed for 25 cubic feet capacity in the
bucket. But in breast wheels which receive the water at a
height of not more than 10 degrees above the horizontal dia~-
meter, 8 square feet should be allowed for the same eapacity.
With these proportions the depth of the shrouding is assumed
to be about 2 or 2} times the width of the opening.

The distance of the buckets apart, measured upon the ex-
ternal periphery of the wheel, I have been accustomed to make
from 1 foot to 1 foot 6 inches, low-breast being somewhat fur-
ther apart in general than high-breast. This proportion fixes
the number of buckets in the wheel according to the following
table : —

No. of Buckets
For wheels 10 feet diameter, from 20 to 30
” 20 ” ” 40 » 60
» 30 » » 60 ” 90
” 40 ”» » 88 » 120
” 50 ” » 120 » 160
» 60 » » 130, 180

In setting out the curve of the water wheel bucket in breast
wheels, a line @ b may be drawn cutting the external periphery
of the shroud at the point and in the
direction in which it is intended that
the water shall strike the wheel after
passing the guide plates of the pen-
trough sluice. If we then measure a
distance ¢ equal to the distance of the
buckets apart, and from the centre e draw
the radius d ¢, the line @ b will be nearly

" the direction of the lip of the bucket
and ¢ d the direction of its start, and the
curve must be drawn connecting these
lines according to the judgment of the
millwright, making some allowance for the velocity of the wheel

Fig. 118.
a
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The Shuttle.—The shuttle of these wheels requires a slight
notice. The front of the pentrough is of cast iron, in the form
of an arc closely fitting the periphery of the wheel, with an open-
ing extending from side to side for the passage of the water to the
buckets. This opening is made of such a breadth and is placed
in such a position that when the water in the pentrough is
highest it will flow upon the wheel near the top, and when the
water is lowest it will still be able to enter the buckets near the
bottom. This opening is then fitted with inclined guide plates,
arranged so as to prevent the water in entering striking against
the sole plate or the back of the succeeding bucket. Over the
guide plates is a door, or closely fitting sluice, which slides up or
down, according to the height of the water in the pentrough,
80 a8 to admit a thin sheet of water flowing over its upper edge
through the guide plates into the buckets of the wheel. By
this arrangement it will be seen that the water is always drawn
off at its highest level and the fall economised to the utmost
extent. Racks are fitted to the back of the sluice with pinions,
by which its position is altered, and the quantity of water flow-
ing on the wheel adjusted. .

In the Catrine wheel, Plates I. and II., the pentrough consists
of cast-iron plates bolted together and resting on beams sup-
ported on one side by the wall of the wheel-house and on
the other on columns.

Figs. 119 and 120 represent the water-wheel governor, a very
ingenious arrangement, similar in principle to that of the steam-
engine, but adapted in its details to a different purpose. It
consists of two heavy balls which in revolving take a position
further apart or nearer together, according to the velocity at
which they are driven. These balls are swung upon the vertical
revolving shaft 8 8 supported in the strong cast iron framing
A A A. Two cast iron brackets BB on either side of the frame,
and bolted to it, support between them a bridge ¢ c, passing
over the driving shaft and clutch box, on which the shaft s s
rests in a foot step. This vertical shaft is driven by the bevel
wheels r and @, the former of which is keyed on the driving
_ shaft b, which is hollow, to allow the shaft @ a connected with
the gearing of the sluice to pass through it. A third bevel
wheel g, is also placed on a hollow shaft, and is driven by the
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Fig. 120,

PART I,
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bevel wheel @, revolving of course in an opposite direction to
the first wheel r.

The governor balls with the radial arms and slotted ares f f
are of the construction usual in steam-engines, but the links 1/
carry a brass slide cc, so that,as the governor balls diverge, this
slide is drawn up along the vertical shaft, and as they approach
it falls. On the slide is fixed the eccentric cam d, shown also
in fig. 122 as seen in plan. This cam of course revolves simul-
taneously with the slide, balls, and vertical shaft 8. Attached
to the bracket B on one side of the framing is a bent lever
g g g carrying at its upper extremity a fork ¢ ¢, and near the
bottom a similar fork placed vertically, k, fig. 121. The upper

Fig. 121. Fig. 122.

fork is moved by the revolving eccentric d, the lower fork
moves a clutch box which slides backwards and forwards on
the shaft @ @, and engaging alternately with the bevel wheels
B2 and . When the motion of the wheel becomes too slow
the balls fall and bring the cam d in contact with a knee of
iron m in the upper fork ee; this causes the clutch » » to be
thrown into gear with the bevel wheel H, and the clutch being
keyed so as to slide on the shaft @ @, causes that also to re-
volve and the sluice or shuttle to be lowered. On the contrary,
when the motion of the wheel ig too rapid, the balls diverge,
the cam d is raised and strikes the upper knee m ; the clutch

' is then thrown into gear with ¥; the shaft @ a revolves in the

opposite direction and causes the shuttle to be raised. At other
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times, when the motion does not require adjustment, the clutch
is disengaged from both wheels and the whole of the winding
apparatus is stationary.

This arrangement of governor is exceedingly compact and
effective, and a great improvement on the original condition in
which I first found it, with rollers and reversing pulleys. It is
free from the objection to which those governors are open
which directly bring the sluice gearing into operation and
retain it so by their momentum.

As examples of the speed at which this part of the machinery
is worked, I subjoin a few examples that are working success-
fully: —

Governor shaft, . . 36 revolutions per minute.
Rack shaft, from 00314 to 0-058 revolutions per minute.
There is usually a worm on the shaft a a, working into a
wheel on a cross shaft; on the cross shaft a second worm
“working into a wheel on the rack shaft; and a small pinion
8 inches in diameter on the rack shaft gears into the rack upon
the sluice. This rack should be jointed to the sluice at the
middle, and should be of such a length that the rack shaft and
pinion can be placed out of water above the pentrough. But
the details of the gearing and shafting by which the motion of
the governor is transmitted to the sluice vary with. the posi-
tion of the governor and the circumstances of each particular
locality, and they must therefore be left to the millwright’s
own judgment. Only it is important to observe that the motion
of the sluice should in every case be slow, as in the above ex-
amples, or the acceleration or retardation in the supply of water
will cause an irregular motion first faster and then slower in the
wheel, conditions inadmissible where machinery is employed.

In designing a water wheel the first important consideration
‘is the height of the fall; this taken in conjunction with the
intended outlay will fix the diameter of the wheel. We must
next determine the form of bucket as already detailed. Then
the quantity of water per second in cubic feet must be ascer-
tained, and this will determine the necessary capacity of the
bucket and the consequent breadth of the wheel. Here we have
to consider also, 1st, that the bucket is not to be more than
one-third or one-half filled; and, 2nd, the rate of revolution of

L2
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the wheel which determines the number of buckets passing the
shuttle per secorid. (p. 140.)

Suppose a wheel, having 5 feet peripheral velocity per second,
supplied with 3,000 cubic feet of water per minute, and the
breadth of which has to be determined so that the buckets
shall be only one-half filled : —

" Let depth of shroud = . . . 14 inches
distance between buckets = . . 14 inches
section of water in bucket when full,

at the pentrough = . . . 144 sq. ins.
Here five buckets pass the sluice per second, and each must
3,000

5 x 60
are to be only one-half filled when containing this quantity of
water, hence their capacity must be 20 cubic feet. Their
sectional area is 1 square foot, and hence 20 feet is the breadth
necessary for the wheel.

The table on pp. 148, 149, of the proportions of water wheels
which I have constructed, may afford aid to the engineer and
millwright designing wheels, in their adaptation to different
heights of falls, quantity of water, &ec.

contain

= 10 cubic feet of water per second ; but they

£ —
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CHAPTER 1V.

ON THE UNDERSHOT WATER WHEEL.

BeroRe the introduction of iron, undershot water wheels were
frequently employed, and. were in almost every instance con-
structed with strdight radial floats, as in the annexed sketch,
the water being discharged against the float-boards, as it rushed
with considerable velocity underneath the shuttle. This was
the invariable practice down to Smeaton’s time even, the prin-

Tig. 123.

ciple being to employ the impulse of the fluid stream, and not
its gravity or weight. Indeed, there appeared to be an im-
pression that this was the more effective and economical mode
of application, and probably arose out of the circumstances
of the original employment of water as a moving power. The
earliest wheels of which we read are undershot wheels placed
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between two boats in a flowing stream, and driven by its im-

pulse, and in Smeaton’s own time the works for the supply of

water to London obtained their power from some magnificent

examples of precisely similar wheels, placed in the tidal stream

rushing between the clumsy piers of the old London Bridge.

In the old time it was no doubt an advantage to have the prime-

mover working at a considerable velocity, and an overshot wheel

Fig. 124, will not do this -effectively.

Hence wheels were sometimes

built of the form shown in fig.

> 124, the water being carried

= down from the top of the fall so

» as to strike the radial floats of

the wheel at a very high velocity.

Such a wheel is described in
..... Z Smeaton’s reports.

The earliest great advance in_the perfecting of the water
wheel was effected mainly by Smeaton, and we owe to him the
first experimental inquiries on the effect and proper velocity
and proportions of water wheels. In all the various applica-
tions of water, experimental researches have hitherto been the
principal means of advance, and in no department has more
labour and talent been expended in such enquiries; the result
is, that our hydraulic machinery of the present day is as perfect,
and yields as high a proportion of the power to the actual fall of
water, as we can ever hope to obtain.

In my own practice I have been accustomed to employ water
even for very low falls, solely by gravity, using the arrangement
already described, as a low breast wheel, when treating of ven-
tilation, and which is shown in detail in Plate III. This wheel
is 16 feet in diameter, 17 feet 6 inches between the shrouds,
and is adapted to a fall varying from 5 to 8 feet, according to
the condition of the river. The water flows into the wheel at
its highest level, over a sliding sluice of precisely the same
construction as in high breast wheels; it is retained in the
" buckets to the bottom of the fall, by the cast-iron and stone
breast fitting accurately to the edge of the buckets. The ad-
vantages of this construction are manifest, as the water expends
its full force on the wheel from the very top of the fall, the
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buckets being well ventilated, and having a curvature adapted
to the position in which they receive the water. By these
means, a greatly increased duty is obtained as compared with
the wheels with radial floats acted upon by impulse or gravity,
or by both. Besides, with this form of wheel, the spider or
suspension principle of construction, may be adopted, and the
power taken off at once from an internal segmental spur-wheel,
placed on one of the shrouds, and a high velocity at once ob-
tained, independently of multiplying gear. The advantages of
this form of construction in iron wheels are very great, and,
when combined with an economical application of the water,
they form a machine probably as effective as any which can be
employed for falls of not less than five feet.

Radial float wheels, however, constructed of wood are still in
use, and the most important directions in respect to these
appear to be to make the depth of the floats large, as compared
with the thickness of the lamina of water which strikes them ;
to place the sluice as close as practicable to the floats; to con-
tract somewhat the aperture of the sluice, and to expand the
tail-race immediately beyond the vertical plane passing through
the axis, to allow the water escaping from the floats to diffuse
itgelf in the tail-race, and pass freely away. These directions,
with the following practical formula for fixing the diameter of
the wheel, we have from the dissertation on water wheels in
the Engineer and Machinist’s Assistant.

Let u = the velocity of the extremity of the floats; N the
number of turns desired per minute; kA = fall in feet. Assume
w =24 4+ h for a maximum effect, then the diameter ex-
pressed in terms of the velocity and height of fall will be

191 x 24 J h = ﬁ ~ hnearly. Thus supposing the height

of fall = h =4 feet, number of turns required per minute

6
= N = 8; then the diameter = %— + 4 = 11} feet nearly.

Twelve to twenty-five feet is the usual range of diameter for
undershot wheels, and the same writer considers 12 to 16 feet
to be the most effective ; in my own practice, I have found
from 14 to 18 feet perform the best duty. Feathering, or in-
clining the floats, does not appear to increase the useful effect.
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4 -
The number of floats is usually equal to§ d + 12, where d s

the diameter in feet. The thickness of the vein of fluid striking
the floats may be from 6 to 9 inches, and the depth of the
floats from 18 inches to 2 feet.

M. Poncelet, one of the first authorities on Hydraulic ma-
chines, and the first writer on Turbines, has contrived a very
important modification of the undershot wheel, which has been
used on the Continent with very good effect. A series of ex-
periments led him to the conclusion that the floats should be
curved instead of plane, and he deduced that for these wheels
the velocity which gives a maximum effect was equal to 055
the velocity of the current, whilst it may vary from 05 to 0-6.
He found the dynamic effect to vary from 50 to 60 per cent.
of that of the water, being better for small falls with large
openings at the bottom of the flood gate, and less for deep falls
with small openings.

For describing the curve of Poncelet’s floats, let ¢ ¢ be the
external circumference, and a r
the radius of the wheel ; take a b
=1 to 1 the fall, and draw the
inner circumference of theshroud-
ing; let the water first strike the
bucket at the point ¢ and in the
direction d a, draw a e perpen-
dicular to d a, so that the angle
e a r will be from 24° to 28°
Take on a ¢, f g = 1 a f, and

%=¢ from centre g, with radius g a,
describe the curve of the float.

Fig. 126 represents a good example of Poncelet’s wheel. The
width of the opening should be contracted somewhat towards
the wheel 80 as to assume the form of the fluid vein, and the
bottom may be at first inclined 1; to 4%, to give the water a
greater impetus on the wheel, but over a breadth of 18 or 20
inches at the extremity it should be made to a curve very
accurately fitting the periphery of the wheel.

So also the tail-race may be expanded in width and depth to
keep the wheel clear of backwater. The buckets are made of
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wrought iron of the requisite curve, riveted to the shrouds on
each side, and the sole plate is altogether dispensed with ; as no
resistance is opposed by the air, the buckets are made more

Fig. 126.

numerous than in breast or undershot wheels, and as the wheel
carries no weight of water, it may be made comparatively light.
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For the number of buckets for wheels of from 10 to 20 feet in
diameter, we may take

8
Thus for a wheel 15 feet in diameter,
nom s XI5+16—40

The wheel shown in the figure is 16 feet 8 inches in diameter,
and 30 feet wide, and is driven by a fall 6 feet 6 inches high,
yielding 20,000 cubic feet per minute. With a circumferen-
tial velocity of 11 or 12 feet per second, it afforded 140 horses-
power.

This wheel gives a useful effect of 50 to 60 per cent. of the
water power employed when well constructed, and may be used
with advantage for falls not greater than about 6 feet. Above
this the low breast wheel is certainly more advantageous and
costs less.

Poncelet made some experiments on wheels of this class, with
the friction break. The wheel was 11 feet diameter, 28 inches
wide, and with 30 floats. He found the efficiency equal to 52
per cent. when the ratio of the velocity of the wheel to the
water was 0°52. Morin has also experimented on these wheels,
and for falls of from 3 to 4} feet, with sluice openings of 6, 8,
10, and 11 inches, he found the efficiency 52, 57, 60, and 62
per cent. respectively.*

* In a conversation with General Poncelet on this subject I found that the
wheel which bears his name gives a duty of nearly 60 per cent. of the water em-
ployed. This is about the same as my own wheel with ventilated buckets for low
falls, where the sole is entirely dispensed with. There is, however, this dif-
ference, namely, that in the Poncelet wheel the water is discharged upon the floats
from under the sluice, whereas, in that of the ventilated wheel, it is discharged
into buckets over th e sluice from the upper surface of the fall.




157

CHAPTER V.
ON TURBINES.

It will be impossible in the present work to enter into details
on the theory and construction of the immense variety of prime-
movers known under the name of turbines, the development of
the principles of which we owe chiefly to continental mathe-
maticians. Two varieties of horizontal wheels or turbines have
long been-employed on the Continent, which, although ill-devised
and ineffective, yet presented evident advantages in their small
size, cheapness, and simplicity of construction. These are known
in France as roues d cuves and rouets volants, the former being
a small wheel revolving on a vertical axis, and having inclined
curved vanes or buckets arranged radially. It is placed in a
pit so that the water passing vertically through it should act by
pressure and reaction on the buckets. The rouet volant differs
from this in having the water applied to the wheel at a small
part only of the periphery, so as to drive the wheel by impulse.
These wheels of from 3 to 5 feet in diameter with nine to twelve
buckets are usually made of cast iron, and fixed upon a lever
foot bridge, so that they can be slightly raised or depressed.
The running millstone is fixed on the upper extremity of the
vertical axis, so a8 to obviate the use of any gearing or belting.
In regard to efficiency, the roues a cuves yield about 27 per
cent. and the rouets volants about 30 to 40 per cent. of the
water used.

General Poncelet was the first to demonstrate the principle
and superior advantages of the turbine, and in 1827 M. Four-
neyron recalled public attention in France very forcibly to the
construction of the horizontal wheels by a turbine very happily
conceived and executed. For this invention he received in
1833 a prize of 6,000 francs; and the principles of his machine
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have been investigated, and its superiority proved, by the ablest
continental experimenters on hydraulics. In its present form
it is equal in efficiency to the best hydraulic machines, and in
many circumstances is very advantageously employed. Since
then the manufacture of these turbines in countries where
water power is much depended upon has assumed considerable
importance, and very numerous modifications of its form and
construction have been adopted.

1. Turbines in which the water passes vertically through
the wheel.

Wheels of this class are composed of two annular cylinders,
the upper fixed and the lower revolving on a vertical axis. The
upper is fitted with guides to direct the water most effectively
against similar curved vanes or buckets, turned in the opposite
direction, in the lower wheel. The water passes from the re-

. Fig. 127. servoir or cistern placed over
B the upper cylinder, vertically
downwards, acting on the re-
= Volving wheel by pressure as it
glides over the surface of the
vanes.
Burdin about 1826invented
a turbine of this description
(turbine & evacuation alter-
native), the efficiency of which
was as much as 67 per cent.
of the water power expended.
Fig. 127 represents Feu
Jonval’s turbine (known also
as the Koechlin turbine). The
fixed wheel is shown at A A,
the revolving wheel at B B.
The wheels consist of cast-iron
rims, having wrought-iron
guides grooved and riveted
to them. The running wheel
is keyed on the shaft cc,
which is supported on a step
D, firmly ﬁxed by screws on the cast-iron bridge attached to the
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cylinder forming the tail-race. The regulation of the water is
effected partly by a valve E resembling the throttle-valve of a
steam-engine and placed beneath the wheel, or in some cases
by a sluice at the opening of the conduit into the tail-race.
This method, when much variation of power is required, reduces
the efficiency of the wheel, but it has the merit of great sim-
plicity and facility of construction. In the construction repre-
sented the vane carries outside the cylinder in which it is placed
a wheel, acted on by a worm from a hand-wheel placed at any
convenient point above the upper cistern. There are also em-
ployed movable divisions by which part of the inner periphery
of the revolving wheel is enclosed, and the water passes through
a narrower annular aperture on the external periphery. This
arrangement is said to have operated effectively in America, so
that a wheel giving 60 H.P. in wet seasons can work at 40
H.P. in dry seasons, without losing more than 15 or 16 per
cent. of its efficiency.

These wheels are placed in an air-tight cylinder, for low falls
at a depth of 4 to 6 feet below the surface, and for high falls
at a distance not exceeding 30 feet above the level of the water
in the tail-race, when lowest ; so that in the upper part of the
fall the water acts by pressure, in the part below the wheel by
suction ; hence, there is no inconvenience from backwater be-
yond the inevitable reduction of fall, and the waste water may,
if necessary, be conveyed in an air-tight pipe to any convenient
point of discharge, only taking care that its mouth be under
water. In case.of break down the wheel is very easily ren-
dered accessible. These wheels are said to yield 75 per cent.
of the power expended on falls above 12 feet.

Fig. 128 represents part of a similar turbine by M. Fromont,
which received the Council Medal at the Great Exhibition of
1851. It differs from the last in the method of regulating the
water, and is known as M. Fontaine Baron’s turbine. A number
of sluices 8 8 are suspended in the fixed wheel by wrought-
iron rods, and are raised or lowered simultaneously by means of
wheel-work, so as to open or contract the orifices for the passage
of the water. In awarding a medal to this turbine, the jury
made the following remarks on its merits :—¢ 1st. It occupies a
small space ; 2nd. Turning very rapidly, it may, when used for
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grinding flour, be made to communicate the motion directly to
the millstones; 3rd. It works equally well under great and

Fig. 128.

small falls of water ; 4th. It yields, when properly constructed,
and with the supply of water for which it was constructed, a
useful effect of 68 to 70 per cent., being an efficiency as high as
any other hydraulic machine; 5th. The same wheel may be
made to work at very different velocities, without materially
altering its useful effect.’— Reports of Juries.

Fig. 129. In designing a wheel of
this description, we must
take a distance a b equal
to the distance between
6:29 x radiuns

No. of vanes’
. Take the angle a b ¢ = 15°
to 20° and draw a ¢ per-
pendicular to ¢ b. Lay off

the floats, or

d ¢ f equal to S—ZLB s where & is the angle a b ¢, and B is taken

arbitrarily equal to 100° to 110°. Bisect ¢ f in e, and through
e draw g d perpendicular to ¢ f, and cutting ¢ din d. From d
with radius d ¢, or d f, draw the arc to which ¢ b will be
a tangent. For the guides, take the angle f & k = a, so that

1
Cot a = Cot B+m

draw f m perpendicular to h k, cutting the top of the guide
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wheel 7 0 in n ; from n draw an arc, touching % k. These di-
rections are from Weisbach.

In America the Koechlin turbine has been experimented upon
by the Franklin Institute, with the following results:—The
turbine experimented upon is intended to afford 7 horse-power
under a fall of 10 feet. It is 21} inches in diameter, 34 inches
deep, and intended to make 190 revolutions per minute, giving
634 revolutions of a horizontal shaft to which it is geared 3 to 1.
To this shaft was attached a Prony dynanometer, whose lever
was 7+96 feet long, giving 50 feet circumference.

Experiment No. 1.—The discharge over a waste board in the
tail-race gave the following data for calculating the discharge :—
L = width of waste board = 383 feet, A = depth of water on it,
0-74. Then Q =383 x 3-83 x *74 /64 x ‘74 = 7°468 cubic feet
per second. Hence the theoretical power = 7°468 x 625 x 9:34
x 60 = 261,537 foot-pounds per minute, = 7°92 horses-power.

It was found that at 63 revolutions per minute of the hori-
zontal shaft 63 1bs. balanced the lever. Hence the power de-
veloped by the wheel was 63 x 63 x 50 = 198,450 Ibs. = 6:014
horses-power.

Experiment 2—The gates from the head-race were so far
closed as to reduce the head one foot, and maintain it at that
level during the experiment. The depth of water on the waste
board was 8% inches, and the fall 841 feet. .. ¢Q = 0-39 x 3-83
X ‘677 /64 x ‘677 = 6:66 cubic feet per second. Hence
theoretical power = 666 x 625 x 841 x 60 = 210,000 foot~
pounds per minute = 6:36 horses-power.

It was found that 63 Ibs. balanced the lever at 49 revolu-
tions per minute of the shaft. Hence the power developed
by the wheel was 49 x 63 x 50 = 164,350 lbs, = 4'98 horses-
power.

6014
The coefficients are then for No. 1, 98 = 0-76.
4-98
” » 2, 666 — 0-78.

And making allowance for leakage round the waste board
the experimenters conclude that the wheel yielded 75 per cent.
of the power expended.

PART L M
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Another experiment on a 60 horse-power turbine gave the
following results :—
Effective power . 56-30 } 088
Theoretical power 63-92 ‘

Perhaps this very large coefficient is not quite reliable.

2. Turbines in which the water flows horizontally and
outwards.

In turbines of this class the revolving wheel is placed outside
of the fixed wheel, so that the water directed by guide plates on
the inner wheel strikes the curved vanes of the outer wheel, and
forces them round by pressure and reaction. The water is
regulated by a cylindrical sluice fitting between the fixed and
movable wheels.

M. Fourneyron’s turbine is the chief example of this class.
Its advantages, asstated in M. Poncelet’s Report to the Academy
of Sciences at Paris, are the high velocity at which it may be
worked without reducing its useful effect, its small size, and
lastly its capability of working equally well under backwater.
From the experiments of M. Morin, the coefficient of useful
effect appears to range from 0:60 to 0-80. On the other hand
it has to the full the defects of this class of machines, requiring
the utmost nicety of design and execution, and being very sus-
ceptible to injury, from small bodies carried into it by the
water. It requires for its successful application both a large
acquaintance with the principles of its construction and a con-
siderable experience of its use: hence it will be unnecessary to
do more in this place than select for illustration one of the most
successful instances of their application.

Fig. 130 represents a vertical section, and fig. 131 a plan, of the
celebrated turbine erected under M. Fourneyron’s direction at
St. Blazien, for a fall of 354 feet. This small wheel, of only
about 26 inches diameter, is employed in driving the machinery
of a spinning factory of 8,000 throstle-spindles, with the neces-
sary preparing apparatus. In comparison with the work it has
to perform, it is therefore of a size altogether unique.

The wheel consists of a cast-iron concave plate ¢ ¢, keyed on
the main axis @ a; on this is fixed the annular wheel s s, con-
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sisting of an upper and lower plate of wrought iron, in which

are fixed the 36 curved diaphragms seen in the plan, fig. 131.

Opposite each of these curved plates on the outer revolving

wheel, there is a similar guide on the inner fixed wheel v v,

which is carried on a massive cast-iron plate attached to the
Fig. 130, :

«

hollow tube b b, in which is placed the main axis. This plate
not only sustains the guide plates, but takes off from the main
axis the weight of the water, and thus reduces the friction
on the footstep. The cylinder ¢ ¢ slides up and down in the
larger water cistern, and forms a circular sluice between the re-
volving and fixed wheel, by which, within certain limits, the
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discharge of water and velocity of the turbine can be regulated.

This sluice is raised or lowered by 4 rods, d d, which are

screwed above into the eyes of 4 pinions(not shown). These

pinions all gear into one larger wheel, and in this way the four

rods may be raised or lowered simultaneously. The supply of

water is brought to the cistern by a pipe g of 164 inches
Fig. 131.

diameter, and 1,200 feet in length. The spindle works on a

steel pivot in a footstep adjusted by gibs and cotterse. This

turbine makes from 2,200 to 2,300 revolutions per minute.
Another form of turbine, in which the flow is horizontally

Fig. 132.

outwards, has been made to
some extent in this country by
Messrs. Whitelaw and Stirrat,
and is sometimes called the
Scotch turbine or reaction
wheel. It is precisely on the
principle of Barker’s mill, and
works byreaction. The prin-
cipal improvement effected by
Mr. Whitelaw is the form of
the arms, which are curved in
an Archimedean spiral. Fig.
132showsthe method of strik-

ing these curves, the centre line of the arm being first degwn
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and half the breadth set off on each side of it, so that
the capacity of the arm increases from the éxtremity towards
the centre in the inverse ratio of the velocity at each point.
Fig. 133 shows the arrangement
of this wheel, the water being
brought in a pipe A, curved at
the bottom,so asto enter the re-
action wheel on the under side.
The wheel is firmly stayed to
prevent its rising from the up-
ward pressure of the water, and
carries directly the vertical first
motion shaft. The most ef-
fective velocity at the extremity of the arms is said to be nearly

v= v2gk..(1),

where v = velocity in feet per second, A = head of water in
feet, and g is the accelerating force of gravity = 32-19.

The following are the rules which Mr. Whitelaw gives for
proportioning this machine : —

Let @ be the number of cubic feet of water supplied per
minute. ‘ :

H, the height of the fall or head of water.

E, the useful work in units of horse-power.

QH

E=m...(l).

Then for two properly formed jets: —
135 E

Width of each discharging orifice = w, = 1000 B v K

Width of each arm of machine = 4 w,=w,.
Diameter of machine = » = 50 w,.
Diameter of central opening = 10 w,.

11494338 vu

Number of revolutions in a minute = >

In experiments with models the wheel is said to have realised
frorg 74 to 77-8 per cent. of the available power.
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3. Turbines in which the water flows horizontally inwards ;
vortex wheels.

We owe the invention of this class of turbines to one of my
own pupils, Mr. James Thomson, C. E., of Belfast, and probably
no turbines are more efficient or capable of more general ap-
plication to every variety of fall than the vortex wheels which
he has constructed. For this reason, and also because from
their recent introduction they are less known than the varieties
which have been longer in use, we shall illustrate them rather
more fully with the aid of working drawings, supplied by
Messrs. Williamson and Brotbers of Kendal, who we believe
have at present erected all which are employed in this country.

The peculiarity of these vortex wheels consists in the arrange-
ment of the fixed guide blades on the outside of a circular
chamber in which is placed the revolving wheel, so that the
water flowing inwards strikes the curved plates of the revolving
wheel tangentially, and leaves the wheel at the centre at a
minimum velocity ; the whirlpool created in the wheel chamber
giving to this description of turbine its designation of vortex
wheel.

Fig. 134 shows the general form of the guides and passages of

a vortex wheel; a a are the fixed:
guides, four in number, which di-
-rect the water tangentially into
the passages of the wheel b b;
after having done its work in these,
the water leaves the wheel at the
open passage at the centre c; s is
the vertical shaft carrying the
wheel and communicating its mo-
tion to the mill. The chamber in
which the guide blades a a are
fixed, forms part of the supply
chamber, and the supply of water
to the wheel may be regulated by -
altering the position of the guide
blades, and thus diminishing or
increasing the area of opening
between them. For this purpose the guide blades are fixed on

© Fig. 134.
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gudgeons d d, near their extremities, and are connected by
levers and links so that they may be shifted simultaneously by
a spindle. The inner radius of the wheel is usually half the
external radius, and the obliquity of the inner ends of the vanes
20° to 30° .

The general principles of these turbines Mr. Thomson thus
explained at the meeting of the British Association in 1852 :—
‘The velocity of the circumference is made the same as that of
the entering water, and thus there is no impact between the
water and the wheel ; but, on the contrary, the water enters the
radiating conduits of the wheel gently, that is to say, with
scarcely any motion in relation to their mouths. In order to
attain the equalisation of these velocities, it is necessary that the
circumference of the wheel should move with the velocity which

-a heavy body would attain in falling through a vertical space
equal to half the vertical fall of water, or, in other words, with a
velocity due to half the fall, and that the orifices through which
the water is injected into the wheel chamber should be con-
jointly of such area, that when all the water required is flowing
through them it may also have a velocity due to half the fall.
Thus one half only of the fall is employed in producing velocity
in the water, and therefore the other half still remains acting on
the water in the wheel chamber at the circumference of the
wheel in the condition of fluid pressure. Now, with the velocity
already assigned to the wheel, it is found that this fluid pressure
is exactly that which is requisite to overcome the centrifugal
force of the water in the wheel, and to bring the water to a state
of rest at its exit, the mechanical work due to both halves of the
fall being transferred to the wheel during the combined action
of the moving water and the moving wheel. In the foregoing
statements, the effects of fluid friction, and of some other
modifying influences, are, for simplicity, left out of consideration ;
but in the practical application of the principles, the skill and
judgment of the designer must be exercised in taking all such
elements as far as possible into account. To aid in this some
practical rules, to which the author (Mr. Thomson) as yet
closely adheres, were made out by him previously to the date of
his patent. These are to be found in the specification of the
patent, published in the Mechanics’ Magazine for January 18
and January 25, 1851.
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Fig. 135,
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Mr. Thomson claims for his wheel the peculiar advantages
(1) That the injection passages are large and well formed. (2)
That it permits the employment of a most advantageous mode
of regulating the power, by contracting the areas of the injection
passages, without reducing the efficiency of the machine. (3)
That the maximum velocity of the water in the wheel does
not exceed that due to half the fall. (4) That the centrifugal
action of the water tends to regulate the velocity of the wheels
under a varying load.

In his paper, Mr. Thomson describes a vortex for a fall of 37
feet, and for an average supply of 540 cubic feet per minute,
yielding 28 effective horse-power. The speed, 355 revolutions
per minute; diameter, 224 inches; and extreme diameter of
case, 4 feet 8 inches; also a low-pressure vortex for a fall of 7

Fig. 136.

feet, for an average supply of 2,460 cubic feet per minute, and
yielding 24 horse-power, at 48 revolutions per minute. Another
he has constructed for a fall of 100 feet, and a fourth of large
size, calculated for working at 150 horse-power, on a fall of 14
feet, and through a considerable part of the year submerged
under 7 feet of backwater. These data will sufficiently show
the capabilities of this machine, and its adaptation under great
varieties of circumstances.
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Figs. 135 and 136 exhibit an elevation and plan of a high-
pressure vortex wheel, constructed by Messrs. Williamson and
Brothers of Kendal. It is of 5 horse-power, on a 30 feet fall,
and consumes 118 cubic feet per minute. The water is conveyed
to the wheel in the 9-inch pipe A A, at a velocity of 4-4 feet per
second. B is the supply chamber, or wheel case, fixed on

masonry in the tail-race ¢, from which the water passes away

by the tunnel p. In the drawing the tunnel is shown closed,
as is occasionally necessary, for access to the wheel or other
purposes. E is a platform just above the ordinary level of the
water; 88 is the first motion shaft, to which the wheel is
attached, and which is supported on the footstep at @, and by
pedestals attached to the supply pipe A A.

Fig. 137 shows the wheel case in section. = mis th(!, supply
chamber or guide blade chamber, cast in parts and bolted

Fig. 137.

together as shown. w, the wheel itself, about 10 inches in dia-
meter, and composed of wrought iron plates with wrought iron
curved vanes; g g the four guide blades, in this wheel fixed and
let into grooves cast in the cover and bottom of the chamber ;
K K, four, bolts tying the cover and bottom of the supply cham-
ber together to strengthen it against pressure. A the supply
pipe as before, and K K the openings in the centre of the wheel
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for the escape of the waste water after it has done its work on
the wheel. The joint between the wheel and its case is made
by means of the accurately fitting annular parts L L, adjusted
for the wheel to run without friction by bolts 2 = in the upper
piece. 8 8 is the first motion shaft resting on a lignum vitae
pivot firmly fixed in the footbridge @, which is bolted on below
the supply chamber, the height of the pivot as it wears being
adjusted by the screw [ I. The pivot is lubricated by the water

Fig. 138.

in which it works spread over it by a radial groove. In other
cases Mr. Thomson makes the shaft to terminate in an inverted
cup containing a concave brass disc working on a fixed steel
pivot, with a radial groove for spreading the water. He does
not consider the lubrication with oil so essential as other en-
gineers insist, and believes the cases in which turbine pivots
have been rapidly destroyed to be attributed to the absence of a
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proper provision for the escape of the air between the rubbing
surfaces. Fig. 138 represents a half-plan and half-horizontal
section of the same wheel, the same letters of reference being.
used as in fig. 137.

Fig. 139 exhibits the arrangement, in sectional elevation, of a
low-pressure vortex wheel with its pentrough and tail-race.
This wheel is of 34 horse-power, with an effective fall of 14 feet
3 inches, and a supply of 1,680 cubic feet per minute. The

wheel is 52 inches in diameter, and makes 94 revolutions per
minute. A A are the four supply pipes, 2 feet in diameter, so
that the water in them has a velocity of about 23 feet per second.’
B is the square supply chamber, ¢ ¢ the tail-race, and » D the
conduit and pentrough. The water as it arrives passes through
a perforated metal strainer E E, to prevent the choking of the
narrow passages of the wheel by floating leaves, &c. Over the
four supply pipes A A, is fixed a circular cast-iron plate & @,
with four holes corresponding in one position with the trumpet
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mouths of the supply pipes. On the edge of this plate is a
rack into which the pinion g gears, so that by moving the
worm and wheel % the sluice plate ¢ ¢ may be revolved and the
entrance for the admission of the water to the wheel more or
less closed or opened. This is an effective and inexpensive
means of regulating the power of the wheel, where the supply
of water is abundant and it is not necessary to economise its

Fig. 140.

expenditure to the utmost extent. 8 8 is the first motion shaft,
and T T the bevel wheels by which it gives off the power of the
wheel to the mill. x is the footbridge carrying a step which
can be raised by the lever [ [ as it wears away. Fig. 140 ex-
hibits a half-plan and half-section of the wheel and supply
chamber. A A as before, supply pipes, W the wheel itself, g g g
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Jiwed guide blades, the regulation of the wheel being effected
by the sluice as before described. s first motion shaft, L central
opening for the escape of the water, M wheel cover, forming at
its inner periphery a close and accurate joint with the revolving
wheel.

Another plan which has been adopted with these wheels for
regulating the speed, when they are applied to high falls, is to
bring the supply pipe when near the wheel into a horizontal
direction, fitting to it an ordinary sluice such as is used in high-
pressure mains. A 10 horse-power turbine, on a fall of 80
feet, has been erected on this principle by Messrs. Williamson
and Brothers in Yorkshire. The wheel is only 13 inches in
diameter, and consumes 44 cubic feet of water per minute,
which is brought a distance of 340 yards, in a 9-inch pipe, the
pentrough and strainer being placed at the upper end, and
the sluice at the bottom close to the wheel.

But beyond question the most economical arrangement for

Fig. 141. regulating the expenditure of
water, although somewhat more
complicated in its details, is the
adjustment of the guide blades
themselves in the manner al-
ready alluded to. Fig. 141shows
a plan of a turbine, arranged
with movable guide blades. A
A two supply pipes, B wheel
cover; ¢ ¢ ¢ ¢ bell cranks con-
nected together by links. The
whole of these bell cranks are
worked by a vertical spindle b,
and worm and wheel in the mill;
they carry in the supply cham-
ber links shown by the dotted
lines, by which the guide blades
g 9 g9 g, movable on centres
at A h h h, can be opened or
closed.

These turbines yield 75 per
cent. of the power expended, and are therefore as efficient as the
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best water wheels or turbines. They work equally well under
backwater, and if it be necessary they can be placed at any
height less than 30. feet above the water in the tail-race, the
lower part of the fall being made to do its work on the wheel
by suction in pipes descending from the central discharge orifice,
and terminating in the water of the tail-race.

In America, turbines of various kinds have come into ex-
tensive use, and some erected there are of unprecedentedly large
size. The better forms have been copied, in their main features,
from European machines already described, with some variation
in the constructive details, Thus Mr. Boyden has introduced a
diffuser, or annular mouth-piece, round the outer or revolving
wheel of the Fourneyron turbine, instead of permitting the
water to escape into the free space of the tail-water. He has
also, to avoid the difficulties arising from the rapid wear of the

Fig. 142.

Elevation. Section.

footstep working under water in large turbines, suspended
them from above, instead of supporting them below. This he
accomplishes by the peculiar form of bearing shown in fig. 142,
The top of the main vertical shaft of the turbine ¢, is cut so as
to form a series of bearing surfaces; these fit into correspond-
ing grooves in the metal of the suspension box a, which is sup-
ported as shown in the elevation by gimbals. The height of
the shaft can be accurately adjusted by screws, so that the
weight of the turbine may rest on the collars in the suspension
shaft, and the lower bearing beneath the water serve merely to
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retain the shaft in its place. By lining the suspension box a
with a soft metal, principally tin, melted and poured in with
the necks in place, sufficient accuracy ‘can be attained to
prevent any undue strain on particular collars. This form of
bearing is said to have been successfully employed, and to
obviate the difficulties of oiling beneath the water.

Efficiency of Turbines.—It may be useful to revert here for
a moment to the experiments which have been made upon
different forms of turbine to ascertain their relative efficiency.
In all these machines, the useful work rendered is less than
the entire force of the fall of water which acts upon them by
the loss of work expended in overcoming the friction and in-
ertia of the machine, together with the loss from the vis viva
expended in shocks and impact and passing away in the water
of the tail-race, and from other causes in special cases. The
fraction which expresses the ratio of the total work expended
by the water to the useful work returned by the machine is the
efficiency of the machine. Commonly we express this ratio in
a percentage, taking the work of the fall as 100, and calling
the work accomplished useful effect or return.

For the turbines of Fontaine and Jonval, in which the flow
is vertical, a return of 70 to 72 per cent. was obtained by M.
Morin ; 67 per cent. by MM. Alcau and Grouvelle; 74:5 per
cent. by MM. Hulze, Borneman, and Bruckman.

The turbine of Fourneyron yields, according to M. Morin, 74
per cent.; but 64} according to MM. Redtenbacher and Maro-
zeau ; M. Fourneyron has obtained results varying from 65 to
80 per cent. according to the fall and immersion of the turbine.
The turbine of St. Blazier is said to yield from 70 to 75 per
cent.

The turbine of Poncelet, in which the water is laid on tan-
gentially, yields from 65 to 75 per cent.; according to M.
Hulze, 70 per cent.

The turbine of Cadiat, with an outward flow like that of
Fourneyron, but regulated by an exterior circular sluice, gave
65 per cent. to M. Redtenbacher.

The reaction wheel of Whitelaw and Stirrat has yielded in
sxperiments with models 70 to 78 per cent. '

Mr. Themson’s vortex wheel yields according to his experi-
ments 75 per cent.
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All these returns appear to approximate closely to the duty
performed by water wheels ; probably not so high as that given
by a well-constructed iron water wheel, but the difference is
inconsiderable. Smeaton’s experiments gave, on his overshot
wheels, as much as 76 per cent., and the results obtained from
experiments on the breast-wheel, with ventilated buckets on a
large scale, gave nearly 78 per cent. of the actual power of the
water employed.

Certain advantages, it must be admitted, are obtained by the
turbine in certain localities under favourable conditions; but
it is doubtful whether they are equal, either on the score of
expense or ultimate efficiency, to well-constructed water wheels.
In some situations favourable for their reception they are doubt-
less preferable in effecting a reduction of the original cost, but
taking into account the conveyance of the water in pipes and
other charges, it will be found as a general rule that the
difference is not considerable, and that a well-constructed water
wheel of 50 years’ duration is an effective and excellent sub-
stitute for the turbine.

Since the first edition of this work another improved turbine,
by Mr. Schiele, has been introduced, of which the following is
a description.

Schiele’s turbine (patent of 1863) is constructed for the
purpose of regulating and adjusting the supply of water to the
amount of power required, and so to proportion the parts
as to maintain uniformity of speed and economy in the free use
of the water; to float the turbines partially in the water so as to
reduce the friction on the footsteps; also to allow the dams or re-
servoirs to be run empty towards closing or stopping time ; and
to prevent the entrance of leaves or other floating substances
into the working parts. This turbine, moreover, combines the
advantage of being perfectly self-acting, and working up to
nearly a maximum effect. In addition to the above it is stated
by the constructors that, exclusive of its simplicity and com-
parative cheapness, the tangential entrance of the water and its
radial delivery is effected with facility, and that it works freely
in back water under the varied conditions of the height of the
fall, as it is increased or diminished, without change of velocity
when the supply is sufficiently abundant, admitting of a

PART I. N
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wide range of speed without sensibly diminishing its useful
effect. ’

These turbines are so constructed as to admit the water on
the top of the tube at a, fig. 142, when the sluice in the
watercourse is fully opened and fixed in tbat position. The
tube a leads the water into the tubular foundation plate b,
from whence it rises into the circular tube ¢, surrounding the
spirally formed cast-iron guide-blades d, which project higher
than the ring or tube ¢. The base or inner guide for the
water is formed by a cone, which diminishes the area of the
passages uniformly, so that if an outer ring closes the lower
projecting half of the guides, their interior area would be
diminished one-half, and so on with any other fractional
diminution of the area. The water passing through is not de-
livered direct but sideways round the spiral openings, each
extending from one-quarter to sometimes one-half the circum-
ference, and rising to a greater height than is usual in turbines,
whereby an almost tangential direction is given to the water,
thus preventing shocks, and enabling strong cast-iron wings
to be used for the turbine wheel f. These wings, where they
face the guides d are partly cylindrical having a sharp cutting
edge forward to cut to pieces any obstructions. The wings e
also taper in their curved form to a fine edge. " This construction
allows of a considerable reduction in the number of wings,
whereby the passages of the turbines are made sufficiently large
in most cases so that strainers, with rods three to four inches
apart, are quite sufficient to prevent the entrance of materials
interfering with the safe working of the turbine. Should sticks
enter between the wheel and guides, they are immediately cut
off by the sharp edges of the wings ¢ and the spiral guides d,
which form a scissor-like action and divide them. If this should
fail by too great a quantity having entered at once, then
turning the turbine partly round backwards, will clear and open
the passages; or the lifting out of the wheel, sliding on its
spindle to above the surface of the water, may be accomplished
with great facility and expedition, when the obstruction may be
removed by flushing the water through the guides. The wheel
is. now dropped down again into its place on the coupling,
and secured in that position by a wedge above the water level, &c.
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For clearing obstructions out of the hollow foundation plate b,
a flushgate g is occasionally opened. Should ice come down
with the water in too large quantities, another strainer is placed
before the water entrance to the guide d, and an occasional
flushing out is required. The wings ¢ above mentioned are
cast to a disk f, which is fixed to the spindle by resting on a
coupling plate ¢, provided with pins which enter through the
disk f. A wedge k holds the disk or turbine wheel f down
to the plate 4. The pivot on which the spindle turns is
shown by dotted lines. It is made to the amtifriction curve
and is supplied with oil by the tube /. The water passages
between the wings e are adjustable in their heights by a disk m
cut out for the passage of the wings e. A casing n of the form
of a double ring is connected to the under side of the disk m,
covering those portions of the wings which are not at that
moment in use. The inner ring, which slides up and down
between the wings ¢, and the guides d, adjusts the areas of the
latter in the same proportion as the disk m adjusts the wheel
passages, thus maintaining the requirements of a good turbine -
for varying powers. The sliding of m and % up and down
is accomplished by means of bolts passing through the wings e,
and fixed to the cover o over the wheel f. The cover o fits over
the cylindrical portion of the wheel and allows of a constant
leakage. It has a central pipe 8, fixed to and opening into it,
which sliding on the spindle by its upper end, gives the rising
and falling motion of 0, m, and n, a secure guiding. In order
to lift o, and by it m-and m, it is only necessary to admit water
into the central pipe, which, when rising therein, produces a
great pressure upwards, owing to the large surface of 0. No
sudden overstroke of this adjustment can happen, as the column
of water would at once diminish and check the moving force.
The pressure between the disks m and f, produced by the force
or fall of the water, tends to counteract this useful effect, but
the circular velocity of the water under the cover o balances it,
and to such an extent, that at any sudden start of the turbine
—caused by a considerable portion of the load being suddenly
taken off —the cover o rises at once, not waiting for the
regulating supply of the water. The speed of the turbine is
N2
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maintained by a ball governor regulating the supply under the
cover 0. The height of the water level is maintained by the
float p, adjusting the turbine, when the governor would
allow too much water to pass the turbine. This is more
particularly useful where turbines run in connection with steam
engines which supply by their governor the remainder of the
power required when the water supply is insufficient. The
pressure produced under the central portion of the disk f takes
away the greater portion of the weight resting on the footstep
of the spindle. The float p, when set out of action as a float,
may be held in such a position as will allow the turbine to
consume larger quantities of water giving correspondingly
greater power 80 as to run reservoirs or rivers empty before the
completion of the day’s work. The water issuing from other
turbines generally indicates a separation of currents—not a
compact water-mass—in a direction not radial to the wheel.
This turbine, having the two disks f and m projecting con-
siderably beyond the tips of the wings ¢, and the inclination of
the wings being nearer the tangential direction than in otherwise
constructed turbines, the issuing water is much more compact
and efficient in its uniform and almost radial flow on leaving
the wheel ; a great variation of speed is thus admissible before
such unfavourable angles of discharged water are caused as
would materially influence the useful effect obtained.

4. Water Pressure Engines.

In the water pressure engine the power obtained from the
pressure of a column of water is employed in generating a
reciprocating instead of a rotatory motion. Engines of this
description have long been employed in the mining districts
of the Continent, but in England their use appears to date
from 1765, when a single-acting water pressure engine was
erected for draining a mine in Northumberland by Mr. West-
garth.

For the most successful application of these engines, as regards
efficiency, it is necessary that the motion of the water should be
slow, and as far as possible without shock. Three to six strokes
per minute, or a velocity for the piston of one foot per second, is

—— > — —
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about the ordinary speed. The stroke also should be long, and
therefore ¢ the most advantageous use to which a water pressure
engine can be put is the pumping of water, to which slow
motion and a long stroke are well adapted, because they are
favourable to efficiency, not only in the engine but in the pump
which it works.’—Rankine.

The valves now usually employed in these engines are solid
pistons working in the supply pipe, with leather or metal pack-
ings. Figs. 143 and 144 show-  Fig. 143. Fig. 144.
ing the valves for a single-act-

ing engine will sufficiently in- T
dicate the principle. A A is the
supply pipe, B B the entrance
to the cylinder, and ¢ ¢ the f—————= —

eduction pipe. When the cy-
linder is being filled, fig. 144,
the valve p is below the en-
trance and closes the eduction
pipe. When, however, the cy-
linder is emptying, fig. 143, the valve is raised and then closes
the supply pipe. Deep notches are cut in these valves in
order that they may very gradually open and close the passages
to prevent shock.

These valves are usually worked by a small water pressure
engine, acting in the reverse direction to the general engine,
and worked from it by tappets. Fig. 145 shows such an
arrangement, from the single-acting engine of M. Junker.

In this drawing ¢ represents the upper edge of the main
cylinder, 8 the supply pipe, p the port connecting the main
cylinder with the valve chest, ¢ the discharge pipe: E is the
valve, which when above b, as in fig. 145, permits the water
to escape from the cylinder, and when below », closes the dis-
charge pipe and opens a passage from the supply pipe. The
area of the valve E, is made less than that of the piston F, with
which it is connected by a rigid rod. Hence the pressure of
the water between E and F tends to raise them both. The
upper side of F is provided with a trunk working in a stuffing
box in the top of the valve cylinder. The use of this is to
diminish the effective area of the upper side of the piston F,
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so that it shall not be more than is requisite to enable the
water when admitted through the port ¢ to overcome the
upward tendency of the piston together with the friction of
the piston and valve.

- H is the supply pipe, and M the dis-
charge pipe of the auxiliary engine
for working the valves; K is the valve
of this engine which regulates the ad-

. mission and discharge of the water
through the port 14, precisely in the
same manner as the valve E regulates
tbe admission and discharge from the
main cylinder; ! is a plunger of the
same size as K, that the pressure be-
tween them may be equalised and not
tend to move K upwards or down-
wards. The rod to which % and [ are
fixed is connected by means of a train
of levers and link-work with a lever
carrying the crutch p. This is alter-
nately raised and depressed by a tap-
pet rod carried by the piston in the
main cylinder c.

Suppose now the piston valve E is
raised, and the water discharging from
the main cylinder, as shown in fig. 145,
When the main piston approaches

the bottom of its stroke, the upper tappet strikes the lower
hook on P and depresses it, along with the auxiliary valve %.
This admits water from 8 through ® and 4 to the upper side
of the counter piston ¥, so as to depress it along with the
valve E. The valve E then closes the discharge pipe, and admits
water from 8 to the main cylinder; the piston rises, and near
the termination of its stroke strikes the upper hook on p, and
raises the auxiliary valve k. This allows the water to discharge
from the upper side of F, and then the surplus pressure on its
lower side lifts it with E, and the operation is repeated.*

* The description of this valve is abridged from Mr. Rankine’s and Prof.
Weisbach’s Treatises.

Fig. 146.

D e——— o
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Fig. 146 exhibits an elevation of a single-acting water pressure
engine, which I erected some years since in Derbyshire for the
purpose of raising water from the Alport lead mines. It does
not widely differ in its action from that of M. Junker just de-
scribed. ¢ is the main cylinder, and P its piston or plunger.
s the supply pipe, and p the discharge pipe, connected with the
valve apparatus E. ¥ is the cataract or auxiliary engine for
working the valves. The piston p is connected with the sway
beam B B, which at its other extremity is attached to the oscil-
lating connecting rod A A, which is fixed on a pivot or joint at
its lower extremity. By this arrangement the piston is per-
mitted to rise vertically, and the spear rod of the pumps E
is also nearly vertical in its movement. A heavy balance
weight w is attached at the opposite end of the sway beam to
balance the pump rods at the other, so that the piston should
fall in the cylinder ¢ at an appropriate velocity, and without
shock.

Mr. Joseph Glynn erected a similar engine at the same mines
in 1842. This engine was of larger size, namely, with a
50-inch cylinder, and 10 feet stroke. The head of water is
132 feet, and lifts a plunger rod 42 inches in diameter, afford-
ing a power of about 150 horses when working at its greatest
velocity.

Hydraulic engines of this description are not the most effec-
tive even for pumping water, as the motion is exceedingly slow,
and the friction of the water and the organic parts of the engine
absorbs a considerable amount of the power employed. To
remedy this evil it is found desirable in some cases, wherever
the fall is not too high, to introduce the water-wheel with cranks
and spear rods, communicating a reciprocating motion to the
pumps in the shaft of the mine.

In. mountainous countries, where high falls descending from
great elevations are found, the reciprocating engine is probably
the best application for draining purposes, as the motion is con-
veyed direct from the main cylinder to the pumps, and that,
probably, at the smallest outlay of capital, when a supply of
water is at hand.

It is otherwise when large supplies of water on low falls
are present. Then the water-wheel, with its machinery, is
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the most effective and the most economical application of the

power.
Fig. 146,

The recent introduction of the turbine may, however, effect a
change in this class of machinery, as it is admirably adapted to
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high falls, and may be advantageously employed at a moderate
cost. The great objection to its use in this form is the great
velocity it attains on high falls, and the consequent reduction
which would be requisite to work pumps at 10 to 12 strokes per
minute, when the machine itself is moving at the rate of 400 to
500 revolutions per minute. This appears to be the only draw-
back, and it is not improbable that the simple cylinder here de-
scribed may, under certain conditions, be best adapted to meet
all the requirements of raising water from deep mines with the
aid of convenient streams on high falls.
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CHAPTER VI.
ON THE PROPERTIES OF STEAM.

Berore considering the application of the steam engine as a
prime-mover, it may be interesting to know something of the
properties of steam by which it is moved, in regard to pressure,
temperature, and density, as ascertained by various philosophers
gince the days of Newcomen and Watt. Of late years a great
change has gradually taken place in the system of working the
steam engine. At the time of the introduction of the double-
acting engine of Watt, the makers of engines never dreamed of
employing steam at a greater pressure than 10 Ibs. on the square
inch, and up to 1840 that was the maximum pressure at which
steam engines were worked, with the exception of a few con-
structed on Wolf’s principle of double cylinders, where the steam
is first admitted to the piston of the smaller cylinder at a pres-
sure of 30 to 40 lbs. per square inch, and after having performed
its office there, is allowed to expand into the second cylinder of
three or four times greater capacity, and thus to unite its force
with that of the small cylinder, as it moved from one extremity
of the stroke to the other. To work this description of engine
with high-pressure steam, it was necessary to proportion the
strength of the parts of the engine as well as the boiler to a
much greater extent of pressure than in the double-acting engine
of Watt. Hence it was soon found that the waggon form for the
latter, as employed by Watt, was not calculated to resist a pres-
sure exceeding 10 or 12 lbs. per square inch without the intro-
duction of numerous wrought-iron stays to retain it in form.
To raise steam for the compound engine such a boiler was wholly
inadequate, and a series of small boilers, with hemispherical
ends, were introduced in its stead wherever steam of high-
pressure was required.
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The single pumping engines of Watt, and the compound
engines of Wolf, employed at the mines in Cornwall, gave,
however, extraordinary results as regards the work accomplished
for the quantity of coal consumed, which was less than half the
quantity used in the rotative engines employed in mills. It
was also asserted that the double cylinder engine in use on
the Continent (but chiefly made in this country) was performing
a more satisfactory duty than could possibly be attained by the
single cylinder low-pressure engine.

These assertions, often repeated, and the returns of Cornish
engines, published from year to year, led to a close inquiry into
the subject, first in my own works at Manchester, and subse-
quently before the British Association for the Advancement of
Science, where the whole question was -ably discussed, and
ultimately led to a better system of working in factory engines,
with a saving of one-half the fuel formerly consumed in effecting
the same quantity of work. In these investigations it was found
that the compound engine had no advantage over the single
cylinder engine, as constructed by Watt, when worked at the -
same pressure of steam and the same rate of expansion ; that
is, a single cylinder engine, with properly constructed valves,
having the power of cutting off the steam at any point of the
stroke, is quite as effective, and more simple in construction,
than the double cylinder engine. It is true, that at first the
double eylinder engine had an advantage over the single cylinder
engine in its greater uniformity of motion, but this is no longer
the case, as an increase of the velocity of the piston from 240
to 320 and 360 feet per minute effectually remedies that evil,
and increases the power of the engine in the ratio of the increase
of speed.

Thus it will be seen that a great change has come over the
system of employing steam ; the pressure is quadrupled in fac-
tory engines, and more than doubled in marine engines. Every
engine of recent construction is provided with boilers of great
resisting powers, and on an average cuts off the steam in the
cylinder at one-fourth, and at other times one-fifth or one-sixth
of the stroke, the steam acting by expansion alone during the
remaining three-fourths, four-fifths, or five-sixths, as the case
may be. This system is found to be of great value, as the
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quantity of fuel consumed does about double the amount of
work which could be got out of it on the low-pressure principle.

The important results already obtained by a judicious system
of working steam expansively, has given a powerful stimulus to
the extension of our commerce and manufactures,and the ques-
tion naturally arises, whether or no we have attained the full
benefit from the introduction of the methods of working now
employed, or whether we may not reap a still greater advantage
from progressing in the same direction and using steam of
higher pressure, expanded to still greater lengths than has yet
been attained in our present practice. Thisis a question which
remains for solution, and it appears most desirable that we
should ascertain by direct experiments to what extent of pres-
sure and expansive action we may safely venture with perfect
security to the boilers and the working parts of the engines.
Assuming for a moment that an increased pressure, accompanied
by increased expansion, would in the same proportion increase
the economy of working, we have then to consider the capabili-
ties of our vessels for resisting those pressures. And lastly, the
observation of the action of steam in expanding has led many
to expect still further advantage from the use of superheated or
gaseous steam. To make sure progress in either of the direc-
tions here indicated two things are necessary : we must cultivate
amore intimate acquaintance with the resisting powers of mate-
rials, and the strength of vessels of different forms, before we
can assure ourselves of success; and we must attain increased
and increasing knowledge of the properties of the agent we
employ under the various conditions of expansion and super-
heating. In regard to the first of these requisites a steady
progress has been made, and experimental inquiries have been
extensively carried on in regard to the resisting powers of vessels
and the causes of their failure, and the difficulty of constructing
boilers to resist very high pressures has been greatly diminished.
Our knowledge of steam has also rapidly increased, and many
of the necessary questions relating to its properties have
been for ever set at rest by the recent and classical labours of
Regnault, carried on at the instance and with the assistance of
the French Government. The questions of the density and
law of expansion of steam, however, still require solution.

— -
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They have been investigated, from a theoretical point of view,
with considerable success, by Mr. Rankine of Glasgow. The
experimental inquiry I have undertaken in conjunction with my
friend Mr. Tate, and a part of the results, comprising experi-
ments up to a pressure of 60 Ibs. per square inch, will appear in
the Transactions of the Royal Society. We are now preparing
to enter on the more arduous and dangerous task of ascertain-
ing the density, volume, &c., at much higher pressures. The
accumulation of facts on this subject, bearing directly upon the
application of steam, cannot be otherwise than acceptable to the
general reader, and I shall, therefore, without further preface,
insert such an abstract as bears directly on the subject under
consideration.

General Laws of Vaporisation.

When a liquid is heated in any vessel, its temperature pro-
gressively rises up to a certain point, at which it becomes
perfectly stationary. At that point the heat continuously ab-
sorbed becomes latent, or is no longer registered by the thermo-
meter; ebullition commences, and vapour, of a bulk enormously
greater than that of the liquid from which it is formed, rises in
bubbles and fills the vessel. In this condition the temperature
of the liquid is perfectly constant; no urging of the fire will
cause it to rise; the heat, absorbed continuously, expands itself
in effecting that change in the state of aggregation of the liquid
which we know as vaporisation.

This remarkable constancy in the temperature of liquids
undergoing vaporisation in open vessels has long been known
and applied to the graduation of thermometers. The point at
which a liquid boils in an open vessel is called its boiling point.
The following table gives the boiling points of some of the more
important liquids :—

Boiling Point
Fahr, Authority
Water . . . . .212%0 . . .
Ether e+« .« . 948 . . . Kopp
Alecohol . . . . . 1731 . . . Pierre
Sulphuric Aeid . . . . 64000 . . . Marignae
Mercury . . . . . 6620 . Regnault

We have said that the boiling pomt of a hqu1d is constant
when in an open vessel, that is, when subject to atmospheric
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pressure. If we change the pressure the temperature of ebulli-
tion changes also. Thus, if we place a vessel of hot but not
boiling water under the receiver of an air-pump, and rapidly
exhaust the air, the liquid will after some time begin to boil,
and we may notice that the lower its temperature the more
perfect must we make the vacuum before ebullition commences.
Or again, if water be subject to pressure greater than that of
the atmosphere, its temperature must be raised higher than
212° before it will boil. Experiment, therefore, shows that the
boiling point, constant at the same pressure, varies at different
pressures, rising higher as the pressure increases, and vice versd.
Strictly speaking, the pressure of the atmosphere is not always
the same; it varies within narrow limits from day to day; it
decreases as we ascend higher into it, and hence there will
be a small but corresponding variation in the boiling point at
different times and places. This last fact has afforded the
means of measuring the altitude of mountains, by determining
the difference of the boiling point at their bhase and their
summit. Measuring the atmospheric pressure by the column it
supports in the barometer, we may draw up the following table
of the relation of the boiling point to the height of the baro-
meter column and the altitude of the observer, assuming that
the barometer stands at 29:922 inches, and water boils at 212°
Fahr. at the level of the sea.
TapLr I.—ExmBrriNe THE INFLUENCE OF CHANGES OF ATMOSPHERIC PRESSURE

ox THE Bomixa PoINT oF WATER, AND THE BomLiNG POINT AT DIFFERENT
ALTITUDES.

Boiling Point Height of Boi Point
Bgomdin ﬁﬁge of Wgatet Buoeg:wr in Ailnti&de :}h\? ater ¢
inches Fahr, inches Fahr.
° °

29922 0 2120 25888 3,926 2049
29-396 462 211'1 26°468 4,460 2040
28774 933 2100 26-014 5,000 2030
28669 1,411 2093 24-046 6,111 2012
27-846 1,897 2085 23-464 7,263 200-0
27-348 2,392 207-6 18:992 13,700 1900
26852 2,896 2067 15136 18,000 1800
26-372 3,407 2058 12145 26,000 1700

But, besides pressure, certain other circumstances exercise a
slight but sensible influence on the boiling point. In a glass
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vesgel the boiling point of water is about 2° higher than in
a metal one, owing apparently to some adhesion between the
glass and the liquid. Dr. Miller states that, if the glass be
varnished with shellac, the temperature of the water may be
raised to 221° in the open air, when a sudden burst of steam
will take place, during which the temperature falls to 212°
From a similar cause the presence of salts in solutions raises the
boiling point in some cases considerably. A saturated solution
of common salt boils at 227° Fahr., and a saturated solution of
chloride of calcium, which has an enormous affinity for water,
does not boil at a less temperature than 355° Fahr.

There is yet one other remarkable condition of evaporation
which should be noticed here. If water be dropped upon a
clean metallic surface heated sufficiently high, instead of enter-
ing into ebullition it assumes a globular form, and rolls about
very slowly and quietly evaporates. This condition, known as
the spheroidal state, has been investigated by M. Boutigny.
He finds that the temperature of the liquid globule never rises °
so high as its boiling point, being indeed usually 5° to 10° below
it; that the temperature of the plate necessary to cause the
spheroidal state varies with different liquids, and depénds in
part on the conducting power of the plate; and he considers
the temperature of the spheroid to be constant, being for water
205°7, for alcohol 167>9, and for ether 93°6.

If, whilst the spheroid is rolling upon the metal plate, the
temperature of the plate is allowed to fall below a certain tem-
perature (340° for water), the spheroid breaks, and is suddenly
dispersed in vapour.

The temperature of the vapour rising from a liquid is neces-
sarily identical with that of the liquid from which it rises,
except in those cases in which the boiling point has been
affected by adhesion, when the vapour at once adjusts itself
to the normal temperature at that pressure.

So long as vapour is in contact with the liquid from which it
has been formed, its temperature continues the same as that of
the liquid, for if it be heated it takes up fresh liquid, and the
temperature falls from the absorption of the heat rendered latent,
until the normal temperature of the boiling point is regained.
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The Vaporisation of Water and the Formation of Steam.

The temperature at which water boils is therefore constant
at each pressure, and in consequence the temperature of the
steam itself, when in contact with water, is constant at each
pressure. The relation between the temperature and pressure
of steam has been ascertained by experiment,

When in contact with the water producing it, steam is at the
maximum density consistent with that temperature and pres-
sure, and is then called saturated steam, or vaporous steam,
and its temperature is called the maximum temperature of
saturation at the given pressure. Usually when the pressure
of steam is spoken of, the pressure of saturated steam is in-
tended.

When isolated from the water producing it and heated, the
steam expands, and decreases in density if the pressure be con-
stant, or if the volume be constant it increases in pressure; it
is then called variously anhydrous, gaseous, or superheated
steam. The rate of expansion of superheated steam must be
determined by experiment.

By the density of steam we mean the relative weight of a
unit of volume. The specific volume of the steam is the reci-
procal of the density, or the ratio of the volume of the steam
to that of the volume of water which produced it. The density
of saturated steam is constant at each temperature, and must
be determined by experiment.

The latent heat of evaporation of steam is the quantity of
heat which disappears in effecting the conversion of the water
into vapour, or which reappears in the condensation of the
steam. The latent heat of evaporation added to the sensible
heat, or heat required to raise the temperature of the water up
to the temperature of ebullition, is called the total heat of the
steam.

The Relation between the Pressure and Temperature of
Saturated Steam.

Probably the earliest experiments on this subject were made
by Watt,* who tells us that when inventing the separate con-

* Muirhead’s Life of Watt, p. 76.
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-densation he made some trials (in 1774) from which he con-
structed a curve, of which the ordinates represented the pres-
sures, and the abscissee the temperatures of the

steam, and thus enabled him to calculate the one I

from the other at sight, with sufficient accuracy

for his purposes. Watt first surmised that the

elastic force or pressure of the steam increased in

a geometric progression for temperatures increasing

in an arithmetical progression. o

Robison* made experiments upon the same sub-
ject at elevated temperatures, ascertaining the
temperature at which the steam began to blow off
from a safety valve loaded with weights, a pro-
ceeding susceptible of little accuracy. Dalton,}
however, was more successful in devising an ac-
curate method. He employed a barometer care-
fully purged of air, into which he introduced a
small quantity of water. The barometer was
surrounded by an outer water bath, by which the
vapour in its chamber was heated to various tem-
peratures. The mercury in the barometer tube
adjusted itself so as to be in equilibrium at each

‘temperature between the pressure of the atmo-

sphere on the outside and the pressure of the

vapour within, and the column fell as the tempera.-é

ture rose to an extent which is an exact measure

of the pressure of the vapour within. The difference of height
of an ordinary barometer and the barometer containing the
- water gives directly the pressure of the steam, so that by a
.geries of careful measurements of a humid barometer and an
ordinary dry barometer, the pressures corresponding to various
temperatures may be observed.

This method, under various modifications, has been frequently
employed, both for water and other liquids, at pressures which
are less than that of the atmosphere. The chief difficulty is to
maintain the liquid in the bath, by which the barometer is

* Mechanical Philosophy, vol. ii. p. 23.
+ Memoirs of the Manchester Literary and Philosophical Society, vol. xv. p. 409.
New Series, vol. v. p. 653. .

PART I 0
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heated, at a uniform temperature, and to prevent it from
dividing into strata unequally heated. To obviate this, the
temperature may be observed at various depths and the arith-
metical mean taken, or the length of the barometer may be
decreased as the temperature rises. Or a barometer with two
limbs may be employed, as in the researches of Dr. Ure; or,
lastly, the varying temperature of the atmosphere may be sub-
stituted for that of the liquid bath, as in the experiments of
Kaemtz,* intended to supply data for meteorological purposes,
which extended over a period of two years, and ranged from
~15° to + 80° Fahr.

Dr. Ure’s { modification enables the experiments to be carried
to pressures higher than that of the atmo-
sphere. The space in the barometer tube
occupied by the vapour need never be large,
and the increase of elastic force is measured
by the quantity of mercury which must be
added to a second limb of the barometer in
order to maintain the quicksilver in the first
at a constant level. Thus, in fig. 148, a b cis
the bent barometer tube for experiments
above the atmospheric pressure, the shorter
limb being enclosed in a glass vessel, which
can be filled with oil and heated progres-
sively to any required temperature. Fine
rings of platinum wire are firmly fixed round
the tubes at the level d d, and as the tem-
perature rises the mercury in the limb in
the bath is maintained at this level by adding mercury in the
other limb, when the column d ¢, supported by the steam,
‘measures its elastic force.

Dalton, whose experiments were, on the whole, accurate,
‘inferred from the results which he obtained with water and
alcohol, that the tension of all vapours was equal at temperatures
equally distant from their boiling points under atmospheric
pressure, This law, which has since borne his name, has not

Fig, 148,

*# Traité de Métorologie, vol. i p.'290,
t Phil, Trans,, 1818, p. 338,
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. been confirmed by experiments on a larger number of liquids.
For many liquids, however, it is nearly true, at small distances
above the boiling point. Thus:—

Degrees from the Rlasticity in inches of Mercury
boiling point

Fahr, Water Aloohol Ether
+ 30 62:90 6660 6090
+ 20 44:06 46-30 4264
+ 10 36-47 37-00 3620

0 30-00 30°00 30-00
- 10 2450 24-20 2470

In the above table the boiling point of water is 212° of
alcohol 173° and of ether 104°,

The following table gives a few of Dalton’s results for com-
parison with those of other experimenters which will be given
presently.

Tasre IL—Erastic Forcr oF THR VArouR oF WATER, ACCORDING TO DAvLTON.

Temﬁpgrhrsfm mmmmowﬁp&rmmm
0 ‘066 033
10 *090 ‘045
20 *129 064
40 263 131
60 524 262
80 ) 1000 500
100 1-86 93
150 ’ 7-42 371
212 30°00 1500

In 1823 the French Government, then legislating on the
subject of steam, and requiring some further knowledge of its
properties, intrusted to the French Academy the conduct of
some important experiments on this subject. The academy
appointed a Commission, consisting of MM. Prony, Arago,
Girard, and Dulong, to investigate the subject, and their report
was published in the Memoirs of the Academy for 1831.* The
experiments detailed in this Report were made chiefly by MM.
Dulong and Arago, by a new method, and with all the care
and accuracy which was possible in the state of science at the
time. They were also on a scale which is only possible where

* Mémoires de I'Institut, tom. x. p. 194, and Annales de Chimie et de Physique,
tom. xliii. p. 74.
o2
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private effort is seconded by the munificence of the Govern-
ment.

Their apparatus consisted of, 1st, a boiler to generate the
steam, 2nd, a manometer to measure the pressure.

The pressure, which extended to twenty-four atmospheres, was
in fact measured by the column of mercury it would support in
an open glass tube, but as the length of tube necessary for this
purpose rendered it very inconvenient, they employed an inter-
mediate measurer, consisting of a closed air manometer, gra-
duated by experiment with the open mercury column. At the
centre of the tower of the ancient church of St. Geneviéve
they erected a firmly supported wooden column, to which they
attached the glass tubes containing the mercury column. These
tubes, thirteen in number, were each 64 feet in length, so that
the mercury column for the graduation of the manometer could
be as much as 86 feet in height, corresponding to a pressure of
thirty atmospheres, or 450 Ibs. per square inch. This column
was adjusted precisely vertical, and communicated with a cis-
tern containing 100 lbs. of mercury. The manometer, which
consisted of a carefully dried glass tube, closed at the upper
extremity, and 67 inches long, communicated with the same
cistern, and was maintained at a uniform temperature by a
stream of water circulating round it. The height of its mer-
cury was read by means of a vernier, similar to that of a
standard barometer. It is easy to see how, by means of a force
pump, the pressure in the cistern of mercury could be increased
at pleasure, and how the pressure could be registered by reading
off simultaneously the height of the mercury in the open tube
and its corresponding level in the manometer. When the value
of the divisions of the manometer had been thus determined up
to twenty-seven atmospheres, it became an instrument for
measuring pressure of as great accuracy and delicacy as could
be desired.

The boiler for generating the steam was of a capacity of
17-6 gallons, to ensure a uniform temperature, and commu-
nicated with the manometer by a tube filled with water, cooled
by a refrigeratory apparatus. The temperature was measured
by means of mercurial thermometers, placed in thin metal
tubes, containing mercury, to protect them from pressure.
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The boiler being charged, and a convenient quantity of fuel
introduced into the furnace, the temperature was allowed to rise
until it nearly attained a maximum. A series of readings were
then taken simultaneously from the manometer and four ther-
mometers, until the temperature passed its maximum, and began
sensibly to decrease. The readings at the maximum were alone
retained for calculation. Fresh fuel was then added, and a
second experiment obtained.

The method, carried out with the skill for which MM.
Arago and Dulong have earned so high a reputation, possesses
most of the essentials of complete accuracy. Its chief defect,
as M. Regnault has pointed out, lies in this, that when the
pressure and temperature are changing, however slowly, it is
impossible to be absolutely certain that the thermometers have
followed that change with the necessary rapidity, and that they
do really register the temperature at the time the observation is
made. There is in these experiments one other source of pos-
sible error, namely, the use of the mercurial thermometer,
which, in the higher parts of its scale does not possess the
accuracy necessary in experiments of this nature. Be this as it
may, these experiments are of high value and permanent im-
portance. The results obtained in thirty experiments are given
in Table IV. on next page.

Next to the experiments of the French Academy, the most
important experiments on the relation of temperature and
pressure of steam were those of the Franklin Institute in
America. They differed considerably from those of the French
physicists, and are probably less reliable. The following table
gives an abstract of the results:—

TasLe IIL —Erastic Forcr oF STRAM FROM THE EXPERIMENTS OF THE
FRANRKLIN INSTITUTE.

Pressure in | Temperature in || Pressure in | Temperature in || P: in | Temperature in
Atmospheres | degrees Fahr. || Atmospheres| degrees Fahr. || Atmospheres| degrees Fahr.

1 2f2 43 2985 8 336
13 236 6 3046 83 340§
2 260 6% 310 9 345
24 264 6 3166 9% 349
3 275 6} 321 10 3624

33 284 7 326
4 2915 74 331
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TasLe IV.—Resvrrs oF MM. Araco AND DurLoxe’s EXPERIMENTS ON THE
RELATION OF PRESSURE AND TEMPBRATURB OF SATURATED STEAM,

Temperature observed
No. of Cent. Mean Temper- m"ifﬁ:& Elastic force E}ﬁm’_‘”
Experi- ature reduced of Meroury, at in inches of spheres of
ment L Small . Large L Fabhr, scale 0 C. ’ Mercury 99-922 inches
o o o
1 122-97 1237 253-99 1-62916 64-141 214
2 132-58 132-82 270-86 2:1767 85698 287
3 132:64 133-3 271:34 2-1816 86891 288
4 13770 1383 28040 2:6386 99-947 3:348
5 149-64 1497 30131 34769 136-85 4684
6 151-87 1519 30638 3-6868 145616 4-86
7 153-64 1637 308-60 3-881 1562:80 512
8 163:00 163-4 31676 49383 19442 661
9 16840 1685 33621 56064 22069 7-391
10 16967 169-4 33706 67787 227-31 7-613
11 171-88 172:34 34179 6151 24217 8114
12 18071 1807 36726 7-56001 29529 9:893
13 183-70 1837 362-66 8:0352 316-36 1060
14 186°80 1871 366561 8:69956 34261 1148
15 18830 1885 371-12 8840 34804 11'66
16 19370 1937 380-66 99989 39366 1319
17 19855 1985 389-33 11-019 432-83 1463
18 202-00 201-76 39536 11-862 467-02 15°66
19 203-40 204°17 39880 12-2903 48388 16-21
20 206-17 206-10 403-03 129872 511-32 17-13
21 206-40 2068 403-88 13:061 51422 17-23
22 207-09 207-4 405603 13-1276 516-84 17-30
23 20846 2089 40762 13-6843 53876 1805
24 209-10 20913 408-39 13-769 54210 1816
25 210-47 2106 41086 14:0634 562-41 18-66
26 21607 2153 419-32 1549956 610-23 2044
27 217-23 2176 423-256 161528 6356-95 21-31
28 2183 2184 42503 16-3816 644-96 21-60
29 220-4 2208 429-08 171826 67650 2266
30 223-88 22416 43622 18-1894 716°13 23994

The experiments of Arago and Dulong give a temperature of
358°:88 Fahr. for a pressure of ten atmospheres, or 6°-38 higher
than that of the American Institute. This notable difference,
too great to be merely accidental, Regnault, whose experience in
the matter entitles him to speak with certainty, attributes to
the use of mercurial thermometers, which, although agreeing
perfectly between 32° and 212° often present at elevated tem-
peratures a difference of many degrees. Regnault’s own experi-
ments give 356:54 on the air-thermometer as the temperature
at the pressure of ten atmospheres, which is 2°-34 lower than the
French Academy, and 4° higher than the Franklin Institute.
As at this temperature the mercurial thermometer gives higher
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indications than the air thermometer, MM. Arago and Dulong’s
experiments appear the most reliable.

The uncertainty arising from the discordance of the numerical
results of the different physicists who had studied this question,
and especially the difference above noted, called for a new
investigation.

The experiments of M. Regnault on the reliability of the
various instruments employed in measuring temperature, led
him to the conclusion that at elevated temperatures the indica-
tions of different mercurial thermometers were too variable to
be trusted, unless they were made of the same description of
glass, and that even in that case they require reduction to the
absolute temperature of the air thermometer. The following
table gives some of the results obtained :—

Temperatures by Mercurial Thermometers
Temperature by the -
Air Thermometer

Cratiatiol | OGlass” | Groen Glams S
100° 100° 100° 100° 100°
130 130-20 129-91 13014 130-07
150 150°40 149-80 160-30 15016
180 180-80 17963 180°60 180-33
200 . 20126 | 198970 200-80 20050
260 25300 250 06 261-86 251-44
300 805°72 301-08
860 36060 85400

The above numbers are in Centigrade degrees. They show for
the thermometer of ordinary glass, when its indications are re-
duced to Fahrenheit’s scale, the following divergences from the
true temperature shown by the air thermometer :—

Temperature by Air Temperature by Mercurial
Thermometer Thermometer

Fahr,® Fahr.©

302 30164

892 39146

482 : 48209

672 57394

662 66920

To M. Regnault the French Government committed, on the
proposition of M. Legrand, the task of carrying on a series of
experiments to determine, with the greatest precision, the.
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principal laws and numerical data which enter into the calcula-
tion of the duty of steam engines, and supplied the funds for
fulfilling its intentions on a scale such as would have been
impossible in any private enterprise. The papers, which were
the result of this munificence, are amongst the most important
in the recent history of science. They cover a large ground,
and possess a precision and completeness before scarcely ever
attained in researches of this kind.

In relation to the steam engine, the most important questions
which M. Regnault has set himself to solve, are—1st. The elastic
force of the vapour of water, both at pressures lower than that of
the atmosphere, and at high pressures, up to 400 lbs. per square
inch. 2nd. The latent heat of the vapour of water through a
similar range of temperature and pressure. 3rd. The specific
" heat of liquid water. The laws of the density and expansion of
steam, it will be observed, Regnault did not touch, but, on the
subjects above named, his researches are not likely to be super-
seded in accuracy or extent.

To ascertain the relation of temperature and volume of steam
at low temperatures, Regnault adopted the plan of employing
two barometers, placed side by side, under precisely similar
circumstances, into one of which was introduced a portion of
water perfectly freed from air. The upper part of these baro-
meters was surrounded by a large bath of water, maintained by
agitation at a constant temperature. The difference of level of
the mercury in the humid and dry barometers gave directly the
elasticity of the steam at the temperature of the bath. ’

Fig. 149 shows one of the forms of apparatus employed. The
two barometers, ¢ g, o k, were plunged in the same cistern v, and
maintained vertical against a firm board. . In the form shown,
the moist barometer ¢ g communicated with a glass globe A, of
a capacity of 80 cubic inches, and exhausted of air by means of
an air-pump, after which the tube ! was hermetically sealed.
The tension of the air remaining was accurately ascertained, and
did not exceed 1 to 2 millimetres. The bath of galvanised
iron v v was of a capacity of about 2,746 cubic inches; over a
rectangular opening opposite the barometers the plate of glass
E ¢ was fixed, and through this the readings were taken, after
the error arising from refraction had been determined. By
means of a lamp placed underneath, a constant temperature

—— et ——




ON THE PROPERTIES OF STEAM. 201

could be maintained in this bath as long as was necessary to
take a series of readings.  'When these were complete, water was
withdrawn from the bath and replaced by boiling water, then,
when a constant temperature was again arrived at, a new series
of readings could be obtained.

These methods answered with perfect accuracy up to about

Fig. 149,

150° Fahr.; above this the tendency of the water to separate into
strata of unequal temperature began to manifest itself so as to
introduce errors into the experiments. Regnault, therefore, had
recourse to the plan of observing the temperature at which
water boils at determined pressures. .This was the proceeding
adopted by Arago and Dulong, but with a new precaution.
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Those physicists were, by the method they adopted, compelled to
regulate their experiments by the condition of their fire, so that
it was impossible to maintain a constant temperature for any
great length of time. By adding to their apparatus a large
vessel containing air and acting as an artificial atmosphere,
together with some large air-pumps, by which the pressure on
the water could be predetermined and maintained perfectly
constant, Regnault, in fact, obtained means for regulating his
experiments altogether independently of the furnace, for the
temperature of ebullition, we have already seen, is perfectly
constant under a constant pressure. The conditions were iden-
tically those of water boiling in air.

Fig. 150 shows the larger of the two forms of apparatus em-

3 %

ployed in the experiments on the elasticity of steam at high
temperatures.

It consists of a boiler, condensing tube, artificial atmosphere,
mercurial manometer, and an air-pump. The boiler B is of red
copper, of 13-7 inches diameter, and 123 pints capacity. The
cover carries two tubes, in which were placed mercurial ther-
mometers protected from pressure, and a third for an air
thermometer. The boiler was strengthened by iron rings
bolted round it. The refrigerator R R of a copper tube 5 feet
long, communicating with the boiler, surrounded by a larger
tube, was arranged so that a continuous stream of cold water

e —— e . -
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flowed into the funnel f, and away by the siphon 8. The re-
gervoir of air forming the artificial atmosphere for maintaining
a constant pressure was formed of a cylinder ¢, of 62 gallons
capacity, and riveted and brazed so as to be perfectly air-tight.
The manometer for ascertaining the pressure consisted of an
open mercurial column in every instance, than which no more
perfect instrument, or one more free from corrections depending
on theoretical calculations, could be devised. The indications
are of equal sensitiveness at all pressures, instead of continually
decreasing in value, as in the ordinary compressed air-gauge
employed by Arago and Dulong.

This manometer is not shown in the sketch, but it consisted
~ of a cistern of mercury with a pipe attached having four
openings ; one of these was usually closed ; the other three were
for the attachment of glass tubes to contain the mercury
columns in the various experiments in which this apparatus
was employed. The column open to the atmosphere consisted
of ten to twenty~two glass tubes, nearly 10 feet long and 4; inch
bore. These were carefully connected together to form a column
perfectly vertical, and from 40 to 80 or more feet in height, as
required, being supported against a vertical wall. Up to fifteen
atmospheres the levels were taken by two cathetometers; for
higher pressures the glass tube itself was graduated into milli-
metres.

The air-pump for mamtalmng the artificial atmosphere in the
large cylinder o, consisted of three single-acting cylinders, each
discharging 42 cubic inches per stroke.

To measure the temperature two mercurial thermometers ¢ £,
perfectly accordant, and an air thermometer, were employed ;
the latter consisting of a thin glass cylinder of about. 117 inches
diameter, and 11°7 inches long. This communicated by the
capillary tube ¢ ¢ with the manometer gh. The capacity of the
air thermometer, its temperature, and the pressure, were there-
fore known, and with the corrections which M. Regnault applied,
he considers that it indicated sensibly j4:th of a degree.

It will be evident how, with this apparatus, a continuous and
energetic ebullition was maintained in the boiler B, under any
pressure at which the observer wished to determine the temper-
ature of the steam. Condensation went on at the same time
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with a corresponding rapidity in the cooling apparatus R R;
the pressure being maintained constant by the air-pump, the
thermometers would in time become identical in temperature
with the steam in the boiler B; simultaneous observations at
this period of the thermometers and the manometer gave the
relation of temperature and pressure which was required.

We have now described all the principal methods by which it
has been sought to determine, experimentally, the relation of
the pressure and temperature of saturated steam. It is neces-
sary that we should next consider how they may be expressed in
a formula suitable for calculation.

The law to which Watt was led, and which is usually known
as Dalton’s, from the care with which he verified it, so far as
his experiments went, is that which, in general terms, most
nearly expresses this relation; it is, that the elastic force of
vapours increases in a geometrical progression, for a series of
temperatures increasing in an arithmetical progression, and many
of the formule which have been constructed to express the results
of experiments, have been based upon it. Strictly speaking,
it is, however, only an approximate expression of the true law.

One of the earliest and best of the formule which have been
proposed, is that first applied to steam by M. Prony, of the form

F=aa'+ b8 + oyt + ... (1)
where ¥ is the elastic force and ¢ the temperature. The other
quantities are constants derived from experiment. This for-
mula is accurate, but requires a large amount of calculation.
Dr. Young proposes the formula

F= (a+bt)* ... (2)
which has been the basis of several formule employed for inter-

polation by physicists. Thus MM. Arago and Dulong give from
their own experiments the following constants :—

e=(1+ 071531y ... (3)

where e expresses the elasticity in atmospheres of 29:922 inches
of mercury; T the temperature in Centigrade degrees reckoned
from 100° positive above that point and negative below, taking
for unity an interval of 100°. For pressures greater than one
atmosphere this formula is satisfactory, but it deviates greatly
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from experiment at lower pressures. Atthe same time it has a
great simplicity.
The formula proposed by the Franklin Institute was of the
same kind, the constants being
e=("00333 T 4 1)6 ... (4)
where e is the pressure in atmospheres of 30 inches of mercury,
and T the excess of the temperature above 212° in Fahrenheit.
This formula also does not apply below atmospheric pressure
with accuracy. For calculation we may write it
log ¢ =6 1og {-00333 (t —212°) + 1} ... (5)
and for calculating the temperature from the pressure,
_ve—1
~ “00333
Another form of expression was given by M. Biot in 1844, viz.
logr=a+bat+cpt... (7)
The constants for this formula M. Regnault has calculated

from the following values, obtained from the graphic curve,
which represented his experiments :—

+ t212...(6)

t,= 0° Fo = 460 mm.
t,= 25 ¥ = 2355
t, = 50 = 9198
t,= 175 ¥, = 28850
t, = 100 F, = 76000
whence he deduced —
loga, = 0006865036
logB, = 19967249
logh = 21340339
loge = 06116485
a = +4-7384380

where the third term c¢B,tis negative. Between 0° and 100°
Centigrade, this expresses M. Regnault’s results with very great
exactness. Above this temperature, it gives results which
become sensibly different from those of experiment.

For temperatures between 100° and 230° Centigrade, M.
Regnault obtained the following values for the constants in
M. Biot’s formula :—
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For the Air Thermometer For the Mercurial Thermometer

log @, = 1997412127 = 1997443007
logB, = 0007590697 = 001182377
logb = 04121470 = 04163766
log ¢ = 37448901 = 49731198
a = 54583895 = 54882878

Where in the formula the second term is negative, and
logF =a~ba>+ cB* ... (8)
x = t°—100°
which gives the relation of temperature in Centigrade degrees
and pressure in millimetres. The mercurial thermometer was

constructed of crystal of Choisi-le-Roi.
Mr. Rankine, in 1849, urged some theoretical objections to

the formule employed by M. Regnault, and proposed the fol- ’
lowing :—

logp-A-—z- —-% .(9)

e 1 {A/(A—logp 42:) _2';0} e (10)

when 7=T + 461°2 Fahr,
The constants for this formula are— -

A = 82591 )
logs = 343642
logo = 559873
QB— = 0003441 ( &iving p in lbs. per square foot.
» = 000001184 -
e )
A = 64095 giving p in inches of mercury.
A = 61007 giving p in lbs. per square inch. ’

For accuracy this formula leaves little to be desired, but it
requires considerable calculation, especially for finding the tem-
perature from the pressure. Where so great accuracy is not
required, the following simple formula gives results that may
be relied upon for practical purposes over a large range of the
scale :—
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' 5 (1—212 '
logp = _'1(‘—-|Tﬂ) cor (11) ‘

2895
= 5logp 367 ... (12)
which gives the pressure p in atmospheres of 29922 inches of

mercury or 14-7 lbs. per square inch.
Exzample 1.—For instance, let T be given = 230° Fahr.,

then log p = 55’;;8 = 015075 ="log 1-415.
At 230° Fahr. therefore the pressure is 1415 atmosphere =
1:415 x 29°922 = 42:339 inches of mercury = 1°415 x 147 =
20-8 1bs. per square inch, or 20'8 —14-7 = 6°1 lbs. above the
atmospheric pressure.
Example 2.—Again, let p = 691 atmosphere
=289 __367=
5—1-8395
2895
51605
Example 3—We may also calculate the case given in Ex-
ample (1) by Mr. Rankine’s formula; here =T+ 4612=
230° + 461°2 = 691°2,
logs = 343642
—log 7 = 2:83960 _ 59682 = log 3-9521
log 0 = 559873
—2log 7= 567921 _1.91952 = log 0-8308
4-7829
For lbs. per square inch 6:1007—4-7829 =1-3178 = log

2079 1bs.

For inches of mercury 6-4095—4-7829 = 1-6266=1og 42-33
inches.

These results are almost identical with those given by the
preceding formula.

The following table may serve as a guide in the use of these
formul®, showing how far they are accurate, and within what
limits on the scale they may be used with safety :—

— 367 =193°99 Fahr.
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Pressure of Steam
Temperature,
. Regnault’s Tate’s Formula Rankine’s Formula
Tables (11) ()]
Inches Inches Error Inches Error
- 256 *0126 *0099— 0027 *01113—-00156
+ 320 -1811 *1661— -0150 °1734 —-0077
698 *7266 *7051— 0214 *7200 —-0065
100-4 1'9410 1916 — -0260 1936 —-0050
1508 7-6791 7674 — -0051 7695 +-0159
212:0 29-9218 29-922 0 29-922 [}
25670 68658 68:640 — -018 68656 —-008
3020 140995 14081 -— 185 140-87 —~1256
347°0 264471 26386 — ‘611 264-20 —--271
3920 ° 460-204 45898 -—1-224 459-90 —304
4370 751-866 75031 "—=1'556 7561-98 +°12

The errors of the numbers given by the formulwe are placed beside them for

comparison.

TaprLs V.—OF THE PrESSURE AND CORRESPONDING TEMPERATURE OF SATURATED
STeAM, OBTAINED FROM THB TABLES OF M. REGNAULT BY INTERPOLATION AND
RepuctioNn To ENcLISH MEASURES.

P @ [m, Rise of || Pressure Temperatare Riseof || Pr m . Rise of
in Ibs- per) in degrees |, T9PerS |17 100 BT in degroes |0 eTmPere: |1n 106 Per| sy degrees |, 1 oraben
“}nug{e Fahr. ure for N ﬁllnuélhm Fahr. ure for . | thl::’l;e Fahr. ture for
1 10198 . 31 | 25209 . 70 | 30271 )
2 12626 | 3523 32 | 25394 i,;g 76 | sor3s | 053
3 1161 | 129 33 | 26570 | 179 8o | sus3 | 989
4 15308 | 157 3¢ | 26747 | 17T 86 | 31600 | 082
5 162-33 779 85 | 25015 | 168 90 | 32003 | o2
6 17012 Ak s6 | 26083 | 183 o5 | 32387 | 07
7 17690 | 78 87 | 26244 | 120 | 100 | 32758 | o7
8 18290 5% 38 | 26004 | 199 | 106 | 33110 | 0T
9 18831 s 30 | 26568 | °0 || 110 | 33451 | 0%
10 19323 | 5o 40 | 26712 | 153 15 | s3rss | OO
11 19777 ace a1 | 26860 | 3 120 | 34099 | O
12 | 20196 ¥4 2 | 27007 | 14 125 | 34408 | 0%
13 20588 Yoy 43 | 27150 | 8 130 | 34705 | OF
14 20955 4 | 27291 | Too || 135 | 4993 | 057
147 | 212 oo} 347 15 | 271430 | 9 140 | 35276 | 0BT
15 21302 527 46 | 27665 | 130 || 146 | 3556 -
16 21629 A 47 | 27699 | 134 150 | 3583 o8
17 21942 | 30 48 | 27830 | 131 160 | 3634 P
18 292-37 44 49 | 27959 | 1729 170 | 3682 otr
19 | 22519 S 50 | 28085 | 126 180 | 8729 o4
20 | 227791 212 61 | 28260 | 120 190 | 3775 e
21 23054 | 253 52 | 28332 | 122 200 | 3818 a8
22 23308 204 53 | 28463 | 120 | 210 | 3860 o030
23 23543 yae 54 | 28573 | 9 || 220 | 3899 o
24 23775 | 252 56 | 28690 | 11T |l 230 | 3038 o
25 240-00 a2 56 | 28805 | 11° 240 | 3975 o
26 24216 | 28 57 | 28919 | 117 | 250 | 4011 038
27 244-26 204 58 | 29031 111 260 | 4045 038
28 24632 2 oe 59 | 20142 | 170 || 270 | 4079 o3
29 248-30 S 60 | 20251 | 152 [ 280 | 4112 oo
30 260-23 e 65 | 20777 | 108 200 | 4144 oo
31 252:09 70 | 30271 300 | 4175 J |
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On the Relation of Temperature and Density of Saturated
Steam.

Notwithstanding the very numerous experimental researches
on the relation of pressure and temperature of steam, the re-
lation of temperature and density, which is equally important
in the calculations of the steam-engine, has, till recently, been
examined by theoretical investigations alone. By the method
of Dumas it was found that, in becoming vapour, a cubic unit
of water expanded to 1,669 cubic units of steam, and from this
single datum the density and volume at all other temperatures
has been calculated, on the assumption that steam follows the
same laws of expansion and contraction, under the influence of
temperature and pressure, as a perfect gas.

The gaseous laws, or the laws of the relation of volume,
pressure, and temperature of a perfect gas may be enumerated
as follows :— '

1. Mariotte’s or Boyle’s law; the pressure or elasticity is
inversely as the volume when the temperature remains the
same. That is, if a volume of gas of 10 cubic feet, under a
pressure of 15 lbs. per square inch, be subjected to a pressure
of 30 lbs. per square inch, the volume will be diminished to 5
cubic feet ; or, on the other hand, if the pressure be decreased
to 7% lbs. per square inch, the volume will increase to 20 cubic
feet. Expressed in a formula, putting p for the pressure when
the volume is v, P, the pressure when the volume is v,—

-I-.-=ﬁ... 13).
Y (13)

2. Gay-Lussac’s or Dalton’s law; the expansion of a given
weight of an elastic fluid under a constant pressure is ;34th
part of its volume at 0° Fahr. for every degree of increase of
temperature. Expressed in a formula this law is—

v_459+¢
v, 159+,

PART I. P

w(14).
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Hence, also, if the volume be constant,

P _459+1
m e (15)
and combining the two formule-

VXP __459+1
vy X P,=459+t,"' (16)

that is, the product of the volume and pressure at one tem-
perature, is to that product at another temperature as the
temperature in the first case to the temperature in the second,
the temperatures being counted from the absolute zero, or a
temperature of — 459° Fahr.

Now we have seen, that it has been determined expenmenta.lly
for steam that when #, = 212° Fahr., p, = 14*7 and v, = 1669,
and if we assume that steam is strictly gaseous, these data
suffice for calculating the volume or density of the same weight
of steam at any other temperature and pressure; substituting
in (16) we get

v=1%9xmﬂx§§ii
1xp

=365459 +t

- (17).

Thus, if we take from the preceding table of the relation of
temperature and pressure the corresponding numbers, and sub-
stitute them for ¢ and P in the above formula, we shall get the
theoretical volume at that temperature and pressure. Thus from
Table V. we have £ = 281° when P = 50 1bs., then

459 + 281
50

that is, a volume of 1,669 cubic feet at 212°, would be reduced
to 540 at 281° and of course the density increased in the
inverse ratio.

From this well-known formula all the tables of the density
of steam, with one recent exception, have been deduced, on
which calculations of the duty of the steam-engine have been
" founded.

Although experimentalists have for some time questioned the

v = 365 = 540
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truth of this theoretical formula, yet, up to a recent time, no
reliable direct experiments-had been made to test its truth. Yet
a few years since Dr. Joule and Professor Thomson announced,
as the result of the application of the dynamical theory of heat,
that for temperatures above 212° Fahr. there would prove to
be a considerable deviation from the gaseous laws in the case of
steam. In 1855, Professor Rankine gave a theoretical formula
for the density of steam, confirmatory of Professor Thomson’s
views,* This formula deduces the volume from the latent heat,
and is of the form

H
v—t = : cen (17)

where L is the latent heat of evaporation per cubic foot, in foot
pounds of energy, and H the latent heat of evaporation of one
pound of steam in units of energy, and v—%/ is the increase
of volume of one pound of the fluid in evaporating. As we
have as yet not considered the subject of latent heat, we may
express Professor Rankine’s formula in another form, as giving
the volume from the pressure and temperature. It is then

v 772 {10917 — -7 (T—32)} x (T + 461-2)
YT 23026V p {B (T + 4612) + 2 ¢}

where 27 is the specific volume’of the steam, v" the volume of

one pound of water at the temperature T; p the pressure of
the steam at T temperature in pounds on the square foot; log
B=343642 ; log ¢ = 5-59873.

About the same time Mr. Tate made some experiments with
ether, which led him to the conclusion that, at pressures some-
what above the atmospheric, the vapour of this substance does
not follow the gaseous laws. These experiments led to a com-
prehensive series of researches, undertaken by Mr. Tate in con-
junction with myself, to ascertain the density of saturated steam
at all pressures, by a new and original method.

The general features of our method of ascertaining the density
of steam, consist in vaporising a known weight of water in a

* Proc. Roy. Soc. Edinb. 1865. These views have been further developed by
Mr. Rankine in his Manual of the Steam Engine and other Prime-Movers, in which
are given full tables of the density of steam, agreeing well with the experimental
results about to be detailed. ’

P2
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large glass globe—with a stem — of known capacity and devoid
of air, and observing the exact temperature at which the whole
of the water is just vaporised. Then, knowing the weight,
volume, and temperature of the steam, its specific gravity may
be calculated. In order to pursue this method with safety and
with the requisite amount of accuracy, the following peculiarities
of construction of the apparatus were adopted :—

First, in order to secure the thin globe from bursting, and at
the same time to have it uniformly heated, it is placed in a
strong closed copper steam bath, having a thermometer and
pressure gauge attached, and a strong glass tube, closed at its
exterior extremity, for receiving the stem of the globe. By this
arrangement the glass globe is secured from bursting, for what-
ever may be the elasticity of the steam, the internal pressure in
the globe is balanced by the external pressure in the steam bath.
- Second, when a given weight of water is vaporised in a
closed vessel devoid of air, the steam is said to be in a state of
saturation so long as any portion of the liquid remains in the
vessel. But after all the water is vaporised, heat being still
applied, the steam becomes superheated, or heated beyond the
temperature just requisite for vaporising all the water. By
way of distinction we call this point the maximum temperature
of saturation. Now as we havé to find by observation the tem-
perature of the steam exactly at the point when the whole of
the water is vaporised, the determination of this with sufficient
accuracy and delicacy has hitherto formed the great practical
difficulty attending experimental researches on the density of
vapours. We have overcome this difficulty by using what may
be called a saturation gauge, the form of which varies according
to circumstances, but the principle on which it is constructed
may be illustrated as follows:—

Imagine two globes 4, B, fig. 151, connected by a bent tube
containing mercury, and immersed in a large bath of liquid to
secure uniformity of temperature ; suppose these globes devoid
of air but containing weighed portions of water, say twenty
grains in A and thirty in B. If heat be now applied to the liquid
bath so as to increase progressively the temperature of the
globes, this weighed portion of water will gradually pass into
steam, and the elastic force in each globe will increase in a ratio
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corresponding with the temperature, but without in the least
affecting the uniformity of level of Fig. 161.

the mercury columns ¢ and p, be-
cause the pressure on eachside will
be the same. But when the whole
of the water in globe A has been
evaporated, this equality of pres-
sure will no longer exist and the
column ¢ will rise. The pressure
in B increases in the ratio for
saturated steam, whilst that in A in-
creasesin the much smaller ratio of
superheated steam, and hence the difference of level of the
columns. The instant at which the columns begin to rise on
one side and fall on the other, is the point at which the whole
of the water in A is converted into steam ; and the temperature
then noted is the maximum temperature of saturation. The
following theoretical table gives approximately the rise of the
mercury column at several temperatures :—

I
i

N S T

|
i

|
b

il

il

li

L

Saturated Steam Increments of Pressure for 1° Fahr,
Pressure  Temperature For expansion For vaporisation Difference
At 4 lbs. and 152° 0012 0222 0-210
7 176 0022 0-32 030
15 213 0:044 060 056
20 228 0:060 080 074
61 295 0°160 2:00 1-84
. 74 308 0:200 222 202

The increments of pressure in this table are measured in
inches -of mercury. Their difference shows the rise of the
mercury column on the side on which expansion from super-
heating is taking place. That is, the columns would diverge
from the level ‘210 inch at 152° F., 056 inch at 213°, 2:02
inch at 308°, and so on.

For reasons which will hereafter be obvious, it was found
impossible to determine the instant at which the whole of the
water in the globe was vaporised and the columns diverged.
The cohesion of the glass to the last particles of water, the
foggy condition of the steam, and other causes, rendered it neces-
sary to superheat the steam a few degrees, and then having very
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carefullydetermined the differenceof level of the columns, to esti-
mate from these data the maximum temperature of saturation.
In fig. 152 is shown a sectional elevation of the apparatus em-
Fig. 152. ployed in these researches for pressures
varying from 15 lbs. to 70 lbs. on the

square inch, or from one to five atmo-

spheres. A is the glass globe of measured

capacity for the reception of the weighed

portion of water, drawn out into a stem

about 32 inches long. The average size

. of the globes was 5} inches diameter

or 75 cubic inches capacity; the stems

were 3 to Iz inch bore. B B is the

copper boilér or steam bath in which

the globe was heated uniformly through-

out. The copper bath is prolonged by a

strong glass tube o o, 1} inches in dia-

meter, and closed at the bottom; the

tube is fixed to the boiler by a stuff-

ing box, its upper part being trumpet-

mouthed to prevent its being forced out

by the pressure. The joint in the stuffing

box was made by a ring of vulcanised

india-rubber, which at the temperatures

required in this series of experiments,

answered its purpose perfectly. To heat

this outer glass tube, which was peculiarly

liable to explode, and, in fact, on two

occasions did so, an outer oil bath @ @

was used, made of blown glass, twenty

inches long, and resting in a sand bath

l1. This bath was supported on a tripod.

The copper bath was heated by a coil

of gas jets E E; and the oil bath by a

large wire gauge lamp &, protected from

draughts by a muffle £ k. The tempera-

_ ture thus obtained and distributed uni-

" formly throughout the glass tube and

steam bath by convection, was measured by a thermometer in the
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oil bath, and another ¢, exposed naked on the steam bath, and
fixed in a stuffing box. Opposite the thermometer is a stopcock
P, and on the top of the boiler a pressure gauge, for roughly
indicating the pressure in the boiler. The copper boiler re-
placed the globe B in the diagram, fig. 151. The two mercury
columns, the outer in the tube 0 0,and the inner in the stem of
the globe % 4, separate the vapour and water in the steam bath
from that in the globe, and form the saturation gauge to which
reference has been made. So long as the steam in the globe A
remains in a state of saturation, the inner column remains sta-
tionary at a point a little above the level of the outer column,
so as to balance the column of water in the steam bath B B.
But when in raising the temperature the whole of the water in
A is evaporated, and the steam begins to superheat, then the
pressure of the steam in A no longer balances that of the steam
in B, and the columns diverge: the difference of level forming
a measure of the expansion of the steam. It was found in
practice a matter of the utmost importance that the observer
should not, in these experiments, trust to the unaided eye to
determine the point at which the columns began to diverge,
but that a careful series of measurements of the difference of
level of the columns should be made, not only near the satura-
tion point, but also at various temperatures of superheating ;
thus affording data for determining the law of expansion near
the saturation point, and for estimating the maximum tempera-
ture of saturation from a point at which the error from the co-
hesion between the water and the glass, and the error from the
retention of portions of water in the steam itself, might both be
eliminated. It was also found advisable to take these readings
of the levels of the columns, rather in a descending than in an
ascending series of temperatures.

To read the column levels with rapidity and facility, seeing
that they could not be approached within six or Fig. 163.
eight inches, a simple form of cathetometer was
devised, sufficiently accurate for the purpose. It
consisted of a telescope with cross wires sliding on a
vertical graduated iron stem, and carrying a vernier
for reading off the levels to the one-hundredth of an inch.
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The steps in the process for determining the

specific gravity of steam by this apparatus were
2 as follows : —
& A glass globule of a size to contain, as nearly
7 as might be, the required quantity of water for
vaporisation, was selected from a series (fig.
1563). These globules had open stems, and after
being filled with water were immersed hot in a
cup of mercury, so that, in cooling, the mercury
should rise into and fill the capillary stem. The
weight of the water introduced was easily ascer-
tained by deducting from the weight after filling
the weight of the dry cup, globule, and mercury.
In this state the cup of mercury was transferred,
and the globule passed into the large globe,
in which a Torricellian vacuum had been pre-
viously formed.

To form the Torricellian vacuum, the globe,
dried and filled with warm mercury, was heated
on a sand bath until the mercury boiled; the
stem was then filled with dry mercury, and the
globe inverted, with its stem inserted in a basin
of mercury. The globule was then introduced
into the stem, and allowed to ascend into the
globe. In order to transfer the globe from the
basin to its place in the steam bath, a cup £, fig.
154, filled with mercury was suspended from the
stem by an india-rubber strap, a platinum wire
being inserted between the cup and globe stem
to ensure free passage for the mercury. The
cover of the boiler B B being then taken off, and
the outer tube o0 o dried and partially filled with
dry mercury, the globe was raised and inserted
into its place, resting on a tripod in the boiler.
The cover was then fixed with a flax and red
lead joint, and the cock p connected with an
air pump. Exhaustion was effected, so that the
columns in the globe stem and outer tube stood
nearly level the air pump was then removed and a portion of

TR R

U
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water allowed to enter through thecock. The gas lights were then
kindled; and until the water attained the boiling point, the
columns were maintained level by means of the air pump, to pre-
vent the possible entrance of water into the globe. After boiling
for a time the cock p was closed, and the process of vaporisation
went, on simultaneously in the bath and globe, the temperature
being kept sufficiently high in the oil baths & @ to maintain the
water in the outer tube in a state of ebullition. The temperature
of the baths is slowly and uniformly raised, until the temperature
of the vapour in the globe is considerably above the maximum
temperature of saturation. After having been maintained for
a considerable period atyvthis temperature, the levels of the
columns were observed ; then the temperature being allowed to
sink some degrees, the operation was repeated, and the tem-
perature again reduced; and so on until the columns became
stationary, indicating saturated steam in the globe as well as on
the boiler. A series of readings was taken at each temperature,
to make sure that the globe had attained a uniformity of tem-
perature. At the same time the levels of some file marks on
the stem were taken, by which the capacity of the globe in each
position of the mercury column could be determined. All the
elements were thus obtained for calculating the density of the
steam.

Let w be put for the weight of distilled water at 39°1 Fahr.,
filling the globe to the point at which the mercury columns
stood at the maximum temperature of saturation. Let w be
the weight of water vaporised; v the specific volume of the
steam, or the number of times the volume of steam exceeds the
volume of the water from which it is raised ; then:

v= 1 ...(19).

By at once superheating the steam in the globe, and then
slowly reducing the temperature until the maximum temperature
of saturation is reached, we secure the following advantages :—
The cohesion of the water to the surface of the glass being over-
come, that force, it may be presumed, cannot be regained until
the glass again becomes wet, which can only occur on conden-
sation, that is, by the reduction of the temperature below that
which corresponds to the maximum temperature of saturation.
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Moreover, the observation of the columns at different tempera-
tures of superheating, not only supplies us with data for ascer-
taining the maximum temperature of saturation, but also for
determining the law of expansion of superheated steam near the
saturation point. )

The following table gives the temperature of saturation de-
duced from the experiments with the above apparatus from the
two highest temperatures of superheating attained in each case.
Where the lower of these temperatures is manifestly within the
limits of imperfect expansion, the reduction from higher tem-
perature only has been retained.

Tasre VI.—Rzsurrs o EXPERIMENTS ON THE DENSITY OF STEAM AT PRESSURES
oF FROM 15 to 70 LBs. PRR SQUARE INCH.

tNo. of Maximum Temperature Pr of Steam in Specific Volume
Experiment of Saturation, Fahr, Inches of Mercury of the Steam
o

24989 o 0. 5360 )

1 YRR } 24290 63'63} 6361 9431
24490 1, ,. 55607 .. .

2 piine 24482 55,“} 5652 9080
245427 o, 5. 5608\ xrcq- i

3 byl PYER 56,70} 5589 8925
26637 . 6670 . .

4 255,62} 26550 M } 66:84 7594
, 26320 | o pa. 7626\ ... )

5 Sen.00 | 26914 (e } 76:20 6492
26735 o pry. 8171 o )

6 267-08 { 267°21 srae} 8153 6353
26924 oz . 84:36 o4 )

7 Soo1s | 26920 3 4,25} 84:20 6057

8 27476 9223 584-4

9 27330 9008 5432

10 27942 99-68 6160
28266 0. 104487 ., )

11 reos L2268 10460 } 10464 497-2
28749 oo, © 112827 ... )

12 287-00 | 28726 s 5} 11278 4583

13 292-53 122:25 4331

14 288-25 114:25 1496

A similar series of experiments was obtained at pressures less
than 15 lbs. per square inch, but in this case the saturation
gauge was abandoned. The stem of the globe was immersed at
the bottom into a cistern of mercury open to the atmosphere;
in other respects the method of the experiment was precisely the
same. The water was introduced, the globe heated; and as
vaporisation went on, the mercury column descended in pro-
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portion to the increase of the elasticity of the vapour. Simul-
taneous readings of a barometer were taken; and by deducting
from the height of the mercurial column in the barometer the
height of that in the globe stem, we obtain the elasticity of the
vapour in the globe for the corresponding temperature. So long
as the vapour in the globe was in a condition of saturation, its
elasticity thus found corresponded with that in M. Regnault’s
tables. When it became superheated, the ratio of increase of
elasticity was very greatly reduced, and the column became
almost stationary. The superheating was carried in these ex-
periments to twenty or thirty degrees above the saturation
point. The principle of the experiments was therefore entirely
unchanged, the only alteration being that the elasticity of the
saturated steam was obtained from previous experiments, and
that of superheated steam observed, and the difference of level
of saturated and superheated steam obtained by subtracting
the one from the other, instead of being directly observed.

The following table gives the results obtained in this series of
experiments reduced on the same principle as the last :—

TasLE VIIL.—Tae RrsuLTs OF EXPERIMENTS ON THE DENSITY OF STBAM AT
PRESSURES BELOW THAT OF THE ATMOSPHERE.

l No. of Maximum Temperature of Pressure of Steam in Inches | Specific Volume
Experiment, Saturation, Fahr, of Mercury of the Steam

13685 536

1 13088 } 13677 5,34} 535 82753
15638\ 1 . 8641 o .

2 10058 } 16533 4 } 8:62 63335
169-35 9-45

3 159-35 § 159-36 945 945 49202
159-40 946
170887 1. 12463 . )

4 170,96}170 92 1 } 12:47 37226
171627 1y 12637 -, _

5 171,44}171 48 12_60} 1261 37151

6 17492 1362 3438'1
18226 1 <. 16017 o, )

7 Lo3.5q } 18230 160 } 1601 30510

8 18830 18:36 26234

9 19878 2288 2149'5

These results show that the density of saturated steam at all
temperatures above as well as below 212°, is invariably greater
than that derived by calculation from the gaseous laws.

Aswe propose extending these experiments to higher pressures,
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it is premature to venture on any elaborate generalisation
of the results we have attained. The following formulz,
however, express with much exactness the relation between
temperature and volume, and between pressure and volume,
as indicated hy our experiments.

Let v be the specific volume of saturated steam, at the pres-
sure P, measured by a column of mercury in inches; then

49513
. v = 2562 + P R (20)
49513
P=_—"rg — 072... (21).

The following numbers show the a.greement of these formule
with the experimental results:—

Specific Volume
Temperature, Proportional Error
Fahr, of Formula
By Experiment By Formula
o o

13677 82753 8,183 %
15533 53335 5,326 —ke
169-36 49202 4,900 -%_6
17092 37226 3,768 +a
17148 37151 3,740 +es
17492 34381 3,478 e
182-30 30510 2,985 —&
18830 26234 2,620 s
19878 21495 2,124 L
242:90 9431 937 -3
24482 9080 906 -
24522 8925 900 + Tfp.
26650 759-4 758 i
263-14 6492 669 +2
26721 636'3 628 _¥
26920 6067 608 +3
27476 5844 562 e
27330 5432 545 3
27942 5130 519 +0
282-58 497-2 496 |
287-25 4583 461 +
29253 4331 428 ¥
28826 4496 456 o

‘We have also computed the following table from the experi-
mental formula, which exhibits at a glance the pressure, volume,
and weight of saturated steam, and will enable the reader to
ascertain the necessary data for calculations at all pressures from
1 to 250 lbs. per square inch :—
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GeNERAL TABLE (VIIL) oF THE RELATION OF PRESSUrE, VOLUME, AND WRIGHT
OF SATURATED STEAM DEDUCED FROM EXPERIMENTAL DATA.

Pressure
Decrease of Specific| Weight of a Cubic
Specific Volume Volume per 1b. Steam
In lbs. per In Inches of Pressure Foot of
8q. inch Mercury

1 2-0361 179906 . 100347

2 40722 103576 Toase 100602

3 61083 72766 10680 100858

4 81444 56106 loi2s 01112

5 10-1805 45681 7158 101258

6 12:217 38526 5210 101620

7 14:263 33316 2860 01874

8 16-289 2936-6 e 102126

9 18:325 26254 2514 -02377
10 20-361 23743 2069 102630
11 22:397 21674 794 102880
12 24-433 19940 147 -03131
13 26469 18467 1268 -03380
14 28505 17198 -03630

Atmospheric

147 29-922 16415 1104 103803
16 30-541 16094 068 -03878
16 32577 15126 b 04127
17 34-614 14269 ) -04375
18 36650 13506 A 04622
19 38686 1282°1 s 04869
20 40722 12200 i 05117
21 42758 11644 e 06361
22 44794 11135 P -05606
23 46830 10669 29 05851
24 48866 10241 305 -06096
25 50902 9848 o 106339
26 52038 9484 s 06582
27 54976 9146 e 66826
28 57011 883-2 o -07068
29 59047 8640 P 07310
30 61083 8268 A 07550
31 63119 8012 i 07792
32 65155 7772 . 108032
33 67191 7647 i -08272
34 69-227 7336 : -08510
35 71264 7134 }gg 08751
36 73299 6945 e -08988
37 75336 6766 15 -09227
38 77°372 65697 o -09463
39 79-408 6436 128 -09700
40 81444 6282 1is -09937
41 83480 6134 124 *10040
12 85616 599-3 - 10416
43 87-652 5869 121 *10654
44 89-588 5738 12-0 10880
45 91625 5618 11+4 11111
46 93-607 6504 10-9 11342
47 95697 5395 105 ‘11671
48 97733 5290 10-4 11801
49 99769 5186 13_1 -12037
50 101:805 5085 12276
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Pressure
Decrease of Specific
Specific Volume Volume Welght of & Cubic
g | gt FRET | T

51 103841 .
52 105877 igg-i 90 e
53 107018 4814 87 doney
54 109949 4729 85 Tas0n
55 111985 4647 82 T3tae
56 114022 4570 7 13600
57 116068 4496 14 13884
58 118094 442+4 72 ey
59 120130 4353 71 Yot
60 122166 4285 68 byt
61 124-202 4220 65 14793
62 126238 4156 64 i
63 128-274 4094 62 16558
64 130310 4035 59 e
65 132:346 3977 68 kit
66 134-383 3921 66 o]
67 136419 3866 &5 britt
68 138-456 3813 63 N6s72
69 140-491 376:1 52 etk
70 142:527 3712 49 hpess:
71 144-563 366-4 48 fract)
72 146599 3617 41 17250
73 148635 3671 Py 7481
74 150671 3526 6 708
75 152708 3483 43 ikbe
76 154744 3441 42 1otas
71 156780 340-0 41 18360
78 158'816 3360 a0 1859
79 160852 3321 39 hyedt
80 162888 3283 38 19015
81 164°924 3246 37 10252
82 166960 3209 7 osss
83 168996 317-3 36 10674
84 171°032 3139 0 krsth
85 173069 3105 4 20t08
86 175°105 307-2 33 20821
87 177°141 304-0 82 20835
88 179177 300-8 82 el
89 181213 2077 81 20670
90 183249 294-7 89 2118
91 185285 2918 29 Kin
92 187-321 2889 29 1508
93 189357 2861 28 21815
94 191'393 2833 28 ‘22045
95 193429 280-6 27 2047
96 195466 2780 26 Dassy
97 197502 2754 26 22667
98 199-538 2728 2 25389
99 201674 270-3 25 23008
100 203610 267-9 T4 23309
110 223-971 2460 219 29376
120 244332 227-6 184 27928
130 264603 212:2 164 20419
140 285054 1989 133 1386
150 305415 1869 120 33400
oo 33400
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Pressure
Decrease of Specific| weiont, of 4 Cubic
Inlbs.per | In Inchesof Specife Volume | Volgme per 1o | " Foot of Steam
8q. inch Mercury
160 325776 1773 0-90 -35209
170 346-137 168-3 078 37092
180 366-498 1605 072 -38895
190 386859 1533 064 40722
200 407-220 1469 057 42496
210 427-581 141-2 063 44211
220 447-942 1359 0-47 45935
230 468303 131-2 044 475681
240 488664 126-8 041 49232
2560 509025 1227 60877

In the above table, which is probably the first calculated from
direct experimental data, the third column is calculated by
means of formula (20), and the last by dividing the weight of a
cubic foot of water, at the temperature of 39°1 Fahr., by the
specific volume of the steam, that is, by the volume to which a
cubic foot of water expands when converted into steam.

It will be interesting to compare the numbers given by the
above table with those which are obtained in an entirely inde-
pendent manner from Mr. Rankine’s formula, in which the
volume is deduced from the latent heat. The following
numbers show a near agreement in the results. With these
has been placed at the same time a column giving the results
deduced from the gaseous laws as they have hitherto been
generally received.

CoMPARISON OF THE VALUES OF THE SPECIFIC VOLUME OF SATURATED STEAM,

FroM THE Formur®z oF MR. FAIRBAIRN AND MR. TATE, MR. RANKINR, AND
FROM THE Gaseous Laws.

Specific Volume
Pressure in
| emPEra- | Inches of Mer-

’ eury mﬁ}; RANKINE GAsEOUS LAWS
104° 2:1618 17207 195620 + i 19390 +
140 58578 756563 7620 + e 7611 + T
176 13-9621 3897 3367—1-;5 3385 —g53
212 299218 | 16416 1645 + ot 1700 + %
248 587116 8587 874 + 3% 9418 + i
284 106-9930 4853 498 + i’ 65168 + &
320 183-1342 2949 301+ g5 3166 + 5
356 297-1013 1919 191 —5¢5 2041+ &
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The fractions in the two last columns indicate the proportional
deviation from the experimental formula. Within the limits of
the experiments below the atmospheric pressure, that is, between
136° and 212°, both Mr. Rankine’s and the gaseous results agree
closely with our experiments. Above 212° both Mr. Rankine’s
and our own results deviate considerably from those obtained
on the assumption of the gaseous laws, whilst at the same time
the two former approximate nearly in value.

Fig. 155 represents graphically the relations which have
been described in this section, the spheres representing the
volume assumed by the same weight of steam at the respective
pressures shown on the figure. It may also serve to show how
the density increases and the volume decreases with the pressure
according to the law determined by our experiments.

On the Latent Heat of Steam at different Pressures.

It has already been explained that in all changes in the state
of aggregation of bodies heat becomes latent or sensible. If a
body passes from the solid to the liquid, or from the liquid to
the gaseous state, heat becomes latent ; in the inverse process
an equal amount of heat becomes sensible.

Black determined the amount of increase of heat in the
water surrounding the worm of a still by the condensation of
a weighed portion of steam, and found that the condensation
of one pound of steam raised the temperature of an equal
quantity of water 954° Fahr., an estimate which has since
proved too low.

Watt investigated this subject in relation to the action of his
condenser, and from his experiments concluded ¢that the
quantity of heat mecessary to convert one pound of water at
32° imto steam at any pressure i8 constant.’ That is, that the
latent heat of steam decreases as the pressure rises, by as much
as the sensible heat increases, the total heat being constant. If
we take the total units of heat of steam at 212° to be 1146-6,
and if A be put for the total units of heat, and A, for the latent
heat at any other temperature T, then the law of Watt will be
expressed by the formula—

A=A + T = 11466 ... (22).
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Fig. 155.
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Subsequently to Watt, in 1803, Southern made some ex-
periments on the same subject, from which he deduced a
(different law, which has since borne his name. He concluded
“that the latent heat of evaporation is constant at all
pressures, and that the total quantity of heat increases as the
pressure riges, by as much as the sensible temperature rises.
Taking the same numbers as before, we have the latent heat at
212° = 1146°6 — 180° = 9666 ; then Southern’s law is ex-
pressed in the formula—

A = 9666 + (T — 32°)...... (23).

Watt’s law, from its simplicity, has generally been employed
in calculations on the duty of the steam engine; it has been
reserved for M. Regnault to ascertain, with the same accuracy
and care as he determined the relation of temperature and
pressure of steam, the true law of the relation of the latent heat
and the pressure. The law he has discovered is expressed in its
simplest form in the formula—

A = 1082 + ‘305 T, ...... (24)

which shows that the total heat A, incorporated in a pound of
saturated steam at the temperature T, is equal to the latent heat
of evaporation of steam at 32° (nearly), increased by the pro-
duct 0-305 .

At 212° the total heat by all three formuls will be the same,
namely, 1146°6 units; but at 300° the total heat by Watt’s
law would still be only 1146'6; by Southern’s it would be
11946 ; and by Regnau]t’s it would be 1173-5.

The quantities of heat in the above paragraphs have been
measured by € units of heat:’ it will be necessary to explain
what is intended by the phrase. The unit of heat, or British
thermal wnit, is the quantity of heat which would have to be
added to one pound of pure liquid water, at or near its point
of maximum density, to raise its temperature 1° Fahrenheit.
The French thermal unit is the quantity of heat necessary to
raise the temperature of 1 kilogramme of water at or near
its point of maximum density 1° Centigrade. It will be con-
venient to state that there are 3:96832 British thermal units in
aFrench thermal unit, and 0:251996 French units in an English
unit. (Rankine.)
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The apparatus employed by Regnault to determine the latent
heat of steam consisted of a boiler, condenser, artificial atmo-
sphere and two precisely similar calorimeters. The boiler, made
immensely strong, was of a capacity of 66 gallons, and was filled
when required with newly-distilled water. From this a copper
tube conveyed the steam to the calorimeters and condenser.
This tube was surrounded by a dense stratum of steam in a
jacket, which communicated with the same boiler, and termi-
nated in a peculiarly formed cock, by which the steam could be
sent to the calorimeters or condenser, as necessary. The con-
denser, a vessel of 13 gallons’ capacity, kept cool by a stream
of water, was employed merely to cause a continuous flow of
steam through the apparatus, lest any portion should be cooled
before entering the calorimeters.
The air receiver, or artificial Fig. 156.
atmosphere,communicating with
air pumps, was of the same cha-~
racter, and employed for the
same purpose as in the experi-
ments upon the relation of pres- Qi T
sure and temperature, viz. to
regulate the temperature of the
steam in the boiler, by main- |3
taining perfectly uniform the - |3
pressure at which ebullition takes — )
place. The calorimeters for mea~ |=——
suring the heat disengaged were |—=
the most essential part of this
apparatus, and consisted of two
red copper cylinders, with thin
metal covers. The worm con-
sisted of a first bulb A, of
red copper, ‘078 inch in thick-
ness, into which the steam to be
condensed passed directly; the
condensed water and steam
thence passed into a second bulb
B, with a cock r placed outside
the calorimeter ; the same bulb B, had an upper tubulure, by
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which it communicated with a copper worm. An agitator, or
fan, of two discs of fluted copper, served to blend together the
strata of water in the calorimeter during the experiment.
The same volume of water was introduced into the calorimeters
at every experiment, being measured in a gauging vessel.
The mercurial manometer and forcing pumps were identical
with those employed in the experiments on the relation of
pressure and temperature. When complete, the apparatus was
tested with a pressure of air of ten atmospheres, and every leak
perfectly closed.

For experiments at the atmospheric pressure, every part of
the apparatus exposed to condensation was covered with flannel.
The distributing cock was placed so that no steam reached the
calorimeters, and distillation was commenced and carried on for
about an hour, to secure perfect uniformity of temperature
throughout, and to expel the air. Cold water was then introduced
into the calorimeters, and a portion of the steam sent through
them, after a previous experiment for five minutes had been
made as to the amount of heat communicated to the water by
conduction at the joints. When sufficient condensation in the
calorimeter had been effected, the cock was closed, and the time
and temperature were noted ; the agitation of the water in the
calorimeter was however continued, and observations of the rate
of cooling by radiation were obtained. The quantity of water
condensed in the calorimeter was allowed to flow out at the cock
r, and weighed.

It will be impossible here to enter in detail into all the de-
vices to obtain data for calculating the corrections to be applied
in each experiment for radiation, conduction, &c. ; nor the for-
mule by which they were calculated. It is certain, however,
that these allowances have been made with very great accuracy ;
in every case the theoretical formula has been checked by ex-
perimental data.

At high pressures the air pumps and artificial atmosphere
were connected with the apparatus ; in other respects the ex-
periments were identical, and in this way results were obtained
up to a pressure of 14 atmospheres, or 205 lbs. per square inch.

For pressures below that of the atmosphere the forcing
pumps were replaced by the ordinary exhausting air pump, com-



ON THE PROPERTIES OF STEAM. 229

municating with the reservoir of air. In this way experiments
were obtained at pressures varying from 0-22 atmosphere to
0-64 atmosphere.

The most accurate formula for the latent heat of evaporatlon
is Mr. Rankine’s:—

! = 1091-7 — 0695 (T — 32°) — 0000000103 (T — 39°1)*
but for practical purposes the last factor may be omitted. In
this way the following table of latent and total heat has been
computed. The latent heat being calculated for a pound weight
of steam, the units of heat required to raise the water from
32° to the boiling point are very nearly T— 32°,

TasLe IX.—TuE LATENT AND Tortar HEAT oF STAM FROM 1 LB, TO 150 LBS.
PER SQUARE INcH.

Pressure in f Eva- | To eat from 32° | Increment of
Ibs. per sq. | Corresponding Tem- ﬁﬁ'@foﬁ%‘ﬁﬁmﬁ frtig il et per
inch berature, . Thermal Units Thermal Units Ib. Pressure
1 101-98 10431 11131 73
2 126-26 10261 11204 46
3 141-61 10164 11250 35
4 156308 1007-4 11285 27
5 162-33 1006-3 1131-2 24
6 17012 9956 11336 21
7 176-90 990-8 11357 19
8 18290 9866 1137-6 15
9 188-31 9828 11391 15
10 193-23 9794 11406 14
11 19777 9761 11420 13
12 201-96 9732 11432 12
13 20588 97056 11444 10
14 209°565 9678 11454
147 212:00 966°1 1146°1 1-0
15 213-02 9654 11464 9
16 21629 9631 11473 -9
17 219-42 9608 11482 .9
18 222-37 9688 11491 -8
19 22519 9569 1150°1 v
20 22791 9550 1150-8 7
21 23054 953-0 11515 7
22 233:08 9513 11523 7
23 23543 9496 11530 r
24 23775 9480 11637 7
25 240-00 9464 11544 -
26 242°16 9449 1155°1 6
27 24426 9434 11557 i
28 246-32 9420 1156-3 8
29 248-30 9405 1156-9 6
30 25023 939-1 11675 5
31 25208 9378 11580 5
32 26394 9374 11583 5
33 256570 ‘9352 11590
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Pressure in Corresponding Tem- Latent Heat of Eva- | Total Heat from 82° | Increment of
lbs.‘gg; 8q. perature, Fahr, poration :Ft?n?t:m Fahr. in }%Jﬂn'i‘t? t?:al Heat l1:21'
34 25747 934-0 11595 5
35 256965 932-8 11600 5
36 260-83 9316 11604 -5
37 26243 9304 11608 5
38 26404 9293 11613 4
39 266-57 928-2 11618 -4
40 267-11 927-1 11622 -4
41 26869 926-1 11627 ”
42 270-67 925°1 1163-2 4
43 271+49 , 924-0 1163-6 4
44 27291 9230 1163-9 4
45 27428 9220 11643 4
46 2756'65 9211 1164°7 35
47 276-97 9201 1166°1 .35
48 27830 919-2 11665 -3
49 279-57 918-2 11658 3
50 280-85 917-3 1166-1 .3
52 283-32 915-6 11669 .3
54 285°73 9139 11676 .3
56 288:06 912-2 11682 3
58 290-31 9106 1168-9 .3
60 292-51 909-1 11696 .3
65 297-77 9053 1171-1 -3
70 30271 901-8 11725 3
75 307-38 8985 1173-8 26
80 311-83 8961 11751 .26
86 316-00 892-2 -1176-2 99
90 32003 889-2 11773 .99
96 323-87 883-9 117856 99
100 327-56 881-3 11795 .20
106 33110 8789 11804 .20
110 334-61 8765 11814 -20
115 337-84 8742 11823 20
120 340-99 8720 11831 19
125 344-06 872:0 11840 .18
130 347-056 8699 11849 16
136 ‘ 349-93 8678 11857 16
140 35276 8657 11865 15
150 3583 8617 11880 13
200 3817 8450 11947 11
2560 4011 831-2 12003

On the Law of Expansion of Superheated Steam.

When steam is isolated from water and heated, it expands
and decreases in density if the pressure be constant, or increases

in pressure if the density (volume) be constant.

In this state

it is said to be surcharged or superheated, or, perhaps better,

gaseous steam.

The earliest experiments on superheated steam are perhaps
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those of Frost in America, which, however, do not appear t¢ be
reliable. Mr. Siemens adopted a simple apparatus not long
since, with which he sought to determine the rate of expansion
of steam isolated from water, and which gave a high rate of
expansion, but his conclusions are not at all borne out by my
own experiments, and his apparatus does not appear calculated
to yield very accurate results.

We are at this time prosecuting some researches on this
subject, which are not yet advanced sufficiently for publication.
In the meantime some results within a small range of super-
heating, obtained during the experiments on the density of
saturated steam, approximate so closely to what might have
been expected to be the law in this case, whilst at the same
time they were made with great care, that I believe they are
entitled to greater confidence than any previous attempts at the

_ determination of this question.

Mr. Rankine, in the absence of data, has taken as the basis
of his calculations on superheated steam, in his recently pub-
lished ¢Manyal of the Steam Engine, the assumption that
superheated steam follows precisely the gaseous laws in its
expansion under the influence of heat; that is, that

v _ 4612 +¢
v, 4612+,

Mr. Siemens’ experiments do not at all agree with this assump-
tion; they would give a higher rate of expansion. But, with a
certain proviso, my own results accord with it very nearly, and
would seem to show that superheated steam expands at the
same rate as a perfect gas.

The proviso to which I allude is this,—that within a short
distance of the temperature of maximum saturation, not ex-
ceeding about 20° Fahr., the rate of expansion is variable ;
close to the saturation point it is much higher than that of a
perfect gas, but it rapidly decreases till, at a point at no great
distance above the temperature of saturation, it becomes sensibly
identical with that of a perfect gas. These results, however, do
not extend over a sufficient range of temperature at present for
us to deduce the true law, although their entirely independent



232 ON PRIME-MOVERS.

coincidence with the laws already known to physicists is some
guarantee for their accuracy.

By the rate of expansion we mean here the fraction express-
ing the increment of volume for one degree of temperature
Fahrenheit ; for air this fraction is:

_ 1
. "= 91
where ¢ is the temperature of the gas. Thus at 212° the rate

. .1 T |
of expansion of a perfect gas is & at 300° it is 759’ at 400
it is §'51;§ ; and so on at other temperatures.

Now in our experiments we may deduce the rate of expan-
sion in a similar way, assuming it to be uniform for small
increments of temperature ; thus in experiment 6, in which the
maximum temperature of saturation is 174°92 Fahr., the co-
efficient of expansion for the steam between that temperature
and 180°Fahr. is T;O , or three times that of air; whereas be-
tween 180° and 200° the coefficient is very nearly the same as
that of air, being 6;—7bwhen air would be%’; and the same
rule is found in every experiment. The mean coefficient at
zero of temperature from seven experiments below the atmo-
spheric pressure, and calculated from a point several degrees

.1 R |
that of saturat _— h
above that of saturation, 1si§§, whereas for air it is 59 sothat
within the range of superheating obtained in these experiments

the formula of expansion would be,

v _ 438 +t

v, 438 +¢,
The experiments seem to indicate that if the superheating had
been carried further, the coefficient would have still more
closely agreed with that which applies to incondensible gases.
The following table gives the results upon which the previous
generalisations have been founded, and which seem for the
present the most reliable results we possess upon this subject.
Before long I hope that we shall be able to lay before the

—— e e —— ——— -
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public some direct experiments upon this subject, carried to a
high degree of superheating.

The following table gives the value of the coefficient of ex-
pansion for superheated steam, taken at different intervals of
temperature from the maximum temperature of saturation:—

*TABLE 8HOWING THE COEFFICIENT OF EXPANSION OF SUPRRHEATED STEAM,

No.of |Maximum Tem: Temperatures between Coeﬂdent ot ’ Coeﬁcl t of
Exper. | ture of Saturation | WHioR the Exp is pansion o '—. 1 of Alr]
1 136077 140°  170° 1 sty
2 155 -33 160 190 $ o
. 159 36 1702
3 159 -36 1702 2099 g g;
5 171 48 F171 48 180 . >
1180 200 e %
6 174 -0 17492 180 s wa
180 200 iy &
) 1823 186 ’
7 182 -30 186 209 4 i
8 188 -30 191 211 e o
1 242 -9 243 249 Ay 7z
. 255 -5 257 259 ok h
257 264 as e
6 a7 21 | {28 21 oy i
ol 213 wo i
R 233
7 269 2 273 219 s i
) 283 285
9 279 42 Er A $ %f;
) 297 299
13 292 '53 oy 4 i

The limited extent to which the superheating is carried leaves
the question of efficiency at higher temperatures unsolved. We
believe we are perfectly conversant with the costly machinery
that is used for this purpose on bhoard ship and in other places,
but until more reliable data have been determined by direct
_experiment, it would be premature to pronounce by what law
the advantages assumed to result from its use are produced.
We hope in entering on this inquiry to arrive at conclusions
founded on the unerring principles of physical truth,



CHAPTER VIL
VARIETIES OF STATIONARY STEAM ENGINES.

THE steam engine as an instrument of propulsion is at the
present time of such vast importance as to sink into insig-
nificance every other knhown agent as a motive power. We
have already considered the best methods by which the power
of water can be utilised, but the whole of the water power in
Great Britain falls immeasurably short of that obtained from
steam, in every department of useful art. If we were to stop
for a moment to compare the amount of steam power employed
in industrial operations, with that of wind or water, we should
find that the latter were mere fractions in the sum; and look-
ing forward to still further developments in its application, I
have taken some pains in the preceding chapter in giving a con-
cise account of the properties of water when converted by the
agency of heat into vapour or steam. I have considered these
facts of vital importance to a knowledge of its economical em-
ployment and application, and I have dwelt longer on the
inquiry than I originally intended, in order that I might have
an opportunity of rendering accessible the results of experi-
ments on the density of steam, and that the subject might be
clearly and distinctly understood before treating of the con-
struction of the steam engine.

It is not my object in this treatise to follow historically the
many changes and improvements which have been effected in
the steam engine since it left the hands of Watt. Suffice it to
observe, that there has been no change in the principles of its
action, unless we are to reckon as such the recent employment
of gaseous instead of saturated steam. All the other improve-
ments, in whatever form they present themselves, are confined
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to alterations of the organic parts of the engine, but have
effected no change in the principle of action.

Taking then the condensing engine in its best and most
economical form, I shall endeavour to lay before the reader
some examples of the best and most recent construction, adapted
for mill purposes in all the conditions of manufacture to which
they are applied. In making a selection of those of medium
size, I have chosen for illustration those at Saltaire, near Brad-
ford, of 100 nominal horse-power each. Those engines are
the best known for mills and factories, and the description of
them will include the essential features of every other condens-
ing beam engine.

Stationary Beam Engines.

At Saltaire the engines required to drive the machinery con-
gist of two pairs of condensing beam engines, each engine being
of 100 nominal horse-power, or collectively 400 nominal horse-
power. They are placed on either side of the principal entrance
to the mills, and are ‘supplied with steam from boilers placed
underground, at a short distance in front of the mill.

Plate V. contains a side elevation of one of these engines,
and Plate VI. a plan of one engine-house with its pair of
engines. The general arrangement will be understood when it
is noticed that the power generated in the cylinders ¢, and trans-
mitted through the working beam B B, to the large spur fly-
wheel w, 24 feet in diameter, is taken direct from its circum-
ference by the pinions P P, which give it off at the required
velocity to the shafting of the mill. '

The working beam B B is supported on two massive columns
¢, 16 feet high, 144 inches in least diameter, and 1} inch thick
of metal; these columns are bolted down beneath the whole
mass of masonry supporting the engine. The heavy entabla-
ture ¢ bolted to each column, and to the columns of the adjoin-
ing engine, is firmly fixed in the walls of the engine-house on
each side, and the spring beams A A over this and at right angles
with it are similarly attached to the cross beams b b. In this
way an exceedingly strong and rigid support is secured for the
main centre of the engine, which, resting in its pedestal @, has to
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sustain the principal strain of working. The spaces between
the spring beams and the walls, excepting where the main beam
vibrates,are filled with ornamental perforated metal plates, form-
ing the beam-room, approached by the staircase f, for the pur-
pose of oiling the centres, repairs, &c. The working beam
receives its motion from the piston-rod g, through the parallel
motion A &, and transmits it by the connecting-rod ¥ and crank
& to the fly-wheel w.

The steam is brought from the boilers through a prolongation
of the tunnel or flue in which the smoke passes to the chimney,
and enters the engine-house by the pipe p. Having thence
been admitted to the cylinder through the valve chests K K, it
repasses after it has completed its work to the condenser =,
through the eduction pipe E, in the usual way. The condenser
is supplied with cold water from the river Aire, by the pipe
k k, which communicates with the cold-water cistern J; the in-
jecter through which the water enters the condenser is in
these engines 6 inches bore, but the supply of water may be
diminished if necessary by the injection gear hereafter de-
scribed. Beside the condenser is the air-pump for pumping
out the water and the air which enters with the water into the
condenser, and is worked by the rod I ! from the beam through
a part of the parallel motion. A pump to supply the cold-water
cistern is worked by the rod n, and another pump is worked by
the rod p p, by which part of the hot water from the condenser
is pumped back again for the supply of the boilers, in propor-
tion as the water in them is decreased by its evaporation into
steam. The supply of steam to the engine is regulated by the
governor N acting on the throttle valve ¢, and thus the speed of
the engine is kept uniform. A shaft s 8, receiving motion from

" a bevel wheel on the crank shaft, works the equilibrium valves

in the chests K K, as will be described ; T T is a flooring or stage
by which access is gained to the cylinder covers for oiling and
cleaning. The cylinder is 50 inches in internal diameter, and
has 7 feet stroke; it stands on the circular cylinder bottom c’,
which is firmly bolted to the masonry by the long holding down
bolts r 7. -

The length of the engine-house is 50 feet, and its breadth 24
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feet. It will be seen that the two engines are combined so as
to act in concert upon the same crank-shaft and fly-wheel, the
cranks being placed at right angles to each other, that when
one engine is passing its top and bottom centres, and exerting
least power, the other is in mid stroke and exerting its whole
power upon the full leverage of the crank. In this way the
action of the engines is equalised, and the motion rendered
smoother than is possible with an independent engine, whilst, in
case of accident to either of the pair, its fellow may be employed
alone until the damage is made good.

Plate VII. exhibits a half-elevation and half-section of the
valve chests, condensers, air-pumps, &c., of a pair of engines,
showing the valves and the manner of working them. As
before, ¢ ¢ are the cylinders, ¢! ¢! the cylinder bottoms, K
the upper, and k' k! the lower valve chests, fixed right over the
cylinder ports and communicating by the side pipes ¢ .. »Dp is
the steam pipe, ® B the condensers, L L air-pumps, with their
valves v v v; M the hot well into which the air-pump lifts the
water accumulating in the condenser. This water passes away
by the overflow pipe m; p p p are feed pumps for supplying
the boilers, with an air vessel p!, for equalising the pressure and
preventing any sudden shocks in the pipes ; u, injection cock
and injecter, the quantity of water admitted being regulated
by the injection cock, worked by the hand wheel f, through the
medium of the small shafts and bell cranks » n.

The valves in these engines are of a peculiar construction,
being modifications of the double beat or equilibrium valve,
invented by Mr. Hornblower, and generally employed in the
mining engines in Cornwall, where the high price of coal has
led to that rigid economy for which its engineers have long
been so justly famous, Most of the appliances for using steam
expansively in rotative engines (%. e. in mill engines as distin-
guished from pumping engines), are open to the objections,—
1st, of wire-drawing the steam; 2nd, of cutting it off too
slowly ; and 3rd, of leaving too much space between the cut-
off valve and the cylinder, whereby much steam is wasted
without producing its due mechanical effect. To remedy these
defects I have employed the particular arrangement of valves
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ghown in the plate, which are applicable to all rotative engines
working expansively, whether with high or low-pressure steam.

The steam entering the upper steam chest K, through the
stop valve a, has free access also to the lower steam chest x!,
through the side pipe ¢; whilst the exhaust steam has also clear
access to the condenser, through the other side pipe ¢'. The
steam is admitted to the cylinder from the valve boxes by
means of the valves « and &' ; and after having completed its
work it passes through the exhaust valves y and ! to the
condenser, these valves being opened and shut, alternately, at
the right instant by an apparatus yet to be described. Each of
the valves consists of two single conical valves 2, 1 and 2, care-
fully secured together and accurately fitting their seats; the
lower valve is slightly smaller than the upper. The steam is
admitted on the upper and lower side of each of these pairs of
valves and presses in opposite directions, so that the downward
pressure on the upper valve is neutralised by the upward
pressure on the lower, excepting that a slight preponderance is
given to the former in consequence of the difference of area in
the valves, in order to aid in keeping the valves firmly pressed
upon their seats when released by the cams. Hence they lift
with the greatest ease and expose any required opening for the
admission or exit of the steam.

The mode of working these valves is very simple ; a shaft s ¢
(Plate V.) receives motion from the crank shaft, and imparts it
by the bevel wheels b b to the horizontal shaft ¢ ¢; this in turn
gives motion to the valve spindles d d, which pass continuously
through bearings in the valve chests, and are supported on foot-
steps on the brackets ¢ e. Upon each of these spindles are fixed
two discs g g, carrying cams upon their upper surfaces, so ar-
ranged as to lift and release each valve at the proper instant of
time. This is effected by a direct and simple action; the
height of the cam corresponds with the lift of the valve, its
length with the duration of the lift, and its position on the cam
disc, which makes one revolution for every stroke, regulates the
instant of time in the course of the stroke at which the valve
is opened and shut. The action of the cams is transferred to
the valves through the medium of friction pulleys k k% %, fixed
upon small cross-heads, which are guided in their upward

.
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and downward motion by the brass standards in which they
work. In the case of the steam valve these pulleys are capable
of adjustment by sliding them along the cross-head, towards or
away from the valve spindle, so as to bring them over different
parts of the cam, which is so arranged that the steam may be
cut off at 4, 4, }, or any required portion of the stroke, the
remainder being effected by the expansion of the steam.

The exhaust steam requiring a full opening into the con-
denser, it is desirable to retain the exhaust valve fully open
during the whole length of the stroke. By the present arrange-
ment this is effected with a greater degree of certainty than by
any other means hitherto proposed. The exhaust valves rise
suddenly on the short inclined planes of the cams, and having
allowed time for the escape of the steam through a wide passage
to the condenser, they fall with equal celerity by their own
weight ; thus a more complete vacuum is formed under the
piston than is perhaps possible to obtain by any other process.

The stop valve a is a simple conical valve, worked by a lever
and hand wheel 7, fixed by a bracket to the side of the steam
chests, and is chiefly used for shutting off the steam from the
engine.

The following diagrams were taken from these engines on
May 4th, 1859. The engines were then working at 25 revolu-
tions per minute, and one pair with part of the load off :—

Diameter of cylinder . . . 50 ins.
Area » . . . 196350 ins.
Speed of piston . 350 feet per minute.
Scale of diagrams . {5 inch per Ib. pressure.

Engine A.
From this diagram we get :—

Lbs. per sq. in.
Mean pressure of steam . . 7°1684

Deduct for friction, &c. . . . = 20000
Effective pressure - . . = 51684
.*. Actual horse-power = 107-63.
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Engine B.
From this diagram we get:—

Mean pressure of steam . . = 7-3646
Deduct for friction, &e, . . . = 20000
Effective pressure . . . = 53646
.*. Horses-power = 111-46.
Engine C.
From this diagram we get :—
Mean pressure of steam , . . = 13301
Deduct for friction, &e. . . .= 2000
Effective pressure . . . = 11301
.*. Horses-power = 235:34.
Engine D.
From this diagram we get :—
Mean pressure of steam . . . = 12946
Deduct for friction, &e. . . . = 2000
Effective pressure . = 10946

.*. Horses-power = 227-95.
Collectively 682:38 horses-power,

With a inigher pressure of steam, or a shorter expansion, these
engines will work to nearly double the above, or 1,200 horses-
power.

Fig. 158 represents the cylinder, and its base, of the Saltaire
engines. The cylinders are 50 inches internal diameter, with 7
feet stroke, of metal 1} inches thick. The ports are twenty
inches wide, by 6 inches deep, so as to give ;% the area of the
piston for the admission and exit of the steam. The equili-
brium valves have the upper disc 12 inches diameter, or 113
inches area, the lower disc 10} inches diameter, or 86% inches
area, lift of steam valves 1§ inches; of exhaust valves 1% inches,
Steam pipes, 124 inches diameter; exhaust, 13 inches; con-
denser, 40 inches ; air pump, 33} inches, and 3 feet 6 inches
stroke. Beam 21 feet 6 inches long between the end centres,
or over three times the stroke; and 3} feet deep in the middle,

PART I. R

3
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or 4 the length. Main centre of wrought iron 12 inches
diameter in the beam and 9 inches in the bearings. Spur fly
wheel 24 feet 5 inches in diameter,
with 230 cogs on the rim, 14 inches
broad, 4 inches pitch; therim is in
10 segments and hasa sectional area
of 200 square inches.

It is now more than thirty years
gince it was found desirable to in-
crease the power of the steam en-
gines employed in manufacture,
and instead of engines of from 20
to 50 nominal horse-power, as much
as 100, and in some cases 200 horse-
power were required to meet the
demand. To keep pace with the
rapid extension of our manufac-
tures, not only was the power itself
doubled, and in some cases quad-
rupled, but a new class of men was
brought into existence as mecha~
nical engineers, and these, with the
facilities afforded by new construc-
tions and improvements of tools,
gave to the manufacture' of steam
engines, and machinery of every
description, an impetus that in a few years produced steam
engines in an accelerated ratio of ten to one.

For some years previous to the great demand for power, the
mills were driven by single engines, some as much as 50 or 60
horse-power, but these had soon to give place to others of much
greater force, or, what was found to answer much better, two
were employed coupled together as described above. Working
in pairs, they were found to afford greater uniformity of action
from the cranks being placed at right angles. Again, it was
found that the speed of 240 feet per minute, considered as the
maximum by Watt, was insufficient with the increasing demand
for power, and speeds of 320 to 350 feet per minute are now
become general. In some of the old engines, however, with
such an increase of speed, the breakages became so numerous

> -
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as to cause a retrograde movement, and a return to the old
speed.

The increase of speed was, however, inadequate to meet the
requirements for power in many cases, and the next resource
was to increase the pressure of the steam. Unfortunately many
of the boilers and engines were not calculated to withstand the
forces to which they were thus subjected, and the result was an
increase of the number of breakages and explosions to an extent
that was ruinous to life and property. The ultimatum of all
this was to increase the number of steam engines with an en-
tirely new description of boiler, calculated to withstand higher
pressures, and maintain the speed required to work the engine
up to the required standard of power.

In the above statement I do not mean to attach blame to any
person in his attempts to increase the power of the steam engine
to meet the demands of the mill. On the contrary, the ma-
jority of manufacturers were against an increase of speed or
pressure on account of the dangers they entailed, and the heavy
responsibilities attached to them when the lives of workpeople
were at stake, and it required a long series of years, in which I
advocated the use of high-pressure steam, before the reluctance
of the manufacturers was overcome. That is, however, now ac-
complished, and along with an improved principle of construc-
tion in boilers, the steam engine is no longer, when worked with
steam of only one-fourth the pressure, what it used to be. To
what extent the pressures may yet be carried, and how far the
steam may be expanded, is a question still open for solution.
But judging from what has already been done, the inference is
that we have not as yet attained the maximum pressure, nor the
rate of expansion calculated to afford the greatest economy in
the use of steam as a source of power.

To accomplish the increase of pressure no change has taken
place in the engine itself, beyond the strengthening of the parts,
and the substitution of wrought iron and steel for parts which
were before considered sufficiently strong of cast iron.

Where additional power was required in mills which could
not be obtained by increasing the speed and pressure of the
old engines, horizontal, high-pressure non-condensing engines
were sometimes introduced, and these, in the manufacturing

R2
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districts, are commonly called Thrutchers, These Thrutchers
have been largely employed in Staleybridge and the surround-
ing district, and although not of great value on the score of
economy, they are, nevertheless, important as auxiliary to the
larger condensing engines. They are generally attached to the
main gearing or first motion wheels, and the steam, which
enters their cylinder at 50 Ibs. pressure, exhausts into the eylin-
der of the condensing engine, and is there expanded and worked
over again. This system of double action would appear favour-
able to the expansive process, but unfortunately the distance

Fig. 169,

of the high-pressure cylinders from those of the condensing
engine, and the consequent loss of heat by radiation and the
retardation from friction, including the complicated nature of
the connections, &c., is so great as to neutralise or destroy the
economy of fuel which would otherwise have been secured.
There is, however, a considerable saving in original cost,
which to a certain extent balances this drawback and renders
the Thrutchers valuable as an auxiliary power. In cases where
engines are overloaded, and where it is impossible for want of
space to erect new engines on the first principle of construction,

-
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the horizontal non-condensing engines are admissible, and may
be used with advantage.

The annexed sketch (fig. 159) will explain the mode of con-
necting the horizontal high-pressure with the vertical condensing
engines. At A are shown a pair of 60 horse-power engines with the
" cylinder @ @ and fly-wheel ¢ e. At Bare the double high-pressure
engines with their cylinders ¢, and their connection with the
main shaft b b, by a spur fly-wheel and pinion dd. In this way
all the four engines are united ; a certain portion of the lower
part of the mill being occupied with the auxiliary engines B,

Fig. 160.

and with a new set of boilers to supply the steam at the re-
quisite pressure.

The great deficiency of power severely felt in many establish-
ments, has been supplied in some cases by another method,
without resorting to the erection of new engines, and that is by
McNaughting the old ones. This process, the invention of Mr.
McNaught, consists in increasing, or even nearly doubling, the
power of a condensing engine by the introduction of a high-
pressure cylinder attached to the same working beam, that is,
provided the beam is strong enough to bear the increase of

-
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strain. This system of Mr. McNaught is simple and as effective
as the Thrutchers, but it has unfortunately the same drawbacks
as regards loss of heat and expenditure of fuel, although it must
be admitted that the power of the engine is increased to a large
degree. The mode of McNaughting is shown in fig. 160, where
a is the cylinder of the condensing engine, b the high-pressure
cylinder mounted on a pedestal to a convenient height and
worked half stroke from the main beam at ¢. This it will be
observed is a simple process, as it does not interfere with the
main gearing of the mill, and in other respects also it has
advantages over the Thrutchers already described.

Plate VIIL shows in perspective view the engine-house and en-
gines erected for Messrs. W. Bailey and Brothers of Staleybridge
for driving a cotton mill. From their compactness, short stroke,
and regularity of motion, they are sometimes preferred in the
manufacture of cotton to beam engines of the common construc-
tion. The working beam or great lever L LL, is, as it were, split
into two, one of the halves being placed on each side of the engine,
but united at the middle by a large gudgeon or main centre L.
At the cylinder end the beam is worked by the crosshead p and
side rods LR, and at the other it is connected with the crank of
the fly-wheel by the crosshead and connecting rod L x L. The

moving mass of the engine is thus placed lower, and the whole .

rendered more compact than in the common beam engine. The
stroke being short, the variations of power occur at shorter in-
tervals, and hence the motion transmitted to the machinery of
the mill is rendered as uniform as possible through the agency
of the immense fly-wheel and the coupling of the two engines.
The striking peculiarity of these engines is the large geared
fly-wheel w ww w, formed of toothed segments, receiving the
power of both engines, correcting its irregularities, and giving
it out directly at its periphery, and at a high velocity, to the
first motion shaft of the mill Y Y. Not only is the requisite
speed of revolution very quickly attained in this way, but all
intermediate trains of wheels are entirely dispensed with, and
durability with simplicity secured in the highest degree. The
pinion g which receives the power from the fly-wheel is geared
with hornbeam teeth as an additional precaution for rendering
the motion perfectly smooth and noiseless.
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The steam pipe conducts the steam into an outer steam
jacket round the cylinder A A ; from this it enters the valve
boxes similarly constructed to those of the Saltaire engines, but
with short  valves instead of the equilibrium valves with which
those engines are fitted. The piston is packed with metallic
rings, and the steam ports are formed in the cover and bottom
plate of the cylinder. The condenser is placed below the bottom
valve chest, and near it the air-pump worked by a crosshead
seen at h.

The valves receive motion by the following arrangement.
A stud in the crank pin K carriesround a small radius rod x X on
an axis concentric with the crank; a smaller crank on this axis
bas a length equal to half the throw of the valve, or equal to
that which would be given to the ordinary eccentric; and by a
bar z « similar to the eccentric rod, the valve is moved by this
lesser crank in the same way as by an eccentric; m m m m are
the links of the parallel motion, w the governor, s the throttle
valve.

From the above- description it will be seen that the marine
engine has some advantages over the long stroke beam engine
as applied to mills. At an early period of my own practice I
introduced it on an extensive scale, and there are numbers now
at work, exclusive of those erected for Messrs. Bailey and
Brothers, that are performing an efficient duty, and giving entire
satisfaction.

With regard to economy of fuel, the marine engine is equal
to the beam engine when worked on the same principle of ex-
pansion with equilibrium valves. It has besides the advantage
of taking up less room in the mill, and having the whole of the
action upon a lower basement, to which the frame of the engine
is securely bolted. Every other engine, whether vertical, having
a downward motion, or horizontal, has an advantage over the
beam engine as regards space, and the distribution of its force
through its organic parts direct upon the solid foundation.

But notwithstanding these advantages of marine and direct
acting engines, they have not gained upon the old plan of a
stationary beam engine for employment as the chief prime-
mover in mills. The reason that the beam engine has not been
supplanted appears to be, that its simplicity of construction,
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and the facility of getting to every part in case of repairs
being necessary, give it a superiority over every other form,
however perfect and compact. Besides, the engineers (or engine
tenters, as they are called 'in the manufacturing districts) find
there is less trouble in cleaning, and there is therefore a desire
on their part to have the old construction in preference to every
other. From these considerations the old Boulton and Watt
form of engine, strengthened and improved by being adapted
to work expansively, is now the favourite, and is likely to main-
tain its ground as long as steam is depended on as the source of
power in mills. _

In the consideration of steam as a prime-mover, it would be
unjust to omit to notice the modification of Woolf, so extensively
used on the Continent, where fuel is expensive, and where the
greatest economy in its use has been an object of serious con-
sideration.

For the last half century Woolf’s engine has been preferred
in France and other countries on the continent of Europe, and
this has arisen from the fact that until the last fifteen years the
single cylinder engine has been worked with low pressure steam
only, without expansion. Now it is evident that the single
cylinder engine worked with full steam throughout the stroke,
will require a larger expenditure of fuel than another engine
worked expansively. Thus the double cylinder or compound
engine, in which high-pressure steam was employed, expanded
through three-fourths of the stroke, appeared to effect a con-
siderable saving of fuel; but taking both engines worked alike,
with steam of the same pressure similarly expanded, as is now
the case in the best single cylinder engines, there appears to be
no advantage in the compound over the simple single cylinder
engine. On the contrary, there'is a loss in the original cost of
the engine, and the complexity of the one as compared with the
other. I have therefore no hesitation in recommending the
single cylinder engine worked expansively, as an efficient com-
petitor of the compound engine.

Fig. 161 is a view of the two cylinders and valve chests of a
Woolf’s engine. The small or high-pressure cylinder’is shown
at A, 23 inches in diameter and 6 feet stroke, and the large or
low pressure cylinder at B, 40 inches in diameter and 8 feet
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stroke ; their contents being as 1 to 4. The steam is brought
from the boiler by a pipe not shown in the drawing, which
admits the steam into the annular passage ¢ ¢, whence it passes
into a valve chest D of the ordinary construction. This valve

Fig. 161.

chest communicates by the passages f and ® with the two valve
chests ¢ ¢ of the large or low pressure cylinder B, and the ex-
haust steam from A passes into these, and is expanded to four
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times its bulk in the larger cylinder, which has no direct com-
munication with the boiler. The steam from the upper side of
the piston of the high-pressure cylinder passes to the lower part
of the larger cylinder, and in this way a simultaneous upward
or downward motion of the pistons in the two cylinders is
secured.  After the steam has been thus expanded, and the
work so economised, it passes by the pipe E E to the condenser.

The valves of the large cylinder are equilibrium valves, like
those of the Saltaire engines, but differently moved. A recipro-
cating motion is given to a crank 4 by means of an eccentric
on the fly-wheel axis. This motion is communicated by a con-
necting rod and bell crank to the two rods ! and m, which slide
with freedom in a vertical direction. Upon these rods at suit-
able heights are fixed the arms I’ I” and m’ m”, by which the
valves in the upper and lower chests are actuated; ! and m’”
lifting the valves for the admission of the steam into the cylin-
der, and ” and m’ those for the exhaust. The valve of the
high-pressure cylinder is similarly worked by an arm connected
with the rod d, not shown in the drawing.

Before closing our notice of the varieties of steam engines,
we have to describe the horizontal condensing engines in which
the cylinder is placed horizontally upon a cast-iron frame or
bed-plate. This arrangement presents all the features of cheap-
ness and concentration which we noticed in the high-pressure
Thrutchers already described. The condensing engine, however,
works to 12 lbs. or 13 lbs. under the atmospheric pressure, and
thus economises part of the work of the steam which is lost in
the Thrutchers, with the additional disadvantage that they
work against a considerable back pressure. It is for these
reasons that the high-pressure non-condensing engines are not in
demand where a large amount of power is required. They are,
however, simple and effective, excepting as regards economy of
fuel. In some cases they are preferable to the condensing
engine, and that is in small establishments and as auxiliaries to
water wheels when the supply of water fluctuates, and a small
engine is needed when the supply is deficient. In large esta-
blishments, and more especially where coal is dear, the high-
pressure engine must give place to the condensing. The hori-
zontal condensing engine presents some of the advantages of
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both classes of engines, as it is economical as regards fuel, and
at the same time is lighter, more compact, requires less space,
and costs less money than a beam engine. These are its merits.
Its drawbacks are the horizontal position of the cylinder, in-
volving unequal wear of the parts, and the tendency of the
cylmder to become oval.

Fig. 162 represents a horizontal condensmg engine, in which
c is the cylinder, & & slide bars carrying the crosshead on the
piston rod, from which is worked the fly-wheel ¥ F by the con-
necting rod 7 7, and the bell crank b b, by a short link. This
bell crank transmits motion to the piston of the air-pump a,

Fig. 162.

communicating in the ordinary manner with the condenser d.
The working parts of the engine are firmly fixed on the iron
bed-plate A A. :

High-pressure Engines.

Engines working without condensation are now frequently
employed as auxiliaries, and where the amount of power re-
quired is not large. It will not be necessary to describe here
all their varieties, but they may be briefly enumerated as, 1st.
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Horizontal engines, like the last described, but without the con-
denser; 2nd. Columnar engines, in which the action is vertical,
the framing being in the form of a hollow cylindrical column ;
3rd. Vertical engines, with the cylinder placed above the crank

Fig. 163.

and working downwards; 4th. Oscillating engines, in which the
crank is worked direct from the piston rod, and the cylinder.
oscillates upon trunnions near its centre, to allow of the re-
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quisite vibration of the crank; 5th. Steeple engines, in which
the piston rod carries a crosshead, from which the connecting
rod works downwards to the crank.

One example of the best of these varieties will be sufficient
for our purposes in this place. Figs. 163 and 164 represent the
columnar engine, which from its simple, compact, and neat form,
is probably superior to most other constructions; it combines

several advantages from its vertical position, and the ease with
~which it is supported on two iron beams, b b, built into the walls
of the engine-house for that purpose. In this way the necessity
for heavy foundations is entirely done away with, and the boiler
may be placed immediately below the engine, in order to be
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close to its work, and to save space. The annexed drawings
represent a front and side elevation of an engine of this de-
scription of six horses’ power, but the same principle has been
successfully extended to engines of thirty horses’ power. The
piston rod is cottered in the usual way into a crosshead,
carrying blocks which slide in fixed guides on each side of
the columnar framing of the engine; the connecting rod rr is
attached to this crosshead, and also to the crank overhead. ¢
is the cylinder with its valve chest, the valves being of the
short p construction, worked by the eccentric ¢ on the crank
shaft. On the other side of the column, the pump for sup-
plying the boiler with water is worked by a stud on the piston
crosshead.

The governor &, attached at the side of the column, is
worked by a bevel wheel, upon the crank shaft, and the pipe
for supplying steam f f enters the valve chest, having a stop
valve worked by a handle 4 placed at the side of the column.

In most of the engines hitherto described, the motion of the
engine has been transmitted direct from the periphery of the
fiy-wheel to the gearing of the mill. This plan I introduced
nearly twenty-five years ago, and applied both to water wheels
and to steam engines; in the former case, the gearing is usually
internal, as shown in the Plates I., IL., III., and IV., and in
steam engines it is usually external, as shown in Plates V. and
VII. But this rule is by no means absolute, as in part of the
Deanston water wheels external spur gearing was employed ;
and in the columnar engine figured above, I have shown an
internal geared fly-wheel. On the introduction of this method
of obtaining direct the necessary speed in the first motion
shaft, by gearing the periphery of the fly-wheel, I met with
opposition on all sides, and it was not till a wheel of thirty-six
tons’ weight had been constructed for a pair of engines of 240
horses’ power, that the more sceptical were convinced that the
regularity of motion was not impaired, and that the train of
geared wkeels had been abandoned, with a material saving of
power, and economy of prime cost. This system of connecting
the prime-mover with the machinery of the mill greatly sim-
plifies the motion, by attaining the required velocity at once,
without the aid of speed gearing necessary where the motion

-
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is taken from the fly-wheel shaft. This system has now be-
come universal in stationary steam engines.

The duty of engines, or amount of work done for a given
quantity of coal consumed, has gradually improved as the engine
itself has been modified. Smeaton’s table of the effect of fifteen
atmospheric engines at work at Newcastle in 1769 gives a mean
of 5,590,000 lbs. raised one foot per bushel of coals per hour.
This is equivalent to an expenditure of 29:761bs. of coal per
horse power per hour. In Smeaton’s own engine, erected at
Long Benton, an improved duty of 9,450,000 1bs. raised one -
foot per bushel of coal was obtained, equivalent to an expendi-
ture of 17-6 lbs. per horse power per hour. In Watt’s engines
the expenditure of fuel was further reduced to so large an
extent that the payment for them was made proportional to
their economy, one-third of the annual saving of fuel obtained
by their use being paid during the term of the patent. In the
earliest of Watt’s engines without expansion the expenditure
appears to have been about 84 Ibs. to 91bs. per horse power per
hour. At the present time, in condensing engines working ex-
pansively, a duty as high as 26 Ibs. of coal per horse power per
hour has been obtained, or 11} times the amount of work for
the same consumption of fuel as in the early atmospheric
engines.

The following tables have been carefully compiled by Mr. H. -
Harman, late Chief Inspector of the Association for the Pre-
vention of Boiler Explosions in the districts of Lancashire and
Yorkshire, from the extensive returns furnished to that asso-
ciation. They show most significantly the progressive economy
arising from the use of high-pressure steam, and from a long
expansion.
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In reference to the apparent superiority of the compound
engines in the last table, Mr. Harman observes ¢that owing to
increased friction, &e., engines which have been compounded
invariably indicate more horses’ power than before, the machinery
remaining the same; hence arises an advantage, apparent and
not real, in calculating the consumption of fuel. . . . . .
Consideration has led me to conclude that the gross amount of
power exhibited by compound diagrams as at present calculated
is fallacious.’

— e ——— .
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CHAPTER VIIIL.
ON BOILERS.

VESSELS for the generation of steam for supplying steam en-
gines are of a great variety of forms, and are usually deno-
minated boilers. These vessels require great care and judgment
in their construction, in order that the fuel may be most
economically applied, the waste and nuisance of smoke avoided,
and the enormous force which steam is capable of exerting at
high temperatures safely restrained.

The boiler is, in fact, to the steam engine what the living
principle is to animated existence. Like the stomach, it re-
quires food to maintain the temperature, circulation, and con-
stant action, which constitute the energy of the steam engine
as a motive power. To keep up the temperature we have to
feed, stoke, and replenish the furnace with fuel, and we may
safely consider it a large digester, endowed with the functions of
producing that supply of force required in the maintenance of
the action of the steam engine. Fig. 165.

The boiler has undergone great changes of '
form and construction to adapt it to use. At
first it was hemispherical, fig. 165, as when em-
ployed by Newcomen, which shape was retained
for many years with certain modifications. Sub-
sequently it was altered by Watt to the form of
a parallelopipedon with a semi-cylindrical top,
as shown in fig. 166. This form of boiler was
extensively used by Watt in the early stages
of his steam engines, and continued to take
precedence of every other description of vessel
employed for the production of steam. It was,

- however, modified by the introduction of a

central flue, and a slight modification of its ex-

terior shape to enable it to withstand greater pressures. Fig. 167
82
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represents the improved form of boiler, in which, in addi-
tion to the curvature introduced along the bottom, the sides

Fig. 166.

I “ .-‘%///L/////////

were also constructed in that form, the better to resist the
pressure of the steam, which at that time was increased from
7 1bs. to 10 1bs. on the square inch.

Fig. 167. Simultaneously with these improvements
Woolf and Hornblower introduced high
pressure boilers of the cylindrical form,
some with hemispherical ends, fig. 168, and
others with flat ends having a cylindrical
flue through the centre, fig. 169. Boilers
of this sort were extensively used in Corn-
wall, where the pumping of the mines by
steam engines on Woolf’s plan required a
pressure varying from 30 lbs. to 40 1bs. per square inch. The
same description of boiler was adopted by Watt in his pumping
engines, first erected in Cornwall, and worked expansively on

Fig. 168.

the principle of cutting off the steam at an early point in the
stroke. :
It was in the Cornish districts that the first great improve-

—_—
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ments in boilers took place. The high price of coal became an
important item in the use of pumps for draining the mines, and
every measure of economy was resorted to for a reduction of
the cost. The result was the introduction of the cylindrical
boiler, fig. 169, with a central flue, and a system of premiums
to the superintendents for every bushel of
coal saved in raising a given weight of Fig. 169.
water out of the mines. This system of
premiums worked well in Cornwall, and I
apprehend the steam engines of those dis-
tricts are still worked with greater economy
than in any other part of the kingdom.
The Cornish miners pay more attention to
their engines, are more careful of their boilers, and are stimulated
to a more rigid economy than in any other part of the kingdom.
They are never short of boiler space, and never force their
fires or increase the power of their engines without increasing
the capacity of their boilers. These conditions give to the
Cornish engines the advantages which are lost sight of in other
districts, to such an extent, in some instances, as to increase the
consumption beyond all reasonable bounds. Of late years
great improvements have been effected in this respect, and
further progress in the same direction will doubtless lead to
similar results in the economical use of steam.

Exclusive of the Cornish principle of construction, boilers
have been introduced of a cylindrical form, with a central ellip-

Fig. 170.

tical flue, and with the bottom cut away at one end to a distance
of 8 feet, as shown in fig. 170, to admit a large furnace under
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that part. It will be seen that this boiler from the large con-
cave arch at A, and the elliptical flue, inherits all the defects of
the waggon form, fig. 167, and could not therefore be employed,
without danger of explosion, at pressures above 12 lbs, per
square inch. From its peculiar shape it took the name of the
Whistlemouth, or Butterley boiler, and with its internal flue,
through which the products of combustion pass, it presents a
large heating surface, and was for several years considered an
improvement upon Boulton and Watt’s boiler. Like its pre-
decessors it gave way to others better calculated to generate high
pressure steam. .

The next improvement was the Cornish boiler, with a furnace

Fig. 171.

in a large cylindrical flue at one end, fig. 169, but this, from the
large diameter of the flue, was liable to explode from collapse,
and led to the strongest and most perfect boiler yet constructed
for stationary purposes, namely, the double-flued boiler with two
furnaces and alternate firing. This boiler, if made of the best
material and properly constructed, will resist with plates 3th of
an inch thick a pressure of upwards of 300 lbs. per square inch
(that is, assuming the shell of the boiler to be 7 feet diameter),
and as it is now almost universally adopted, we shall give a
fuller account of its proportions.

Fig. 171 exhibits a longitudinal section, and fig. 172 a front
view, and a cross section of a double-flued stationary boiler, as
I have been accustomed to construct it. It was originally
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devised with a view to alternate firing in the two furnaces, in
order to prevent the formation of smoke ; it consists of an ex-
ternal cylindrical shell with flat ends, and has two similar
cylindrical flues, @ @, passing through the water space of the
boiler. The shell is six feet to seven feet in diameter, and
twenty to thirty feet in length, and composed of % to & inch
plates, riveted with lap joints, according to the pressure it is
required to stand. The flues are usually two feet six inches or
two feet nine inches in diameter, leaving a gpace of about six
inches all round, for the circulation of the water. These flues
are strengthened by ribs b b, to prevent collapse, according to

Fig. 172.

the principles developed in my researches on that subject.*
The boiler has flat ends, stayed by triangular gussets v,v. The
furnaces are within the flues, and the products of combustion,
after passing through these, unite and pass beneath the boiler,
towards the front, in the flues cc, where they turn and pass
back again on the other side to the chimney flue T.

The ordinary fittings of these boilers consist of a stem dome
d, on which is placed a nozzle or stop valve, communicating
with the large steam feed pipe s, with which all the boilers
communicate. Man-holes m n are fitted to the boiler for clean-
ing and examination. The pipe » brings the feed water from
the hot well of the engine in most cases, whence it passes

* Vide ¢ Useful Information for Engineers,” Second Series, pp. 1-46.
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through a small stop valve down to the bottom of the boiler

near the furnace end. Safety valves are shown at f, two having
fixed weights, and a third being pressed down by a spring
balance g. At the bottom of the boiler is a mud cock 4, and
there are usually a steam gauge for registering the pressure,
and a glass water gauge k, for indicating the amount of water in
the boiler.
" Another form of boiler frequently employed for mills, is in
part multitubular. There are two furnaces in two cylindrical
flues, precisely similar to those in the preceding boiler, but im-
mediately beyond the furnace ; these flues unite into one cham-
ber, in which the gases mix, and thence the gaseous products
pass through about a hundred small tubes, three inches in dia-
meter, and about eight feet long. They then circulate in brick-
work flues beneath the boiler, and pass to the chimney as
in the double-flued boiler. The mixing chamber, from its
elliptical form, is weak, but to remedy this defect it is stayed
by three vertical water tubes, riveted to the flat sides of the
ellipse. Ten boilers of this description supply the steam for
the four 100 horse power engines at Saltaire; their principal
dimensions are as follows :—Shell 7 feet diameter, 24 feet long,
and ;% thickness of plates. Flues containing furnaces 9 feet
long, and 2 feet 9 inches in diameter. Mixing chamber 8 feet
long, small tubes 7 feet long, grates 24 feet by 6} feet.
The heating surface in one of these boilers is as follows :—

Area of furnace flues e e e . 136 square feet
» of mixing chamber . . . . . 102
»» of three vertical tubes . . . . 28
s Of small tubes . . . . . 550 '
s oOf exterior flues . . . . . 285%
Total . . . L1100

»

Area of firegrate, 334 square feet, being in the ratio of 1 to 32.

Messrs. J. and W. Galloway have patented a boiler in which
a number of vertical, conical, water tubes, five or six inches in
diameter at bottom, and twice as much at top, are introduced

* The area of the flues, 285 feef, under the exterior of the boiler is of little
value, as the greater portion of the heat is absorbed by the time it has passed
through the three-inch tubes,
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into an elliptical flue passing through the boiler. The flame
and heated gases circulate amongst these tubes and impinge
against their sides. The dimensions of one of these boilers is
as follows :—Length 24 feet; diameter 7 feet; greatest dia-
meter of main flue, 5 feet 7 inches; the flue contains 21 vertical
water tubes, acting as stays to prevent collapse, 114 inches in
diameter at top, and 6 inches at bottom. These tubes are
welded and placed zig-zag fashion, so that a man may creep
along each gide of the flue to clean or examine it. The two
furnaces are each 74 feet long, 2§ feet diameter.

Another boiler, known as the French or elephant boiler, is
sometimes used. It consists of three cylindrical tubes with
hemispherical ends, one larger than the other two, and placed
above them. The smaller boilers communicate with the upper
one by conical water tubes. The furnace is under the lower
tubes, and the gases, after passing the length of these, return
underneath the larger boiler above, round which they circulate
three times.

Messrs. Dunn and Co. manufacture what they term a retort
boiler, in which the steam is generated in a number of retorts,
or cylindrical tubes, about 9 feet long by 18 inches in dia-
meter, placed transversely to the furnace. These all communi-
cate with a large steam chamber above. This boiler is chiefly
intended for exportation, being light and convenient for car-
riage in new countries without roads, or the usual means of
conveyance.

Computation of the Power of Boilers.—In our attempts to
give any definite rules on this question, we must state that
there is hardly any branch of practical science so exceedingly
anomalous and unsatisfactory as that of boiler power. In fact,
there is no definite rule for our guidance; on the contrary, the
whole is a jumble of guesses, and for years I have laboured in
vain to reduce our past experience to something like a system,
or to some reliable and definite rules calculated to guide us to
correct results. This however appears to be impossible, as we
are in a constant state of transition with a long vista of
speculations before us, which seem likely only to lead to the
point from which we started. It is like the smoke question,
where every man is his own doctor, and promises much, while
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nothing is done. The only sound and definite principles of
‘construction we have arrived at pertain to the locomotive
boiler, where the area of heating surface, capacity of fire box
and grate area necessary to generate, with the aid of the blast
pipe, the required quantity of steam, are well ascertained. But
in land and marine boilers we have not as yet come to an
agreement, and probably for this reason, that we have not the
energy of an artificial draught, which in the locomotive in-
creases or diminishes in proportion to the speed of the engine,
and the strength of the blast respectively. Now this is not the
case with the condensing engine, either on shore or afloat, and
notwithstanding that there are many efficient and well-propor-
tioned boilers doing their work well, we are nevertheless defi-
cient in the knowledge of which under any given circumstances
are the best construction and the most economical proportions.

We are still in want of an experimental investigation calcu-
lated to supply data on this subject. The trials hitherto made
have been too partial and under too variable circumstances to be
relied upon. As it is we must be content to take them as they
now exist, under the hope that time may elicit greater certainty
in the improved conditions now in progress. On some future
occasion it is possible we may return to the subject, as it is one
of deep importance in forwarding the manufacturing interests
of the country.

Horses Power of Boilers—The horses power of boilers is
dependent in part on the capacity of the boiler itself, in part
on the heating surface, and in part on the area of grate and
the consumption of coal per hour. The common rule for
estimating the horse power is as follows: — Calculate the
“ effective section’ of the boiler by adding to the diameter of
the boiler the diameters of any internal flues and multiply-
ing by the length of the boiler, and divide the product by the
constant 55, 575, or 6, according to the practice of different
engineers.

For condensing engines I have usually allowed about twelve
square feet of ‘effective section’ for each nominal horse power of
the engine, although in practice many conditions necessitate the
alteration of this proportion to suit circumstances. Now, as
engines are at present constructed, working at from two to three
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times their nominal horses power, this is equivalent to an allow-
ance of five square feet of ‘effective section’ per indicated horse
power, and hence agrees approximately with the rule given
above. But this empirical rule is not at all to be relied upon,
as it gives erroneous results with boilers of different forms and
proportions.

The true method of calculating the proper proportion of
boiler for any given engine is, however, to estimate the actual

~amount of steam required,’ which can easily be done with the
aid of the tables, already given, of the weight and density of
steam. Then provide a boiler capable of evaporating that
weight of water, according to the data obtained in experiments
with boilers of the particular construction employed. Some
data of this kind will be given below. It being borne in mind
that more heat is required, and less water evaporated with a
given weight of coal, the higher the pressure at which the steam
is employed.

Area of Heating Surface.—The total area of metal exposed
to the flame and hot gases is called the total heating surface of
the boiler, and is usually expressed in terms of the grate-bar
surface. This unit of comparison has, however, been rendered
ambiguous by the employment of another unit called the effi-
cient heating surface. The efficient heating surface is obtained
by deducting from the total heating surface one-half the area of
vertical portions, and one-half the area of horizontal eylindrical
flues, on the supposition that the vertical heating surfaces and
the under side of flues. and tubes act less efficiently in absorb-
ing heat than horizontal surfaces above the flame.

A common allowance of effective heating surface for stationary
boilers has been 10 to 15 square feet per square foot of grate area,
and one square foot of grate is required per nominal horse power of
the engine. I'have usually allowed 16 or 17 square feet of effective
heating surface ; and in Cornish boilers 25 square feet is allowed.
In general practice it will, however, be found that such a pro-
portion as 17 will better serve the interests of the employers
of steam engines than the extreme limits of 1 in 10 or 1in.25;
at least this is the best proportion for cylindrical flued boilers.
The limits which define the amount of efficient heating surface
are on the one hand the temperature of . the gases escaping into
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the chimney, which should be as low as possible, and on the
other the temperature of the boiler bottom, on which soot is
deposited. If the gases escape at a higher temperature than is
necessary to create a sufficient draught, heat is wasted by dissi-
pation in the atmosphere, in consequence of insufficient heating
surface. On the other hand, if the boiler is unduly increased,
so that part of the heating surfaceis coated with soot, and the
absorption of heat prevented, not only is boiler space wasted,
but heat is lost by radiation.

In the Saltaire boilers the proportions of the heating surface
may be estimated as follows : —

Total heating  Efcient hesting

surface in
8q. ft. 8q. ft.
Furnaces . . . . 135 68
Mixing chambers . . . 102 51
Vertical tubes . . . . 28 14
Three-inch tubes . . . 660 275
Exterior flues . . . . 285 192
1,100 600

Area of firegrate, 33-5 square feet.

_ That is, 17 square feet of effective and 32 square feet of total
heating surface per square foot of grate.

Again, in a double-flued tubular boiler, 30 feet long, 7 feet
diameter, with two flues each 2 feet 8 inches in diameter, we
have the following proportions : —

Total heating  Effcisnt hoating

Internal flues . . . . 6504 252
Exterior flues . . . . 390 318
894 670

Area of grates = 33 square feet.

Hence, there would be 27 square feet of total heating surface,
and 17 feet of effective heating surface, per square foot of grate
area.

Boiler Capacity.—In my practice I have always advocated
large boilers. I have said before that boilers of limited ca-
pacity, when overworked, must be forced, and this forcing is the
gangrene which corrupts and festers the whole system of opera-
tions. Under such circumstances perfect combustion is out of
the question, and every attempt at economy fails. Usually
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with flued boilers I have allowed 15 to 20 cubic feet of
boiler space per indicated horse power after deducting the flues.
Mr. Armstrong contends for 27 cubic feet, of which one-half
is steam, and the other half water room. I have allowed one-
third for steam and two-thirds for water where the boiler is
fitted with a dome. @ When the steam-room is too small, the .
boiler primes, or water is carried over from the boiler with the
steam.

Area of Grate-bar Surface.—The area of the grate depends
upon the quantity and quality of the fuel to be burnt. In Cor-
nish boilers, in which the combustion is slowest, only 6 to 10 1bs.
of fuel are burnt per square foot of grate bar per hour ; and in
ordinary factory boilers about 14 to 16 1bs. is the average quantity.
In marine boilers the combustion is still more rapid, and in
locomotives it rises as high as 40 to 120 lbs. per square foot per
hour.

The grate bars are ordinarily made to slope, to facilitate the
pushing back of the fuel which has been partially coked on the
dead plate. This slope varies from 1 in 5 to 1in 25, being in
cylindrical flued boilers somewhat restricted by the form of the
flue. The firegrate terminates in a brick bridge, over which the °
flame and products of combustion pass into the flues. These
bridges distribute the flame over the boiler bottom, and cause
an eddy which facilitates the mixture and combination of the
gaseous products.

Mr. D. K. Clarke has very carefully investigated the relations
of grate-bar surface, heating surface, and consumption of coal, and
has arrived at the following relations : —1st. For a given area of
grate the total hourly consumption of fuel should vary as the
square of the total heating surface ; thatis to say, if the heating
surface be doubled, the total consumption of fuel might be in-
creased four times, whilst the same evaporative efficiency would be
maintained. 2nd. For a given extent of heating surface, the total
hourly consumption should vary inversely as the area of the grate.
For instance, if the grate surface were increased to twice the
area, the total hourly consumption of fuel should be reduced to
one-half, in order to maintain the same efficiency. 3rd. For a
given hourly consumption of fuel, the area of the firegrate will
vary as the square of the heating surface in maintaining the
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same efficiency. For example, if twice the heating surface be
employed, the grate may be extended to four times. Conversely,
if half the heating surface be removed, the grate must be re-
duced to one-fourth of its area. It is apparent from these
relations, as Mr. Clarke has observed, that a superfluous size of
grate is detrimental to the power of the boiler, unless at a
sacrifice of fuel. On the contrary, an extension of heating
surface adds a still greater proportion to the power of the boiler,

whilst the efficiency of the fuel is maintained. The general
2

H
formula embodying these relations is ¥ = ¢ R which r is

the quantity of fuel consumed per hour, H the area of heating
surface, ¢ the grate area, and ¢ a constant varying for each
kind of boiler.

Grates for burning wood require to be constructed on dif-
ferent principles from those for the consumption of coal. In
this case, from the rapid ignition of the material, the furnace
must be constructed capaciously, whilst at the same time the
area for the admission of air must be reduced. In Russia,
where nearly the whole of the coal used in manufacture is
imported from this country, it is usual to have the boilers
constructed on the same principle as has already been described.

_ It, however, sometimes happens, as in the case of the late war,

that the supply of coal ceases, and the owners of mills are in
this emergency under the necessity of burning wood, which
even in Russia at the present time is more expensive than im-
ported coal. When driven to its use, all that is done is to
remove the coalgrate and furnace bars, and substitute an iron
gridiron, laid on the bottom of the internal flues, which in-
creases the capacity of the furnace and decreases the grate area.
The boiler is then as efficient with wood as it was before with
coal. In other cases the wood is supplied hy a hopper, in which
it descends as it burns away at the bottom.

Evaporative Power of Boilers.— Good coal liberates in com-
bustion sufficient heat to evaporate from 14 to 154 lbs. of
water, and good coke to evaporate about 13 Ibs. of water per -
pound of the fuel. Wood evaporates only 6 to 7} lbs. per
pound of fuel.

The actual evaporation in engine boilers falls far short of this
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theoretical result, owing to the heat carried off by the chlmney,
imperfect combustion, radiation, &e.

In 1858 a report was published by Mr. Armstrong, Mr.
Longridge, and Mr. Richardson, detailing the results of exten-
sive experiments on the evaporative power of steam coals.
These experiments were made with a multitubular boiler, with
two furnaces and 135 tubes, 5} feet long and 3 inches in dia-
meter. With this boiler they first determined a standard of
evaporate power when the boiler was worked on the ordinary
system, every care being taken to obtain the maximum of work
out of the boiler, by keeping the fires clear and by frequent
stoking. No air was admitted except through the firegrates.
As the economic effect of the fuel increases when the ratio of
the firegrate surface to the absorbing surface is diminished,
they adopted two sizes of firegrates, and obtained in conse-
quence two standards of reference. With the larger firegrate
the amount of work done by the boiler per hour was greatest,
but this was accomplished at a relative loss of economic value
of the fuel, as compared with the smaller grate. The one gave
the standard of maximum evaporative power of the boiler,—
the other the standard of economic effect of the fuel. The |
grate areas were 284 and 19} square feet respectively. The
heating surface of the boiler was 749 square feet. The results
obtained are given in the following table :—

" Firegrate Firegrate
28} &q. ft. 19} 8q. ft.
Economic value, or pounds of water evaporated | A B A B
from 212° by 11b. of coal . 941 | 1116 | 1006 | 12-58
Rate of combustion, or pounds of coal burned
per hour per square foot of grate . 21-15 | 19°00 {21-00 [17-25
Rate of evaporation per square foot of ﬂregmte
per hour, in cubic feet of water, from 60° . | 262 | 293 | 2:909( 2:995
Total evaporahon per hour in cubic feet of water
from60° . ., . . . . .|7480 {7912 |56:01 {6778

The columns marked A give the general results, much smoke
being often evolved; those marked B, the mean of the best
results obtained in the experiments when making no smoke.
The coal employed in these experiments, viz. the Hartley’s, is
very superior to that ordinarily employed in factory boilers.
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By an apparatus constructed by Mr. Wright, of Westminster,
the same experimenters determined the absolute heating effect
of this coal, and of some similar coal from Wa.les, to be as
follows :—

Welsh coal . . . . . 1430 1bs. from 212°
Hartley coal . . . . 1463 ”» .

To give some idea of the practical economic effect of coal in
stationary engine boilers, we may transcribe here some results
obtained with care by Mr. John Graham, of Manchester, not as
completely applying to ordinary practice, but as affording use-
ful guidance when taken in conjunction with the preceding
results on a better description of coal. The water was measured
by a metre.

Pounds of water
evaporated from 212
by 1 1b. of coal
Boiler with two internal furnaces, known as ‘breeches boiler’ . 688 .
‘Waggon boiler . . . . . 1026
Cylindrical boiler with extemnl furnace . . . . 154
Batterley boiler . . . . . . . 972

Mr. Longridge has found 6 to 7} lbs. of water evaporated
from 62° Fahrenheit, and converted into steam at 20 to 55 lbs.
pressure, per pound of coal, by two fluid boilers.

Mr. Rankine’s formula for the efficiency of ordinary station-
ary. boilers without a feed-water heater and with chimney
draught is,

g

E 8 . ‘} F
where E! is the available evaporative power of one pound of
fuel in a boiler furnace, & the theoretical evaporative power,
s area of heating surface, and ¥ the number of pounds of fuel
burnt per hour per square foot of grate. But the reader must
be referred to his own work on the steam engine for a dis-
cussion of the constants to be employed under different cir-
cumstances.

Strength of Boilers.—To be of maximum strength, both
the external shell and the internal flues should be as far as
possible cylindrical. Where this is impossible and flat surfaces
are necessary, careful staying by gussets or longitudinal stays is

essential to safety. The cylindrical portions of boilers can be

o(1);
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very eagily proportioned to the steam they have to bear by the
formule which will be given below. - Certain restrictions are
placed upon the proportions of boilers by the nature of the
riveted joints. That these may be steam and water tight under
pressure, and at the same time not unnecessarily weakened by
rivets, it has been found best to use plates of about 4% or % inch -
thick, and plates of other dimensions are very seldom employed
in the construction of boilers.” Thick plates are inefficiently
riveted, thin ones inefficiently caulked, and this restricts the
available thickness for the plates within nearly the limits which
have been stated. It is necessary, therefore, in proportioning
boilers, having given the working pressure, to choose the dia-
meter which is suitable for such a thickness of plates, lessening
the diameter for high pressure boilers and increasing it for low
pressure ones. Length does not effect the strength in vessels
subject to internal pressure, and hence the diameter is the vari-
able quantity over which we have most control in proportion-
ing the external shell. But the flues, as will be shown, decrease
in strength with their length, and this dimension is in that case
more easily modified than the diameter.

The general equation expressing the resistance of thin hollow
vessels to internal strain is, for spherical vessels,

P= 4—2-t(nearly) e (2);

and for cylindrical vessels, bursting longitudinally,
2ct
P= d-»—...(3).
This equation gives the bursting pressure in lbs. per square
inch, when the thickness of the plates ¢ in inches, the tenacity
of the joints ¢ in lbs. per square inch, and the diameter d in
inches, are given.

Thus, for a boiler 7 feet or 84 inches diameter, 3 inch or
+375 inch thick, and with joints having a tenacity of 34,000 lbs.
per square inch, the bursting pressure
_2 x 34000 x 375
- 84

The value of ¢ for various materials is given in the following
table :—

PART I T

=P = 3034 lbs.
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Without joints :
‘Wrought-iron plates . . . . 50,000
Steel plates . . . . 100 000 to 130,000
Copper, sheet . . . . . . 30,000
Glass . . . . . . 4,200 to 6,000
With joints :
‘Wrought-iron plates double riveted . . . 35700
Wrought-iron plates, single riveted . . . 28,600
‘Wrought-iron boiler plates, with single joints, crossed . 34,000

In the case of well-constructed wrought-iron stationary boilers,
I have been accustomed to take ¢ = 34,000, and in this case the
bursting pressure of cylindrical vessels is, as was taken above,

68000 ¢
e (4)-

But with boilers the factor of safety is ordinarily taken at 6,
or the working pressure is not allowed to exceed one-sixth of the
bursting pressure, and in this case the maximum strain on the
iron per square inch of section is 5,666 lbs. Putting p for the
safe working pressure,

11 33
3 c . (5);

or in the case of the 7-foot beiler taken above,

_ 11333 x 375 _ .
equivalent to one-gixth of 3034, the bursting pressure.
For half-inch plates we get from formula (5),
5666 ¢ andd = 5666

P=—G— 3

for three-eighths inch plate we have similarly,
4250 4250
= andd ="
P d” p
and lastly for five-sixteenths inch plate,
3541 and g = 3941
d’ P
That is, in words, to find the safe working pressure of a boiler,

divide 5,666 for half-inch plates, 4,250 for three-eighths inch
plates, and 3,541 for five-sixteenths inch plates, by the diameter




PROPORTIONS OF BOILERS. 275

in inches. Similarly, to find the safe diameter for a given
working pressure, divide the same numbers by that working
pressure in lbs. per square inch.

For flues subjected to an external pressure, I have deduced
experimentally a formula the data of which are given in ¢ Use-
ful Information for Engineers,’ second series. Putting » for
the collapsing pressure and p for the safe working pressure as
before, ¢ thickness of plates in inches, p diameter in inches,

L length in feet,
719

C
P= 806300';"))— een (6);

19

P == 134400 ~— ... (7).

For practical purposes we may substitute for the power 2-19
the square of the thickness. But it is better to employ a table
of logarithms, when we get

P = 15265 + 2-19 log. (100 ¢) — log. L ».
Thus, for example, to find the collapsing pressure of a flue 10
feet long, 36 inches in diameter, and composed of half-inch
plates, we have approximately,

_ @ _ )
P = 806300 x 36 x 10 = 560 lbs.;

or, more accurately, by logarithms,

log. » = 1:5265 + 2-19 log. 50 — log. 360 = log. 502 lbs.

The safe working pressure of this flue would be 5702 = 74 lbs.

This formula shows that with vessels subjected to external
pressure the strength varies inversely as the length. That is, a
flue 20 feet long will be only one-half the strength of one 10
feet long. This remarkable law enables us to proportion the
strength of boiler flues with great ease. By introducing rigid
angle or T iron ribs riveted round the exterior of the flues, we
virtually decrease the length and increase the strength in the
same proportion. Two or three such rings on the flues of
boilers, constructed of plates equal in thickness to those of the
shell, will usually render the resistance to collapse equal to the
bursting pressure of any other part of the boiler.

. T2
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Accessories of Boilers. The Feed Pump.—Boilers require
replenishing with water in proportion to the waste caused by
evaporation or its conversion into steam. For this purpose, in
the early boilers, working at very low pressures, an open stand
pipe was employed with a valve at top, for the admission of the
water from a reservoir regulated by a float in the boiler. With
the increase of pressure at which steam engines are now worked,
this stand pipe has been abandoned and replaced by the feed
pump, either attached to the engine or worked by a donkey
engine attached to the boiler. The capacity of this pump must
be such as to discharge into the boiler two or three times the
quantity of water required by the engine in the shape of steam.
The ample tables we have already given of the density of steam
will enable this to be calculated with perfect ease. We have
only to find the volume of steam required by the engine at each
stroke (depending on the rate of expansion at which it works),
and the pressure of the steam being known we have to seek its
weight in the table of density, page 221, and provision must be
made for the discharge of two or three times this quantity
into the boiler at each stroke of the engine.

" Back Pressure Valves.—To prevent accident in case of stop-
page or fracture of the feed apparatus, there should always be
Placed on the feed pipe between the boiler and the regulating
valve a self-acting valve to prevent the return of the water.
Supposing the feed pipe accidentally broken, the water in the
boiler would be forced back by the pressure of the steam, and
expose the boiler to injury by overheating. In such a case the
back pressure valve is of great service in preventing the escape
of the water when acted on by the pressure of the steam.

Feed-water Heating Apparatus.—When the products of
combustion escape into the chimney at an elevated temperature,
the heat may be utilised by the employment of water-tubes
through which the feed water is introduced on its way to the
boiler. Of the arrangements adopted for this purpose the best
is that of passing the feed water through a wrought-iron pipe
or supplementary boiler, placed in the main flues immediately
behind the boiler, where the water is heated to the boiling
point after leaving the pump. A more complete apparatus is
that of Mr. Green, of Wakefield, known as the ‘Fuel Econo-
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miser.” It consists of a series of upright tubes through which
the feed water passes on its way to the boiler, and is heated
above the boiling point, and steam in part generated. The
formation of soot on the pipes was the source of the ill success
of previous attempts in this direction. This difficulty Mr.
Green has overcome by an apparatus of scrapers or cleaners,
consisting of rings encircling the pipes, and maintained in con-
stant but slow motion by ohains and pulleys driven by a belt
from the engine. With this apparatus it is found that when
the waste gases escape at a temperature of 400° to 500° the
feed water can be heated to an average of 225° the temperature
of the gases after leaving the pipes being reduced to 250°. To
produce this effect 10 square feet of heatlng surface are provided
for each horse power.

Water Gauges.—Every boiler should be supplied with a glass
tube, fixed in suitable stuffing boxes, and open at the top and
bottom to the boiler to show the level of the water. Gauge
cocks at various levels are sometimes employed as supplementary
to the glass gauge: both are necessary.

Steam Gauges for indicating the pressure of the steam are
also indispensable to the safe working of the boiler. For low
Ppressures an open mercury column is employed on the principle
of that used by Regnault in his experiments, and in some cases,
to bring the indications within a small compass, the fall of the
mercury in the cistern rather than its rise in the smaller tube is

“observed. To avoid the inconvenient length of the open mer-
cury column, the air gauge has been used, in which the mercury
in its rise condenses the air in a closed glasstube. This gauge,
accurate and sensitive, has yet the fault that the indications de-
crease in length as the pressure increases, and there is also some
difficulty in preserving the quantity of air in the gauge constant.
Recently Mr. Allan has overcome these difficulties by the use of
a conical air chamber, so arranged that the indications of the
gauge shall be uniform at all pressures, and the air can be re-
newed at any instant. In M. Bourdon’s gauge a curved metallic
tube, communicating at one end with the steam boiler, and at the
other closed, isused. The curvature of this tube decreases with
the increase of pressure in its interior, and the closed end being
free to move is connected with an arrow moving over a graduated
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arc and marking the pressure. In Schaeffer and Budenberg’s

gauge the pressure acts on a flat corrugated plate of steel which

expands and raises a rack acting on a toothed wheel, and carry-

ing a similar arrow to indicate the amount of pressure. In

Smith’s gauge a flat spiral spring is used, against which the

pressure acts through the medium of a plate of india-rubber.

All these gauges should be fixed on the boiler with a siphon in

which water from the boiler may condense. In this way the

pressure in the boiler is transmitted through the column of

water, and at the same time the gauge is unaffected by the
temperature of the steam.

Safety Valves—I usually place three safety valves on

boilers, as shown in fig. 173 ; twa of these have fixed weights on

Fig. 173. their levers, and the other

is pressed down by a spring

balance, and serves to regu-

©r late the working pressure of

the boiler. The two larger

valves for a fifty horse boiler

have each an area of 12

square inches. The third is

of only 5 square inches area.

These valves are fixed to a

common valve seating. The

bearing surfaces of the valves

are made either flat, conical,"

or spherical. Flatvalveshave

a tendency to blow off at too
low a pressure, from the steam getting between the bearing sur-
faces. These valves should always be open to the atmosphere
that they may be seen.

Man Holes are required to obtain access to the boiler for
purposes of examination and cleaning. In double-flued boilers
one must be placed beneath the flues as well as above them.
Mud Cocks are placed near the bottom of boilers for the dis-
charge of water and sediment.

" Fusible Plugs are portions of metal fusing at a temperature
not greatly exceeding the maximum working temperature of the
steam, and fixed in that portion of the boiler most liable to be
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overheated from deficiency of water. These plugs are of pure
lead or of an alloy of bismuth, lead and tin, according to the
temperature they are required to melt at, and they are thought
to prevent danger by relieving the pressure of the boiler, and
putting out the fire before the plates are injured by overheating.
These plugs, however, tend to lose their fusibility, and to become
coated with a protecting coat of oxide or sediment, which pre-
vents the communication of heat. They are not a very reliable
Pprovision. ’

Plams for the Prevention of Smoke.—Amongst the earliest
of these .we may class those which depend on mechanical means
for the supply of the fuel.

Of this class is the earliest*patent for smoke prevention taken

out by James Watt in 1785. By this plan the fire is supplied
from above downwards by a reservoir of fuel in contact with the
burning mass, the combustion of which is supported by a strong
lateral current of air passing direct through the fire to a flue on
‘the other side, aided by a slight downward current beside or
through the fuel, which last descends by its own gravity as it is
consumed. For the purpose of intercepting and completing the
combustion a clear fire is maintained at the entrance into the
flues, so that the products of the first fire, being subjected to
the intense heat of the second and mingled with atmospheric
air, may be effectually consumed.

Apart from the external reservoir, we owe to Watt the dead
plate very generally adopted in stationary boilers. The fresh
fuel is thrown upon the dead plate, where it gradually cokes,
the more volatile constituents distilling over and being con-
sumed by the bright fire beyond. Then the coked fuel is pushed
back on to the bars and a new supply introduced in front. This
plan, where proper provision is made for the supply of the ne-
cessary quantity of air, obviates the production of smoke as
effectually as many more complicated contrivances.

The succeeding patentees of the prineiple of mechanical feed-

- ing as a substitute for hand labour, have followed two different
plans. Some have made the grate itself to carry forward the
fuel, either by revolving horizontally or by rolling forward lon-
gitudinally, the grate-bars being connected together to form an
endless chain, or by the oscillation of the alterndte bars causing

s
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the thrusting forward of the fuel by what has been called a
peristaltic movement. Others have made the grate stationary,
and have used fans revolving horizontally to distribute the fuel
over the grate-bars, In all these cases the coal is supplied
slowly and uniformly from a hopper. There is no doubt that
the uniform distribution of the fuel over the whole surface of
the grate-bars, so far as it is secured by these systems, must be
to a large extent advantageous in the diminution of smoke and
economy of fuel. At one time they were extensively used, but
the complication and expense of the apparatus has led to their
general abandonment and the return to hand-feeding. .

Other plans for the prevention of smoke depend on a double
furnace with alternate firing.

Double furnaces patented by Mr. Losh were in use as early
as 1815, and in various modifications have been employed ever
" since. The principle of double furnaces within the same boiler
was first introduced by myself; and the plan adopted has
already been described as the double-flued boiler. The two
flues enable the stoker to fire alternately, and so maintain a
more uniform generation of steam than with a single flue, and
the flame passing from one flue mingling with the gases from
the other, assists in their combustion. I believe that this simple
system of alternate firing, when conjoined with the requisites of
the economical generation of steam, viz. plenty of capacity in
the b{)iler, sufficient admission of air, and, what is quite as
necessary, careful and attentive stoking, will effect the preven-
tion of smoke without any costly apparatus, so far as that is
possible with any given description of fuel. There is this
further advantage in double furnaces, that the air required for
combustion is necessarily variable. Now a double furnace
tends to equalise the supply. The two furnaces fed alternately
will not require a maximum or a minimum quantity at the
same time, and as the two currents of gaseous products mingle,
the surplus air of the one furnace will supply the deficiencies
of the other. In this way the tendency is to compensate the
supply and demand, and prevent waste from too large or too
small a quantity in either furnace.

Others, in seeking the prevention of smoke, have 1ntroduced
an additional supply of air over the fire.

— e — A
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Mr. C. Wye Williams was one of the earliest, as he has been
the most pertinacious and consistent, advocate of the introduc-
tion of a large additional volume of air into the furnace, and
we have to thank him for the labour he has expended in proving
the necessity for air as one of the prime conditions of economy
of fuel and success in the prevention of smoke. Mr. Wye Wil-
liams contends for a uniform admission of cold air to the fur-
nace, relying upon frequent thin feeding to equalise the needs .
of the furnace. The peculiar principle of his plan is the me-
chanical division of the air by causing it to enter the furnace
through what he terms a diffusion plate, or partition perforated
with numerous small apertures. This is usually placed behind
the bridge where the gases needing combustion pass into the
flues. There is no doubt this is a convenient method for the
introduction of air, and has in many instances effectually pre-
vented the formation of smoke.

Mr. Syme Prideaux contends for a variable admission of air,
greatest when the fuel is first thrown on, and decreasing to the
ordinary supply through the grate-bars as the fire burns clear.
For this purpose he constructs his furnace doors with metal
Venetians, which open by a self-acting apparatus when the fuel
is supplied. They then gradually close at a regulated speed,
altogether independent of the care of the fireman. The air en-
tering through the door is, by an arrangement of plates, warmed
as it enters the furnace, and carries back the heat radiating
from the door.

All these systems are more or less effective, but Iam inclined
to think that a judicious engineer, with a careful stoker or fire-
man, will effect all the objects to be attained with the means
placed at his disposal, in a well constructed boiler of sufficient
capacity, and with a simple furnace such as has been described
in the foregoing chapter, as completely -as can be done by any
one of the numerous nostrums held forth as the only antidotes
for smoke, and promising great economy of fuel.
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CHAPTER IX.
ON WINDMILLS.

ATMOSPHERIC DISTURBANCES causing wind have from a high an-
tiquity been employed as a motive power, and probably the
earliest application of this force was the propulsion of ships by
sails. Amongst the most primitive races, long before we
made much progress, this power was applied in the navi-
gation of small vessels; and the ancient Phcenicians, Greeks,
and Romans were all of them well acquainted with this mode
of employing the force of the wind for purposes of human
industry. It is to be regretted that we have no records of the
time when it was applied as a motive power in mills ; this event
. is lost in the oblivion of the past, and it was not till early in
the thirteenth century that we find the Dutch and French
employed in the construction of windmills adapted to the wants
of an energetic and industrious population. These times were
marked by a growing intelligence that encouraged and fostered
inventive talent, and the Dutch millwrights and engineers were
long celebrated for their skill and knowledge in every art that
had for its object the improvement of the industrial resources of
the people.

The following account of their ancient history as far as our
knowledge extends, may not be uninteresting to the general
reader.

¢ When were windmills introduced into England? The Romans
had hand, and cattle, and water mills; but “it is very impro-
bable, or much rather false,” says Beckmann, * that they had
windmills ; ” nor does there seem to be any sufficient ground for
" the common notion that Europe derived its windmills from the
Saracens through the Crusaders.

‘It is after or about the date of the Norman Conquest that
we begin to hear mention of mills moved by wind in this
quarter of the world. *They were first known in Spain, France,
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and Germany,” says one of the authorities quoted by Haydn, *in
1299.” When were they first known in England ? The ¢ Boldon
Book ” of 1183 has frequent mention of mills—as, for example,
when it speaks of our sister-borough at the other end of Tyne
Bridge: * Gatesheued, cum burgo et molendinis, et piscariis
et furnis, et cum tribus partibus terr® arabilis de eadem villa,
reddit 1x. marcas.,” (* Gateshead, with its borough and mills,
and fisheries and bakehouses, and with three parts of the arable.
land of the said town, renders 60 marcs.” But there is no direct
description of the kind of mills which were in use. We are not
left, however, without some clue. ¢ William,” we are told,
““holds Oxenhall : to wit, one ploughland and two cultures of
the territory of Darlington, which Osbert de Selby used to hold
to farm, in exchange for two ploughlands of land at Ketton,”
&e. &c.: “debet etiam habere molendinum equorum.” (* He
ought also to have the horse mill.”) And, again, * Guydo
de Redwortha * * * operatur ad stagnum wmolendini, et
vadit in’legationibus Episcopi.” (*‘Guy of Redworth works at
the mill-dam, and goes on the bishop’s errands.”) So that
there were horse and water-mills in the time of Bishop Pudsey ;
but the “ Boldon Book ” affords us no glimpse of a windmill, -
with its revolving wands, lending a picturesque air to the
scenery of the bishopric. In the volume, however, before
us, containing Hugh Pudsey’s survey of the county palatine
(edited for the Surtees Society by the Rev. William Greenwell),
there is also a roll of receipts and expenditure of the 25th
year of Bishop Bec (1307), wherein, among repeated mentions
of mills, there is specified distinctly, not only a water, but
a windmill: — ¢ Refectio Molendinorum. — In refectione
molend’ de Heighinton’, 71s. 84d. In ref. molend’ de North-
aukland, 24s. In ref. moln’ fullon’ ibidem, 19s. 7d. In refn.
- moln’ de Wolsingham, 100s. 2d. In refn. moln’ de Cestr’, 12s.
74d. In ref. moln’ de Gatesheued, 13s. 6d. In refn. moln’
de Ryton’, 10s. In uno novo molendino auquatico facto apud
Brunhop’, 119s. 10d. * * In refn. moln’ de Norton’ ad tascam,
318. 8d. In solutione facta Roberto de Tevydale carpentario
pro meremio colpando ad j. molendinum ventriticum faciendum
apud Norton’, 20s.” Have we not here a Scotch carpenter (we
may not call him a millwright) cutting wood to make a wind-
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mill at Norton, and receiving twenty shillings for his job ? It
is evident, then, that one windmill, at least, came into existence
in the bishopric so early as 1307 ; and we must not rashly draw
any larger conclusions. We must not conclude that there was
only one. The sites of some of the other mills mentioned

in Bishop Bec’s roll, it has been suggested to us, would seein to’

point to wind as the moving power. There is, for example, the
mill at “Clivedon” (Cleadon). (* Firme Molendinorum.—
De moln’ de Boldon’, Clivedon’, et Wyteburne, £8 16s.””) And
there can be little doubt that in other parts of England (and
not improbably in our own) windmills had for a considerable
. time been enlivening our landscapes. Long before 1299 (the
date assigned for their simultaneous introduction into France,
Spain, and Germany), Don Quixote might have tilted with the
four-armed giants of France and Britain. ¢ Mabillon,” says
Beckmann, “ mentions a diploma of 1105 ” (when the Crusades
were in their early infancy), “in which a convent in France is
allowed to erect water and wind mills (molendina ad ventum);”
and “in the year 1143, there was in Northamptonshire an abbey
(Pipewell), situated in & wood which, in the course of 180 years,
- was entirely destroyed ;” one cause of its destruction being said
to be, “that in the whole neighbourhood there was no house,
wind or water mill built, for which timber was not taken from
the wood. (Dugdale, Mon. i. p. 816.) The letter of donation,
which appears also to be of the twelfth century, may be found
in the same collection (ii. p. 459). In it occurs the expression
molendinum wventriticum. In a charter also, in vol. iii. p.
107, we read of molendinum ventorium. (See Dugdale’s
Monasticon, ed. nov. vol. v. p. 431, 442.)”

" ¢ From this it appears that we did not get our windmills from -

the Saracens; and the probability is that we had them on this
gide of Europe before they came into use on the other. It was
not till 1332 that Bartolomeo Verde proposed to the Venetians
to erect a mill to go by wind; and a site was only granted to
him on condition of its surrender if his experiment should fail.
Windmills were probably scant at the close of the eleventh
century, when the Crusades broke out; but in the twelfth they
began to be more common, and “a dispute arose whether the
tithes of them belonged to the clergy ”—a question which Pope

b ——— .+ e
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Celestine IIL very naturally, and not unreasonably, determined
in favour of the Church.’

An ingenious writer in the Practical Mechanics’ Magazme
states that ¢ About seventy years ago, a master mariner, residing at
Dunbar, in Haddingtonshire, devised a novel windmill on the
horizontal construction. It consisted essentially of an upright
shaft, which carried four arms, at the extremities of which were
four masts, rigged with trysails, and the sheets were adjusted so
that the sails might take their proper positions, according as
they were acted on by a beam wind, ¢ booming out,” or coming
up in the “ wind’s eye.” A mill so constructed would not possess
the important element of durability, as the violent jerks im-
parted to the sheets would very soon snap them. Several mills
on the horizontal construction were in use at the town of Eli, in
the litigious kingdom of Fife, at the end of the last century,
and were employed in grinding indigo; but they have long
since been removed.

“In the twelfth century, when windmills began to be more
common, a dispute arose whether the tithes of them belonged to
the clergy, and Pope Celestine IIL very considerately decided
the question in favour of the church.

¢ About three or four centuries ago, the avaricious la.ndho]ders,
favoured by the meanness and injustice of government and the
weakness of the people, extended their regality or kingship not
only over all streams, but also over the very air, and mills
which it impelled, so that small proprietors, before erecting a
windmill upon their own property, had first to obtain permis-
gion from the superior of the province before doing so.

¢ The early mills were immovable, and could only work
when the wind was in one quarter; they were afterwards placed,
not on the ground, but on a float which could be moved round
in such a manner that the mill should catch every wind. This
method gave rise, perhaps, to the invention of movable mills.

¢To turn the mill to the wind, two methods have been in-
vented, and are in common use: in the one the whole structure
is arranged so as to turn on a post below; and in the other
the roof alone, together with the axle and the wings, is mov-
able. Mills of the former kind are called German mills, those of
the latter, Dutch mills. They were both moved round either by a
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wheel and pinion within, or by a long lever without, which acted
as a stay to the structure, and which was sometimes connected
at its extremity to a cart wheel, in order to facilitate its move-
ment horizontally.

¢ During the period of the Crimean war, the writer had an
opportunity of examining several of the windmills in European
Turkey, and also in the Crimea.

¢ Around the town of Eupatoria, in the Crimea, there ap-
peared to be nearly 200 windmills, chiefly employed in grinding
corn ; and all which were in a workable state were of the vertical
construction, and only one horizontal mill, which seemed to have
been out of use for at least a quarter of a century. The tower
of this mill was built of brickwork, about 20 ft. diameter at
the base, and about 17 ft, at the top, and 20 ft. high ; the re-
volving wings, which consisted of six sets of arms, appeared to
be about 20 ft. diameter and about 6 ft. broad, fitted with
vertical shutters which were movable on pivots passing through
the arms, the shutters being each about 12 in. wide by 5 or 6 ft.
high, and the pivots were fixed at about one-third of the breadth
from the edge of the shutter, in order that the wind might open
and shut them at the proper time, during the revolution of the
wings. About one-third of the circumference of the wings
was surrounded by a segmental screen to shelter the arms and
shutters while moving up against the wind, and the screen
seemed to have been hauled round with ropes, in order to suit
the direction of the wind.

‘The writer also examined one of the most recently erected
mills on the vertical construction, which had the words ¢ Moulin
Frangais” inscribed upon the door, by way of recommendation.
The tower of this mill was also of brickwork, and appeared to be
18 ft. diameter at the base, and about 15 ft. at the top, and about
22 ft. high; the four wings were about 35 ft. diameter, and of
a rectangular shape, about 15 ft. long and 5 ft. broad; the surface
exposed to the wind was increased or diminished by the appli-
cation of canvas sails, whose spread could be raised by reefing
or twisting up the extreme end of the sails when the mill was
in a state of rest. The main axle, which was octagonal in form,
was constructed of oak, about 15 in. diameter at the neck, and
-about 10 in, at the rear end. The front of the axle, which re-
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ceived the arms, was square, and the two pairs of arms did not
intersect the axle in the same plane, the one pair being in ad-
vance of the other; all the arms butted against the axle, and
were united to it by side pieces, which were securely bolted to
the arms and through the axle, which rendered mortising un-
necessary, and preserved the strength.of the shaft. The bearing
in which the neck of the axle revolved seemed to be formed of
some hard wood, probably lignum vite, and was lubricated with
soft soap and plumbago. The rear end of the shaft was fitted
with an iron gudgeon, about 3 in. diameter, secured by iron
hoops and wedges. About the middle of its length, this axle
carried a face wheel about 4 ft. diameter, which was constructed
entirely of timber ; its arms were mortised through the axle, and
secured by iron hoops round the rim, which formed the bearing
surface for the friction strap or brake for arresting the speed of
the mill. The teeth of this wheel, which were about 3} or
4 inches broad and 4} pitch, geared into a ¢ trundle,” or pinion,
about 14 or 15 in. diameter, fixed on the top of a long vertical
wrought-iron shaft, about 2} in. square, which was coupled at its
lower extremity to the rhynd on the top of the millstone spindle,
the long shaft being steadied by a bearing near the centre of its
length to prevent any jarring or vibration being communicated
to the revolving millstones. When the writer visited the mill,
the miller was engaged in laying on the revolving stones; he
was thus enabled to see the working faces. The millstones were
about 3% ft. in diameter, and were formed of a single stone,
similar in appearance to the white siliceous burr, obtained from
the quarries near Rouen. The stones were not indented with
roads and channels to assist in grinding and throwing out the
flour, like our flour stones in Britain, but were simply roughened
or cracked with the miller'’s pick. The neck of the millstone
spindle was guided by a bushing of hard wood, with the fibre
endways,—a mode of bushing employed for more than half a
century in the flour mills of this country,and which, no doubt,
gave the idea to Mr. Penn, of Greenwich, for his mode ot bush-
ing the screw shafts in our modern steamers, and which was
better than gun metal in situations precluding the use of un-
guents.

¢ When the mill was set agoing the wings, which were 35 ft.
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diameter, performed 29 revolutions per minute, when loaded,
and the extremity of the sails acquired a velocity of about 3,200
ft. per minute, or nearly 35 miles per hour, and which showed
that the % Crim Tartars” knew the importance of letting off
their prime-movers,—a subject not too well understood by some
of our British millwrights as yet.’

It is more than probable that we are indebted to the Dutch
for our improved knowledge of windmills and wind as a motive
power, and it is within my own recollection that the whole of
the eastern coasts of England and Scotland were studded with
windmills; and that for a considerable distance into the
interior of the country. Half a century ago, nearly the whole
of the grinding, stamping, sawing, and draining was done by
wind in the flat countries, and no one could enter any of the
towns in Northumberland, Lincolnshire, Yorkshire, or Norfolk,
but must have remarked the numerous windmills spreading
their sails to catch the breeze. Such was the state of our
windmills sixty years since, and nearly the whole of our ma-
chinery depended on wind, or on water where the necessary fall
could be secured. These sources of power have nearly been
abandoned in this country, having been replaced by the all-
pervading power of steam. This being the case, wind as a
motive power may be considered as a thing of the past, and a
short notice will therefore suffice.

Windmills may be arranged in two classes, namely, the hori-
zontal and the vertical, the sails in the one revolving on a ver-
tical axis, in the other upon a horizontal axis, depressed or
raised at a certain angle to the horizon. The first of these has
been very little used ; the latter kept its ground against all
competitors until it was supplanted by its more energetic oppo-
nent in the shape of steam.

Much has been done and a great deal of labour has been ex-
pended in endeavouring to improve the horizontal mill, but with-
out success. In fact, the horizontal windmill requires so large
a surface exposed to the plane of motion, while moving in
a medium of the same density by which it is impelled, that it
suffers great retardation, and from the principleof theconstruction
and the position of the vanes, only one or two can be in action
at the same time. Now this is not the case with the vertical
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windmills, as all the sails, four or five in number, act simultane-
ously, and generally attain a speed greater than the velocity of

the wind.
One of the earliest windmills employed in Scotland was

erected in 1720, near Dunbar, in Haddingtonshire, and was
employed in making pearl barley, and, like a large portion of
the barley mills in Holland (of which it wasa copy), turned out
an unremunerative speculation. With a moderate wind the
wings had not power enough to drive the barley mill, and when
blowing fresh, they often became unmanageable when the mill
was being emptied of barley, and sometimes set the brake wheel
on fire. A very simple plan of correcting the variable resistance
would be to have two barley mills, and work them alternately;
while the one was finishing the barley the other could be
receiving its supply of corn, which would render the resisting
load nearly uniform, and thus control the speed of the wings.
About the year 1750, Mr. Andrew Meikle, of Houston Mill,
in Haddingtonshire, effected several important improvements
upon windmills, and was the first to devise a really useful
automatic appliance for moving the sails so as to catch every
wind. This he accomplished by means of a supplementary set
of revolving vanes, about 10 ft. diameter, situated in the rear,
and at right angles to the cardinal sails; by reducing the motion
of the new set of vanes about 5,000 times, through the interven-.
tion of wheel-work, and a worm, operating upon a dead worm
ring bolted to the mason-work of the tower, he caused the cap
of the tower, along with the axle and the cardinal wings, to veer
round to the wind, and these smaller vanes were termed the
¢ fan tail.” The next improvement which Mr. Meikle attempted
was an appliance for reefing the sails when the mill was in
motion. His first attempts were not attended with success;
but in 1780, he devised a most ingenious adaptation of the
centrifugal governor, viz., a sliding frame on the front of the
wings which operate upon rollers placed transversely with
the arms, and wound up or reefed the narrow canvass sails when
the wings attained too great a velocity, and the unfurling of the
sails or increasing their spread was accomplished by a weight
which actuated a rod passing through the centre of the main
axle, and operated centripetally on the sliding frames, and then
PART I U
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unwound the canvass when the motion of the wings was too
much retarded. This was the first successful automatic reefing
apparatus applied to windmills, and when the wind was not
squally, imparted to the vanes a precision of motion little
inferior to some of our modern steam engines, and by varying
the weights for unfolding the sails the power of the mill could
be increased or diminished with facility.

In the year 1788, about two years after Mr. Meikle invented
the thrashing machine, he applied his improved windmill
for thrashing corn; and in order to illustrate Mr. Meikle’s
ingenuity in erecting windmills for farm purposes, it was his
practice always to erect the thrashing mill previous to the wings
of the windmill, and as the thrashing drum revolved upwards
of twenty times faster than the main axle, the gearing of
the thrashing mill formed a convenient crane for elevating the
wings after being attached one by one to the axle at the lower
part of this circuit. Mr. Meikle was described by those who
knew him as possessing much shrewdness and originality in his
profession; and, with the exception of the late Mr. Smeaton,
and the elder Rennie, who was Mr. Meikle’s pupil, was one of
the ablest millwrights of his day, and died poer and unrecom-
pensed for his many useful inventions.

In the year 1758, the late Mr. John Smeaton instituted
a series of experiments with a model windmill about 2 ft.
diameter, in order to ascertain the best shape and angle for the
sails of windmills. In the experiments referred to, the air was
in a state of rest, and a progressive motion was communicated
to the mill by means of a determinate weight acting by means
of a cord coiled round an axis with a horizontal arm, at
the extremity of which were four small movable sails; thus the
sails met with a constant and equable blast of air, and as they
moved round, a cord with a weight affixed was wound about
their axes, and they showed what construction of sails and
‘angle of weather’ produced the best effect. From these
experiments, Mr. Smeaton concluded that the angle of weather,
with the plane of motion, should, at the extremity of the sails,
be 7 deg., and at the middle 18 deg., and at the centre 18 deg.,
to produce the best effect. But it is an ascertained fact that the
angles of weather, instead of being a constant quantity, should
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be varied according to the velocity with which the sails are
intended to move; when the extremities of the sails are intended
to move at 35 miles per hour, the angle of weather should be
less than when a speed of only 20 miles an hour is con-
templated.

When the sails are planes, and when the extremities move at
30 miles per hour, it has been ascertained that the best angle
of weather, with the plane of motion, is 16 deg. A plane,
although the best form for the sails of a ship when operated on
by a beam wind, and when every part of the sail recedes from
the wind with the same velocity, does not apply in the case of
revolving sails, where the velocity varies, according to the
distance from the centre of motion, and the sails accordingly
should be considerably twisted to obtain the same angular
velocity, and in order that the moving wind might operate with
a uniform purpose over the whole surface of the sails, and
the cylinder of wind recede from the sails with a uniform flow.
When revolving sails have the form of a plane, the useful area
is virtually diminighed ; and it is a fact worth recording, that
the sails of the windmills employed in Holland have consider-
ably more twist than those in Britain.

With reference to the number of sails it is most advantageous
to employ, there appears to be a diversity of opinion among
millwrights. Four, however, is the mest common number
employed in Holland, Germany, and France, and also in the
South of England. About twenty years ago, some experiments,
on a large scale, were made by a millwright residing near Hull,
on a mill which had four sails, which were carried away during
a gale. When the mill was re-erected, five sails were sub-
stituted, the collective area of which was identical with that of
the four sails formerly employed. It was found that the five
wings or sails produced a better effect than the four previously
employed. This improvement was attributed to the wind
escaping more freely from the sails, which produced a more
steady action, and less reaction or relaxing of their effect
or power while passing the tower. The next experiment had
eight radiating or tapering sails, which promised good results;
but having encountered a hurricane shortly after its erection, all
the eight sails were carried away. Perhaps the principal

u2
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~ objection to mills having more than five sails, is their increased
first cost, and also the increase of trouble attending their
management; so that, all things considered, five sails are found
to be the most suitable number in practice; and when a mill
with this number of sails is in a state of rest, three of the sails
are brought below, and two upwards, in order to lessen the effect
of the wind upon the structure.

The conical pendulum, or centrifugal governor, originally de-
vised by Huygens about the middle of the seventeenth century,
to regulate the movement of clocks, was applied by Hooper in
1789 to control the motion of flour mills, impelled by wind.
In a windmill, when the velocity is increased by the irregular
action of the wind, the grain is sometimes forced rapidly
through the mill without being sufficiently ground, and by
means of the centrifugal force of one or more balls, which fly
out as soon as the velocity is augmented, and by operating on a
combination of levers in connection with the bridge of the stone,
to increase the power, and to diminish the travel, causes the
revolving millstone to descend, and bring it in nearer proximity
with the bedstone, thus increases the resisting load on the mill ;
and this appliance is in some parts of England termed a €lift
tenter.’ In the early part of the present century, William
Cubitt (afterwards Sir William Cubitt), then a millwright,
residing at Ipswich, devised a mode of reefing the sails of
windmills, by introducing movable shutters on the wings of the
mill, which shutters were closed by a governor, like that of the
steam engine, operating upon a rod passing through the centre
of the main axle. These shutters were suspended on pivots
fixed about one-third of their breadth from one side, and
when the wind was blowing too strong it opened the shutters
and allowed a portion of the wind to pass through them, and so
also checked the velocity of the mill. Perhaps an improvement
upon Mr. Cubitt’s plan might be effected by springs instead of
weights to close the shutters, and arranged so that the centri-
fugal action of the shutter would open them. It is believed
that a reefing apparatus so constructed would operate with
greater uniformity, and be as sensitive as a properly balanced
steam engine governor.

The largest windmills in Britain are to be found at the town
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of Great Yarmouth, in the county of Norfolk. The wings of
some of these mills describe a circuit of 100 ft. diameter, and
with a moderate breeze drive six pairs of millstones 4 ft. 6 in.
in diameter, grinding collectively 30 bushels of flour per hour.
The main shaft is generally constructed of oak, about 3 ft. in
diameter, its main bearing being lined with strips of iron 1} in.
broad, and # in. thick, sunk longitudinally into it, and fasvened
with screws and spring hoops, so as to form the main journal of
the shaft, which revolves in a bearing bush or brass. The ¢stock
pieces’ to which the arms are fixed are mortised through the
axle. This first motion shaft carries the usual face wheel,
_ which is made of cast iron, about 12 ft. in diameter (the rim of
which forms the bearing surface for the brake), and gears into
a main pinion or ¢ wallower’ about 4 ft. in diameter, fixed on
the top of the upright shaft. This shaft carries at its lower
end a spur wheel, about 14 ft. in diameter, which drives the
spindles of six pairs of millstones which are posited around it,
each pair being fitted with a ¢lift tenter.’

In order to maintain the efficiency of windmills, it is of much
importance that the wood and iron work should be of the best
description ; the main axle should be of wrought iron, having a
cast-iron flange of large diameter keyed on its front, and
. furnished with recesses for receiving the arms of the wings.
The brake wheel should be strongly constructed, and covered
with hard wood, and of ample breadth, as well as that of the
friction strap, which should be strongly secured to the framing
at the top of the tower; and it would be an improvement to
have a small force pump worked from the top of the upright
shaft to discharge water upon the brake wheel, when the mill
requires to be arrested in a gale of wind.

The vertical windmill consists of a tower, near the top of
which is an axle carrying four vanes or sails set in a plane in-
clined about ten degrees to the vertical. The vanes are also
inclined to the plane in which they revolve, their inclination
varying from the axis to the extremity of the arms. They are
made light and filled with thin plates of wood, or are covered
with canvass. Thus the wind, blowing perpendicularly to the
plane of revolution of the arms, impinges obliquely upon the
broad sails, and a rotatory movement is generated, which,
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transmitted by bevel gearing, works the millstones, stampers,
or other machinery contained in the mill.

The mill-sails require to he placed perpendicularly to the
direction of the wind, and for this purpose, in the older mills,
the whole upper part of the tower containing the machinery is
turned round by manual labour. In more modern constructions,
however, a dome or cap carrying the sails is fixed on the summit
of the tower, and is turned by a self-acting fly with four or more
oblique vanes, similar to a smoke-jack, which, acted upon by
the changing currents of wind, gives motion to the cap of the

Fig. 174.

]
1
)

&

tower, carrying round with it the wind axis and sails, keeping
them perpendicular to the direction of the wind. Such a mill
is shown in fig. 174, where » is the cap moving on rollers, 8 the
shaft carrying the sails 8 8, and the bevel wheel @ @, gearing
into another bevel wheel b, on the millstone shaft. The wind
acting on the fan F, communicates motion to the bevel wheel
and spur pinion e, which, acting on a spur wheel or rack fixed
on the summit of the tower, causes the revolution of the cap.
The sails of the fan are constructed so that, when they lie in
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the plane of the wind, they are not affected ; but as the wind
shifts, it strikes them obliquely, and causes the revolution of
the cap till they are again in the plane of the wind.

Of experiments upon windmills by far the most important
are those of Smeaton, communicated to the Royal Society in
1759. The inclination of the sail to the plane of revolution he
found should vary in the following ratio, where the radius is sup-
posed to be divided into six equal parts, and the angle of the
sail given at each point:—

Angle with the
plane of motion

. — centre
. 18°
. 19
. 18 middle
. 16
. 123
7 extremity

DTk N~ D

This inclination of the sail to the plane of revolution is known
as its weather. Sails before Smeaton’s time were simple paral-
lelograms ; he found, however, that advantage was gained by
adding a triangular sail to the leading edge of the radius or
whip @ a, so placed that the sail was broadest at its periphery.
The extreme breadth of the sail c b was then made gy 175,
equal to one-third of the radius or whip, and of this '_7—-'

4, or 5 of the radius, was the breadth of the ordi- 4

nary sail a b, and the remaining 4, or ;% of the
radius, was the breadth of the triangular leading
sail @ ¢, as shown in fig. 175. The ordinary length
of the whip of the sail is 30 feet.

Regulation of the Speed of Windmalls.—This is
best effected in the case of windmills with cloth
sails, by a plan of Mr. Bywater, in which a series
of racks and pinions cause the cloth to roll or unroll
according to the strength of the wind.

Another plan, suggested by Mr. (now Sir William) ° ¢
Cubitt at the beginning of this century, is shown at fig. 176,
applied to sails which have movable boards or thin plates

——

[
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instead of sail-cloth. @ @ isthe whip ; b the axis on which the sails
are carried, and which is hollow to receive the rod ¢ ¢. At

Fig. 178,

the extremity of this is
a rack cd, gearing in
a pinion e, which is con-
nected with a pulley over
which is hung a weight,
80 as to press the rod
¢ ¢ outwards with a con-
stant force. g g g are
theboardswhich formthe
surface of the sail, and
which are connected to-
gether so as to open or
shut like the bars of a
Venetian blind. On the
last board of each sail
is a toothed segment, in
which works a rack f f,
connected by levers with
the rod ¢ ¢, as shown.
By this arrangement the
force of the wind, as it

varies, opens or shuts the boards of the sail, so as to keep
the total pressure on the sails equivalent to the force exerted
by the balance-weight hung over the pulley e.
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Bateman, Mr.,, his observations on
rainfall, 74 et seq.
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Beam engines, stationary, 235
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Boilers—continued.

—- area of grate-bar surfaces, 269

— evaporative power of boilers, 270

— strength of boilers, 272

— accessories of boilers, 276

— the feed pump, 276

— back pressure valves, 276

— feed-water heating apparatus, 276

— water gauges, 277
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— safety valves, 278
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Bombay waterworks, area drained for,
and storage capacity of the reservoir
of the, 85

Borrowdale, enormous rainfall of, 73,
75
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—to find the curve forming the

groove of a camb, 5o that the velocity
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may be constant, 53

— to produce a changing reciproca-
ting motion by a combination of the
camb and screw, 64

Carron, Smeaton’s weir at, 89

Catrine works, in Ayrshire, 91
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Catrine works—continued.

— statistics of the, 92

— the Catrine high-breast wheels, 129

— statistics of, 130

Cattle-mills for grinding corn, 2

China, cotton manufacture of, 7

— nankeens, 7

Concentric wheels, 45

Conduits, 91
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— friction of fluids in conduits, 105

Connectors, wrapping. See Wrapping
Connectors
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Corn mills, early history of, 1
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— relations of crank and piston, 21

Crown wheels, 46
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the, 9

— Dr. Ure’s definition of the word
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— effects of the factory system, 10

Feed pumps of boilers, 276
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Fustians, early English manufacture
of, 8
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area of, 269
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Linen, manufacture of, 6
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— to construct Watt's parallel mo-
tion, 23

— to multiply oscillations by means
of link-work, 26

— to produce a velocity which shall
be rapidly retarded by means of
link-work, 26

- -to produce a reciprocating inter-
mittent motion by means of link-
work, 27

— ratchet-wheel and detent, 29

— intermittent motion produced by
link-work connected with a ratchet-
wheel, 29

Longendale Valley, rainfall of, 77

Losh, Mr., his double furnaces, 280
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at, 4
— early cotton manufacture of, 7
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Mechanism —continued.

—to construct Watt's parallel mo-
tion, 23

— to multiply oscillations by means
of link-work, 26

— to produce a velocity which shall
be rapidly retarded by means of
link-work, 26

— to produce a reciprocating inter-
mittent motion by means of link-
work, 27

—ratchet-wheel and detent, 29

— intermittent motion produced by
link-work connected with a ratchet-
wheel, 29

— wrapping connectors, 30

— endless cord or belt, 30

— speed pulleys, 32

— guide pulleys, 34

—to prevent wrapping connectors
from slipping, 35

— systems of pulleys, 36

— to produce a varying velocity ratio by
means of wrapping connectors, 38

—on wheel-work producing motion
by rolling contact when the axes of
motion are parallel, 40

— idle wheels, 44

— annular wheels, 44

— concentric wheels, 45

— wheel-work when the axes are not
parallel to each other, 45

——face-wheel and lantern, 45

— crown-wheels, 46

— to construct bevel wheels and bevel
gear, when the axes are in the same
plane, 46

— to construct bevel gear when the
axes are not in the same plane, 47

— variable motions produced by
wheel-work having rolling contaet,
48

— Roemer's wheels, 49

— intermittent aud reciprocating mo-
tions, produced by wheel-work
having rolling contact, 49

— the rack and pinion, 50

— sliding pieces, producing motion
by sliding contact, 51

— the wedge, or movable inclined
plane, 51

— the eccentric wheel, 52
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Mechanism—continued.

— cambs, wipers, and tappets, 52

— the swash plate, 55

— screws, different forms of, 56 e? seq.

— mechanism for cutting screws, 63

— to produce a changing reciprocating
rectilinear motion by a combination
of the camb and screw, 64

—to produce a boring motion by
a combination of the screw and
toothed wheels, 65

— on prime-movers, 66

— accumulation of water as a source
of motive power, 66

— on the flow and discharge of water,
and the estimation of water power,
94

—on the construction of water-
wheels, 114

— on the undershot water-wheel, 151

— on turbines, 157

— Varieties of
engines, 234

— boilers, 259

— windmills, 282

Medlock river, Roman water-mill on
the, 4

Meikle, Mr., his improvements in
windmills, 289

Melbourne waterworks, statistics of
the, 85

—table of rainfall and evaporation,
86

‘ Moulins Frangais,’ 286

Mud cocks of boilers, 278

stationary steam-

ANKEEN manufacture, the Chi-
nese, 7
Neilson, Mr., his improvements in the
smelting of iron, 10

OSCILLATIONS, to multiply by
means of link-work, 25

PARALLEL motion, Watt’s, to con-
struct, 23
Pendulum, conical, or centrifugal go-
vernor, applied to control the motion
of flour mills, 292

INDEX.

Phillips, Mr., his observations on rain-
fall, 74, 75

Pipes, friction of fluids in, 105

— tables of friction, 109, 110

Piston, relations of the crank and, 21

Pliny, his description of Roman corn
mills, 2

Plugs, fusible, 278

Pompeii, cattle corn mills disentombed
in, 2

Poncelet, M., his undershot water-
wheel, 154

Press, the common, 59

Pressure of water, 94

Prideaux, Mr., his improvements in
boilers, 281

Prime-movers, 66

Pulleys, speed, 32

— guide, 34

— systems of pulleys, 36

QUERNS, Roman, 2

RACK and pinion, the, 50
Rainfall and evaporation, 72
— table of mean rainfall at London
and Manchester, 72
— method of determining the rainfall,
73
— rain-gauges, 74
— increased rainfall corresponding to
increased elevation, 75
— relation of rainfall to the discharge
by rivers, 77
— Lough Island Reavy, or river Bann,
reservoirs, 71, 79, 82
— rainfall and evaporation in tropical
countries, 85
Ratchet-wheel and detent, the, 29
— intermittent motion produced by
link-work connected with a ratchet-
wheel, 29
Reciprocating intermittent motion, to
produce a, by means of link-work,
27
Regnault’s apparatus for determining
the latent heat of steam, 227
Reservoirs, formation of, 70
— lurge works of this kind, 71
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Rolling contact, motion produced by,
40

— variable motions produced by
wheel-work having rolling contact,
48

Romans, their querns, or hand-mills, 2

— their water-mills, 4

— their woollen manufuctures, 6

AFETY valves of boilers, 278
Sails of windmills, f.rms and pro-

portions of the,290, 294

Saltaire, stationary beam engines at,
235

— dimensions of boiler at, 264

Sang, Mr.,, his arrangement for the
approximate measurement of the
flow of water over a rectangular
notch in a waste board, 104

Schiele’s turbine, 177

Screws, 56 :

— construction of a helix or screw, 56

— pitch of a screw, 67

— transmission of motion by the
screw, 57

— solid screw and nut, 58

— the common press, 59

— compound screw, 60

— endless screw, 61

— differential screw, 61

— Archimedean screw creeper, 62

— mechanism for cutting screws, 63

— to produce a changing reciprocat-
ing motion by a combination of the
camb and screw, 64

— to produce a boring motion by a
combination of the screw and toothed
wheels, 65

Shaws’ waterworks at Greenock, 71

Shrouds of a waterwheel, 121

Silk, efforts of James I. to grow the
mulberry, and produce silk in Eng-
land, 5

— progress of the silk manufacture
in this country during the reigns of
Charles 1., the Commonwealth, and
Charles I1., 6

— foundation of the Spitalfields weav-
ing trade, 6

Sliding-pieces, producing motion by
sliding contact, 51
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Sliding-pieces, the wedge, or movable
inclined plane, 51

— the eccentric wheel, 52 .

— cambs, wipers, and tappets, 52

— the swash plate, 56

— screws, 56

— the common press, 59

— to produce a changing reciprocat-
ing motion by a combination of the
camb and screw, 64

Smeaton, Mr., his weir at Carron, 89

— his experiments on windmills, 290

Smoke, plans for the prevention of
from boilers, 279

— Watt’s patent, 279

— Losh’s double furnaces, 280

— Mr. Wye Williams and Mr. Pri-
deaux’s improvements, 281

Speed pulleys, 32

Steam, on the properties of, 186

— history of the employment of, 186

— general laws of vaporisation of,
189

— the vaporisation of water, and the
formation of steam, 192

— the relation between the pressure
and temperature of saturated steam,
192

— relation of temperature and density
of saturated steam, 209

— on the latent heat of steam at dif-
ferent pressures, 224

— on the law of expansion of super-
heated steam, 230

Steam engines, varieties of stationary,
234

— stationary beam engines, 235

— compound engines, 248

— high-pressure engines, 251

— the duty of engines, 255 ¢£ scq.

— boilers, 259

— plans for the prevention of smoke,
279

Steam gauges of boilers, 277

Steam power, expenses of, contrasted
with those of water power, 92

Swash plate, the, 55

Swineshaw valley, rainfall in the, 77

IABLE of mean rainfall at London
and Manchester, 72
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Table—continucd.

— showing the effect of placing rain
gauges in elevated positions, 74

— showing effect of elevation on rain-
fall, 756

— showing amount of rainfall at the
Swineshaw and Longendale valleys,
78

— showing the amount of spontaneous
evaporation and rainfall for twelve
months, ending Jan. 31, 1858, 86

Tables relating to the Flow and Dis-
charge of Water.

Table I. Theoretical velocity of efflu-
ent water, 95

—II. Coefficients of discharge of
vertical rectangular orifices, thin-
lipped, with complete contraction.
The heads of water measured at a
point of the reservoir where the
liquid was perfectly stagnant, 98

—II1. Coefficients of discharge of
vertical, thin-lipped rectangular ori-
fices, with complete contraction. The
heads of water measured immedi-
ately over the orifice, 99

— IV. Theoretical and actual discharge
from a thin-lipped orifice of a sec-
tional area of one square foot, 99

—V. Coefficient of discharge for
weirs, from experiments on notches
eight inches broad, by Poncelet and
Lesbros, 101

— VI Coefficients of discharge from
weirs, from experiments by Mr.
Blackwell, 102

—VII. Examples of estimation of
discharge from weirs, 103

— VIII. Discharge of water over a
thin-edged notch or weir for every
foot “in breadth of the stream in
cubic feet per second, 104

— IX. Friction of water in pipes, -

108, 109
— Of the value of the coefficient of
friction #, for different velocities, 107

Tables relating to Water-whecls.

Table of diameters of the main axis
Jjournals of water-wheels, 119
— Proportions of water-wheels, 148,149

INDEX.

TEX

Tables relating to the Properties of
Steam.

Table I. Influence of changes of at-
mospheric pressure on the boiling
point of water, and the boiling point
at different altitudes, 190

—II. Elastic force of the vapour of
water, 195

— III. Elastic force of steam, from the
experiments of the Franklin Insti-
tute, 197

—IV. Results of MM. Arago and
Dulong's experiments on the rela-
tion of pressure and temperature of
saturated steam, 198

— V. On the pressure and correspond-
ing temperature of saturated steam,
208

— VI. Results of experiments on the
density of steam at pressures of
from 15 to 70 pounds per square
inch, 218

— VII. The results of experiments on
the density of steam at pressures
below that of the atmosphere, 219

— VIIL. On the relation of pressure,
volume, and weight of saturated
steam deduced from experimental
data, 221

— IX. The latent and total heat of
steam from one pound to one hun-
dred and fifty pounds per square
inch, 229 4

— X. Showing the coefficient of ex-
pansion of superheated steam, 233

— On the reliability of various instru-
ments for measuring temperatures,
199

— Comparison of the values of the
specific volume of saturated steam
from the formule of Mr. Fairbairn
and others, 223

Table showing the progressive eco-
nomy of high-pressure steam, 256,
267

Tables relating to straps. See Wrap-
ping connectors

Tail-race, direction of, 127

Tappets, or wipers, 54

Textile fabrics, history of mills for the
manufacture of, 5
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TEX

Textile fabrics, silk manufacturers in
England, 5, 6

— — woollen mills, ancient and mo-’

dern, 6

— — cotton mills and cotton, history
of, 7 ’

Thrutchers, 244

Torricellian vacuum, 216

Turbines on, 157

— turbines in which the water passes
vertically through the wheel, 1568

— turbines in which the water flows
horizontally and outwards, 162

— turbines in which the water flows
horizontally inwards ; vortex wheels,
166

— efficiency of turbines, 176

— Schiele’s turbine, 177

~— water-pressure engines, 180

'VALVE%, back pressure, of boilers,
276
—safety, of boilers, 278
—adapted for the discharge of reser-
voirs at great depths, 83
Vaporisation, general laws of, 189.
See Steam
Velocity, to produce a, which shall be
rapidly retarded, by means of link-
work, 26
Velocity of water, 94, 95
Venice, exportations of cotton cloth
three hundred years ago from, 7
Ventilation of water-wheels, 136
— low-breasted ventilated wheel, 138
Vermilions, early English manufac-
ture of, 8
Vitruvius, his account of water-mills, 4
Vortex wheels, 166
— experiments on Mr. Thomson’s
vortex wheel at Ballysillan, to de-
termine its efficiency, 297

WATER on the accumulation of, as
a source of motive power, 66

— classification of mill machinery, 66

—Prof. Ansted’s description of a
curious phenomenon at Argostoli, 67

— formation of reservoirs, 70

— rainfall and evaporation, 72

PART I.

X

305

War

Water—continued.

— method of determining the rainfall,
73 '

— Lough Island Reavy, or Bann river
reservoirs, 79

—amount of rainfall and evaporation
in tropical climates, 85

— weirs or dams, 86

— conduits 91

— statistics of the Catrine works, 92

= water power and steam power, ex-
penses of, contrasted, 92

— on the flow and discharge of water,
and the estimation of water power,
94

—relations between pressure, velo-
city, and discharge of water, 94

— thick-lipped orifices or mouth-pieces
96

— thin-lipped orifices, 97

— discharge with incomplete contrae-
tion, 100

— discharge from rectangular notches,
waste-boards, and weirs, 100

— Mr. Blackwell’s experiments, 101

— friction of fluids in conduits and
pipes, 106

—flow of water in open channels, 110

—estimation of water power, 112

Water gauges of boilers, 277

Water-mills for grinding corn, history
of, 4

Water-wheels, on the construction of,
114

— classification of water machines, 114

— vertical water-wheel, improvements
in, 115

— component parts of water-wheels,
116

— the overshot water-wheel, 124

— the pitch-back wheel, 127

— direction of tail-race, 127

— the Catrine high-breast wheels, 129

— of the Deanston works, 133

— ventilation of water-wheels, 136

— low-breast ventilated wheel, 138

— high-breast ventilated wheel, 140

— arrangement of gearing, 140

— speed of water-wheels, 141

— area of opening of bucket 141

— the shuttle, 143

— the water wheel governor, 143
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Water-wheels, table of proportions of
water-wheels, 148, 149

— considerations in designing water-
wheels, 160

— on the undershot water-wheel, 151

— old forms of undershot wheels, 151

— improved forms, 162

— Poncelet wheel, 156¢

— turbines, 157

Waterworks, Shaws’, at Greenock, 71

‘Watt's parallel motion, to construct, 23

— his patent for the prevention of
smoke, 279

‘Weaving, history of the process of, 6

Weaving trade of Spitalfields, esta-
blishment of the, 6

Wedge, the, or movable inclined plane,
51

Weirs or dams, 86

— Mr. Blackwell's uperunenta on the
discharge of water from weirs, 101

--table of coefficients of discharge
from weirs, 102

-— table of examples of estimation of
discharge from weirs, 103

— table of discharge over a thin-
edged notch, or weir, for every foot
in breadth of the stream in cubic
feet per second, 104

— Mr. Sang’s mode of measurement,
104

‘Wheel-work producing motion by roll-
ing contact when the axes of motion
are parallel, 40

— idle wheels, ¢4

— annular wheels, 44

— concentric wheels, 45

— when the axes are not parallel to
each other, 45

— face-wheel and lantern, 45

— crown wheels, 46

— to construct bevel wheels, or bevel
gear, when the axes are in the same
plane, 46

— to construct bevel gear whemn the
axes are not in the same plans, 47

— variablemotions produced by wheel-
work having rolling contact, 48

— Roemer’s wheels, 49

— intermittent and
tlons, produced by wheel-work lmv-
ing rolling contact, 49

INDEx'
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Wheel-work, the rack and pinion, 50

— to produce a boring motion bya
combination of the screwand toothed
wheels, 65

— experiments on Mr. Thomson’s
vortex wheel at Ballysillan, to de-
termine its efficiency, 297

‘Whistlemouth, or Butterley,
261, 262

Williams, Mr. Wye, his improvements
in boilers, 281

Windmills, history of, 282

— introduction of, into England, 283

— horizontal mill at Dunbar, 285, 289

— difference between Germam and
Dutch mills, 285

— of Turkey and the Crimea, 286

— the ‘Moulin Francais’ 286

— the two classes of windmills; hori-
zontal and vertical, 288

— objections to the horizontal mills,
288

~— Meikle’s improvements, 289

— Smeaton’s experiments, 290, 296

— forms and proportions of sails, 203,
295

— vertical mills, 203

— regulation of the speed of windmills,
296

‘Wipers, or tappets, 64

‘Woolf’s engine, 248

Woollen cloth, history of the manu-
facture of, 5, 6

— woollen manufiactures of the Ro-
mans, 6

— and of the English in the reigm of
Edward II1., 6

‘Wrapping connectors, 30

— — endless cord or belt, 80

— — speed pulleys, 32

— — guide pulleys, 34

— — to prevent wrapping conneotors
from slipping, 36

— — gystens of pulleys, 36

— — to produce a varying velocity
ratio by means of wrapping con-
nectors, 38

boiler,

ARMOUTH, Great, windmills of,
293
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tury of the Commonwealth. By the Rev.
CHARLES MERIVALE, BD. 12mo. 7s.6d

Critical and Historical KEssays
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B. B. WooDpWARD, F.S.A. Librarian to the

Queen. [In the press.
History of Christian Missions;

their Agents and their Results. By T.W. M
MARSHALL, 2 vols. 8vo. 24s.

History of the Early Church,
from the First Preaching of the Gospel ¢
the Council of Nicss, A.p. 825. By th¢
Author of ¢ Amy Herbert.” Fep. 8vo. 4s. bd-

History of 'Wesleyan Methodism.
By GEORGE SyITH, F.A.8. New Editios,
with Portraits, in course of publicationi?
81 parts, 4. each.
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Jistory of Modern Music ; a Course
of Lectures delivered at the Royal Institu-
tion. By Jomx HvurraH, Professor of
Yocal Music in King’s College and in
Queen’s College, London, Fost 8vo: 6s. 6d.

History of Medicine, from the Ear-
liest Ages to the Present Time. By
EpwaArp MEeryow, M.D. F.G:S. Vor. L
8vo. 12s. 6d.

<

Biography and Memoirs.

Sir John Eliot, a Biography:
1590—1632. By JomN ForsTer. With
2 Portraits on Steel, from the Originals at
Port Eliot. 2 vols. crown 8vo, 30s.

Xeotters and Life of Francis
Bacon, including all his Occasional Works.
Collected and edited, with a Commentary,
by J. SPEDDING, Trin. Coll. Cantab. Vors.
L and IL.  8vo, 24s.

Iife of Robert Stephenson, F.R.S.
By J. C. JEAFFRESON, Barrister-at-Law,
and WirLiam Porg, F.R.S. Memb. Inst,
Civ. Eng. With 2 Portraits and many Il-
lustrations. 2 vols. 8vo. [ Just ready.

Life of the Duke of Wellington.
By the Rev. G. R. GLEIG, M.A. Popular
Edition, carefully revised; with copious
Additions. Crown 8vo. 5s.

Brialmont and Gleig’s Life of the Duke
of Wellington. 4 vols, 8vo. with Illustra<
tions, £2 14s.

Life of the Duke of Wellington, partly
from the French of M. BRIALMONT, partly
from Original Documents. By the Rev.
G. R. GLE1G, M.A. 8vo. with Portrait, 15s.

Apologia pro Vita Sua: being a
Reply to a Pamphlet intitled ¢ What then
does Dr. Newman mean?’ By JomnN
HeneY NEwMAN, D.D. 8vo.

¥ather Mathew: a Biography.
By Joax Francis MAGguirg, M.P. Second
Edition, with Portrait. Post 8vo. 12s. 6d.

RBome; its Rulers and its Institutions.
By the same Author. New Edition in pre-
paration.

Life of Amelia Wilhelmina Sieve-
king, from the German. Edited, with the
Author’s sanction, by Qyraerine WINK-
worTH. Post 8vo. with Portrait, 126,

Felix Mendelssohn’s Letters from
Italy and Switzerland, translated by LApY
WaLLACE, Third Edition, with Notice of
MEeNDELsSoHN'S Life and Works, by HexrY
F.CHORLEY ; and Letters from 1833 to 1847,
translated by Lady WaLLACE. New Edition,
with Portrait. 2 vols. crown 8vo. 5s. each.

Diaries of a Lady of Quality,
from 1797 to 1844, Edited, with Notes, by
A. HAYwARrp, Q.C. Post 8vo. 10s. 6d.

Recollections of the late William
Wilberforce, M.P. for the County of York
during nearly 80 Years. By J. S. HArrorD,
D.C.L. F.R.S. Post 8vo. 7s.

Life and Correspondence of
Theodore Parker. By JonN WEIss. With
2 Portraits and 19 Wood Engravings.
2 vols. 8vo. 80s.

Southey’s Life of Wesley. Fifth.
Edition, Edited by the Rev. C, C. SouTHRY,
M.A. Crown 8vo. 7s, 6d. .

Thomas Moore’s Memoirs, Jour-
nal, and Correspondence. Edited and
abridged from the First Edition by Rarl
RusseLL. (Square crown 8vo. with 8 Por-
traits, 12s. 6d.

Memoir of the Rev.Sydney Smith,
By his Daughter, Lady HorLLaxp. With
a Selection from his Letters, edited by Mrs.
AvusTIN. 2 vols. 8vo. 28s.

Life of William Warburton, D.D.
Bishop of Gloucester from 1760 to 1779, By
the Rev.J. 8. WATson, M.A. 8vo. with
Portrait, 18s.

Fasti Eboracenses: Lives of the
Archbishops of York. By the late Rev.
W. H. DixoN, M.A. Edited and enlarged
by the Rev. J. Ramng, MA, In 2 vols.
YouL. 1. comprising the Lives to the Death
of Edward IIL. 8vo. 16s.
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Vicissitudes of Families. By S8ir
BrrxARp Bumkg, Ulster King of Arms.
FiRsT, SECOXD, and THIRD SERIES. § vols.
crown 8vo. 12s. 6d. each.

Biographical S8ketches. By Nassav
W. SkNIoR. Post 8vo. 10s. 6d.

Essays in Ecclesiastical Biogra-
phy. By the Right Hon. 8ir J. STEPHEN,
1L.D. Fourth Edition. 8vo. 14s.

Arago’s Biographies of Distin-
guished Scientific Men. By FraAxqors
ARAGO. Translated by Admiral W. H
SmyTH, F.R.S,, the Rev. B. PowELL, M.A,
and R. GRANT, M.A. 8vo. 18s.

Maunder’s Biographical Trea-
sury : Memoirs, Sketches, and Brief Notices
of above 12,000 Eminent Persons of All
Ages and Nations. Fcp. 8vo. 10s.

Criticism, Philosophy, Polity, &c.

Papinian: a Dialogue on State Affairs
between a Constitutional Lawyer and a
Country Gentleman about to enter Public
Life. By GEORGE ATKINSON, B.A. Oxon.

" Serjeant-at-Law. [ Nearly ready.

On Representative Government.
By Jous STUART MitL. Second Edition,
8vo. 9s,

Dissertations and Discussions. By the
same Author. 2 vols. 8vo. 24s.

On Liberty. By the same Author. Third
Edition. Post 8vo. 7s.6d.

Principles of Political Economy. By the
game. Fifth Edition. 2 vols. 8vo. 80s.

A System of Logic, Ratiocinative and
Inductive. By the same. Fifth Edition.

2 vols. 8vo. 25s.
Utilitarianism.’ By the samme. 8vo. 5s.

Lord Bacon’s Works, collected
and edited byR. L. ELL1s, M.A., J. SrkDDING,
M.A. and D. D. Heatn. Vors. L to V.
Philosophical Works. & vols. 8vo. £4 6s.
Vois. V1. and VII. Literary and Profes-
sional Works. 2 vols. £1 16s.

Bacon’s Essays, with Annotations.
By R. WaaTeLY, D.D. late Archbishop of
Dublin. Sixth Edition. 8vo. 10s, 6d.

Eloements of Logic. By R. WhaTELY,
D.D. late Archbishop of Dublin. Ninth
Edition. 8vo. 10s. 6d. crown 8vo. 4s. 6d.

Elements of Rhetoric.
Author. Seventh Edition.
crown 8vo. 4s. 6d.

By the same
8vo. 10s. 6d.

English 3ynonymes. Edited by Arch-
bishop WHATeLY. 5th Edition. Fcp. 8vo.
3s.

Miscellaneous Remains from the
Common-place Book of the late Archbishop
WaaTELY. Edited by Miss WHATELY.
Post 8vo. [ Just ready.

Essays on the Administrations of
Great Britain from 1783 to 1830, contributed
to the Edinburgh Review by the Right Hon.
Sir G. C. LEwis, Bart. Edited by the
Right Hon. Sir E. Heap, Bart. 8vo. with
Portrait, 15s.

By the same Author.

A Dialogue on the Best Form of
Government, 4s. 6d.

Essay on the Origin and Formation of
the Romance Languages, 7s. 6d.

Historical Burvey of the Astronomy of
the Ancients, 15s.

Inquiry into the Credibility of the
Early Roman History, 2 vols. 80s.

On the Methods of Observation and
Reasoning in Politics, 2 vols. 28s.

Irish Disturbances and Irish Church
Question, 12,

Remarks on the Use and Abuse of
some Political Terms, 9s.

On Foreign Jurisdiction and Extradi-
tion of Criminals, 2s. 6d. -

The Fables of Babrius, Greek Text
with Latin Notes, PART L. 5s. 6d. PART IL
8s. 6d.

Suggestions for the Application of the
Egyptological Method to Modern History, 1s.

An Outline of the Necessary
Laws of Thought: a Treatise on Pure and
Applied Logic. By the Most Rev. W.
TaoMsoN, D,D. Archbishop of York. Crown
8vo, bs 6d.



NEW WORKS pusLisHED BY LONGMAN axp CO. 5

I'he Elements of Logic. By Tuouas
SHEEDDEN, M.A. of St. Peter’s Coll. Cantab,
Crown 8vo. [ Just ready.

Analysis of Mr, Mill’s System of
Logic. By W. SteBBING, M.A. Fellow of
‘W orcester College, Oxford. Post 8vo.

[Just ready.

Speeches of the Right Hon. Lord
M AcAuLaY, corrected by Himself. 8vo. 12s.

Liord Macaulay’s Speeches on
Parliamentary Reform in 1831 and 1832.
16mo. 1s.

A Dictionary of the Xnglish
Language. By R. G. LaTHAM, M.A. M.D.
F.R.S8. Founded on that of Dr. JOHNsSON, as
edited by the Rev. H. J. Topp, with nume-
rous Emendations and Additions. Pub-
lishing in 36 Parts, price 8s. 6d. each, to
form 2 vols. 4to. )

The English Language. By the same
Author. Fifth Edition. 8vo. 18s.

Handbook of the English Language.
By the same Author. Fourth Edition.
Crown 8vo. 7s. 6d.

Elements of Comparative Philology.
By the same Author. 8vo. 21s,

Thesaurus of English Words and
Phrases, classified and arranged so as to
facilitate the Expression of Ideas, and assist
in Literary Composition. By P. M. RoGET,
M.D. 14th Edition, crown 8vo. 10s. 6d.

Lectures on the 8cience of Lan-
guage, delivered at the Royal Institution.
By Max MULLER, M.A. Fellow of All Souls
College, Oxford. FirsT Series, Fourth
Edition. 8vo. 12s. SECOND SERIES nearly
ready.

The Debater ; a Scries of Complete
Debates, Outlines of Debates, and Questions
for Discussion. By F. RowroN. Fep.
8vo. 6s.

A Course of English Reading,
adapted to every taste and capacity; or,
How and What to Read. By the Rev.J.
Prcrorr, B.A. Fcp. 8vo. bs.

Manual of English Literature,
Historical and Critical: with a Chapter on
English Metres. By T. ArnNoLp, B.A.
Prof. of Eng. Lit. Cath. Univ. Ireland.
Post 8vo. 10s. 6d.

Southey’s Doctor, complete in One
Volume. Edited by the Rev. J.W. WARTER,
B.D. Square crown 8vo. 12s. 6d.

Historical and Critical Commen-
tary on the Old Testament; with a New
Translation. By M. M. Karisch, Ph. D.
VoL. I. Genesis, 8vo. 18s. or adapted for the
General Reader, 12s. Vor. II. Ezodus, 15s.
or adapted for the General Reader, 12s.

A Hebrew Grammar, with Exercises.
By the same. PART 1. Outlines with Ezxer-
cises, 8vo. 125.6d. KEY, 5s. Part Il Ez-
ceptional Forms and Constructions, 12s. 6d.

A New Latin-E%lish Dictionary.

- By the Rev.J.T. White, M.A. of Corpus
Christi College, and Rev. J. E. RIDDLE,
M.A. of St. Edmund Hall, Oxford. Imperial
8vo. 42s.

A Diamond Latin-English Dictionary,
or Guide to the Meaning, Quality, an
Accentuation of.Latin Classical Words. By
the Rev. J. E. RipDLE, M.A. 32mo. 4s.

A New English-Greek Lexicon,
containing all the Greek Words used by
Writers of good authority. By C. D. YoxGE,
B.A. Fourth Edition. 4to. 21s.

A Lexicon, English and Greek,
abridged for the use of Schools from his
¢ English-Greek Lexicon’ by the Author,
C. D. Yonge, B.A. Square 12mo.

[ Just ready.
A Greek- ish Lexicon. Com-
iled by H. G. LippgELL, D.D. Dean of
ghrist ghurch, and R. ScorT, D.D. Master

of Balliol. Fifth Edition, crown 4to. 81s. 6d.

A Lexicon, Greek and English,
abridged from LIppELL and Scorr’s Greck-
English Lexicon. Tenth Edition, square
12mo. 7s. 6d.

A Practical Dictionary of the
French and English Languages. By L.
CoNTANSEAU. 7th Edition. Post 8vo. 10s. 6d.

Contanseau’s _ Pocket Dictionary,
French and English ; being a close
Abridgment of the above, by the same
Author. 18mo. bs. 2nd Edition.

Neoew Practical Dictionary of the
German Language; German-English, and
English-German. By the Rev. W. L.
BrackLEY, M.A., and Dr. CARL MARTIN
FRIEDLANDER, Post 8vo. [In the press,
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Miscellaneous Works and Popular Metaphysics.

Recreations of a Country Parson:
being a Selection of the Contributions of
A. K. H. B. to Fraser’s Magazine. SECOND
Sxmies. Crown 8vo. 3s.6d

The Commonplace Philosopher in
Town and Country. By the same Author.
Crown 8vo. 3s. 6d.

Leisure Hours in Town ; Essays Consolu-
tory, ZAsthetical, Moral, Social, and Do-
mestic. By the same. Crown 8vo. 3s. 6d.

Frionds in Council: a Series of
Readings and Discourses thereon. 2 vols.
fep. 8vo. 9s.

Friends in Counoil,
2 vels. post 8vo. 14s.

SECOND SERIES.

Essays written in the Intervals Zof
Business. Fcp. 8vo. 2s.6d.

Companions of My B8olitude.
same Author. Fecp. 8vo. 3s. 6d.

By the

Lord Macaulay’s Miscellaneous
Writings: comprising his Contributions to
KxigHT'S Quarterly Magazine, Articles
from the Edinburgh Review not included in
his Critical and Historical Essays, Biogra-
phies from the [Encyclopedia Britannica,
Miscellaneous Poems and Inscriptions.
2 vols. 8vo. with Portrait, 21s.

The Rev. Sydney Smith’s Mis-
cellaneous Works; including his Contribu-
tions to the Edinburgh Review.

LiBrARY EDITION. 3 vols. 8vo. 36s.

TrRAVELLER’S EDITION, in 1 vol. 21s.

In Pocker VoLUMES. 3 vols. 21s.

ProrLE’s EprTION, 2 Vols. crown 8vo. 8s.

Blementary Bketches of Moral Philo-
sephy, delivered at the Royal Institution.
By the same Author. Fcp. 8vo. 7s.

The Wit and Wisdom of the Rev.

- SYpxey Smita: a Selection of the most
memorable Passages in his Writings and
Conversation, 16mo. 7s. 6d.

From Matter to Spirit: the Resalt
of Ten Years’ Experience in Spirit Mani-
festations. By C. D. with a Preface by
A.B. Post 8vo. 8s. 6d.

The History of the Supernatural
in All Ages and Nations, and in All
Churches, Christian and Pagan; demon-
strating & Universal Faith. By WriLrzax
Howrrr. 2 vols. post 8vo. 18s.

Chapters on Mental Physiology.
By Sir Hexry HoLLAND, Bart. M.D. F.R.S.
Second Edition. Post 8vo, 8s. 6d.

Essays selected from Contribu-
tions to the Edinburgh Review. By HENEY |
RocEgs.  Second Edition. 3 vols. fep. 21s

The Eclipse of Faith; or, a Visit to 2
Religious Sceptic. By the same Author.
Tenth Edition. Fcp. 8vo. bs.

Defence of the Eclipse of Faith, by its
Author ; a Rejoinder to Dr. Newman’s
Reply. Third Edition. Fep. 8vo. 3s. 6d.

Selections from the Correspondence
of R. E. H. Greyson. By the same Author.
Third Edition. Crown 8vo. 7s.6d.

Fulleriana, or the Wisdom and Wit of
TraoMAS FULLER,with Essay on his Life and
Genius. By thesame Author. 16mo. 2s. 64

Reason and Faith, reprinted from the
Edinburgh Review. By the same Author.
Fourth Edition. Fep. 8vo. 1s. 6d.

An Introduction to Mental Phi-
losophy, on the Inductive Method. By
J. D. MorELL, M.A. LL.D. 8vo. 12s. |

Elements of Psychology, containing #he
Analysis of the Intellectual Powers. By
the same Author. Post 8vo. 7s. 6d.

The Senses and the Intellect.
By Avexanper Bamy, M.A. Professor of
Logic in the University of Aberdeen. Se-
cond Edition. 8vo. 15s.

The Emotions and the Will, by the
same Author; completing a Systematic
Exposition of the Human Mind. 8vo. 152

On the Study of
an Estimate of Ph
Author. 8vo. 9s.
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Hours with the Mystics: a Contri-
bution to the History of Religious Opinion.
By RoBERT ALFRED VAUGHAN, B.A. Se-
cond Edition. 2 vols. crown 8vo. 12a.

Psmychological Inquiries, or Essays
intended to illustrate the Influence of the
Physical Organisation on the Mental Facul-
ties. By Sir B.C. BropIE, Bart. Fcp. 8vo.
5s. Parr IL Essays intended to illustrate
some Points in the Physical and Moral
History of Man. Fcp. 8vo. 5s.

The Philosophy of Necessity; or
Natural Law as applicable to Mental, Moral,
and Social Science. By CHARLES Bray.
Second Edition. 8vo. 9s. -

The Education of the Feelings and
Affections. By the same Author. Third
Edition, 8vo. 8s.6d. =

Christianity and Common Sense.
By Sir WiLLovacHBY JoNEs, Bart. M.A.

Trin. Coll. Cantab. 8vo. 6s.

Astronomy, Meteorology, Popular Geography, &e.

Outlines of Astronomy. By Sir
J. F. W. HERsCHEL, Bart, M.A. Seventh
Edition, revised ; with Plates and Woodcuts.
8vo. 18s.

*.* Two Plates are new in this Edition,
one showing the willow-leaved structure of
the Sux’s photosphere, the other exhibiting
a portion of the Moox’s surface from a
model by Mr. NasmyTH.

Arago’s Popular Astronomy.
Translated by Admiral W. H. Smyrs,
F.R.8.and R. GRANT, M.A. With 25 Plates
and 358 Woodcuts. 2 vols. 8vo. £2 bs.

Arago’s Meteorological Essays, with
Introduction by Baron HumBoLpT. Trans-
lated under the superintendence of Major-
General E. SABINE, R.A.  8vo. 18s.

The Weather-Book ; a Manual of
Practical Meteorology. By Rear-Admiral
RoBerT Fitz RoY, R.N. F.R.S. Third
Edition, with 16 Diagrams. 8vo. 15s.

Saxby’s Weather System, or Lunar
Influence on Weather. By S. M. S8axsy,
R.N. Principal Instructer of Naval En-
gineers, H.M. Steam Rederve. Second
Edition. Post 8vo. 4s.

Dove’s Law of Btorms considered
in connexion with the ordinary Movements
of the Atmosphere. Translated by R. H.
Scorr. M.A. T.C.D. 8vo. 10s. 6d.

Physical Geography for Schools
and General Readers. By M. F. Maury,
LL.D. Author of ‘Physical Geography of
the Sea,’ &c. [ Nearly ready.

A Dictionary, Geographical, Sta-
tistical,and Historical, of the various Coun-
tries, Places, and principal Natural Objects
in the World. By J. R. M‘CuLLocH, Esq.
With 6 Maps. 2 vols. 8vo. 63s.

A GQGeneral Dictionary of Geo-
graphy, Descriptive, Physical, Statistical,
and Historical : forming a complete
Gazetteer of the World. By A. Kerrm
Joaxsrox, F.R.S.E. 8vo. 80s.

A Manual of Geography, Physical,
Industrial, and Political. By W. Hucums,
F.R.G.S. Professor of Geography in King’s
College, and in Queen’s College, London.
With 6 Maps. Fecp. 8vo. 7s, 6d.

Or in Two Parts:—PArt 1. Europe,
3s. 6d. PArT Il Asia, Afries, America,
Australasia, and Polynesia, 4s.

The Geography of British History; a
phical Description of the British

Islands at Successive Periods, from the
Earliest Times to the Present Day. By
the same. With 6 Maps. Fcp. 8vo. 8s. 64

The British Empire ; a Skeich of
the Geography, Growth, Natural and Poli-
tical Festures of the United Kingdom, its
Colonies and Dependenci: By CaroLinz
Bray. With 5 Maps. Fcp. 8vo. 7s. 6d.

, and Oolonies : a Series
livered before the University
7y HerMaw Msrivars, MLA,
litical Economy. 8vo. 18s.
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The Africans at Home : a popular
Description of Africa and the Africans. By
the Rev. R. M. MACBRAIR, M.A, Second
Edition ; including an Account of the Dis-
covery of the Source of the Nile. With
Map and 70 Woodcuts. Fep. 8vo. 5a.

Maunder’s Treasury of Geogra-
phy, Physical, Historical, Descriptive, and
Political. Completed by W. HvucHuxs,
F.R.G.S. With 7 Maps and 16 Plates
Fep. 8vo. 10s.

Natural History and Popular Science.

The Elements of Physics or
Natural Philosophy. By NEIL ARNOTT,
M.D. F.R.S. Physician Extraordinary to
the Queen. Sixth Edition. PART I. 8vo.
10s. 6d.

Hoat Considered as a Mode of
Motion; a Course of Lectures delivered at
the Royal Institution. By Professor Jonx
TyxpALL, F.R.S. Crown 8vo. with Wood-
cuts, 12s. 6d.

Volcanos, the Character of their
Phenomena, their Share in the Structure
and Composition of the Surface of the Globe,
&c. By G. PouLeTT Scropk, M.P. F.R.S.
Second Edition. 8vo. with Illustrations, 15s.

A Treatise on Electricity, in
Theory and Practice. By A. DE LA RIvE,
Prof. in the Academy of Geneva. Trans-
lated by C. V. WaLKkER, F.R.S. 8 vols.
8vo. with Woodcuts, £3 13s.

The Correlation of Physical
Forces. By W. R. Grovg, Q.C. V.P.R.S.
Fourth Edition. 8vo. 7s.6d.

The Geological Magazine; or,
Monthly Journal of Geology. Edited by
T. Rupert Joxes, F.G.S. Professor of
Geology in the R. M. College, Sandhurst ;
assisted by J. C. WoopwaARD, F.G.S. F.Z.S.
British Museum. 8vo. with Illustrations,
price 1s. 6d. monthly.

A Guide to Geology. By J. ParrLies,
M.A. Professor of Geology in the University
of Oxford. Fifth Edition; with Plates and
Diagrams. Fcp. 8vo. 4s.

A Glossary of Mineralogy. By
H. W. Bristow, F.G.S. of the Geological
Survey of Great Britain. With 486 Figures.
Crown 8vo, 12s.

Phillips’s Elementary Introduc-
tion to Mineralogy, with extensive Altera-
tions and Additions, by H. J. Brookr
F.R.S. and W. H. MiLLEr, F.G.S. Posti
8vo. with Woodcuts, 18s.

Van Der Hoeven’s Handbook of
ZoorogY. Translated from the Seconi
Dutch Edition by the Rev. W. Cragxg
M.D. F.R.S. 2 vols. 8vo. with 24 Plates of
Figures, 60s.

|

The Comparative Anatomy and

Physiology of the Vertebrate Animals. By

Ricuarp OwkN, F.R.S. D.C.L. 2 vols
8vo. with upwards of 1,200 Woodcuts.

[In the press.

Homes without Hands: an Account
of the Habitations constructed by variow
Animals, classed according to their Princi-
ples of Construction. By Rev. J. G. Woon,
M.A. F.L.8. Illustrations on Wood by G
Pearson, from Drawings by F. W. Kejyl
and E. A. Smith. In course of pablication
in 20 Parts, 1s, each.

Manual of Ccelenterata. By J. Reir
Greexe, B.A. M.R.I.A. Edited by the
Rev. J. A. GALBRAITH, M.A. and the Rev.
S. HaveHTON, M.D, Fcp. 8vo. with 39
Woodcuts, 5s.

Manual of Protozoa ; with a General Intro
duction on the Principles of Zoology. By
the same Author and Editors. Fecp. 8vo.
with 16 Woodcuts, 2s.

Manual of the Metalloids. By J. Apsony,
M.D. F.R.S. and the same Editors. Fcp.
8vo. with 38 Woodcuts, 7s. 6d.

The Alps: Sketches of Life and Natare
in the Mountains. By Baron H. Vox
BerLEPsCH. Translated by the Rev. L.
StePEEN, M.A. With 17 Illustrations.
8vo. 15s.
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1© Sea and its Living Wonders.
3y Dr. G. HArTwia. Second (English)
Cdition. 8vo. with many Illustrations. 18s.

2© "Tropical World. By the same
Author. With 8 Chromoxylographs and
L72 Woodcuts. 8vo. 21s.

cotches of the Natural History
of Ceylon. By Sir J. EMERSON TENNENT,
K.C.S. LL.D. With 82 Wood Engravings.
Post 8vo. 12s. 6d.

3ylon. By the same Author. 5th Edition;
with Maps, &c. and 90 Wood Engravings.
2 wvols. 8vo. £2 10s.

[arvels and Mysteries of In-
stinct; or, Curiosities of Animal Life. By
G. GarraTr. Third Edition. Fep. 8vo. 7s.

[ome Walks and Holiday Ram-
bles. By the Rev. C. A. Jouxs, B.A. F.L.S.
Fcp. 8vo. with 10 Illustrations, 6s.

Tirby and Spence’s Introduction
to Entomology, or Elements of the Natural
History of Insects. Seventh Edition. Crown
8vo. bs.

fAaunder’s Treasury of Natural
History, or Popular Dictionary of Zoology.
Revised and corrected by T. S. CoBBOLD,
_ M.D. Fep. 8vo. with 900 Woodcuts, 10s.

Che Treasury of Botany, on the
Plan of Maunder’s Treasury. By J. Lixp-
LEY, M.D. and T. Moorg, F.L.S. assisted
by other Practical Botanists. With 16
Plates, and many Woodcuts from designs
by W. H. Fitch. Fcp.8vo. [Inthe press.

The Rose Amateur’s Guide. By
TaoMAs Rivers. 8th Edition, Fcp. Svo. 4s.

The British Flora ; comprising the
Phanogamous or Flowering Plants and the

. Ferns, By Sir W. J. Hooker, K.H. and
G. A. WALKER-ARNOTT, LL.D. 12mo.
with 12 Plates, 14s. or coloured, 21s.

Bryologia Britannica ; containing

the Mosses of Great Britain and Ireland,
arranged and described. By W. WiLsox.
8vo. with 61 Plates, 42s, or coloured, £4 4s.

The Indoor’ Gardener. By Mis
‘MaLING.  Fep, 8vo. with m

piece, bs.
Loudon’sEncyclopsedia of Plants;

comprising the Specific Character, Descrip-
tion, Culture, History, &c. of all the Plants
found in Great Britain. With upwards of
12,000 Woodcuts. 8vo. £3 13s. 6d.

Loudon’s Encyclopedia of Trees and
Shrubs; containing the Hardy Trees and
Shrubs of Great Britain scientifically and:
popularly described. With 2,000 Woodcuts..
8vo. 50s.

History of the British Fresh-
water Alge. By A. H. Hassarr, M.D.
With 100 Plates of Figures. 2 vols. 8vo.
price £1 15s.

Maunder’s Scientific and Lite-
rary Treasury; a Popular Encyclopedia of
Science, Literature, and Art. Fcp. 8vo. 10s.

A Dictionary of 8cience, Litera-
ture, and Art; comprising the History
Description, and Scientific Principles of
every Branch of Human Knowledge. Edited
by W. T. BRANDE, F.R.8.L. and E. Fourth
Edition, revised and corrected.

[Zn the press.

Essays on Bcientific and other:
subjects, contributed to the Edinburgh and.
Quarterly Reviews. By Sir H. HOLLAND,.
Bart, M.D. Second Edition. 8vo. 14a.

Essays from the Edinburgh and.
Quarterly Reviews ; with Addresses and
other Pieces. By Sir J. F. W. HERSCHEL,.
Bart. M.A. 8vo. 18s.

Chemistry, Medicine, Surgery, and the Allied Sciences.

A Dictionary of Chemistry and
the Allied Branches of other Sciences ;

" founded on that of the late Dr. Ure. By
HeNrY WarTs, F.C.S. assisted by eminent
Contributors. 4 vols. 8vg jn course of
publication in Monthly p,rts. Vor. L
31s. 6d. and Vor. II, 26s, apg pow ready.

B

Handbook of Chemical Analysis,.
adapted to the Unitary System of Notation :
Based on Dr. H, Wills’ Anleitung zur chem-
ischen Analyse. By F. T. CoNINGTON,
M.A. F.C.S. Post 8vo. 7s. 6d.—TABLES of
QUALITATIVE ANALYSIS to accompany the
same, 2s, 6d.
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A Handbook of Volumetrical
Analysis. By Roperr H. Scorr, M.A.
T.C.D. Post 8vo. 4s. 6d.

Rlements of Chemistry, Theore-
tical and Practical. By WriLuiam A.
Micier, M.D. LLD. F.RS. F.G.S. Pro-
fessor of Chemistry, King’s College, London.
8 vols. 8vo. £2 12s. ParrI. CHEMIOAL
Paysics. Third Edition enlarged, 12s.
Parr II. INoRGAMIC CHEMISTRY. Second
Edition, 20s. Parr III. OrGANIO CHE-
MisTRY. Second Edition, 20s.

A Manusal of Chemistry, De-
scriptive and Theoretical. By WiLLIAM
OpLiNg, M.B. F.R.S. Lecturer on Che-
mistry at St. Bartholomew’s Hospital. PART
1. 8vo. 9s.

A Manual of Chemistry, Descriptive
and Theoretical, for the use of Medical
Students. By the same Author. ParrT L
crown 8vo. with Woodcuts, 4s. 6d. PART
II. (completion) just ready.

The Diagnosis and Treatment of
the Diseases of Women; including the
Diagnosis of Pregnancy. By GRAILY
Hxwirt, M.D. Physician to the British
Lying-in Hospital. 8vo. 16s.

Lectures on the Diseases of In-
fancy and Childhood. By CaArLes WEsT,
M.D. &c. Fourth Edition, revised and
enlarged. 8vo. 14s.

Exposition of the Signs and
Symptoms of Pregnancy : with other Papers
on subjects connected with Midwifery. By
W. F. MoNTGOMERY, M.A. M.D. M.R.LA.,
8vo. with Illustrations, 25s.

A System of Surgery, Theoretical
and Practical. In Treatises by Various
Authors, arranged and edited by T. HoLuMEs,
M.A. Cantab. Assistant-Surgeon to St.
George’s Hospital. 4 vols. 8vo.

VYol. I. General Pathology. 821s.

Vol II. TLocal Injuries—Diseases of
the Eye. 2ls.

Vol. III. Operative Surgery. Diseases
of the Organs of Special Sense, Respiration,
Circulation, Locomotion and Innervation.
21a

Vol. IV, Diseases of the Alimentary
Canal, of the Urino-genitary Organs, of the
Thyroid, Mamma and Skin ; with Appendix
of Miscellaneous Subjects, and GENERAL

InpEX. [ Nearly ready.

Lectures on the Principles ant
Practice of Physic. By THOMAS WATSON
M.D. Physician-Extraordinary to th
Queen. Fourth Edition. 2 vols. 8vo. 34s.

Lectures on Surgical Pathology
ByJ.Pacer, F.R.S. Surgeon- Extraordinar
to the Queen. Edited by W. Turxe=m, M.E.
8vo. with 117 Woodcuts, 21s.

A Treatise on the Continued
Fevers of Great Britain,” By C. MoRCHISOS,
M.D. Senior Physician to the London Feve
Hospital. 8vo. with coloured Plates, 18s.

Demonstrations of Microsoopit
Anatomy; a Guide to the Examination o
the Animal Tissues and Fluids in Healtt
and Disease, for the use of the Medical and
Veterinary Professions. Founded on 1
Course of Lectures delivered by Dr. HARLEY.
Prof. in Univ. Coll. London. Edited by
G. T. Brown, late Vet. Prof. in the Royx
Agric. Coll. Cirencester. 8vo. with Illus-
trations. [ Nearly ready. |

Anatomy, Descriptive and Sur-
gical. By Hewey Gray, F.R.S. With
410 Wood Engravings from Dissections
Third Edition, by T. HoLmgs, M.A. Cantab.
Royal 8vo. 28s. |

Physiological Anatomy and Phy-
siology of Man. By the late R. B. Toon.
M.D. F.R.S. and W. Bowmax, F.R.S. o
King’s College. With numerous Illustrs-
tions. VoL. IL. 8vo. 25s.

A New Edition of Vol. I. revised and
edited by Dr. Lioner S. BEALE, is pre
paring for publication.

|

The Cyclopsedia of Anatomy and
Physiology. Edited by the late R. B. Topp,
M.D. F.RS. Assisted by nearly all the
.most eminent cultivators of Physiological
Science of the present age. 5 vols. 8vo.
with 2,858 Woodcuts, £6 6s.

A Dictionary of Practical Medi-
cine. By J. CorrAsp, M.D. F.RS.
Abridged from the larger work by th
Author, assisted by J, C. CopLAND. 1 vil
8vo. [ Zn the press.

Dr. Copland’s Dictionary of Practiosl
Medicine (the larger work). 8 vols. 8vo. !
£5 1ls.

[ — |
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The Works of Sir B. C. Brodie,
Bart. Edited by CHARLES HAWKINS,
F.R.CS.E. 2 vols. 8vo. [ In the press.

Medical Notes and Reflections.,
By Sir H. HoLuaNp, Bart. M.D. Third
Edition. 8vo. 18s,

Hooper’s Medical Dictionary, or
Encyclopedia of Medical Science. Ninth
Edition, brought down to the present time
by Arex, Hexey, M.D. 1 vol. 8vo.

[ In the press.

A Manual of Materia Medica
and Therapeutics, .abridged from Dr.
PEREIRA’S Elements by F. J. FARRE, M.D.
Cantab. assisted by R. BextLEY, M.R.C.S.
and by B. WarrmngTON, F.C.S. 1 vol.
8vo. [ ZIn October.

Dr. Pereira’s Xlements of Materia
Medica and Therapeutics, Third Edition, by
A. S. TAYLOR, M.D. and G. O. Regs, M.D.
8 vols. 8vo. with numerous Woodcuts,
£3 16s.

The Fine Arts, and Illustrated Editions.

The New Testament of Our Lord
and Saviour Jesus Christ, lllustrated with
numerous Engravings on Wood from the
OLD MASTERS. Crown 4to. price 63s.
cloth, gilt top; or price £5 5s. elegantly
bound in morocco. [In October.

Lyra Germanica; Hymns for the
Sundays and Chief Festivals of the Christian
Year. Translated by CATHERINE WINK-
WwoRTH; 125 Illustrations on Wood drawn
by J. LEtcHTON, F.S.A. FCp. 4to. 212

Cats’ and Farlie’s Moral Em-
blems; with Aphorisms, Adages, and Pro-
verbs of all Nations : comprising 121
Illustrations on Wood by J. LEIGHTON,
F.S.A. with an appropriate Text by
R. Pigor. Imperial 8vo. 31s. 6d.

Bunyan’s Pilgrim’s Progress:
with 126 Illustrations on Steel and Wood
by C. BENNETT; and a Preface by the Rev.
C. KingsLEY. Fcp. 4to. 21s.

The History of Our Lord, as exem-
plified in Works of Art: with that of His
Types, St. John the Baptist, and other
Persons of the Old and New Testament.
By Mrs. JamMesoN and Lady EASTLAKE.
Being the Fourth and concluding SERIES of
¢Sacred and" Legendary Art; with 31
Etchings and 281 Woodcuts. 2 vols, square
crown 8vo. 42s,

In the same Series, by Mrs. JAMESON. 7

Legends of the SBaints and Martyrs.
Fourth Edition, with 19 Etchings and 187
Woodcuts., 2 vols, 81s. 6d..

Legends of the Monastic Orders. Third
Edition, with 11 Etchings and 88 Woodcuts.
1 vol. 21s,

Legends of the Madonna, Third Bdition.
with 27 Etchings and 1656 Woodcuts.
1 vol. 21s.

Arts, Manufactures, 4&e.

Encyclopsedia of Architecture,
Historical, Theoretical, and I’ractical. By
Josepr GwiLt. With more than 1,000
Woodcuts. 8vo. 42s.

Tuscan Sculpture, from its Revival
to its Decline. Illustrated with Etchings
and Woodcats from Original Drawings and
Photographs. By Cmapyxs C. PERKING.

[ Zn the press.

The Engineer’s Handbook ; ex-
. plaining the Principles which should.guide -
the young Engineer in the Construction of
Machinery. ByC.8.Lowxpzs. Post8vo.5s.

The Elements of Mochanism,
for Students of Applied Mechanics.
T. M. Goopeve, M.A. Professor of Nat,
Philos. in King’s Coll. Lond. With 206
Woodcuts. Poat 8vo, 6s, 6d.
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Ure’s Dictionary of Arts, Manu-
factures, and Mines. Re-written and en-
larged by Roperr Hoxr, F.BR.S,, assisted
by namerous gentlemen eminent in Science
and the Arts. With 2,000 Woodcuts. 8 vols.
8vo. £4.

Encyclopeedia of Civil Engineer-
ing, Historical, Theoretical, and Practical.
By E. Cresy, CE. With above 38,000
Woodcuts. 8vo. 42s.

Treatise on Mills and Millwork.
By W. FairBary, C.E. F.R.S. With 18
Plates and 322 Woodcuts. 2 vols. 8vo. 32s.
or each vol. separately, 16s.

Useful Information for Engineers. By
the same Author. FirsT and SECOXD
SErIES, with many Plates and Woodcuts.
2 vols. crown 8vo. 21s or each vol. sepa-
rately, 10s. 6d.

The Application of Cast and Wrought
Iron to Building Purposes. By the same
Author. Third Edition, with Plates and
‘Woodcats. [ Nearly ready.

The Practical Mechanic’s Jour-
nal: An Illustrated Record of Mechanical
and Engineering Science, and Epitome of
Patent Inventions. - 4to. price 1s. monthly.

The Practical Draughtsman’s
Book of Industrial Design. By W. Jomx-
80X, Assoc. Inst. C.E. With many hundred
Illustrations, 4to, 28s. 6d.

The Patentee’s Manual : a Treatise
on the Law and Practite of Letters Patent
for the use of Patentees and Inventors. By
J. and J. H. JonxsoN. Post 8vo, 7s. 6d.

The Artisan Club’s Treatise on
the Steam Engine, in its various Applica-
tions to Mines, Mills, Steam Navigation,
Railways, and Agriculture. By J. Bounne,
C.E. Fifth Edition; with 87 Plates and
546 Woodcuts, 4to. 42s.

A Catechism of the Steam Zingine, in
its various Applications to Mines, Mills,

- Steam Navigation, Railways, and Agricul-
ture. By the same Author. With 80
Woodcuts. Fep. 8vo. 62

The Story of the Guns. By Sir J.
EmersoN Tenxext, K.C8. F.R.S. With
83 Woodcuts, Post 8vo. 7s, 6d.

N

The Theory of War Illustrated
by numerous Examples from History. By
Lieut.-Col. P. L. MacDouGALL. Third
Edition, with 10 Plans. Post 8vo. 10s. 6d.

Collieries and Colliers ; A Hand-
book of the Law and leading Cases relating
thereto. By J. C. FowLER, Barrister-at-
Law, Stipendiary Magistrate. Fcp. 8vo.6s.

The Art of Perfumery ; the History
and Theory of Odours, and the Methods of
Extracting the Aromas of Plants. By
Dr. Piessg, F.C.8. Third Edition, with
53 Woodcuts. Crown 8vo. 10s. 6d.

Chemical, Natural, and Physical Magic,
for Juveniles during the Holidays. By the
same Author. With 30 Woodcuts. Fep.
8vo, 3s. 6d.

The Laboratory of Chemical Wonders:
A Scientific Mélange for Young People.
By the same. Crown 8vo. §s. 6d.

Talpa; or, the Chronicles of a Clay
Farm. By C. W. Hoskyxs, Esq. With 24
Woodcuts from Designs by G. Cruik-
SHANK. 16mo. 5s. 6d.

H.R.H. The Prince Consort’s
Farms: An Agricultural Memoir. By Jorx
CHALMERS MoORTON. Dedicated by per-
mission to Her Majesty the QurEN. With
40 Wood Engravings. 4to. 52s. 6d.

Handbook of Farm Labour, Steam,Water,
Wind, Horse Power, Hand Power, &c. By
the same Author. 16mo, 1s. 6d.

Handbook of Dairy Husbandry; com-
prising the General Management of a Dairy
Farm, &c. By the same. 16mo. 1. 6d.

Loudon’s Encyclopesedia of Agri-
culture: Comprising the Laying-out, Im-
provement, and Management of Landed

" Property, and the Cultivation and Economy
of the Productions of Agriculture. With
1,100 Woodcuts, 8vo. 81s. 6d.

Loudon’s Encyclope#dia of Gardening:
Comprising the Theory and Practice of
Horticulture, Floriculture, Arboriculture,
and Landscape Gardening. With 1,000
Woodcuts. 8vo. 81s.6d.

Lioudon’s Encyclopeedia of Cottage, Farm,
and Villa Architecture and Furniture. With
£ more than 2,000 Woodcuts. 8vo. 42s.
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History of Windsor Great Park
and Windsor Forest. By WiLLiAM MEN-
ZIES, Resident Deputy Surveyor. With a
Map, and 20 Photographs by the EARrL of
CArTuness and Mr. BAMBRIDGE. Imperial
folio. [Just ready.

Bayldon’s Art of Valuing Rents
and Tillages, and Claims of Tenants upon
Quitting Farms, both at Michaelmas and
Lady-Day. 8vo. 10s. 6d.

'Religious and Moral Works. .

An Exposition of the 39 Articles,
Historical and Doctrinal. By E. HARoLD
BrowxEg, D.D. Lord Bishop of Ely. Sixth
Edition, 8vo. 16s.

The Pentateuch and the HElohistio
Psalms, in Reply to Bishop Colenso. By
the same Author. 8vo. 2s.

Examination Questions on Bishop
Browne's Exposition of the Articles. By
the Rev. J. GorLe, M.A, Fcp. 8s.6d.

Five Lectures on the Character
of St. Paul; being the Hulsean Lectures
for 1862. By the Rev. J. S. Howsox, D.D.
Second Edition. 8vo. 9s.

A Critical and Grammatical Com-
mentary on St. Paul’s Epistles. By C.J.
Evruicort, D.D. Lord Bishop of Gloucester
and Bristol. 8vo.

Galatians, Third Edition, 8s.6d.
Bphesians, Third Edition, 8s.6d.
Pastoral Epistles, Second Edition, 10s. 84,

Philippians, Colossians, and Philemon,
Second Edition, 10s, 6d.

Thessalonians, Second Edition, 7s. 6d.

Historical Lectures on the Life of Our
Lord Jesus Christ: being the Haulsean
Lectures for 1859. By the same Author.
Third Edition. 8vo. 10s, 6d.

The Destiny of the Creature ; and other
Sermons preached before the University of
Cambridge. By the same, Post 8vo. bs.

The Broad and the Narrow Way; Two
Sermons preached before the University of
Cambridge. By the sgpe, Crown 8vo. 2s.

Rev. T. H. Horne’s Introduction
to the Critical Study and Knowledge of the
Holy Scriptures. Eleventh Edition, cor-
rected, and extended under careful Editorial
revision. With 4 Maps and 22 Woodcuts
and Facsimiles. 4 vols. 8vo. £3 13s. 6d.

Rev. T. H. Horne’s Compendious In-
troduction to the Study of the Bible, being
an Analysis of the larger work by the same
Author. Re-edited by the Rev. JonN
AYRE, M.A. With Maps, &c. Post 8vo. 9s.

The Treasury of Bible Know-
ledge, on the plan of Maunder’s Treasuries,
By the Rev. JoHN AYRE, M.A. Fecp. 8vo.
with Maps and Illustrations. [ In the press.

TheGreek Testament ; with Notes,
Grammatical and Exegetical. By the Rev.
W. WEBsTER, M.A. and the Rev. W. F.
WirkiNsoN, M.A. 2 vols. 8vo, £2 4s,

VoL. I. the Gospels and Acts, 20s.
Vor. IL the Epistles and Apocalypse, 24s.

The Four Experiments in Church
and State; and the Conflicts of Churches.
By Lord RoBERT MoNTAGU, M.P. 8vo.12s,

Every-day Scripture Difficulties
explained and illustrated; Gospels of St.
Matthew and St. Mark. By J. E. PrescorT,
M.A. late Fellow of C. C. Coll. Cantab,
8vo. 9s,

The Pentateuch and Book of

Joshua Critically Examined. By J. W.
CoLENso, D.D. Lord Bishop of Natal.
PART L. the Pentateuch examined as an His-
torical Narrative. 8vo. 6s. PART II. the
Age and Authorship of the Pentateuch Con-
sidered, 7s. 6d. PART III. the Book of
Deuteronomy, 8s. PART IV. the First 11
Chapters of Genesis examined and separated,
with Remarks on the Creation, the Fall, and
the Deluge, 10s. 6d. -
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The Life and of BSt.
Paul. By W. J. ConysEars, M.A.late
Fellow of Trin. Coll. Cantab. and J. 8.
Howsox, D.D. Principal of the Collegiate
Institution, Liverpool.

LiBrARY EprrioN, with all the Original
Illustrations, Maps, Landscapes on Steel,
Woodcuts, &c. 2 vols. 4to. 48s.

INTERMEDIATE EDITION, with a Selection
of Maps, Plates, and Woodcuts. 2 vols.
square crown 8vo. 31s. 6d.

PeorLE's EpiTION, revised and con-
densed, with 46 Illustrations and Maps.
2 vols. crown 8vo. 12s.

The Voyage and Shipwreck of
8t. Paul; with Dissertations on the Ships
and Navigation of the Ancients. By JAMES
Saars, F.R.S. Crown 8vo. Charts, 8s. 6d.

Hippolytus and his Age ; or, the
Beginnings and Prospects of Christisnity.
By Baron Buxsen, D.D. 2 vols. 8vo. 80s.

Outlines of the Philosophy of Uni-
versal History, applied to Language and
Religion: Containing an Account of the
Alphabetical Conferences, By the same
Author, 2 vols. 8vo, 33s.

Analecta Ante-Wicena.
Author. 8 vols. 8vo. 42s.

By the same

Theologia Germanica. Translated
by SusanNA WINKWORTH : With a Preface
by the Rev. C. KinasLEY; and a Letter by
Baron Bunsen. Fecp. 8vo. 5s.

Instructions in the Doctrine and
Practice of Christianity, as an Introduction
to Confirmation. By G. E. L. Corron,
D.D. Lord Bishop of Calcutta. 18mo. 2s. 6d.

Essays on Religion and Litera-
ture. By Cardinal WisemAN, Dr. D. Rock,
F. H. Laixg, and other Writers, Edited
by H. E. Maxxing, D.D. 8vo.

Essays and Reviews. By the Rev.
W. TempLE, D.D. the Rev. R. WrLLIAMS,
B.D. the Rev. B. PoweLL, M.A. the Rev.
H. B. WiLsox, B.D. C. W, Goopwix, M.A,
the Rev. M. PaTTisoN, B.D. and the Rev.
B.JowerT, M.A. 11th Edition. Fep. 8vo. 6s.

Mosheim’s Ecclesiastical History.
Murpock and Soamks’s Translation and
Notes, re-edited by the Rev. W. Stusss,
M.A. 38 vols, 8vo. 43s.

The Gentile and the Jew in the
Courts of the Temple of Christ: an Intro-
duction to the History of Christisnity.
From the German of Prof. DSLLINGER, by
the Rev.N. DARNELL, M.A. 2 vols. 8ve. 21s.

Physico-Prophetical Essays, on the

Locality of the Eternal Inheritance, its

Nature and Character; the Resurrection
Body ; and the Mutual Recognition of
Glorified Saints. By the Rev. W. LisTEg,
F.G.S. Crown 8vo. 6s.

Bishop Jeremy Taylor’s Xntire

Works: With Life by Bisumor HEBEER.
Revised and corrected by the Rev. C. P.
EDEN, 10 vols. 8vo. £5 5s.

Passing Thoughts on Religion.
By the Author of ‘ Amy Herbert.” 8th Edi-
tion. Fcp. 8vo. bs.

Thoughts for the Holy Week, for
Young Persons. By the same Author

2d Edition. Fcp. 8vo. 2s.

Night Lessons from Scripture. By the
same Author, 2d Edition. 32mo. 3s.

Self-examination before Confirmation.
By the same Author. 32mo. 1s. 6d.

Readings for a Month Preparatory to
Confirmation from Writers of the Early and
English Church. By the same. Fcp. 4s.

Readings for Every Day in Lent, com-
piled from the Writings of Bishop JEREMY
TavLor. By the same. Fcp. 8vo. 5s

Preparation for the Holy Communion;
the Devotions chiefly from the works of
JEREMY TAYLOR. By the same. 82mo. 3s.

Morning Clouds. Second Edition.
Fcp. 8vo. bs.

The Afternoon of Life. By the same
Author, Second Edition. Fep. 8s.

Problems in Human Nature. By the
same, Post 8vo. 5s.

The Wife’s Manual; or, Prayers,
Thoughts, and Songs on Several Occasions
of a Matron’s Life. By the Rev. W. Car-
VERT, M\A. Crown 8vo. 10s, 6d.

Spiritual Songs for the Sundays
and Holidays throughout the Year. By
J. 8. B. MoxnsgrL, LL.D. Vicar of Egham,
Third Edition. Fcp. 8ve.
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XX ymnologia Christians ; or, Psalms
and Hymns selected and arranged in the
order of the Christian Seasons. By B. H.
KENNEDY, D.D. Prebendary of Lichfield.
Crown 8vo, 7s. 6d.

T, yra Domestica ; Christian Songs for
~ Domestic Edification. Translated from the
Pasaltery and Harp of C. J. P. SprrTa, and
from other sources, by RICHARD MASSIE,
FiIrsT and SECOND SERIES, fcp. 4s. 6d. each.

X,yra Sacra; Hymns, Ancient and
Modern, Odes, and Fragments of Sacred
Poetry. Edited by the Rev. B. W. SAviLE,
M.A. Fep. 8vo. bs.

XLyra Germanica, translated from the
German by Miss C. WiNgwoORTH. FIRsT
Skries, Hymns for the Sundays and Chief
Festivals; Secoxp SERIES, the Christian
Life. Fcp. 8vo. 5s. each SERIES,

Hymns from Lyra Germanica, 18mo. 1s.

Lyra Eucharistica ; Hymns and
Verses on the Holy Communion, Ancient
and Modern ; with other Poems. Edited by
the Rev. OrBY SmrpLey, M.A. Second
Edition, revised and enlarged. Fcp. 8vo.

[ Just ready.

Lyra Messianica; Hymns and Verses om
the Life of Christ, Ancient and Modern;
with other Poems. By the same Editor.
Fep. 8vo. 7s. 6d.

Lyra Mystica; Hymns and Verses on Sacred
Subjects, Ancient and Modern. Forming a
companion-volume to the above, by the
same Editor. Fecp. 8vo. [ Nearly ready.

The Chorale Book for England ;
a complete Hymn-Book in accordance with
the Services and Festivals of the Church of
England : the Hymns translated by Miss C.
WINkwORTH ; the Tunes arranged by Prof.
W. S. BexnerT and OrTo GOLDSCHMIDT.
Fep. 4to. 10s. 6d.

Congregational Edition, Fop. 1s.64.

Travels, Voyages, &ec.

Eastern Europe and Western Asia.
Political and Social Sketches on Russia,
Greece, and Syria. By Hemsry A. TiLLEY.
With 6 Illustrations. Post 8vo. 10s. 6d. )

Explorations in South - west
Africa, from Walvisch Bay to Lake Ngami,
By THoMAS BAINEs. 8vo. with Map and
Illustrations. (2= October.

South American Sketches; or, a
Visit to Rio Janeiro, the Organ Mountains,
La Plata, and the Parand. By THOMAS W.
HixcaLirr, M.A. F.R.G.8. Post 8vo. with
Illustrations, 12s. 6d.

Explorations in Labrador. By
Hexry Y. Hep, M.A. F.R.G.S. With
Maps and Illustrations, 2 vels. 8vo, 82s.

The Canadian Red River and Assinni-
boine and Saskatchewgn Exploring Ex-
peditions. By the e Author. With
Maps and Illnstution,‘ 2 vols. 8vo. 42s.

The Capital of the Tycoon; a
Narrative of a 3 Years’ Residence in Japan.
By Sir RurHerrorp Avrcock, K.C.B.
2 vols, 8vo. with numerous Illustrations, 42s.

Last Winter in Rome and other
Italian Cities. By C. R. WELD, Author of
¢ The Pyrenees, West and East,’ &c. 1 vol.
post 8vo. with a Portrait of ¢ STELLA,” and
Engravings on Wood from Sketches by the
Author, [In the Autumn,

Autumn Rambles in North
Africa, including Excursions in Algeria and
Tunis. By Jonx OrmsBY, Author of the
¢ Ascent of the Grivola,’ in ¢ Peaks, Passes,
and Glaciers.” With 9 Vignettes and 4 full-
page Illustrations on Wood from Sketches
by the Author. Post 8vo.

The Dolomite Mountains. Excur-
sions through Tyrol, Carinthia, Carniola,and
Friuli in 1861, 1862, and 1863. By J.
GrLeerr and G. C. CHURcCHILL, F.R.G.S.
With numerous Illustrations. Square crown
8vo. 21s
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Peaks,Passes, and Glaciers; a Series
of Excursions by Members of the Alpine

" Club. Edited by J. Ban,, MR.LA.
Fourth Edition; Maps, Illastrations, Wood-
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Alpine Byways ; or, Light Leaves gathered
in 1859 and 1860. By the same Authoress.
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By Jonx Barr, MR.LA. Post 8vo. with
Maps. [In June.

Guide to the Western Alps. By the
same Author. With an Article on the
Geology of the Alps by M. E. DEsor. Post
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Author. Fcp. 8vo. 4s. 6d.
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Crown 8vo. 5s.

Poetry and the Drama.
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Commerce, Navigation, and Mercantile Affairs.

The Law of Xations Considered
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TrRAVERS Twiss, D.C.L. Regius Professor
of Civil Law in the University of Oxford.
2 vols. 8vo. 30s. or separately, PART I. Peace,
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A Dictionary, Practical, Theo-
retical, and Historical, of Commerce and
Commercial Navigation. By J. R. M‘CuL-
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Edition ; with 240 Woodcuts,and 11 coloured
Plates. Post 8vo. 122, 6d.
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Modern Cookery for Private
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vised and enlarged; with 8 Plates, Figures,
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On Food and its Digestion ; an
Introduction to Dietetics. By W. BRINTON,
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Instructions for the Discovery of Frauds in
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M.D. Crown 8vo. with Woodcuts, 17s. 6d.

The Vine and its Fruit, in rela-
tion to the Production of Wine. By JAMES
L.DENMAN. Crown 8vo. 8s. 6d.

Wine, the Vine, and the Cellar.
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tions on Wood. 8vo. 16s.

A Practical Treatise on Brewing ;
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structions for Priyate Families. By W
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Major A. Fcp. 8vo. 8s.
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Digest of the Laws of England, Civil and
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1862 and 1863, Fcp. 8vo. 10s. 6d.

The Philosophy of Health ; or, an
Exposition of the Physiological and Sanitary
Conditions conducive to Human Longevity
and Happiness. By SourEwoop Smirs,
M.D. Eleventh Edition, revised and en-
larged ; with New Plates. 8vo. [ Just ready.

Hints to Mothers on the Manage-
ment of their Health during the Period of
Pregnancy and in the Lying-in Room, By
T. Burr, M.D. Fecp. 8vo. bs.

The Maternal Management of Children
in Health and Disease, By the same
Author. Fep. 8vo. bs.
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Notes on Hospitals. By FLORENCE
N1GHTINGALE. Third Edition, enlarged;
with 18 Plans. Post 4to. 18s.

C. M. Willich’s Popular Tables
for Ascertaining the Value of Lifehold,
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Average Price and Interest on Consols from
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Astronomical, Trigonometrical Tables, &c.
Post 8vo. 10s.

Thomson’s Tables of Interest,
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Maunder’s Treasury of Know-
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an English Dictionary and Grammar, a Uni-
versal Gazetteer, a Classical Dictionary,
a Chronology, a Law Dictionary, a Synopsis
of the Peerage, useful Tables, &c. Fep.
8vo. 10s.

General and School Atlases.

An Elementary Atlas of History
and Geography, from the commencement of
the Christian Era to the Present Time, in
16 coloured Maps, chronologically arranged,
with illustrative Memoirs. By the Rev.
J. S. BREWER, M.A. Royal 8vo. 12s. 6d.

Bishop Butler’s Atlas of Modern
Geography, in a Series of 33 full-coloured
Maps, accompanied by a complete Alpha-
betical Index. New Edition, corrected and
enlarged. Royal 8vo. 10s. 6d.

Bishop Butler’s Aflas of Ancient
Geography, in a Series of 24 full-coloured
Maps, accompanied by a complete Accen-
tuated Index. New Edition, corrected and
enlarged. Royal 8vo. 12s.

School Atlas of Physical, Poli-
tical, and Commercial Geography, in 17
full-coloured Maps, accompanied by de-
scriptive Letterpress. By E. HucHES,
F.R.A.S. Royal 8vo. 10s.6d.

Middle-Class Atlas of General
Geography, in a Series of 29 full-coloured
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Physical Atlas of Great Britain
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Periodical Publications.

The Edinburgh Review, or Cri-
tical Journal, published Quarterly in Janu-
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Monthly Journal of Geology, edited by
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HeExrY Woopwarp, F.G.S. 8vo. price
1s. 6d. each No.

Fraser’s Magazine for Town and
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Month, 8vo. price 2s. 6d. each No.

The Alpine Journal: a Record of
Mountain Adventure and Scientific Obser-
vation. By Members of the Alpine Club.
Edited by H. B. GEORGE, M.A. Published
Quarterly, May 81, Aug. 81, Nov. 30, Feb.
28. 8vo. price 1s. 6d. each No.
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