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INTRODUCTION

. . TO0
CATECHISM OF THE STEAM ENGINE.

—_——

In this Introduction I propose to recapitulate the most
useful information I have been able to collect res-
pecting the improvements which have been made in
the steam engine during the last decennium.

As this work addresses praetical engineers, and not
mere desultory or superficial enquirers, it is indis-
pensable that the information it affords should not
only be intrinsically sound and practical, but that it
should be cleared of all tinge of antiquity. In an
art so rapidly progressive as mechanical engineering,
the knowledge of ten years ago is no longer adequate
to satisfy the wants or direct the operations of present
practice; and, under this conviction, it bas appeared
to me that the time has come when it would be proper
to review the information which the present work
contains, in order that it might be rendered more
conformable to the accredited maxims of the time, '
and also that reliable information respecting altered
modes and new improvements might be fully afforded.
To this end I have carefully revised the text of the
last edition ; and I have introduced such alterations
into it as appeared to me to be necessary to make the
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work consistent with the best indications of modern
practice. But these alterations have mnot been
numerous or extensive, as I found that although there
was a good deal to add there was little to alter; and
it seemed to me that the requisite additions could be
much more conveniently made in a separate discourse,
which would be introductory to the work, and which
might be purchased separately by the possessors of
the former editions, than by incorporating such new
information in the body of the work itself, whereby
it would be rendered inaccessible to all who did not
feel disposed to purchase the entire volume. Under
these convictions I have proceeded to prepare the
present introduction; and I trust that it will be
found to answer its intended purpose of giving an
accurate and vigorous outline of contemporaneous
engineering knowledge in its most select manifesta-
tions, and that it will set the reader face to faee with
the works and opinions of those who are justly ac-
counted the leaders of the art, so that he will be
able to feel that he has been brought up to the
highest point of information yet reached by the most
eminent practitioners. It is this vitalizing species of
knowledge which alone renders engineering works of
much value ; and the place of it can never be supplied
by the resources of abstract speculation, or the pale
reflections of the literary compiler.

THERMO-DYNAMICS.

One of the ablest series of researches which has
been made of late years on subjects connected with
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steam, is that by which Mr. Joule has established the
mutual relations of heat and power. It has long
been known that heat may be made to produce power,
and that power may be made to produce heat. Bat
Mr. Joule has shown by elaborate experiments that
the heat produced by friction is the mechanical equi-
valent of the power expended in maintaining the
friction ; and that the power represented by the de-
scent of a pound weight through 772 feet, or 772 lbs.
through one foot, would, if expended in friction,
produce as much heat as would raise the temperature
of a pound of water one degree Fahrenheit. If we
had a perfect engine for extracting the power from
heat, we ought to be able to recover from the heat
generated by friction the exact amount of power ex-
pended in generating the heat. But in the best
existing steam engines it is found that only about
one tenth of the value of the heat is obtained as
power, the residue being wholly wasted; so that
if a steam engine were employed to generate heat
by friction, only one tenth of the power would
be obtained that would have to be consumed in
the production and maintenance of the friction.
The steam engine, indeed, has now been found to
be a very wasteful machine; and the cause of the
waste is traceable to the fact that it deals with ex-
tremes of temperature but little removed from one
another, instead of with extremes of temperature as
far removed from one another as possible. As in a
waterfall the power generated with any given quan-
tity of water is measureable by the difference of
level between the highest and the lowest points, so
be
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in a steam engine the power generated with any
given quantity of heat is measurable by the difference
of temperature between the boiler and the condenser.
The greater this difference is, the larger will be the
proportion of heat utilized as power. But as in
common furnaces the temperature may be taken at
3,000 degrees above the temperature of the atmo-
sphere, while the temperature of the boiler is only
about 200 degrees above the temperature of the con-
denser, the larger part of the fall in the temperature
is lost, or not utilized, and the engine is consequently
not nearly so effective as it would be if the steam
could be received at the temperature of the furnace
and expanded down to the temperature of the con-~
denser. In practice there are impediments to the
use of steam hotter than that which is at present em~
ployed. But it is, nevertheless, proper to understand
that either a very much higher initial temperature
must be dealt with, or else the combination of the
fuel with oxygen must be conducted under such cir-
cumstances as to generate power rather than heat,
before that measure of economy in the production of
power can be attained which is known to be possible.
" In the animal economy a given quantity of carbon
produces its equivalent of power with far less waste
than in the best steam engine, although the tempera-
ture is not great: and the same result takes place in
a Voltaic battery—the electricity generated by which
may be made to work an engine with far less loss
than its equivalent quantity of heat, It does not,
however, appear to be in the least probable that
electro-magnetic engines will be brought into use to



EFFECTS OF SUPERHEATING THE STEAM. 5

supersede steam engines, unless some means should
be discovered of obtaining the electricity from coal
instead of zine. Zing, like coal, may be burned, and
will produce heat. But a pound of coal consumed in
an engine will produce more than twice the power
produced in & Galvanic battery by & pound of gine,
and the cost of the coal will also be very much less.

SUPERHEATING.

The practice of superheating the steam before per-
mitting it to enter the engine is now very generally
pursued, especially in steam vessels; and the innova-
tion has been productive of a material saving of fuel
in many cases. The reasons which render super-
heating a source of economy may be inferred from the
foregoing remarks on Thermo-dynamics; and in the
first edition of my Treatise on the Steam Engine,
published in 1844 — which was long before the
benefits of superheating were recognized—an inves-
tigation was given of the economy to be derived
from a certain assigned amount of superheating.
This investigation was first made by me in 1834, and
subsequent experience has shown that the estimate
then arrived at was pretty nearly correot. It was,
however, at the same time, pointed out by me in the
Treatise on the Steam Engine, and also in the first
edition of the Catechism of the Steam Engine, pub-
lished in 1848, that the expedient of superheating
would, no doubt, lead to the internal corrosion of the
superheating vessel, and also of the internal parts ot
the engine; and this anticipation has also been
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verified by the result.* Itis found in practice that
if the steam is superheated to a temperature ex-
ceeding 815 degrees, the hemp packings of the stuf-
fing boxes will be burned, the oil or tallow used in
the engine will be carbonized, and the cylinders and
valves will be liable to be grooved and injured by the
heat and friction of the rubbing parts. In boilers
already producing dry steam, and possessing an
adequate amount of heating surface, the saving in
coal accomplished by superheating common low
pressure steam to this extent may be set down as
about 10 per cent.; and although a larger economy
than this has been obtained in some cases, the in-
creased advantage is to be imputed to the acquisition
of an increased heating surface, whereby the heat
has been utilized in drying the steam that previously

* When the first edition of the present work appeared in
1848, the practice of transmitting the smoke through the
steam chest in marine boilers was aniversal ; and it will be seen
at p. 257 that 1 reprehended that practice as certain to occasion
internal corrosion of the steam chest, and I recommended that
the smoke should be transmitted to the exterior of the boiler
without being passed through the steam chest at all. This re-
commendation appears to have been adopted, as the smoke is
rarely, if ever, now transmitted through the steam chest; and
the internal corrosion of the steam chest has consequently ceased
to be a source of injury. But where superheaters are employed
the same internal corrosion which was formerly experienced in
the steam chest reappears in the superheater—though, as this is
a removable vessel, and one from which the steam can at any
time be shut off, the evil of internal corrosion is not so serious
when occurring there, as if it took place in the boiler itself.

I believe that the internal corrosion of superheaters might be
prevented by placing pieces of charcoal within them, either in a
wire cage or otherwise, for the carbon would satisfy the affinity
of the oxygen which now produces oxidation, and would thus
leave the iron free from attack.
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ascended the chimney——rather than to the superior
efficacy of a given quantity of heat when distributed
in the assigned proportion between the water and
the steam.* Upon the whole, superheating is now
rather on the decline; at all events, it is not now
carried much beyond that point which suffices to
dry the steam, and to prevent the steam within the
cylinder from suffering partial condensation, either
by external radiation or by the generation of power.}

* In some cases where a large amount of advantage has been
obtained from the application of superheaters, although the
steam has not been heated to any inconvenient temperature, a
part of the benefit is explicable on the supposition that the
steam which was before mixed with spray has been dried in the
superheater, whereby its volume has been much augmented
although its temperature has not been very much raised. This
benefit is manifestly a different one from that of superheating
proper, and in a boiler already producing dry steam it would
not be obtained.

4 Steam in the production of power is itself condensed ; and
less heat will pass into the condenser than is generated in the
boiler by the amount that is the equivalent of the power gene-
rated. If this were not so, a steam-engine would be a heat-
producing engine ; for the power of the engine is capable of
producing heat by friction, and if we had in the condenser all
the heat which the coal can generate, and if we also had the
heat generated by the friction, we should have a total amount of
heat greater than the coal could generate, which is an absurd
supposition. There will consequently always be in the con-
denser less heat than the boiler produces ; and the greater this
disparity—supposing there is no loss by radiation—the more
effective the engine will be. In a perfect engine the temperature
of the condenser would not be raised at all ; but the heat would
wholly disappear by its transformation into power. In such an
engine the steam would enter the cylinder at the temperature of
the furnace ; and as it expanded more and more, its temperature
would fall more and more, until finally it entered the condenser
at the same temperature as the condenser itself. Such an engine
indeed wonld not require a condenser, since the steam would
itself condense as the heat left it by its transformation into power.
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But condensation is equally hindered by the applica-
tion of a steam jacket; and high-pressure steam
worked expansively in jacketed cylinders, combined
with surface condensers in the case of steam vessels
using salt water, is now regarded as the most pro-
mising expedient of economy.

. The construction of superheaters is very various.
But in most cases the steam is sent through a faggot
of small tubes set in the smoke at the root of the
chimney.

An example of this arrangement is given in fg. 1,
which is a representation of the superheater intro-
duced by Messrs. R. Napier and Sons into the
steamer ¢ Oleg,’” belonging to the Russian Steam Na-
vigation Company. A is the boiler, and a the uptake
of the boiler; d position of inlet valve connecting boiler
with superheater ; D and F inlet and outlet chambers
of superheater ; E tubes through which the steam
passes ; g double outlet stop-valve chest, in which g
connects superheater to steam pipe, and A connects
boiler to steam-pipe direct. H is the chimney. The
smoke in ascending the chimney impinges on the
tubes transmitting the steam, whereby the steam is
heated to the required extent.

In Lamb and Summers’ superheating arrangement,
a narrow rectangular pipe or chamber—which winds
in a zigzag manner like the flue of a flue boiler—
conducts the steam backwards and forwards amongst
the smoke at the root of the chimney, until finally
the steam debouches in the steam pipe.

This superheater is shown in fig. 2, where A is
the winding rectangular chamber ; B the stop valve
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for admitting steam into the superheater; ¢ stop-
valve for letting steam pass from the boiler to the

Fg. 1.

L. S
S

SUPERHEATING APPARATUS OF 8. S. OLEG, BY R. NAPIER AND SoNs. 1860,
Longitudinal Section,

engines without passing through superheater ; o stop-
valve for shutting off superheater ; & is the chimney;
F is a door for getting into it, and & A is a ring or
cooming, over which the chimney passes, and the
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space between which and the chimney is filled with
fire-clay to keep it tight.
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LaAMB AND SUMMERs’ SUPERHEATING APPARATUS, 1860. Vertical Section.

Another example of Lamb and Summers’ super-
heater is given in fig. 3, which is a ground plan of
the superheater as applied to four boilers, collectively
of 400 horse power. The steam space is 4 inches
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wide, and the smoke spaces are each 6} inches wide.
The winding length through which the steam is con-
ducted is'51 feet 9 inches, and the height of the

Fig. 3.

LAMB AND SUMMERS' SUPERHEATING APPARATUS, 1-65. Ground Plan.

winding chamber is 5 feet 7 inches. The total area
of heating surface in the superheater is 600 square
feet, which is just 1} square feet per nominal horse
power. The steam issues from the boiler through
the stop-valves ¢ ¢ ¢ ¢, enters the superheater through
the stop-valve a, and escapes throngh the stop-
valve b,
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Another form of superheater is shown in fig. 4,
which is the superheater constructed by Messrs.
Boulton and Watt for the steamer Great Eastern.

Fig. 4.

SUPERHEATING APPARATUS OF GREAT EASTERN, BY BouLToN, WATT,
aNp Co. Ground Plan.

This superheater consists of a square chest placed
over the uptake at the foot of the chimney, and filled
with vertical pipes through which the smoke passes.
In this case the steam passes on the outside of the
tubes, whereas in most cases it passes through the
tubes as shown in fig. 1.
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A common proportion of surface given to super-
heaters is 4 square feet per nominal horse power.
But this is quite too much, and 14 square feet per
nominal horse power is sufficient. As, however, the
nominal horse power is so indefinite & quantity as
regards the boiler, it will be preferable to fix the
surface of the superheater at *3 square feet per cubic
foot of water evaporated. It is of course necessary
to be careful in introducing superheaters not to con-
tract the area for the ascent of the smoke up the
chimney, which should be left quite as large as
before.

HIGH PRESSURE, EXPANSION, AND SURFACE
CONDENSATION.

The use of a high-pressure of steam worked ex-
pansively is now beginning to acquire general accep-
tation in every class of engines; but, in steam ves-
sels, the use of steam of any considerable pressure
involves the necessity of employing surface conden-
sers, so that the boilers may be fed with fresh water,
as where salt water is used there is always the risk
of salting ; and if a boiler with a high-pressure of
steam were to be salted up, so as to become red hot,
it would probably burst. I have long discerned the
importance of this combination for the purposes of
steam navigation; and in 1838 I took out a patent
for using high-pressure steam expansively in stedn
vessels, in which plan the feature of external con-
densation was introduced. The boiler proposed to
be used, and which was practically constructed by
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me at that time, was a cylindrical one, and it was
traversed by brass tubes 2} inches in diameter, being
the first example, so far as I am aware, of a tubular
boiler like that of a locomotive applied to the pur-
poses of steam navigation. The steam was pro-
posed to be used expansively, and was cut off by a
slide valve formed of two moveable plates worked
on the back of the common slide valve; and the
degree of expansion was regulated by a right and
left-hand screw, which drew the plates nearer to-
gether, or separated them wider apart, according as
much or little expansion was desired. The spindle
on which the screws were cut passed through a
stuffing-box, and was armed at the top with a small
wheel, by turning which the amount of the expan-
sion was determined. This was the first example, I
believe, of a class of expansion valve much employed
by Meyer of Vienna and many other Continental en-
gineers, and which indeed has now come into ex-
tensive use both abroad and at home.

The steam under the arrangement recited was
proposed to be condensed by being sent through a
number of small copper tubes immerged in cold
water. This method of condensation had been ori-
ginally employed by Watt, but was dismissed by him
on account of the cumbrous nature of the apparatus
it involved, without conferring compensating benefit ;
and it was afterwards revived by Samuel Hall, about
1835, as an expedient for rendering marine boilers
less subject to rapid decay than at that time they
were found to be. But as Hall’s condenser was not
found to increase the durability of the boilers, it
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was discarded as an unserviceable innovation, which
would hardly have been its fate if it had been com-
bined with the use of high pressure steam, and if it
had been shown that its employment was necessary
to enable high pressure steam, with its concomitant
benefits, to be applicable with safety. For many
years, however, there was a marvellous apathy among
the proprietors of steam engines regarding the con-
sumption of fuel, except in Cornwall, where the
system which prevailed of ascertaining and publish-
ing the consumption of a great number of engines
induced corresponding emulation and improvement.
But the conviction has at length dawned upon us
that in the case of all processes requiring a large
expenditure of power, and especially in the case of
steam navigation, the difference between a large and
small consumption of fuel is so momentous that it
may determine the success or failure of the specula-
tion ; and surface condensation is now very properly
regarded not as a primary source of gain, but as an
expedient for saving fuel by enabling steam of a high
pressure to be used in steam vessels with safety. The
surface condensers are nearly in all cases formed with
small brass or copper tubes, and these tubes are
sometimes drawn out of the solid, and sometimes
formed out of brass or copper sheets brazed. The
tubes with the brazed joints are, on the whole, the
best, as in the drawn tubes the smallest speck in the
metal is drawn out or elongated into a crack ; and
such tubes are consequently more liable to split. In
some cases the water is sent through the tubes and in
other cases the steam; but, on the whole, the best
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practice is to send the water through the tubes; and
the steam should enter at the opposite side from the
water, so that the hottest steam may meet the hottest
water. The proportion of condensing surface com-
monly allowed for each nominal horse power varies
from 12 to 18 square feet, and some engineers main-
tain that there should be as much cooling surface in
the condenser as there is heating surface in the
boiler—a conclusion from which I dissent altogether.
I believe that 10 square feet per nominal horse power
would be more than sufficient in all ordinary cases,
if the surface were properly disposed, and a rapid
circulation of the refrigerating water were main-
tained ; and indeed in a really well-constructed con-
denser, employing a small jet, I feel persuaded that
1 square foot of condenser surface for each cubic
foot evaporated from the boiler would be sufficient.
The main condition of efficiency in condensers is the
maintenance of a very rapid circulation of water
through the tubes. The usual arrangement is to place
the tubes horizontally in a square box, and to bring
in the water at the bottom of the box, and the steam
at the top. The water frequently passes through
one-third of the tubes at first, and is then returned
through another third lying immediately above, and
finally through the third portion, so that the hottest
water meets the entering steam. But in scarcely any
condenser is the circulation rapid enough, and it is
much better to have a little more area in the circu-
lating pump, which will save surface in the con-
denser. :

In Hall’s condensers a good deal of trouble was at
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first experienced from the tallow supplied to the
piston and stuffing boxes being distilled over with
the steam and concreting in the tubes, so as to choke
them up ; and in consequence of this occurrence oil
was finally used for the pistons and stuffing boxes
instead of tallow. The same inconvenience has re-
cufred in some of the recent surface condensers ; and
in engines furnished with such condensers it appears
advisable to use oil instead of tallow, and also to use
as little of it as possible. It is further advisable to
feed the oil to the stuffing boxes and pistons con-
tinuously, by some such arrangement as it is fed to
the bearings by, as the necessary amount of lubrico-
tion will be thus glven with the least oil.

Where hot steam is employed in Jucketed engines,
and much tallow is introduced, it is found that the
tallow is decomposed, and carbonises the piston; so
that after a time the piston becomes like & pieee of '
plumbago, or like cast iron which has been long '
immersed in sea water, and which finally becomes so
soft that it may be cut by a knife, It is further found -
that instead of the surface condensers conducing to
the durability of the boilers, they have the very
reverse operation, and that it is necessary to in-
troduce a certain propertion of salt water from the
sea to prevent the boilers from being rapidly
destroyed. Not only is the grease from the engine
carried into the tubes of the condenser, but & certain
proportion of it’ passes into the boiler; and the
verdigris formed by the action of the grease upon the
brass or copper tubes also distils over and attacks the
surface of the iron within the boiler, so that in a short

¢
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time it is eaten into pits and indentations, and
becomes covered with an efflorescence of red rust.
The presence of pieces of zinc within the boiler would
probably hinder or retard this action; but the best
antidote appears to be the introduction of a small jet
of salt water into the condenser, which, if em-
ployed while the boiler is still new, will have the
effect of covering the flues with a thin enamel of
scale.* There should be no means of shutting off
any of the surplus water thus introduced ; but the
surplus should escape spontaneously when the level
becomes too high. The application of such a jet, more-
over, will, if judiciously made, enable the refrigeratory
surface of the tubes to be very much reduced, as the
tubes will only be required to condense the hotter
part of the steam, while the vapour may be condensed
by the supplementary jet, if it is introduced at the
proper place. )

The introduction of surface condensers into ocean
vessels performing long voyages has revealed many
weaknesses of the system which are no doubt super-
able. But the conviction arises that the remedy may
come too late; and it is exceedingly doubtful whether
surface condensers will succeed in maintaining the
ground they at present occupy. The experience of
the corrosive action of such condensers on the boilers

* New boilers should be worked wholly with salt water at
first, until a scale forms upon them. The sulphate of lime in
sea water is deposited at the temperature due to the pressure of
three atmospheres without any concentration at all; so that with
high-pressure steam in boilers u-ing salt water, the more blow-
ing-off there is, the more deposit there will be,
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is universal; and in some cases, where the boiler has
been worked with salt water afier the corrosive action
had set in, the scale purposely produced from the salt
water could not be got to adhere solidly to the iron,
but when struck it fell off in flakes, revealing a thiek
coating of rast below. In such cases it has been
found advisable to beat off all the rust and scale, and
to cover the interior of the boiler with a thin coating
of Sc¢ott’s cement ; after which it was found that the
scale would permanently adhere. The water of
boilers using surface condensers becomes in time of a
bluish hue—a phenomenon due partly perhaps to the
carbonisation of the oil or tallow which the water re-
sulting from the condensation brings into the boiler
with it, and partly to the distilled verdigris. I see
no reason to doubt that practical objections such as I
have here enumerated, which are the natural incidents
of all innovation, will in time be surmounted. But I
am not equally confident that the time for surface
condensation has not gone by. Thirty, or even twenty
years ago, the practical establishment of the system in
connexion with highsteam and expansive action, would
have been a practical benefit. But the method I have
since suggested for maintaining any desired amount of
freshness in the water of the boiler without any mate-
rial waste of heat in blowing off, constitutes an alterna-
tive method, which, by conferring most of the benefits
of surface condensation without the evils, subverts the
- ground on which the system of external condensation
rests, 50 that, like many other tardy realisations, it now
comes too late. The sulphate of lime may be ob-
stracted by filtration or deposition in a separate vessel
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heated to the temperature required, to ensure the
separation of the lime.

When surface condensers are used, it is the bes$
arrangement with reciprocating pumps, to draw the
water through the tubes, rather than to force it
through. The circulation should be very rapid, and
all the arrangements should be such as to enable the
condenser to be converted at once into an ordinary
condenser, should any circumstance occur to render
the transformation advisable. In America a form of
condenser is sometimes used in which there is a
vacuum both within and without the tubes, under
which arrangement the tubes may be very thin, as
there is ne pressure upon them.

The tubes of surface condensers are usually half or
five-eighths of an inch in diameter, and from five to
seven feet long. But it is better to make them shorter
and larger in diameter. They are sometimes fixed
in with a brass screw—with a linen washer below, so
as to form a gland at the end of each tube—the
screw being screwed into the tube plate ; and at other
times the whole end of the barrel or case containing
the tubes is covered with a sheet of india rubber,
perforated to let the tubes through, and with a metal
plate, similarly perforated but with somewhat smaller
holes, screwed down on the india rubber., This last
is the simplest arrangement, and it is now widely
adopted.

The species of condenser proposed by me as a sub-
stitute for surface condensers, consistsof a common con-
denser fitted with two jets, one of which is placed in the
eduction pipe, or very high up in the condenser; and
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the other about the centre of the condenser. The
water which enters by the highest jet, and which the
steam first encounters, is not sufficient fully to
condense the steam, but is itself heated to the boiling
point—in which state it is withdrawn to feed the
boiler ; and this boiling feed, being in excess of the
requirements of the boiler, and being purposely so
arranged that it cannot be shut off, involves the ne-
cessity of a large amount of continuous blowing off.
It is obvious thatin this arrangement the ordinary jet
will condense the residue of the steam not condensed
by the first jet, and will maintain the vacuum at the
proper point; and this will be done with less condens-
ing water than usual, as if some of the water is with-
drawn very hot, there will be less heat remaining to be
abstracted by the rest. Even in surface condensers it
would be advisable to heat the feed water by injecting
it into the steam entering from the eduction pipe
before sending it into the boiler, as there is & manifest
loss by sending the feed water into the boiler very
cold, and probably a very small surface condenser
with supplementary jet is the best arrangement in
engines using high steam.

In some engines the circulation of the refrigera-
tory water through the condenser is maintained by a
common double-acting pump; and in other engines
the circulation is maintained by a centrifugal pump,
driven in some cases by a separate small engine, and
ih other cases by gearing. In some arrangements
the ordinary air pump of one of the engines is used
as a circulating pump for both of the engines, and
the air pump of the other engine is used as an air
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pamp for .both the engines. When a centrifugal
pump is used, it appears to be the best arrangement
to drive it by a separate donkey engine, the speed of
which may be varied as desired, and which engine
may also be made to drive the lupplementary feed
and bilge pumps.

The question of the most ehglble method of work-
ing steam expansively, especially in steam vessels,
has now become of much interest ; and various forms
of double cylinder engines have been put forth, pro-
fessing to satisfy the conditions of the problem. But
it may safely be asserted, that for all pressures em-
ployed in the ordinary class of existing steam vessels,
engines of the common single cylinder type are as
efficient as any other ; and in practice such engines
are found to work quite as economically as engines
with any greater number of cylinders, while they
are manifestly simpler in construction. The first
question that presses for solution in the case of steam
vessels is, what kind of boilers shall be used that
will be strong enough to withstand a high pressure
of steam with safety ; seeing that the ordinary marine
boilers at present employed are quite too weak for
higher pressures than those which they are at pre-
sent constrained to bear. For pressures up to 30
or 40 lbs. per square inch, engines of the common
type, with a length of stroke equul to the diameter of
the cylinder, will answer very well. But if the
pressure be raised to 60 or 70 lbs. per square inch,
it will be advisable to double the length of the stroke
and halve the area of the piston; so that the maxi-
mum pressure on the piston will only be the same
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as before, but the velocity of its motion will be
doubled. In this increase of the velocity of the
piston, there will be no disadventage if the momen-
tum be balanced by suitable counterweights attached
to the cranks, and if the cylinder ports are made as
large for the long and narrow cylinder as for the
short and wide one, If such pressures be employed
a8 150 or 200 1bs. per square inch, it may be proper
to introduce double cylinder engines. But the use
of a long stroke is tantamount to the employment of
double cylinders, in so far as it reduces the maximum
pressure on the piston; and it is proper to exhaust
the resources of single cylinder engines by suitably
modifying the proportions to answer the intended
amount of expansion, before entering on the ineligible
complication of a multiplication of the number of
cylinders. All engineers perfectly well know that
the gain in power producible by a given amount of
expansion is equally attained whether such expansion
is accomplished in one cylinder or in fifty. But the
more cylinders there are, the more equable will the
pressure be made thronghout the stroke—at the same
time that there will be greater complication. The
equalisation of the pressure, however, may be pro-
moted by increasing the length of the stroke, which
is a simpler expedient than increasing the number of
cylinders; and in steam vessels great equality of
the pressure is not important, while in land engines
it may be attained to any desired extent by in-
creasing the weight and swiftness of the fly-wheel.
I no not by any means object to double cylinder
engines in toto. I only say that they should not be
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introduced for nothing ; and if they are introduced
such an increased pressure of steam should be intro-
duced simultaneously as will afford fair compens
sation and proper warrant for the increased compli-
cation which the innovation involves.

COMBINED SCREW AND PADDLE ENGINES,

In 1850, when it became important to accelerate
the speed of & fleet of paddle vessels, I suggested a
method of accomplishing the required acceleration,
without disturbing the existing engines, by the appli-
cation of an independent high-pressure engine in
each vessel, which was to drive a screw placed at the
stern ; and the steam from this high-pressure engine
was subsequently to pass to the paddle engines, and
to drive them with the same pressure as that to
which they had previously been subjected. This
arrangement was virtually that of a double cylinder
engine, for the steam was used twice over; and
although the complication was greater than it might
have been advisable to incur in new engines, it was
excusable under the circumstances, as it afforded the
means of accomplishing the desired acceleration with
the least disturbance of the existing arrangements,
and also at a trifling expense. I reckoned that each
vessel, when laden for her intended voyage, after
having been fitted with the auxiliary engine, would
bave been lighter than before; as, although the
weight of the machinery would have been greater,
the weight of the coals would have been less:. By
this expedient the power might have been nearly




COMBINED SCREW AND PADDLE ENGINES. 25

doubled without any increased consumption of coal
per hour; and as by doubling the power, the speed
would have been rendered one-fourth greater, almost
one-fourth of the coal would have been saved on the
voyage.

In 1852 the foregoing suggestion was published in
my ' “ Treatise on the Screw Propeller,” and shortly
afterwards it was announced that the Great Eastern
was to be propelled by paddles and a screw. I do
not recommend the plan for new vessels. But I con-
sider the introduction of a duplicate high-pressure
engine, with a separate propeller, to be the most
eligible means of accelerating old vessels, whether
paddles or screws. In paddle vessels a single direct-
acting high-pressure engine driving & screw—which
may be placed outside the rudder as in Beattie’s plan
—the steam from this engine passing subsequently
to the paddle engines and driving them—is an ar-
rangement that is cheap, easily applicable, and cer-
tain to be effective. In screw vessels a single high-
pressure paddle engine may in like manner be set to
drive a pair of paddles; and the steam from this
engine would drive the ordinary screw engines as
effectively as if they were supplied with steam direct
from a low-pressure boiler. I believe that this form
of the double cylinder engine is likely to be intro-
duced in all cases in which it is considered desirable to
obtain more speed in existing vessels with less coals,

MODERN FORMS OF SCREW ENGINES.

Geared engines for driving the screw have now
practically gone out, as I have long foreseen would
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be the case; and the species of horizontal steeple
engine of some such construction as that described
at page 433 of my Catechism of the Steam Engine,
and recommended in the early editions of that
work, is now the species of screw engine employed
by the most eminent constructors. The class of
engines called ¢ Forge Hammer Engines,’ in which
two or more inverted cylinders are raised high upon
framing, and the connecting rod engages the crank
beneath, is still used by some makers ; and in many
cases—and especially if the engines are of no great
dimensions—they have been found to work very
satisfactorily. But on the whole, the horizontal
steeple engine is preferred ; and some class or other
of horizontal direct acting engine is now used by
Messrs. Penn, Maudslay, Ravenhill, Napier, Rennie,
and indeed by all the most eminent engineers. A
little further on I will give illustrations of some of
the best existing examples of screw engines.

ON BALANCING THE MOMENTUM OF ENGINES.

The application of balance weights to the cranks of
direct-acting screw engines, is now a very general
practice ; and it is found to conduce to the easy and
steady working of the engines in a very marked
manner. This application was first made by myself;
and I took out a patent for the improvement in 1852,
at which time I constructed some screw engines that
were thus fitted. Mr. Penn shortly afterwards ap-
plied similar counterweights to the engines of the
Himalaya, and since that time these counterweights
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have been very generally introduced. It was found
in the Himalaya, that without the counterweights,
the engines gave a most uneasy motion to the vessel,
-and also worked with great tremor and jolting;
whereas when the counterweights had been applied,
these injurious features of the rapid reciprocation of
the engines were removed.

The principle on which the size of the counter-
weighta should be adjusted to the wants of the engine,
is of very easy apprehension. If the centre of gyra-
tion of the counterweights describes a circle of the
same radius as that described by the crank pin, then
the counterweights must just be as heavy as the
piston, and all the parts which move with it. But if
the centre of gyration of the counterweights has a
greater radius than the crank pin, the counterweights
must weigh less than the piston and its connections,
and if it has a less radius, they must weigh more—the
only material condition being that the momentum or
amount of mechanical power resident in the counter-
weights when moving in one direction, shall balance
the momentum of the piston and its connections when
moving in the opposite direction, and which weight
may: be supposed to be collected in the crank pin.

MARINE GOVERNORS.

All marine engines, but especially screw engines,
are liable to sudden fluctuations of velocity from the
varying immersion of the propeller in a rough sea;
and the necessity of employing some species of
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governor to redress these irregularities, has long been
perceived. The common form of engine governor
that is used in land engines is obviously inapplicable
to such a purpose, as the balls would open and close
by the heaving of the ship; and various kinds of
marine governors have been proposed to satisfy the
want, of which the first, so far as I am aware, was
invented by myself in 1834, and applied to the Don
Juan steamer in 1836, This governor was formed
with balls similar to those of a common governor;
and it stood on a cross stay extending between the
engines, which were of the side lever construction,
and was driven by a bevel wheel on the intermediate
shaft, which wheel gave motion to a bevel pinion
placed on the top of the governor spindle, which
stood in a vertical position beneath the intermediate
shaft. Upon the spindle, near its lower end, was
fixed & strong transverse bar; and on this bar the
balls were strung, one ball being on each side of the
vertical spindle. The balls were capable of being
moved in or out on the transverse bar, but when the
engine was at rest, they were retained in contact
with the spindle by a great plate spring, one side
of which embraced a collar or neck formed on each
ball. When, however, the spindle was put into re-
volution, the centrifugal force of the balls overcame
the tension of the spring to an extent corresponding
to their velocity ; and the outward motion of the
balls acted upon the throttle valve by a connection
similar to that usual in land engines, and which was
moreover of such a nature, that the rolling or pitch-
ing of the ship, if it affected one ball, would also affect




VARIOUS FORMS OF MARINE GOVERNORS. 29

the other in an equal and opposite manner, so as to
afford mutual compensation and extinguish the effect
of the ship altogether. There was in these engines
a throttle valve in the injection pipe, as well as in
the steam pipe, and the balls were made 14 inches in
diameter, in order that they might have adequate
power to overcome the friction of the parts, without
requiring any great change of velocity to give the
requisite centrifugal force.®* Latterly, a marine
governor called Silver's governor, and another called
Porter’s governor, both operating on the same prin-
ciple as the foregoing, have been put forth. But the
species of governor at present most employed in
steam vessels, and which is known as Silver’s fly-
wheel governor, consists of a wheel like a small fly-
wheel driven by a belt and with vanes like those of a
fan fixed upon it, so that its revolution occasions a
certain resistance. The driving pressure is trans-
mitted through a spring, the tension of which measures
the amount of the rotative resistance, and if the
speed of the engine is constant, this tension is con-
stant also. If, however, the speed of the engine
is increased, the tension of the spring will be in-
creaged, and if the speed of the engine is diminished,
the tension of the spring will be diminished; and
these differences of tension are made to act on the
throttle valve, and regulate the speed of the engine.

* T had models of several other kinds of governors con-
structed, in some of which there were four arms, and the balls
compressed spiral springs. But only one example was practi-
cally introduced into a vessel by me, and as the vessel was lost
shortly afterwards, this example was not much known.
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In practice, Silver’s fly-wheel governor is found to
act in a perfectly satisfactory manner, and these
governors have now been largely introduced.

BALANCED VALVES.

The three-ported valve, or that variety of it called
the gridiron valve, is the kind of valve generally used
in every species of engine: and in all marine engines
of any considerable size, the pressure is taken off the
face of the valve by some suitable equilibrium ar-
rangement applied at the back. The arrangement
most usually adopted consists in the application of a
ring recessed in a groove at the back of the valve,
which ring moves steam-tight upon the back of the
valve casing ; and within this ring a vacuum is main-
tained by opening a communication between the
space encircled by the ring and the condenser. The
practice of taking off the pressure by an arrangement
of this kind originated with Messrs. Penn, who
instead of a ring used at first & square frame. But
this apparatus was difficult to construct; and it was
consequently superseded by the ring, which was in-
troduced by Mr. Edward Humphrys, to whom the
steam engine is indebted for various improvements.
In both Messrs. Penn’s and Humphrys’ arrange-
ments, however, the ring is placed in a recess on the
back of the valve, and moves with it. But in some
engines drawn out under my direction in 1858 by
Mr. Edward Cooper, the ring was recessed in the
back of the valve casing, and the back of the moving
valve worked steam-tight against this stationary ring.
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This method of comstructiom is now coming into
general use ; and it is preferable to the other method,
as the ring, being stationary, is always accessible,
so that it may be tightened up when the engine is
going, whereas under Messrs. Penn’s arrangement, the
engine must be stopped, and the steam shut off, before
the screws which tighten the ring can be approached
at all. The ring which rubs upon the back of the
valve may be of east iron or brass; and above it is
usually placed a ring of india rubber, and above that
again a malleable iron ring, on which last ring the
points of the tightening screws press. The whole of
these rings aresunk in a recess cast in the door which
covers the back of the valve casing; so that the cast
iron or brass ring rises only a little way above the
inner surface of the door. The back of the valve is
planed true, and is sufficiently elongated for a portion
of it to fall at all times within the ring, notwithstand-
ing the travel of the valve. An example of the
ordinary gridiron slide with ring at the back for
taking off the pressure is shown in fg. 5, which is a
representation of the section of one of the valves of the
screw engines of the Great Eastern.

LINK MOTION.

This contrivance for giving motion to the valves is
now employed in nearly every class of engines. It
was brought out and applied to locomotives by Mr,
Robert Stephenson in 1843, and was first applied to
marine engines by Mr. Edward Humphrys. Ina form
of the link motion constructed by me in 1836, only
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one eccentric was employed, which gave motion to a
double-ended lever in which a slot was made nearly

-
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from end to end. In this slot the pin was placed
which communicated with the valve rod; and by
moving this pin along in the slot, which was done by
appropriate mechanism, the engine was stopped or
reversed, and any desired amount of expansion was
accomplished. The defect of this arrangement was,
that it did not reverse the lead in reversing the
engine. But in most cases an imperfect action of the
valve when the engine is moving backward is not
very material, seeing that it is only in rare cases that
the engine is required to work backward for any
considerable length of time; and the arrangement is
simpler than the species of link motion now in common
use.

STARTING CYLINDERS.

In the larger class of marine engines the links are
now very generally moved by means of a separate
cylinder and piston devoted to the special purpose of
moving the starting gear. The starting cylinder
employed in the steamers Ulster and Munster is
shown in fig. 6. The links of both engines are raised or
lowered simultaneously by rods connecting them with
the cross head of the small starting engine, which is
formed without a crank; and the piston rod is made
hollow, with a screw working in it, which screw may
be turned by the hand wheel shown at the top of the
figure, if necessary, to assist the ascent or descent of
the piston. Such assistance, however, is seldom re-
quired ; but on the contrary, the piston in its ascent
and descent puts the wheel into revolution, like the
fly of a roasting-jack, first in one direction and then

d
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Fig.6.

STARTING CYLINDER or THR STRAMRRS ULSTER AND MUNSTER, BY
BoULTON AND WATT.
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in the other; and any jerk, striking, or injurious
rapidity in the motion of the piston is thus prevented.
The hand-wheel is furnished with internal handles,
to enable the attendants to obtain a firm hold of it
without entailing the danger of striking them in its
rotation; and in practice the apparatus is found to
work in the most satisfactory manner.

Starting cylinders of this or some analogous con-
struction are now much employed in all classes of
large engines. They were first introduced by myself
in the steamer Don Juan in 1836; and a drawing of
the engines of that vessel, in which the starting
cylinders are shown, was published in the first number
of the ¢Artizan’ in 1843, In 1852 I introduced
starting valves, and they are now becoming general.

SHAFTS AND SHAFT BEARINGS.

The shafts of important engines, such as marine
engines for driving the screw propeller, and also
cranked and other axles of locomotives, are now fre-
quently made of steel, which is peculiarly suitable
for the formation of shafts, as its tensile and crushing
strengths are both very much greater than those of
any other known material. Piston rods are also
sometimes made of steel. But the benefit of the
practice is not so conspicuous in that instance ; and
in some cases steel piston rods have been found to
break more frequently than iron ones. It is a good
practice, however, to convert the iron piston rods
into steel for a certain depth: as the benefit is thus

d2
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retained of the toughness of the iron rod, with the
additional gain of the exemption from ruts, and the
high polish, of the steel surface. In the case of large
double cranks set at right angles—like those proper
for a direct-acting screw engine—being formed of
steel, it is a useful practice to join the two portions
together by stout flanges placed in the middle of the
length; as the magnitude of the piece is thereby
reduced, and the inconvenience is obviated of having
to produce so awkward a piece as that of a very large
shaft with two double cranks at right angles formed
upon it. In the casting of these shafts, the steel is
melted in crucibles, and a succession of persons
carrying these crucibles from the furnace to the
point where the casting is made is kept up, so that the
whole of the mass of metal is collected into the casting -
in a short time. After the casting has been made, it
is dug out of the pit, while still red-hot, and carried
to the forge hammer, where it is beat and finished as
a forging. Even in the best steel works, however,
the method of forming such large masses of steel is
still very imperfect; and a complete reorganisation
of the system is necessary, before steel can be so
largely introduced for industrial purposes as it is
destined to be at no distant time, and to which the
imperfections of the manufacture now constitute the
only visible impediment. The same remark may be
extended to the production of articles of wrought irons
and in both cases improved methods are not difficult
of perception which will completely change the rude
and expensive systems at present employed.

The length of the bearings of shafts running at so
high a velocity as the crank shafts of direct-acting
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screw engines is now often made 8 or 3} times the
diameter. Sometimes the bushes are lined with
soft metal; and the shaft where it penetrates the
vessel at the stern is usu-

ally covered with brass, Fe. 7.

and the pipe it passes

through is lined with

strips of wood, usually

lignum vite. This me-

thod, which was intro-

duced by Mr. Penn, is

represented in jfig. 7,

where A is a brass bush

or covering which sur-

rounds the shaft B, and ScREw SHAPT BEARINGS ; TRANSVERSE
which revolves with it. SioTion or SmurT ANp Pirk T
The cross section of the

staves, or slips of wood surrounding A, with an
intervening fillet of metal to steady the wood, is
shown in the cut; and the lubrication is accom-
plished by the water which leaks through. For the
eyes of feathering paddle wheels, wooden bushes are
also sometimes employed ; and generally each bush
is formed by turning and boring out a solid piece of
wood, but it is found that bushes put in in staves
answer as well. Heretofore lignum vite was the
wood generally used for these bushes. But it has
now been found that African oak answers as well,
‘The pins of the paddle wheels should always be
covered with brass when wood is used : as the sur-
face of iron becomes rough by corrosion, and then
soon rasps the wood away. In sandy rivers wooden
bushes do not last well, but are soon ground away;
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and in such cases steel bushes welded into the eyes
and hardened, and fitted with hardened steel pins,
are found to be the best arrangement. In sea-going
steamers brass bushes and brass-covered pins are
found to work very satisfactorily, and to wear well
when the rubbing surface is made large.

ACTUAL AND NOMINAL HORSES' POWER.

The actual and nominal power of engines—at first
identical or nearly so—soon began to diverge; and
in time, as the pressure of the steam was increased,
the actual power of an engine became twice greater
than it had been at first, while the nominal power,
being an expression of the dimensions of the engine,
remained the same. The divergence, however, did
not stop here, but has gone on increasing, until in
recent engines the actual power exerted has been in
some cases nine times greater than is represented by
the nominal power. In other words, an engine of
200 horse-power nominal has been proportioned to
exert as much as 1800 actual horses’ power. The
uncertainty and varying character of the ratio sub-
sisting between the actual and nominal power is a
source of much perplexity ; and proposals have been
made in consequence to substitute some other unit
for the horse-power. But the proper course would
be to retain the nominal power as a unit, but to
define this unit to be a square yard or a square metre
of heating surface of the boiler, instead of a given
capacity of cylinder. As the boiler is the measure of
the power actually exerted by an engine, this method
of reckoning the nominal power would preserve a
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more uniform ratio between the actual and nominal
power than the present mode of reckoning.

The rule at present followed for determining the
nominal power of an engine was first given by my-
self in my Treatise. on the Steam Engine in 1844,
The rule called the Admiralty rule is the rule of the
late Mr. Barnes, who gave it to me in 1844, and was
given by me to Mr. Lawrie, who made a slight
change in it and subsequently communicated it to the
Admiralty, by whom it was adopted. Mr. Barnes’
(d—1)%

5640 ’
cylinder in inches, and v the velocity of the piston in
feet per minute : and 1 inch was subtracted from the
diameter of the cylinder, as a compensation for the
friction. Mr. Lawrie discarded this allowance for
the friction ; and the rule then became %,wbich
is a simpler expression, but one which the Admiralty
had no part in originating, as it was quite new to
them when Mr. Lawrie communicated it. The rule
given by me for the nominal power of land and
i 431/ ®, where d is the diameter of
the cylinder in inches, and s the stroke in feet ; and
the same rule is applicable to direct-acting screw
engines by taking a different divisor. A proper
divisor in the case of those engines would be 23-5,
which will make the nominal power of a direct-acting
screw engine exactly double that of a land or paddle
engine of the same size; and this rule, while suffi.
ciently exact for practical purposes, will occasion the
least amount of disturbance in the existing rules and

rule was where d was the diameter of the

paddle engines is
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tables for ascertaining the nominal power, as the
power will just be the double of that which the
existing low-speed rules and tables give.

In the aversage class of modern engines the actual
power may be taken at 4 to 4} times the nominal
power. But in some cases it is the double of this,
and rises to 8 or 9 times the nominal power. The
pressure of steam and actual and nominal power of
some of the modern vessels in the navy is shown in
the following table :—

PowER AND PERPORMANCR OF NAVY STEAMERS.

8 1 g
g g ':*i E- E. Name of Construetor
= ame 81
Name of Vessal. i 3 EEE i g of Engines.

& |43 zE <
vdventure . . 11:447(1862( 12 | 400{1227] Ravenhill & Co.
Alnion . . . . 10-986(1862( 24 | 400{1835| Humphrys & Co.
Avethusa . . . 12:695]1852| 25 | 500/2871{ Penn & Son.
Barossa. . . . 11°514(1862( 20 | 400{1616] Boulton & Watt.
Black Prince. . 13'604/1861| 25 [1250/5772 Penn & Son.
Collingweod . . 10460162 20 | 400|1424] Rennie & Sons.
C [ SN 9°934{1863| 20 | 500[2018] Ravenhill & Co.
Constance. . . 12-301/1863) 32§ | 500/2020| Randolph & Co.
Defence o . . 11-618[18 2 20 | 600(2537| Penn & Son.
Deflance . . . 11-884|1862| 234 | 80C|3550| Maudslay & Sons.
Duncan . . . .371614000| 13-236(18%1| 20 | 800(3428( Penn & Son.
Emerald . . . 12:008{1863| 22 | 600|2323| Ravenhill & Co.
Euryalus . . . 10+038(1861] 20 | 400/1262| Penn & Son.
Galatea., . . . 13:004/1862| 22} | 800/3517| Penn & Son.
Gibraltar . . . 11°538{1862| 22" | 800(3494 Maudlh{ & Sons.
Glasgow . . . 13:102{1863( 20 | 600/2457| Ravenhill & Co.
Leander . . . 11-737{1861} 20 | 400{1728{ Boulton & Watt.
Liffey . . . . 11°097{1862} 20 | 600{1905| Penn & Son.
Liverpool. . . 19°665(1861| 20 | 600{2551] Humphrys & Co.
Meanee . . . 9°701(1862| 20 | 400|1456] Penn & Son.
Octavia . . . 12:252(1861| 20 | 500|2265| Maudslay & Sons.
Orontes . . . .|3823[3400|12-622{18€3| 25 | 5002249 Boulton & Watt.
Prince Consort . o 13-119/1863| 23 {1000/4234| Muudslay & Sons.
Princess Royal . 99341 20 | 400{1499{ Maudslay & Sons.
Resistance . . .|371(]4327112:332(1862| 20 | 600{2615| Penn & .
Revenge . . . 11°176{1862| 20 | 8002890| Maudsisy & Sova.
Royal Oak . . 6416]12-529(1863| 22 | 800(3704| Maudslay & Sons.
Shannon . . . 11-550(1862| 20 | 600/2023] Penn & Son,
Sutlej . . + 3826/ 11-087/1862| 22 | 500|2270| Maudslay & Sons
Undaunted . . .[3039|2694] 1292511861 20 | 600|2503] Ravenhill & Co.
Warrfor . . . .[6089(8852|14:356(1861| 22 |250|5469 Penn & Son. _'
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MODERN FORMS OF BOILERS.

Boilers are divisible into three main classes, land
boilers, marine boilers, and locomotive boilers, and of
each class there are many varieties. The old waggon
boiler is now almost extinct, and there is no gene-
rally accredited species of land boiler which has
taken its place. On the whole, land boilers are
approximating in construction to marine boilers.

In the earlier times of steam navigation the boilers
employed were invariably flue boilers. It is very

Fig. 8. Fig. 9.

BoiLERS OF STRAMER® Asia AND Arrica, BY R. NAPIER AND SoN.
Transverse Section at A A, fig. 11. Transverse Section at B B, fig. 11.

doubtful whether the efficacy of that class of boiler
has yet been exceeded, and in some steam vessels of
the highest efficiency flue boilers are still retained.
Figs. 8 and 9 are transverse sections of the flue
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boilers of the mail steamers Asia and Africa, and
JSigs. 10 and 11 are longitudinal sections of the same

£
El
-

n |

BolLERs OF STEAMERS ASIA AND AFRICA.
Longitudinal Section through C C, fig. 8.

Fig. 11,

BOILERS OF STEAMERS ASIA AND AFRICA.
inal Section through D D, fig. 8.
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boilers. Boilers of & similar construction to these
have been in use in other vessels on the same line for
the long period of 14 years.

The ordinary form of boilernow employed for marine
purposes is the tubular boiler ; and the features of the
arrangement have not varied much since the first in-
troduction of the tubular system in 1844. An example
of this species of boiler is given in fig. 12, which is a
representation of an ordinary marine tubular boiler
with Beardmore’s superheater introduced in the up-
take. The flame and smoke after passing over a brick
bridge at the end of the furnace returns through
the tubes to the front of the boiler; and the smoke
then passes up the chimney, but on its way thither
encounters the horizontal tubes of the superheater.
In this superheater there are two sets of tubes, sepa-
rated by & diaphragm ; and the steam passes back
through one set of tubes, and forward through the
other, so that it traverses a distance equal to twice
the length of the superheater.

The best forms of tubular boiler do not differ
materially from that constructed by me in 1838 ; and
with the increasing pressures which are now used,
it is inevitable that the rectangular shell at present
employed should be discarded. The boilers intro-
duced by Messrs. Penn in the Hydra are represented
in figs. 13 and 14; and these boilers have the advan-
tage of a cylindrical shell, and may be worked with
safety to a pressure of 40 lbs. on the square inch.
But the furnaces are too small ; and cylindrical fur-
naces are very inconvenient for enabling a proper
slope to be given to the fire-bars, as the width of the
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Fig. 12.
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bars at the back end is necessarily contracted ; and
the bars must either be made taper, or taper pieces
must be cast to fill the vacuities at the front.

Fig. 13. Fig. 14,

Bon.:u or H.M. & HYDRA, BY MEssgs, JoaN Pxnn AND Sow.
h g Tubes. Transverse Section through Furnaces.

5

The species of water-space boiler known as Lamb
and Summers’ boiler has now been widely intro-
duced, and has this special feature of advantage, that
it enables a rapid circulation of the water to take
place. This boiler is shown in fg. 15, which is a
transverse section of the boilers of the steamer Ripon.
In this boiler the smoke, instead of being returned
through small cylindrical tubes, is returned through
arow of very narrow flat-sided flues; and in order
to prevent these flat surfaces from being forced to-
gether by the pressure of the steam, they are strutted
asunder by short struts, so that in the interior of the
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boiler, the whole heating surface of these flues is
clear of stays or other obstructions.

Fig. 18.
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The same benefit of an effectual circulation that is
obtainable in Lamb and Summers’ boiler is also ob-
tained in the boiler with upright tubes invented by

UpnigHT TusEs,

ACRS AND

Fg. 18,

SteamErs, witn DousLe-Fusn

Longitudinal Section.
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that remarkable genius the late Earl of Dundonald,
and of which an example is' given in fg. 16, which
is a longitudinal section of one of the boilers of the
steamer Atlantic. Boilers on this principle are not
much used in this country, except in the case of the
hay-stack boilers invented by Mr. David Napier, and
which are very generally employed in the river
steamers plying on the Clyde. In these boilers up-
right tubes, with the water within them, are also
employed.

The importance of maintaining a rapid circulation
in the water of the boiler is not yet sufficiently re-
cognised. Not only will a rapid circulation add to
the durability of the boiler by preventing the plates
from being overheated, but it will materially increase
the efficiency of the heating surface; and in the
boilers of the Atlantie, it was found that by inserting
a short piece of tube in the mouth of each upright
pipe, whereby the length and consequently the
velocity of the ascending column was increased, a
sensible advantage was gained in the performance of
the boiler. In many tubular boilers the tubes are
set so closely together, that the circulation of the
water amongst them is greatly impeded ; and it has
in consequence been found, that the evaporative
power of such boilers has been increased by removing
some of the tubes altogether—the loss of a part of
the heating surface being more than compensated by
the increased efficacy of the rest.

PROPORTIONS OF BOILERS.

The proportions of boilers per nominal horse-power
are affected by two considerations—the first, what
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ratio it is intended shall subsist between the actual
and nominal power ; and the second, what amount of
surface shall be allowed for the evaporation of a
cubic foot of water in the hour. The greater the
excess of the actual over the nominal power, and
the less the expansion, the larger manifestly must
be the surface per nominal horse power; and in
proportioning boilers of every class the main thing
to be had regard to is the number of cubic feet
of water required to be evaporated in the hour. But
in different classes of boilers very different quan-
tities of surface are required to evaporate a cubic
foot per hour, Thus in Smeaton’s boilers a cubic
foot was evaporated per hour with 5 square feet of
heating surface, in Watt’s land boilers with 9 or 10
square feet, in locomotive boilers a common propor-
tion is 5 or 6 square feet, and in Cornish boilers 70
square feet ; and those boilers which have the most
heating surface per cubic foot evaporated are the
most economical in coal. Thus in Smeaton's boilers,
a hundredweight of coal evaporated 14°11 cubic feet
of water ; in Watt’s boilers about the same ; in loco-
motive boilers from 11 to 12 cubic feet, and in
Cornish boilers about 19 cubic feet. The election
therefore has to be made between a large amount of
heating surface per nominal horse power, and a some-
what increased consumption of coal. A given amount
of heating surface however will be made more
effectual, if & high temperature be maintained in the
furnace, and if the circulation of the water within
the boiler is rapid and unimpeded ; and at all times
the evaporative efficacy of the boiler will be much
e
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increased by quickening the draught either by a blast
pipe in the chimney or otherwise; but as somewhat
more of the heat will in such case go up the chimney,
there will be a somewhat increased consumption of
coal.

The proportions of marine tabular boilers, as sub-
sisting from 1844 to 1854, are exhibited in the fol-
lowing table :—

PrororTiONs OF MaRINE TUBULAR BoiLgas.
By Boulton, Watt, & Co., 1844.
The actual power is here supposed to be 2} times the nominal, and the steam

to be of 10 lbs. pressure per square inch, and to be cut off at two-thirds
of the stroke.

|
' Proportion
Proportion Proportion
| per wnmﬂ per cubic
Areas and Contents. nominal Power, foot of
Horse | 17)1tm. an |, WVater
I Power. Piston. | "
Heating surface of tubes in sq. ft.. . . .| 102% 410 725
Heating surface of platesinsq.ft. . . . 275 110 1175
Total heating surface in sq. ft. . . . o 13.00 5% 9 00
Area of insq.ft.. - « « . . . J 070 028 0-50
Sectional area of tubes insq.in. . . . . 1300 520 900
Sectional area of furnace uptake in sq. in. .| 16:00 650 1200
Sectional area of chi ptake in sq. in.| 1400 560 1005
Sectional area of chimneyinsq.in. . . .| 850 340 600
Area of base of boilerinsq.ft.. . . . . 1083 0433 0.780
Capacity of boiler proper in cub. ft. . . .| 925 875 6°50
Capacity of steam-chest incub. ft. . . .| 200 075 1-50
Toual cpacity of bollr and sieam-chist 3| 1105 | 430 | w00
Ratio of diameter to length of tubes . . .[1-23t0l-3
Ratio of area to length of tubes. . . . .[1-13tol.15

In modern boilers, by the same makers, the pro-
portion of grate of heating surface and of sectional
area of tubes and chimney to evaporate a cubic foot
of water per hour remain much the same ; but as the
proportion of actual to nominal power has been much
increased, the dimensions of the boiler per nominal
horse power have been much increased. Thus in




PROPORTIONS OF MODERN BOILERS. 51

the steamer Scud, the engines of which were made
by Boulton and Watt, the heating surface per nominal
horse power is 28 feet, but that vessel works up to 8
or 8§ times the nominal power. In more recent
engines the same makers have given as much as 35
square feet of heating surface per nominal horse
power. But these are exceptional cases: the usual
proportion they give is 21 square feet per nominal
horse power. Taking the evaporation as the mea-
sure of the power of the boiler, their present propor-
tions for evaporating a cubic foot in the hour are as
follows :—

PropPorTIONS OF BoiLER To EvaroraTE A CuBic Foor or

*WateR 1N TBE HoUr. 1865.

Total heating surface of tubes and plates . 10 square feet.
Grate surface . . . . . . 70 square inches.

Sectional area of tubes . . . . 10 ”
Sectional area of back uptake . . .15 "
Sectional area of front uptake . . .12 »
Sectional area of chimney . . 63to7

The quantity of water requu'ed to be evaporated
to produce an actual horse power, depends of course
upon the rate of expansion. Boulton and Watt
usually put sufficient lap upon the valves to cut the
steam off at half stroke, and then by the aid of the
link, they are able to cut off at 4 of the stroke if
required.

The particulars of the proportions and performance
of the boilers of a number of modern steam vessels,
as also the proportion of condensing surface per
nominal horse power in the tubes of the condenser
and other material facts, are recorded in the following
table :—

e2
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SMOKE BURNING.

Notwithstanding the number of smoke-burning fur-
naces which have at different times been introduced,
it cannot be said that any plan has yet been con-
trived which so far satisfies the conditions of the
problem as to command general recognition of its
eligibility, or to lead to its general adoption. These
plans operate either on the principle of admitting air
above the fuel to burn the smoke—which has the
radical defect that the production of smoke in ordinary
furnaces is variable, whereas the admission of air is
constant, so that either too much or too little will
generally enter—or on the principle of passing the
smoke over the incandescent fuel, or through red-hot
pipes or fire-brick passages—which though it will
diminish the smoke, will rarely wholly prevent it;
while the apparatus required is generally cumbrous.
A proper smoke-burning furnace should obviate the
smoke effectually ; and it should be of simple con-
struction, and be exempt from the objection of ad-
mitting too much or too little air to burn the smoke.
In steam vessels it is most desirable that some proper
species of firing apparatus should be employed; as the
labour and difficulty of firing large furnaces at sea,
especially in hot climates, is very great.

In 1838 I took out & patent for a smokeless fur-
nace; and I then originated the doctrine—since so
generally accepted—that instead of seeking to burn
smoke, the proper course was to kinder its formation.
In 1839 I introduced smokeless furnaces into different
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steamers, in which the arrangements had to vary to
suit existing boilers; and in some cases I caused
the smoke to pass over the incandescent fuel, in other
cases to pass through heated fire-tile channels, and
in other cases again two adjacent furnaces were
fired alternately, and the smoke from the one passed
through the glowing embers of the other. All these
expedients, however, are imperfect ; and no species
of smokeless furnace has yet been contrived of such
conspicuous eligibility, as to ensure its general
adoption. I believe that a good smokeless furnace
and a good self-feeding furnace will come together;
and I also believe that the realisation of this deside-
ratum is not very far off.

ON THE RESISTANCE OF SHIPS.

The doctrine first promulgated in my Catechism of
the Steam Engine, that in well-formed steam vessels
of the common type nearly the whole of the re-
sistance is occasioned by the friction of the water
upon the bottom of the vessel, instead of being mainly
produced by the act of separating the water at the
bow and closing it at the stern, as was the previous
doctrine—is now receiving general recognition; and
computations based on that supposition are found to
accord very closely with the results obtained by ex-
perience. I was led to this conclusion from having
to design some steamers in 1853, which I was desirous
should possess the maximum speed with the minimum
power, and I therefore constructed them on the
pendulum lines recommended in the Catechism of
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the Steam Engine, as the most eligible for this pur-
pose. I found the vessels when constructed and
tried perfectly to fulfil my expectation of passing
through the water with the minimum of disturbance,
and there was no wave produced at the bow, or at
any other part. Nevertheless, I did not find the
speed to be sensibly superior to that of other vessels
of ordinary good shape, and of similar size and power;
and as in my vessels nearly the whole resistance
was certainly that of friction, and as the total re-
sistance was nearly the same as that of common vessels,
there was no escape from the conclusion, that in ordi-
nary sharp vessels nearly the whole resistance is also
that of friction. This discovery points to the supreme
importance of endeavouring to reduce the friction of
the bottom ; and it is found by recent experiments
made in France, that the friction will be a good deal
influenced by the nature of the coating® which the
bottom receives. There is a great need for improve-
ment here; whereas very little improvement is to be
expected from altering the shape of the steamers we
at present employ. We must of course draw them
out to greater length, as we require higher speeds,
and introduce more power; and contract them to
shorter lengths as we are satisfied with the lower
speeds proper to less power. But this elongation or
contraction is merely a question of putting up the
frames nearer together or further apart, and does not
affect the shape, but only the proportion of length
to breadth. - The proper shape for a ship may be

* This topic is treated of more fully in my ¢ Hand-Book of the
Steam Engine.’
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expressed by an equation, only there will be a certain
proportion of length to breadth, which will be suit-
able for each particular speed, or, in other words, the
proper length will be a function of the intended
speed ; so that if we wish to double the speed, we
ought also to double the length.

The friction of ships has been sought to be mea-
sured by the friction of water running in pipes and
canals. But the friction per square foot of a ship is
much less than the friction of a square foot of pipe
or canal when the water and the ship are moving at
equal velocities. The velocity of water in a pipe is
usually measured by the discharge. But the dis-
charge measures only the mean velocity, whereas it
is the maximum velocity which is alone comparable
with that of a ship. Moreover there is every reason
to believe, that the friction of a ship per square foot
is not the same at all parts, but will be more at the
bow and less at the stern. The friction of the bottom
and sides puts in motion a film of water of increasing
thickness, and also of increasing velocity, which
moves with the ship; and as the stern part is im-
mersed in this moving water, the friction upon it is
not so great as it would otherwise be. Screw pro-
pellers placed at the stern utilise a portion of this
moving column by working in it; for the operation
of this column is to diminish the visible slip, which is
consequently less than would be the case if the
screw were placed at the bow; and in some cases,
indeed, there is not only no visible slip in the screw,
but the visible slip is negative, or, in other words,
the vessel travels faster than the screw
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DOUBLE SCREWS.

A screw placed in each quarter is now often em-
ployed instead of a screw situated at the stern; and
in my Treatise on the Screw Propeller, published in
1852, 1 strongly recommended that method of con-
struction. Two screws have these advantages over
one: they enable the necessary propelling area to be
obtained at & greater depth in the water; and I long
since explained—what Mr. Rennie’s experiments have
since demonstrated—that the resistance which the
water would offer to the screw would depend mainly
on the depth of its immersion, since the displacement
will always be in the line of least resistance which is
to the surface, and the resistance or grip will vary as
the depth. Then two screws enable the ship to
he easily manceuvred, if they are driven by separate
engines ; and finally the vessel is not wholly disabled,
but will still have sufficient propelling efficacy to
proceed on her voyage, even if one screw or screw-
shaft should happen to break. These considerations
render it probable, that two screws will obtain a
preference over one; and each screw may be driven
by a single horizontal balanced engine of the kind
introduced by me in 1852, and which has been ever
since at work in various vessels constructed by me
about that time. This species of engine is described
in the Catechism of the Steam Engine, p. 433.

VARIOUS FORMS OF SCREW.

Notwithstanding the vast number of different kinds
of screws which have been tried and proposed since
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the first introduction of screw vessels, there does not
appear to be any better screw yet contrived than
Smith’s original screw with uniform pitch, as fitted in
the Rattler. For merchant vessels three blades are
preferable to two. But in the case of war vessels
made with lifting screws, more than two blades
cannot be employed. Lifting screws, however, appear
likely to go out of use altogether. The gear they
involve is a source of expense and complication, and
is liable to shake loose in time and give trouble;
while the benefit of the arrangement is very small.
Steam vessels will almost always use steam ; and for
those rare occasions when it is wished to impel them
by sails without steam, the resistance presented by
the screw will not be great, if it be suffered to re-
volve like a great patent log, the function of which
it may also be made to fulfil in measuring the speed
of the vessel.

LAND ENGINES.

Single and Double Cylinder Engines compared.
One of the most interesting illustrations of the com-
parative merits of the single and double cylinder
engine, is afforded by the simultaneous erection of
certain engines of each class and of the same power
at the New River Waterworks in London. Both
classes of engines are rotative engines, and they
employ the same pressure of steam. The single
cylinder engines which were constructed by Messrs.
Boulton & Watt, have cylinders 60 inches diameter
and 8 feet stroke. The double cylinder engines which
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were constructed by Messrs. Simpson & Co., have
low-pressure cylinders of 46 inches diameter and 8
feet stroke, and high-pressure cylinders of 28 inches
diameter and 5 feet 6§ths stroke. The pumps are
the same in each case, being the combined piston and
plunger pump invented by Mr. David Thomson, and
first introduced by Messrs. Simpson in the Richmond
Waterworks in 1848. The pressure of the steam in
the boiler is 88 lbs. per square inch, and about R lbs.
less than this in the cylinder at the commencement
of the stroke. The pump lifts the water 127 feet,
and ihe friction is about 33 feet. The performance
of these two classes of engines is as nearly as possible
the same, being about 87 millions of pounds raised
one foot high by the consumption of a bushel or
94 lbs. of Welsh coals. This is equivalent to 19
or rather less than 2 lbs, per actual horse-power per
hour.

Balanced Double Cylinder Engine. An example
of this species of engine as made by Messrs. Carrett,
Marshall & Co. of Leeds is exhibited in fig. 17. In
this engine the cylinders are horizontal and the
cranks are nearly opposite to one another, so that the
pistons move in opposite directions, thereby balancing
their own momentum while a very direct passage is
at the same time afforded for the steam escaping from
the high-pressure cylinder to enter the low-pressure
one. The air pump is double acting, and for very
high speeds is set vertically at the end of the engine,
and is wrought by levers so proportioned, that the
stroke of the air pump is half that of the piston.
Messrs. Carrett & Co. consider that this engine
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may be worked up to 600 feet per minute,* which
may probably be done without inconvenience if
the parts and passages are made.sufficiently large,
and if the bearings, piston-slides, and all the rub-
bing parts are made of sufficient area, and are
well lubricated. In very fast moving engines it
would be proper to have a small oil pump which
would send an excess of oil to all the bearings, and
this excess should on overflowing be returned into a
small cistern or recess in the bed plate into which the
oil pump would dip. A very effectual lubrication
would thus be attained with certainty, without trouble,
and without waste of oil; and the oil would not merely
lubricate, but would cool the bearings, the heating of
which at all speeds would thus be prevented.

Engine and Boiler combined. A form of engine
and boiler convenient for many purposes is shown in
Jfig. 18, which is an elevation of a 20-horse engine
set on the top of a tubular boiler constructed by
Messrs. Carrett, Marshall & Co. of Leeds. This
species of engine and boiler is easily removable, and
may be set down anywhere without the necessity of
foundations or any species of bricklayer’s work. If
it is thought desirable at any time to double the
power, this may be done by setting another engine
and boiler alongside the first, and connecting the two
by a shaft; and one flywheel will suffice for both
engines.

Another form of engine and boiler constructed by

#* In 1854 I constructed a balanced marine with cylinder 42
inches diameter and 42 inches stroke, the piston of which worked
at a speed of 700 feet per minute.
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these makers is exhibited in fig. 19. Here it will be
seen that both the engine and boiler are vertical, and
as the engine is placed on top of the boiler, no foun-
dations are required. The heating surface of this
boiler is all formed of boiler plate, and consists of an
internal fire box, water box, and uptake flue.

Fig.18.

CARRETT, MansHALL aNp Co.'s ComBINED ENGINE ANy BolLgr.

Another example of an engine set on a boiler and
constructed by the same makers is shown in fig. 20,
which is a form of engine applicable for pumping deep
wells or mines. The boiler is set across the mouth of
the well or shaft, and the pump is wrought off a pin in
a plate or chuck fitted with internal gearing, to the
end that the engine may move fast while the pump
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Fig. 19,

VarTicAL ENGINE AND BorLkR BY CARRETT, MARSBALL ANf Co., Leeps
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CARRETT, MABSHALL AND Co.’s PUMPING ENGINE AND BOILER.
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moves slowly. This engine may also be used for
irrigation. '

Inverted Pumping Engine. An inverted pumping
engine similar to the foregoing is shown in fig. 21;
but here the boiler is removed, and the engine is set

Fig. 21,

CARRETT, MaRsHALL aAND Co.’s Fixep PUMPING ENGINE
ror DegP Lirrs.

on an appropriate foundation. The gearing whereby
the fast engine drives the pump slowly is shown at
the right in this drawing.

Inverted Factory Engines. Fzg:. 22 and 28 are re-
presentations of the inverted engine of the same
makers suitable for general purposes. fig. 22 being &

f
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Fig. 58

CarRTT, MARSHALL AND Co.’s VERTIOAL ENGINE. Front Elevation.

Fig. B.

CarneTT, MarsgaLL aND Co.’s VerTicaL ENGINE. Side Elevation.
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front elevation, and fig. 23 a side elevation. Inthese
engines the stuffing box in the bottom of the eylinder,
through which the piston passes, is projected inwards
above the cylinder bottom, so that there can be no
dripping of water from the stuffing box, and if there
is any leak it will be a leak of steam. The piston is
suitably recessed to receive the projecting stuffing
box.

Engine for working Hydraulic Pumps. A variety
of this species of engine as applied to work hydraulic
pumps for pressing bales, or for working any, other kind
of hydraulic apparatus, is shown in fig. 24. There isa
large and a small pump employed, and the large pump
having created as much pressure as it can, feeds the
small one. The arrangement is so contrived, that
when the maximum pressure has been attained by the
small pump, it stops the engine—thus obviating a
waste of power by forcing the water through a loaded
valve, ’

Ordinary direct acting Vertical Engine. In the
vertical engine of Mr. Ferrabee of Stroud, the crank
shaft lies across the top of an appropriate framing, with
the cylinder beneath. This engine is represented in
Jig. 25, which is sufficiently illustrative to enable the
material features of the engine to be readily appre-
hended. The engine is fitted with an expansion
valve of the piston construction, and the amount of
expansion is regulated by the governor which moves
in or out, in an appropriate link motion, the point
which moves the expansion valve ; and the amount of
its throw is correspondingly affected, and consequently
the rate of the expansion. f'zl‘he feed water is heated
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by the waste steam, and the geneml design of the
engine is very judicious.

Fig. U.

CARRETT, MARSHALL AND Co.’s CoMBINED STRAM ENGINE AND
HypravLic Pumps,

Fized Horiz ntal Engine. The horizontal engine




FERRABEE'S VERTICAL ENGINE.

Fig. 35.

VeaticaL EnNging BY FErRABER oF STROUD.
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of Messrs. Carrett, Marshall and Co. is shown in
Jig. 26, and this may be accepted as the common type

.of horizontal engine employed by most makers at the

present time. The main features are a good strong
bed-plate, to which the cylinder may be not merely
bolted but also keyed against lugs, to obviate end
play; and it is preferable to cast the shaft pillow-
block upon the bed-plate rather than to bolt it on, for
the sake of obtaining greater exemption from thrust
or play.

Fig. 26.

CARRETT, MaRSHALL AND Co.’s HorizonTaL ENGINE.

Donkey Engines. Figs. 27 and 28 represent Haw-
thorne’s donkey engine for feeding boilers, and figs. 29
and 30 represent similar engines by Messrs. Carrett,
Marshall & Co. They may be taken as common
types of the Donkey engine ; but Messrs. Hawthorne
turn the fly-wheel by a connecting rod, whereas a
frame with horizontal slot is more common.
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Pigs. 37 and 28.

HawrronNe's Donkey Excing.
Front and Side Views.
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Carrert, MarsaaLr AxD Co.'s STeaM Pume,
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Fig. 2.

« CarmerT, MaRsHALL AND Co.’s Donxgy Fsgp ENGINS.
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"Fig. 81 represents a form of engine suitable for
lifting water through moderate heights, and useful for
feeding boilers, filling tanks, pumping water for
irrigating, forcing liquid manure, and other similar
purposes.

A useful form of water pressure engine which may
be employed for blowing organs and for other domestic
purposes is shown in fig. 32. These engines were
first applied to such purposes by Mr. David Elder of
Glasgow, who constructed a water pressure engine to
blow the organ in Mr. Napier’s house at Shandon on
the Clyde. :

Engines for high speed. Messrs. Carrett, Marshall
& Co. employ engines to drive fans and centrifugal
pumps direct without intermediate belting. An
example of this combination is given in fig. 33, and
it will be seen that the momentum of the piston is
balanced by counterweights on the fly wheels, in the
interior of the rims of which there are grooves into
which fit corresponding projections on pulleys on the
fan spindle, by the friction of which contact the fan
is driven.

The best form of centrifugal pump is that of Appold
with curved vanes, as represented in fig. 34. In
1851 pumps by Appold with straight vanes, with
inclined vanes, and with curved vanes, were carefully
tested, and it was found that the work done relatively
to the power expended amounted with the pump with
straight vanes to 24 per cent., with the pump with
inclined vanes to 43 per cent., and with the pump
with curved vanes—such as are shown in fig. 84, to
68 per cent. This pump has been much used in




Carrsrr, Mansuarr ano Co.'s Water LirTing Enginz.
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Fig. 38

CARRBTT, MaRrsHALL AND Co.'s WaTer Paessurg ENGINE.




VELOCIPEDE ENGINE FOR DRIVING FANS. i

Py 9.

Baranced VzLociPEDE ENGINE BY CARRETT, MaRsHaLL AND Co.
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raising water for irrigation, for draining land and
foundations, for pumping out docks, and for various
other purposes for which low lifts are required. But

Fig. 34.

ArpoLD’s CENTRIFUGAL PuMr, BY EASTON, AMOS AND SON.

for some of these purposes the chain pump formed
with square boards moving slowly in a wooden
trunk appears to be fully as effective. The centrifugal
pump is sometimes driven by toothed wheels, and
sometimes by serrated surfaces of contact such as is
shown in fig. 83, and which is known by the name
of frictional gearing. But toothed wheels require to
work so very fast when the lift is at all considerable,
that they are soon cut away, and it appears advisable
when gearing is used in such cases to make it spiral,
or in steps, and with the teeth bottoming and very
broad. If frictional gearing is used, it should be of
much greater breadth and power than the authors of
that scheme deem necessary, seeing that in certain
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cases the wheels which have been deemed by them of
adequate size have been quite insufficient to transmit
the strain.

Messrs. Easton, Amos & Son combine the pump
and the engine to drive it into one structure, and have
found from a carefully conducted experiment with
one of these machines, that with a mean lift of 6 ft.
6 in. nearly, the fan making 124 revolutions per
minute, & quantity of water. = 6748 cubic feet or
nearly 1834 tons per minute was delivered. The
engine power as per indicator diagrams, carefully
taken, being 111:2 horse power, it follows that the
useful work done was in this case 734 per cent. nearly
of the power expended.

From several carefully conducted experiments made
by the Court of Policy of Demerara upon one of the
pumps in that country, it was found that the useful
work done=66-55 per cent. of the power expended,
while a well-constructed scoop, tried under precisely
similar circumstances, gave no more than 22:3 per
cent., and a centrifugal pump of another construction,
29-3 per cent. only.

By the combined system of construction any settle-
ment of foundations which is more or less inevitable
in all Fen districts is neutralised, as the whole of the
machinery is self-contained, and its working unaffected
by settlement, while the first cost of building founda-
tions and masonry is materially less than by any other
plan.

The arrangement of engines employed to drive
Appold’s centrifugal pump, by Messrs. Easton, Amos
& Son of London — by whom large numbers of



80 RECENT IMPROVEMENTS IN THE STEAM ENGINE.

Fig. 35,

CENTRIFUGAL PuMP, BY EAsTON, AM0S AND SoN.
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these pumps are made—is shown in fig. 85. The
spindle of the fan is vertical, and is armed at the top
with a bevel pinion, to which motion is given by a
bevel wheel placed on the shaft of the engine. The
fan is contained in a castiron casing which also
serves to support the engine, and there are two
suction pipes, one for each side of the fan. The water
drawn in at the centre of the fan is put into rapid
rotation by the curved blades, and escapes at the
periphery with such yelocity as to support a corres-
ponding column of water, and if the head is less than
that—as it always is—the water necessarily overflows
at the higher level. Centrifugal pumps have this
great advantage, that they are without valves, and are
consequently as efficient in forcing dirty water as in
forcing clean—a quality which in many cases-is of
great value. They have sometimes been employed
for maintaining the circulation in surface condensers.
But the plan of using one of the air pumps as a cir-
culating pump is simpler and is to be preferred.
Common Lever Engine., The old form of beam
engine is still used for many purposes. An approved
form of engine and sugar mill for expressing the
juice from canes is shown in fig. 36. There is no
novelty about this engine except the great strength
of the different parts, which in this class of machinery
is-quite indispensable to obviate continual breaking
down. The sugar mill consists of three rollers, and
the canes pass down theinclined feeding table, and pass
under the upper roller which squeezes out the juice,
Cowper’s combined Engines. 1In cases where great
uniformity of rotative power is important, combined

g
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SUGAR MiLL AND ENGINE.
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with a large measure of expansion and a high pressure
of steam a form of engine such as is represented in
Jig. 37 may be employed. This engine is a double
cylinder engine; but instead of the pistons being
made to operate on the same crank, as in ordinary
double eylinder engines, or on opposite cranks, as in
Messrs. Carrett, Marshall & Co.’s arrangement, the
cranks are set at right angles with one’ another, so
that when one piston is at its dead point the other is
exerting its greatest power.* The small cylinder,
instead of discharging directly into the large one,
discharges into a reservoir beneath the engine, from
which reservoir the large cylinder is fed; and the
equability of motion proper to two engines working
at right angles is thus obtained, with a large measure
of expansion. This form of double cylinder engine
appears to be an eligible form in cases in which two
engines are necessary, as the benefits of large expan-
sion are obtained without greater complication than
that which appertains to two separate engines of the
common kind.

The engines shown here were constructed by
Messrs. Walter May & Co. of Birmingham, and set
to work in the International Exhibition of 1862. The
engines were made from the design of Mr. E. A.
Cowper, by whom the plan was invented and pa-
tented. These engines were the only pair that was
at work as condensing engines in the Exhibition,
owing to there being no large supply of cold water

* This arrangement of the cranks and pistons was patented
by Craddock in 1844, and was described in the ¢ Artizan’ at
that time.

g2
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available for condensing. The resource by which they
were enabled so to work was by the application of
Perkins’ Surface Evaporator Condenser, which was
adopted by Messrs. Walter May & Co. in this instance
as a means of easily obtaining an excellent vacuum
with a very small supply of water, viz. a supply equal
only to the quantity of water used in the form of
steam. Mr. Cowper’s engine is fitted with a steam
jacket, and the steam is expanded into nine times its
original volume. But of course by earlier cutting off,
this measure of expansion may be increased as much
as may be desired.*

Continuous Expansion Engine. In Nicholson’s
continuous expansion engine the benefits of large ex-
pansion without increased complication, or the necessity
of areceiver, are obtained by admitting the steam from
the boiler into only one cylinder of a pair of engines ;
and when half the stroke has been performed, and the
piston of the other engine is just beginning its stroke
and therefore requires steam, some of the steam from
the first cylinder is allowed to enter the second one,
s» that the second cylinder draws its steam direct
from the firat, instead of from a receiver ; but it draws
it at the middle of the stroke instead of at the end.
This method may be applied easily to any existing

* A similar arrangement was introduced by me into a steamer
in 1859, as a means of increasing the power by the addition of
.low pressure cylinders to the existing high pressure ones. The
paddle-wheels were not connected ; and one high and one low
pressure cylinder placed nearly at right angles was set to turn
each wheel. The steam passed from the high pressure cylinder
not divectly into the low pressure one, but into a reservoir which

had pipes passing through it, which were heated by the escaping
smoke in the manner steam is heated in a superheater.
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engines. As a method of expansion it is only as
efficacious as any other in the production of power.
But its recommendationlies in the circumstance that
the steam may be exhausted direct from one cylinder
into the other, although the cranks are at right angles,
and hence a large measure of expansion is producible
in & pair of engines without increased complexity,
without any risk of sticking on the- centre, and
with adequate equability of the rotative force.
Chaplin’s Vertical Engine. Fig. 38 is a representsa-
tion of the species of vertical engine and boiler con-
structed by Messrs. Chaplin & Co. of Glasgow. The
waste steam maintains astrong draught in the furnace,
and the steam is superheated somewhat before it
enters the cylinder. The engine and boiler are
erected upon & cast iron sole plate forming the ash
pan, and into which water may be poured if desired.
In some cases these engines are made with double
cylinders; and besides being extensively employed for
land purposes, they have been largely introduced
into ships for pumping, hauling ropes, discharging
cargo, &c. In many cases they are combined with a
steam cooking apparatus, and a distilling apparatus
for producing fresh from salt water; and the same fire
which heats the cooking range also raises the steam
in the boiler. The steam, in passing into the vessel
in which it is condensed, sucks in sufficient air to
aérate the water ; and after being filtered by a filter
attached to the condenser, it is then ready for use. In
passenger ships the engine may be made to drive
proper ventilating fans. I consider that every ship
ought to be fitted with an engine, as it would
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Fig. 38.

Vaarticai SteaM ENGINE BY CHAFLIN AND Co., GLASGOW,
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increase the safety of the ship, reduce the labour,
and add to the comfort of all on board, while it also
might be made available, with a simple apparatus, for
the slow propulsion of the ship in calms.

Steam Winches and Cranes. Steam winches are
now very commonly employed for hoisting the cargo
out of ships ; and steam cranes have also obtained a
wide introduction.

Fig. 39 represents Chaplin’s steam crane as em-
ployed at the Great Exhibition to move heavy weights.
The éngine and boiler help to counterbalance the
load, and they swing completely round the central
pillar. The jib is adjustable; and the operations of
hoisting, lowering, and swinging, are all performed
by the engine. The best form of steam winch that I
have seen is that constructed by Messrs. Day & Co.
at Southampton.

One of the most powerful and convenient machines
for lifting heavy weights yet constructed is the shears
contrived by Mr. Summers, and made by Messrs. Day &
Co. for the docks in Southampton; and several similar
shears have since been constructed by Messrs. Day
for other plates. The legs of these shears are formed
of boiler plate, and there are two legs meeting at the
top in the usual manner; but instead of the back chains
and guys usually employed, there is a third or back
leg, by moving which inwards, the top of the shears
is bent forward ; and by moving which outwards, the
top of the shears is bent back. The inward or outward
motion of the third leg on the ground is governed by
suitable apparatus ; but that to which the preference
is given is a great screw working horizontally, and
drawing in or out the leg in appropriate guides. The
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Southampton shears have lifted as much as 100 tons;

and the hoisting and lowering, and also the movement

of the back leg, is accomplished by a steam engine.

The length of each front leg is 110 feet. The form is

that of a parabolic spindle, 3 ft. 4 in. diameter in the
middle, and 1 ft. 8in. at the ends. The length of the’
back leg is 140 ft., and its form is rectangular, 40 in.

by 46 in. at the middle, and 20 by 24 in. at the ends.

The wrought iron screw which moves the back leg is
* 8% in. diameter, and 48 ft. 3 in. long. This screw
moves the shears at the rate of 12 £t. per minute, and
its weight at the middle is carried by a pendulum prop,

which the back leg moves aside as it passes. The
back leg is held down by the flanges of the grooves
in which its lower end works. The main purchase
blocks consist of a pair of 4-sheave blocks, with 1}
chain-falls, and a leading-block above. These blocks
are used for all weights over 20 tons, and hoist at the
rate of about 4 ft. per minute. The light purchase-
blocks have the same size of chain, but have only two
sheaves above and one below. The engine which
works this gear consumes about 6 cwt. of coal in the *
day; and the apparatus has been very successful in
enabling a great deal of work to be done in a short
time with superior accuracy, and at much less expense.
Similar shears have been constructed by Messrs, Day
& Co. for Hamburgh, Bremen, Bromley, Woolwich,
and Holyhead.

Steam Riveting. Cylindrical boilers, and parts of
other boilers, are now very generally riveted by the
riveting machine, of which there are two forms—the
one in which the die which forms the rivet head is
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forced forward by a cam, in the same manner as the
punch of a punching machine, and the other in which
it is forced forward by a piston moving in a cylinder,
in the same manner as a steam hammer. The latter
species of machine is now most generally used.

The first machine-riveting, so far as I am aware,
was performed by myself in 1834, and the next was
performed by Mr. Fairbairn, who employed & similar
form of apparatus, resembling a common punching
machine. Garforth’s steam hammer apparatus has
this advantage, that the die does not require adjust-
ment for the thickness of the plate. '

Steam Hammers. The steam hammer was suggested
by Watt, but was brought into its present form by
Nasmyth, whose hammer as improved by Wilson is
represented in fig. 40. A is the cylindrical valve
chest by moving the valve in which the steam is
let in above or below the piston, and the hammer is
forced up or down. The valve is worked by
the short horizontal spindle B passing through a
stuffing-box ; D is a bracket supporting the outer
end of the valve spindle ; E is a balanced lever, jointed
to the rod F passing down by the side of the frame to
the level of the attendant’s hand. This rod is jointed
at & to the bent lever H, which is suspended on the
stud 1, and which terminates in a handle at 5. * By
moving this handle up the hammer is raised up, and
by moving it down the hammer is pressed down ; and
in order that the inexperienced workman may not
move it too far down, if a light blow is wanted, a
guard sector J is placed for the handle to move in ; and
by putting the pin K in one of the holes of the sector,



92 RECENT IMPROVEMENTS IN THE STEAM ENGINE,

Fig. 0.

NasuvyTR’s 8TRAM HaMMer,
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and bringing the handle down to the. pin, the proper
blow answering to that position of the handle will
be obtained.

The steam enters from the boiler through the pipe
P, and there is a throttle valve at R, which is adjust-
able by the handle .

In Condie’s steam hammer the piston is stationary,

Figs. 41 and 42.

Conpir’s 3} cwt. STRAM HAMMER, BY A. C. WyLIE, LonDoN.

and the cylinder moves ; and‘the piston rod is hollow
and serves as a steam pipe to let the steam into and out
of the cylinder. Figs. 41, 42, 43, and 44, are represen-
- tationsof Condie’s Hammer, figs. 41 and 42 being front
and side views of a 34 cwt. bammer intended for smith
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work for lightforgings; and figs.43 and 44 being afront
and side view of a 6 cwt. hammer intended for heavier

Figs. 43 and 44.

ConDIE’s 6 cwT. STEAM Hammer, BY A. C. WyLIE, LonDoN.

smith work or heavier forgings. In both of these
hammers bars of any length may be welded, either
along or across the anvil, and in the 3} cwt. hammer
the anvil block is in the same piece as the framing.
These hammers are all made double acting, being
pressed down as well as raised up by the steam ; and in
practice they have been found to act in a highly
satisfactory manner. JFigs. 45 and 46 are representa-
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tions of the species of self-ucting steam hammer con=
structed by Messrs. Carrett & Marshall of Leeds,
Jfg. 45 being a section of the cylinder and slide of the

Fig. 45.

SECTION OF CYLINDER AND VALVE OF STEAM HAMMER.

hammer, and fig. 46 a perspective view. In fig. 45,
A is the cylinder, B is the piston, and ¢ its rod; &
is the regulating stop-slide, which adjusts the stroke
by passing steam early or late from beneath the
piston to under the piston-slide-valve D, which
reverses the action of the steam on the piston, thus
effecting the down-stroke. A suitable contraction
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of the passage H regulates the strength of blow. The
longer hand-lever regulaﬁee the stroke, and the other
the strength of blow. E is the framing.

In this hammer the steam which works the ham-
mer performs the office of moving the valve, being
admitted above and below the piston-slide-valve, in
the requisite quantity and for a suitable period of time,
to give any required stroke, or & light blow with lead,
or 8 clear heavy blow without lead, retaining the
steam upon the piston until the blow is struck. There
is a separate valve for working the hammer by hand.

Figs. AT and 48 are representations of two different
classes of steam hammer constructed by Messrs.
Thwaites & Carbutt of Bradford, fig. 47 being the
form most appropriate for small hammers, and fig. 48
that most appropriate for large. Messrs. Thwaites
and Carbutt have had much experience in the construc-
tion of steam hammers, and for some time have made
nothing else; and they state that they find that the
hammers wrought by hand are preferred and are
gradually taking the place of those wrought by self-
acting mechanism, being under such easy and ready
control. They state that they have made eighteen
hammers for Messrs. Brown & Co. of Sheffield, the
largest of which, a 15ton. hammer, was made with
wrought iron standards, and that they have now made
several hammers with wrought iron standards, and
believe that this method of construction will come
into general use. In the manufacture of the Bessemer
steel, hammers of 5, 8, and 12 tons are habitually
required. When the standards are of cast iron, the
box form is now preferred to the old T form, and

h
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immense strength is necessary to enable the hammer
permanently to sndure the heavy shocks to which it

Fig. 49.

RiGBY’s STEAM Hnnln BY GLEN AND Ross, GLAsGOW.

is exposed. Messrs. Thwaites & Carbutt do not re-
commend hammers of the form shown in fig. 47 for
larger sizes than 12 cwt., and such hammers are very
suitable for the work of the smith’s shop. But above
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that weight they recommend hammers with double
standards, of the form shown in jfig. 48, as being
firmer and stiffer, and better suited for heavy work.

Fig. 50.

RigeY’s STeaM HauMER BY GLEN AND Ross, GLasGow.

These hammers are controlled in their movements
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by two handles, one of which opens or shuts the stop
valve, while the other gives motion to the working
valve by which the steam is let into and out of the
cylinder. This last valve is a balanced piston, so
that it is quite easily moved, and the hammer is con-
sequently under ready control.

Rigby’s steam hammers, as eonstructed by Messrs.
Glen & Ross of Glasgow, and represented in figs. 49
and 50, have obtained a very wide introduction, and
have given much satisfaction to those employing
them. Fig. 49 represents the form of hammer ap-
propriate for light work, and which differs from the
other form only in having the anvil-block, sole-plate,
and standards cast in one piece. Hammers on this
construction are made of 1, 2}, and 4cwt. The form
of hammer represented in fig. 50 is made .of different
weights, from 6 to 30 cwt. The hammer is urged by
the steam in its descent as well as by gravity, and
works with great rapidity at a pressure of from 25 to
30 Ibs., which pressure should not be exceeded.

GIFFARD’S INJECTOR FOR FEEDING BOILERS.

This is an instrument for forcing water into boilers
by means of a jet of steam proceeding from the boiler
itself ; and its action is somewhat paradoxical, as it is
capable of sending water into a boiler which has a
considerably greater pressure of steam than that
which the steam comes from. The feed water must
not be hotter than 120° Fahrenheit, to enable the
injector to act; for one condition of its action is that
the steam shall be condensed ; and this circumstance
appears likely to restrict the use of the instrument—
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GirpaRD’s INJECTOR BY SHARP, STEWART AND Co., MANCHRSTER.
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unless suitably modified—as the feed water should
certainly enter the boiler at the boiling point, to
which it should be raised by heat otherwise going to
waste. In this injector a stream of steam entering
from the boiler at the highest nozzle, represented in
fig. 51, is directed upon water entering the instrument
through the nozzle next below; and as the whole
power of the issuing steam has been expended in
giving momentum to its own particles, that power,
which cannot be destroyed, reappears as increased
pressure, and forces the water into the boiler.”
Should the water be. shut off from the boiler as not
being required, then it escapes, by the nozzle next
beneath, through a loaded valve of the usual kind ; and
the valve at the bottom of the instrument prevents
the return of the water when the instrument is not in
use. The advantage of this apparatus is that it gets
rid of the feed pump with its valves, which have been
a source of constant trouble in engines working at
a high speed. But unless it can be so modified as to
send the feed water into the boiler at the boiling
point to which it will be heated by the waste heat
of the engine, I do not see how this injector can be
retained as a main feeding instrument, though it will
always be valuable as an auxiliary.

The sizes and prices of different injectors, proper for
sending any desired number of gallons of water into
a boiler in the hour, are given in the following
table : —

* The injector is virtnally a bydta;lic ram reversed, in which
the small quantity of water in the steam, moving at a high
velocity, forces a larger quantity of water against a lower head.
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106 RECENT IMPROVEMENTS IN THE STEAM ENGINE.

The construction of these injectors is a special
branch of manufacture ; and in applying to the manu-
facturer for any suitable size, it is necessary to state
the number and description of the boilers for which
the injectors are intended, and also to state whether
they are to have a brass or cast iron casing, as this
last condition will affect the price.®

Delabarre’s Steam Jet. This is an arrangement for
increasing the efficiency of a steam jet in chimneys.
The jet orifice is surrounded by a short piece of pipe
of larger diameter, and it by another short piece of
still larger diameter, and it by another short piece
still larger, and so on as far as is deemed desirable.
These short pieces of pipe are all open at each end
like ferrules, and the length of each is about equal to
its diameter. The bottom of each is set on a level
with the top of the preceding one, and the bottom of
each is slightly belled out to intercept the smoke. A
Jjet of this kind placed in a chimney is believed to be
more effectual than a common jet, which will ascend
the centre of the chimney without much affecting the
surrounding smoke; whereas by this arrangement each
succeeding pipe transforms the jet preceding it into a

* The following formula is given for determining the size or
delivery of a Giffard’s injector: If P be the pressure of the
steam in atmospheres, D the diameter of the at in inches,
and @ the number of gallons delivered per hour, then @=
(684 p)3y/Pand p = 0158/% Thus if the pressure of
steam be 60 1bs. or 4 atmospheres, and the number of gallons to
be delivered per hour be 308, then 0158 / 37"2== 0158 /154

= 0158 x 12°'4="19592 =diameter in inches=5 millimetres, as
in the table.
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new jet of less velocity and larger volume, until at
length the whole column of smoke in the chimney is
brought under the influence of the central jet.

On the benefit of Steam Jackets. The benefit of
steam jackets round cylinders was ascertained by
Watt, and such jackets were habitually used by him.
But among succeeding eggineers, jackets fell into
disuse, as it was hastily and erroneously concluded
that the waste by radiation was the only loss in-
cident to the cooling of the cylinder, and that this
loss would be as great in the jacket asin the cylinder.
This error has now been for some years exploded.
Nevertheless, although some few engineers have long
urged the application of steam jackets to marine and
locomotive engines, it is only very recently that
Jjackets have been adopted by the best marine engine
builders, and they are not even yet used in locomotives.
One reason of this tardiness of amelioration is no
doubt the fact, that steam jackets add something
to the cost of the engine; and their full value, more-
over, has not been sufficiently known or understood,
since the whole question has been believed to be one
of radiation, whereas the loss is by no means measur-
able by the loss from radiation, but is a much larger
loss, and arises from the fact of the inner surface of
the cylinder being cooled and heated by the steam at
every stroke of the engine. This action is clearly
demonstrated by a set of indicator figures taken in
1848, and kindly lent to me by Mr. E. A. Cowper. Four
of these diagrams are represented in figs. 52, 58, 54,
and 55, and they show the pressure really attained,
together with the true expansion curve for the whole
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quantity of steam that entered the cylinder, dotted in,
and which dotted curve would have been described

Fig. .
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Fig. 53,
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if the cylinder had been jacketed. The difference
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between these curves represents the amount of loss
from the want of the steam jacket ; and in fig. §2 this
loss amounts to 117 per cent. ; in fig. 53 to 1966 per

Fig. 54,
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cent., there being rather more variation of temperature
in this case, owing to there being more expansion ;
in fig. 64 the loss is 2727 per cent.; whilst in fg.
55 the loss rises to the formidable proportions of
4458 per cent. This loss is caused by the cir-
cumstance that the mass of the cylinder must remain
at the average temperature intermediate between the
highest and the lowest temperatures of the steam ;
so that when high pressure steam, which also has a
high temperature, enters the cylinder, a considerable
quantity of steam is at once condensed, owing to the
abstraction of heat by the metal, and also to the trans-
formation of a part of the heat into mechanical power.
So soon as the steam is cut off and allowed to expand, it
falls much more rapidly in pressure than answers to its
augmented volume, owing to still more of it being con-
densed into water. The action of the steam is to heat
the inner surface of the cylinder ; and towards the end
of the stroke, when the steam is much lower in pres-
sure, and consequently in temperature, than it was at
first, the temperature of the cylinder relatively with it
is sufficiently high to boil off the water that was con-
densed from the steam as it entered the cylinder ; and
such water becoming steam caumses the pressure to
rise, and thus the curve approaches the true expansion
curve at the end of the stroke. The cylinder is
cooled by the loss of the heat used in boiling off the
water shut within it, and the cooled cylinder condenses
the next volume of steam that enters to perform the
next stroke. Thus it follows, that without steam
jackets a large quantity of steam passes through the
cylinder in the form of water, without doing work ;
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whereas if the cylinder is steam jacketed, no con-
densation takes place, and the whole steam does
its full duty aocording to the degree to which it is
expanded. Indeed, without steam jackets, or hot air
jackets, or other equivalent means of keeping up the
temperature of the cylinder, it will follow that the
cylinder will act to some extent as a condenser at the
beginning of the stroke, and as & boiler at the end of
the stroke.
MARINE ENGINES.

In illustrating the special features of the various
forms of marine engines of modern construction, the
most convenient course will be to take an example
of an engine by each principal maker, and to describe
its structure and peculiarities. A tolerably just con-
ception will thus be arrived at of the present condition
of marine engineering in this country in its most per-
fect form, care being taken that the examples selected
are good and recent examples of their several kinds.

Boulton & Watt. The example of modern engines
by these makers that I shall select is the oscillating
paddle engines of the Holyhead steamers, Ulster
and Munster ; for although I might have selected a
still more recent example, I could not have selected a
more perfect one. These vessels have now been
plying regularly across the channel at all seasons for
a sufficient time thoroughly to test their qualities, and
they have been found to maintain a very high speed
and to work in a most satisfactory manner. The
vessels are each 328 ft. long, with 35 ft. breadth of
beam, 21 ft. depth of hold, and they each measure
about 2,000 tons, builder’s measurement. Each vessel
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is propelled by two oscillating engines of 96 in.
diameter of cylinder, and 7 ft. stroke. The pressure of
steam in the boiler is 26 Ibs. per sq. in. The nominal
power of each pair of engines by the Admiralty rule
is 750 horses. They make 23 strokes per minute, and
they work up to 4,100 actual or indicated horses power.

The boilers are tubular boilers with iron tubes;
they are made in eight parts, and contain in all 48
furnaces. The total heating surface of the boiler is
18,400 sq. feet, and the total area of grate bars is
840sq.ft. The area of the immersed midship section
of the vessel is 350 sq. ft. and the coefficient of per-
formance 860. The draught of water of each of
the vessels when launched was: forward, 9 ft. 3in. ;
and afi, 8ft. 2in. The draught of water with the
engines, boilers, masts, and fittings, on board, but
without water in the boilers, was, forward, 12 ft., and
aft, 12 ft. 6in. The draught of water when ready for
sea, and complete with stores, and 75 tons of coals,
was, forward, 13 ft., and aft, 13 ft. 4in. The weight
of the engines is 220 tons, of the boilers 230 tons,
of the water in the boilers, 170 tons, and of the
paddle wheels, 110 tons: making a total weight of
730 tons, or nearly 1 ton per nominal horse power.
_The pistons are each made with a metallic ring
pressed out by springs. The average pressure on the
piston is 28-77 1bs. per sq.in. The total number of
tubes in the boilers 4,240, of 2} in. diameter, 5 ft.
8 in. long, and #th thick. The tube plates are of
iron § in. thick, and the tubes are 1} in. distant from
each other. The length of each furnace is 7 ft.,
and its breadth 2} ft. There are two sets of




EXAMPLES OF BEST MARINE ENGINES. 113

boilers in each vessel, one before and the other
behind the engines, and each set has a chimney
7% ft. diameter and 44} ft. high above the grates, The
paddle wheels are, feathering, 83 ft. 9 in. diameter
to the inner edge of the outer ring. There are 14
floats in each wheel, and each float is 4 ft. deep and
12 ft. long. The dip of the wheels is 5ft. 9in. at
deep draught. The steam is superheated by passing
up and down through annular steam chests surround-
ing the chimneys, divisions being introduced into the
annular space to compel the steam to ascend and
descend before escaping to the steam pipe. A similar
arrangement had been introduced by me into the
Don Juan steamer as far back as 1836. These
vessels, and two similar vessels, the Leinster and Con-
naught, the engines of which were constructed by
Messrs. Ravenhill, Salkeld & Co., have realised a
speed of upwards of 20 miles an hour, and an average
speed in all weathers, during the first six winter
months, of 18 miles an hour. In the Leinster and
Connaught the cylinders are 98 in. diameter, and
6 ft. 6in. stroke, and the engines are rated at 720
nominal horses power, but are in reality 770 nominal
horses power. There are eight boilers, containing 40
furnaces and 4176 tubes, and a total heating surface
of 16,800 sq. ft. At the official trial the engines, with
a pressure of steam of 20 lbs., made from 25 to 26 re-
volutions per minute, and exerted 4,751 actual horses
power. The consumption of fuel is about 3 lbs. per
indicated horse power per hour.

John Penn & Son. The engines of these makers
which I shall select for illustration are the enginea of

i
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the Warrior, Black Prince, and Achillee—all hori-
zontal trunk engines of the construction represented
at page 79 of my ¢ Catechism of the Steam Engine.’

These engines are each of 1,250 horse-power, and
notwithstanding their immense size, they are distin-
guished by the same beauty and accuracy of work-
manship for which Messrs. Penn’s engines have long
been famous. The cylinders are of 112in. in diameter,
and 4 ft. stroke. The trunks are of 41 in. diameter,
which reduces the effective diameter of the cylinders
to 104} in. The air pumps are double acting, 36 in.
diameter, and 4 ft. stroke. The feed and bilge pumps
are 7} in. diameter; the crank shaft is of 19 in.
diameter, and the screw shafting is of 17 in. diameter.
The screw, which is on Griffith’s plan, is 24} ft.
diameter, and 30 ft. pitch. There are two engines in
each vessel, and they make about 45 revolutions per
minute ; there are 10 boilers in each vessel, and each
of these boilers has 4 furnaces in it 7 ft. 3 in. long,
and 3 ft. wide. The tubes are of brass, 2§ outside
diameter, and 6 ft. 81in. long, and there are 440 tubes
in each boiler, or 4,400 tubes in all. The smoke is
carried off by two funnels on the telescopic principle,
7 ft. 6 in. diameter, and 54 ft. above the bars of the
grate.

The Warrior and Black Prince are both iron vessels
of 6,089 tons burden, built of iron, and covered with
two thicknesses of teak, over which are bolted armour
plates of iron 4 in. thick, and ploughed and tongued
at the edges to enable each plate to give mutual sup-
port to those next it in the event of strain or shock.
With an immersed midship section of 1,200 sgq. ft.,
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and a pressure of steam in the boilers of 22 Ibs. per
8q. in. these vessels exerted about 5,400 actual horse-
power, and attained a speed of 14} knots—the en-
gines making 55 revolutions per minute.

Messrs. Ravenhill, Salkeld & Co. The form of
screw engines employed by Messrs. Ravenhill, Salkeld
& Co. is represented in fig. §6. This form of
engine is a horizontal steeple engine of the same type
as that of the Amphion, the engines of which, designed
by the late Mr. Holm,* were constructed by Messrs.
Miller, Ravenhill & Co. The Amphion was the first
vessel built in this country with the engines below the
water-line ; and the species of engine with which she
wasfitted appears to me the best species of screw engine
yet introduced, and one which perfectly satisfies the
existing necessities of screw propulsion. There were
faults of detail in the engines of the Amphion which
have been subsequently corrected; and in the best
examples of this form of engine a very perfect result
is exhibited.

In the example shown in fig. 56 there are two
cylinders placed side by side with their axes running
athwart-ships in the vessel ; and the cylinders are on
one side of the vessel, and the condensers and air pumps
on the other side. Two great pipes extending across
the engine conduct the exhaust steam from the cylin-
ders to the condensers. There are two long piston
rods passing one above the shaft and the other below
to the cross head which moves in guides on top of the

* The engines of the French frigate Pomone were also de-
signed by Mr. Holm, who was a Swedish engineer of great
ability.

i2 '
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‘condenser, and from which a return connecting rod
proceeds to the crank to turn it round. The various
subordinate features of the arrangement are made so
plain by a reference to the drawing that it is needless
to enlarge on them further.

Maudslay, Sons & Field. Messrs. Maudslay and
Field have long employed a species of engine similar
to the foregoing; but latterly they have made their
screw engines with three cylinders instead of two, with
the object of reeonciling equability of motion with
a high speed and a large measure of expansion. The
aggregate capacity of these three cylinders is about
half or three quarters larger than the two ordinarily
used for the same power. This is for the purpose of
using the steam more expansively. The steam is
shut off much earlier in the stroke than heretofore.
Six efforts are given in each revolution, which gives
more uniform motion to the screw shaft, and the whole
is so completely balanced that the unpleasant agitation
felt in screw vessels at high speeds is entirely removed.
The steam is superheated ; the cylinders are cased all
round and at both ends, and this case is filled with
superheated steam, which keeps the cylinder up to the
maximum temperature. The steam is condensed by
surface condensers, having small perpendicular tubes
—the cooling surface being about the same as the
heating surface of the boiler. A still is provided
to make up the waste. The cold water is forced
amongst the outsides of the tubes by a pump, and
is so directed that it all enters at the lower edge all
round, and also in the centre of the cluster; then
rising it is driven out at the upper edge of the tubes.



118 RECENT IMPROVEMENTS IN THE STEAM ENGINE.

The superheating apparatus is composed of & number
of horizontal tubes round at the end where they are
fitted into a tube plate, but flattened throughout the
greater part of their length. By these means. the-
steam is greatly subdivided, and more effectnally pre-
sented to the action of the heat, and more room is also
afforded for the smoke to pass between them. To
enable any of the tubes to be replaced when worn or
leaky, the central tube of each group of nine is made
oval at one end, to admit of any of the nine tubes of
the group being introduced or withdrawn. One end
of the tube intended to fit this hole has a flange and
is fitted with four screws.

The boilers are of the usual tubular kind; they
work at 20 to 251bs. pressure. The feed water is
heated in its passage back into the boiler. Care has
been taken that there should be as little waste of steam
as possible in the passages between the slide and the
cylinder; and the length of this passage is reduced by
using two small slides instead of one large one to each
cylinder. The expansion is effected by the slide
alone. The slide valves, which are long and three-
ported, are moved by a three-throw crank or eccen-
tric; and the openings are large, while the travel is
very small. The eccentrics are driven by a small
spur wheel on the main shaft, and a similar wheel on
the eccentric shaft. These wheels are connected by a
pair of intermediate wheels fixed in a rising and
falling frame. The elevation or depression of these
wheels has the effect of altering the position of the
eccentrics relatively with that of the main crank, and
thus effects the forward and backward motion of the
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engine ; and it also adjusts the degree of expansion
within the limits of }th and }th of the stroke. This
engine combines all the well-established sources of
economy in the steam engine. The workmanship is
of the very first quality; and the whole is ‘of great
strength and solidity. The thrust bearing is formed
of collars on the shaft, but set wider apart than is
usual ; and each collar has a horse-shoe plate applied
to it to take a proportion of the thrust. There are
5 or 6 of these collars and plates; each plate is ad-
justable by screws and admits of being separately
taken out and replaced, and this can be done while
the engine is working. A set of these engines of
500 horse-power has been fitted by Messrs. Maudslay
in the steam frigate Octavia. Each of the three
cylinders is 66 in. diameter, and the length of the -
stroke is 3 ft. 6 in. The valves are double-ported ;
each condenser is fitted with 5} miles of 4in. cop-
per tubing (No. 18 wire gauge), and the circulating
pumps, which are fitted with lignum vite packing, are
worked by arms from the cross-heads. The Octavia
is a vessel of 3,161 tons; and at the official trial in
1861 she realised a speed of 124 knots with a dis«
placement of 2,921 tons, an immersed midship sec-
tion of 552 sq. ft., a pressure of steam of 20 lbs., 694
revolutions, and an indicated power of 2,265 horses.
The consumption of coal was only 2} Ibs. per indicated
horse power.

Messrs. Robert Napier & Sons. The engines of
the steamer Scotia for the Cunard line, by Messrs.
Napier of Glasgow, are of the side lever description,
and the cylinders are 100in, in diameter, and 12 ft.
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stroke. The parts of these engines are of enormous.
strength, and their general configuration is the same
a8 that of the side-lever engines usually constructed
by Messrs. Napier, except that the side levers are of
wroughtiron, and the slide valves, which are of the
short » kind, connected with three rods, have metallic
packing at the back, consisting of a cast iron segment
cut obliquely at the centre, and accurately fitted to
the back of the valve. There are two such segments
opposite to each port with a space between them equal
to the depth of the port, the purpose of which is to
put the valve into equilibrium, whereby it is more
easily worked. This improvement is due to Mr.
Waddell ; and it has been found to be useful and
efficient in practice. The sole plate, condenser, and
air pump of each engine are all cast in one piece; and
the air pumps after being bored out are lined with
brass chambers. The cylinders are formed with
double bottoms, and the whole structure of the engine
is of the most conscientious and substantial character.

One form of screw engine employed by Messrs.
Napier is the horizontal steeple kind very similar to
that employed by Messrs. Ravenhill and Messrs.
Maudslay. But they also occasionally use, in the case
- of merchant steamers, inverted engines of the forge
hammer type similar to those employed by Messrs.
Caird, of which a description is given at page 126.
An example of Messrs. Napier’s horizontal engine is
given in fig. 57, which is a representation of the en-
gines of the armour-plated steamer Rolf Krake, con-
structed by Messrs. Napier & Sons for the Danish
navy. In the first examples of this species of engine,
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constructed by Messrs. Napier, the piston rods, in-
stead of being attached to a cross head moving in
guides, were attached to a great plunger which con-
stituted the bucket of the air pump; and from the.
bottom of this plunger, which was cast open at one
end like a trunk, the connecting rod proceeded to turn
the crank. But this plan is much inferior in simpli-
city and eligibility to that which Messrs. Napier have
since adopted, as shown in fig. §7, and which, in the
application of counter weights and otherwise, resembles
the form of engine introduced by me in 1852.

Messrs. Day & Co. The screw engine of Messrs.
Day & Co. of Southampton is also of the horizontal
steeple variety, but in most of the details it is the
most judiciously arranged engine I have met with.
A representation of Messrs. Day’s engine is given in
JSig. 58, which is engraved from a photograph of the
engines of the steam screw yacht Brilliant, of 100
horse power, constructed by Messrs. Day. This
vessel is 191 ft. long, 21 ft. broad, and of 419
tons builder’s measurement. There are two engines,
each with a cylinder 40 in. diameter, and 2 ft. stroke ;
and with a pressure of steam in the boiler of 20 lbs.,
and a vacuum in the condenser of 27 in. of mercury.
The engines make 90 revolutions per minute, and exert
510 horse power, Fig. 59 contains two indicator
diagrams taken from one of the engines, one diagram
being taken from the cylinder on one side of the
piston and the other diagram from the other side.

It will be seen by a reference to fig. 58 that the
cylinders lie on the one side of the screw shaft, and
the condensers on the other, as is the common arrange-
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ment in this class of engine, and a single pipe
conducts the exhaust steam from the oylinder to the
condenser. The cylinders are cast with a square box
around them, which is filled with steam from the
boiler; but the upper part of the space between this
box and the cylinders constitutes a passage for the
exhaust steam, and is consequently separated from

Fig. 59.
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the rest of the box by a proper partition. The box
itself is lagged to prevent the dispersion of the heat.
The condenser stands between the guides of the two
engines, in which situation it is quite out of the way,
and leaves the guides perfectly accessible. Messrs.
Day & Co. very generally employ surface condensers,
but they are so compact that their presence is scarcely
known by any external sign ; and by merely opening
a communication valve they may at any time be con-
verted almost instantly into common condensers. The
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air pump of one engine acts as a circulating pump for
the refrigerating water; and the water is sometimes
drawn through the tubes and sometimes forced. The
other air pump more than suffices to pump out the
small quantity of water arising from the condensa-
tion of the steam ; and the two air pumps are at any
time available for their ordinary duties, should the
condensation by jet be at any time resumed.

Messrs. Humphrys & Tennant. These makers
generally employ double-cylinder engines, which in
some cases, a8 in that of the Moultan, are vertical, and
in other cases, like that of the Poonah, are horizontal.
In the engines of the Moultan, the cylinders are
inverted, and stand above the screw shaft; and the
connecting rods, which are jointed to the ends of the
piston rods as in locomotives, work down to the shaft.
There are two large cylinders, and two small ones,
the large cylinders being 96 in. diameter, and the
small ones 43 in. The stroke of both is 3 ft. The
two pistons are fixed on one rod, vertically over each
other. The total heating surfacein the boilers is about
12 sq. ft. per nominal horse power. The engines are
fitted with Hall’s surface condensers containing about
the same surface as the boilers ; and the cold water is
caused to flow through them by a centrifugal pump on
Appold’s system, made by Easton & Amos. The
boilers are also previded with Lamb’s superheating
apparatus, which contains about 3} sq. ft. of surface
per nominal horse power. The engines of the

" Poonah are similar to the foregoing, only horizontal.
In Messrs. Humphry’s recent horizontal engines,
the air pump, which is also horizontal, and is placed
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beneath the condenser, is so constructed as to drain
the condenser completely at every stroke; and the
pump barrel is at all times filled with water, which
being pressed by the air pump piston, displaces the
water which last entered.

Messrs. Caird & Co. In their recent examples of
screw engines, Messrs. Caird & Co. of Greenock have
introduced surface condensers and other expedients
to promote economy of fuel. The following are the
principal particulars of the steamer Hansa, built to
ply between Bremen and America :—The engines are
direct acting, having inverted cylinders of 80 im.
diameter, with & stroke of 3 ft. 6 in. The slide valves
are double-ported, worked with a link motion, and
having a variable grated expansion valve, placed im-
mediately behind the main slide valve, worked by an
eccentric and a shifting link, to vary the cut off from
the cylinder as required. The crank shaft is 16 in.
diameter at the bearings ; the screw shafts are 143 in.
diameter ; the propeller shaft bearings are covered
with brass, and the stern pipe is bushed with brass.
The surface condenser has 38,5684 brass tubes, 1in.
external diameter, and 7 ft.long ; the steam to be con-
densed surrounds the tnbes, and cold water is passed
through them at the rate of from 750 to 1,000 cubic
ft. per minute, as may be necessary. The water is
pumped from the sea by two horizontal double-acting
pumps, worked from the forward end of the crank
shaft. These pumps are 21in. diameter, with a
stroke of 24 in. The boilers are in four separate
parts, having four furnaces in each part, with a total
grate surface of 350 aq. ft., and a heating surface of
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9,200 sq. ft. The superheating chest is placed im-
mediately under the funnel, and has a total heating
surface of 2,100 sq. ft.© There are two safety valves
to each boiler, loaded to 25 lbs. per sq. in. There is
also an auxiliary boiler for keeping up the supply of
fresh water that may be lost through blowing off
steam, or from leaky joints. The grate surface of
the auxiliary boiler is about 24 sq. ft., and the heating
surface about 500 sq. ft. There is also a small boiler
for working the deck winches ; and a donkey engine
for the steam of the boiler to work.

Rowan’s Expansive Steam Engine. This species of
engine combines the various improvements of a high
pressure of steam with superheating and surface con-
densation ; and is reported to have acted with a
smaller consumption of fuel than has been heretofore
attained in any engine whatever. In one case, an
engine of this kind was reported by Professor Ran-
kine as capable of working with a little over 11b. of
coal per indicated horse power per hour; but this
measure of economy does not appear to have been
supported in practice. Fig. 60 is a representation
of Rowan’s engines as applied to drive the screw
propeller. There are two inverted engines combined
as usual at right angles, to turn round the screw shaft,
But each engine has three cylinders—the middle one,
which is the smallest, being a high pressure one, and
the two side ones being low pressure. The three
piston rods are connected to a cross head, and move
up and down simultaneously. The steam, after hav-
ing acted on the piston of the high pressure cylinder,
passes into the low pressure cylinders, from whence
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Fig. 60.

Rowan’s TreBLE CYLIiNDRR Expanstve ENGINR,
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it passes into a tall cylindrical vessel, traversed by
small vertical tubes, and filled with cold water. The
water surrounds the tubes; and through them the
steam passes and is condensed and returned to the
boiler as hot distilled water. An agitator is kept
revolving ‘within the cylindrical vessel to insure the
cold water being equally distributed among all the
tubes, and one of the air pumps is fitted up to main-
tain a circulation of water through the condenser,
while the other is fitted to act as an air pump in the
usual manner. About 10 or 11 sq. ft. of condenser
surface per nominal horse-power is the proportion
given in Rowan’s engines. .

Messrs. Simpson & Co. Messrs. Simpson & Co.
of London have lately introduced a species of double
cylinder engine in which the high-pressure cylinder
is placed within the low-pressure cylinder ; the latter
being in fact an annular cylinder, with a cylinder of
smaller diameter within it. The steam is admitted
and discharged from both cylinders by means of a
single valve; and the arrangements appear on the
whole to be such as will commend themselves to
public approbation.

Millwall Iron Company. The direct acting engines
constructed by the Millwall Iron Company for the
West India Mail Company’s screw steamer Rhone
have two inverted cylinders working down to the
screw shaft; and the engines are fitted with surface
condensers, the pumps for maintaining a circulation
through which are placed in a horizontal position at
the end of the engines, and are worked off a crank
on the end of the screw shaft. The intermediate

X .
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shaft is formed of Krupp’s steel; and the workmanship
and materials of the engines are of the very first
quality: A drawing of theee engines is given in fig. 61.
In another set of engines by the same makers,
there are three inverted cylinders working down to
the screw shaft, and the cylinders have steam jackets
and other economical arrangements which are ex-
to reduce the consumption to a little over

2 1bs. of coal per actual horse-power per hour.
Messrs. R. & W. Hawthorn. The marine engines
of these makers have long enjoyed a very high repu-
tation for efficiency and durability, and for a most
remarkable exemption from accidental derangements
or break-downs. Their screw engines are of the
horizontal kind, with the condensers opposite to the
cylinders ; - and long eduction pipes communicating
from the one to the other as in Messrs. Penn's ar-
rangement. But instead of the trunk, a short con-
necting rod joined to the piston rod is used after the
fashion employed in locomotives. In the engines of
H.M. screw gunboat Shearwater, constructed by
Messrs. Hawthorn, the cylinders are 40 in. diameter,
and the stroke 22in. The nominal power is 150
horses, and the pressure of steam in the boiler is
20 lbs. per sq. in. There are two boilers of the
ordinary gunboat construction, with three furnaces in
each; and 297 brass tubes running at right angles to
the furnaces, and containing a total heating surface
of 2,892 sq.ft. or 19'2 sq. ft. per nominal horse-
power. ‘The Shearwater is a vessel of 669 tons;
and with a displacement of 840 tons, and an area of
midship section of 278 sq. ft., she realised a speed of
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9 knots, the engines making 92 revolutions per
minute, and exerting 632 actual horse-power. The
screw propeller is one of Griffiths’ of 10 ft. diameter.
Here, then, I close my remarks on marine engines
of recent construction ; and notwithstanding the in-
numerable and incessant efforts which have been
made to introduce new improvements, I do not see
that any considerable improvement has yet been intro-
duced. Superheating, from which such exaggerated
benefits were at one time expected, has collapsed to
its proper dimensions ; and it is now found that about
the same amount of superheating as obtained in the
old flue boilers is the most beneficial. The pressure
has been gradually increasing, and that no doubt is
8 benefit if adequate measures be simultaneously
adopted to increase the strength of the boiler. But
the existing marine boiler is ill adapted to withstand
any considerable pressure ; and, as things now stand,
to increase the pressure is to increase the risks of
explosion. The method of surface condensation now
so generally employed in steam vessels I do not
believe will be permanently retained, at least in its
present cumbrous form ; and on the whole there is very
little that is new in marine engines which can be cha-
racterised as a permanent amelioration. The intro-
duction of the governor and the use of steel for shafts
are valid steps of improvement, though not very mo-
mentous ones; and, indeed, the use of a steel shaft is
only tantamount to the employment of an iron one so
much larger than before. We now require marine
boilers capable of enduring high pressures of steam
with safety, and if salt water is used in the boilers,
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we require the introduction of some arrangement
which will prevent the sulphate of lime from being
precipitated-on the heating surfaces, which takes
place at a temperature answering to 401bs. pressure
of steam without any concentration of the water at
all. We also require the introduction of some simple
and effectual mechanism for firing the furnaces,
especially in the case of large vessels employed in
warm climates. It would also be an advantage,
especially in the case of vessels performing long
voyages, if some really effectual and unobjectionable
method could be introduced of burning the smoke.

LOCOMOTIVE ENGINES.

There are two main objects of aspiration which
are s¢t forth in the designs of many of the modern
locomotives; the one to burn the smoke so as to
enable coal instead of coke to be either wholly or
partly used in the furnace; the other to realise great
tractive power, so as to enable each goods engine to
draw heavier trains than heretofore. Neither of
these indications can be said to have been very per-
fectly fulfilled by any of the plans hitherto pro-
pounded for that purpose ; and in seeking to increase
the power, various forms of monstrosity have been
produced, promising neither eminent success nor
great longevity. In particular, the recent goods
engines on some of the continental railways are re-
markable examples of retrograde improvement; and
it does mnot appear probable that the use of such
cumbrous and gouty structures can long be retained
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after the stimulus of novelty attending their creation
has passed away.

The various plans which have been propounded
for burning smoke in locomotives are mostly repro-
ductions of old plans long since tried in land and
marine engines, and gradually abandoned. The prin-
ciple on which these various arrangements are
founded is either that of admitting air above the
fuel, to burn the smoke, or that of using a sufficient
area of fire bars, and a sufficiently thin fire, to enable
the quantity of air required to burn the smoke to
pass through the fire; and the smoke is conducted
either among hot bricks and tiles, or over incan-
descent embers, to induce the more effectual union of
the uncombined oxygen in the air with the uncon-
sumed carbon in the smoke. All these methods, how-
ever, are only methods of approximation, which
though they diminish the smoke by no means pre-
vent it ; and the consequence is, that locomotives pre-
tending to burn the smoke, or unlawfully using coal
even without this plea, are now spreading such large
volumes of smoke over the face of the country as to
constitute a new and serious nuisance. Heretofore
coke only was used in locomotives, when of course
no smoke was created. But, of late years, they have
been gradually sliding into the use of coal ; and the
probability is, that the nuisance will go on increasing
until it becomes intolerable, and is finally subverted
by the strong hand of power. Some of the smoke-
burning expedients employed are merely hollow pre-
texts for the evasion of the obvious duty of burning
the smoke.
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COAL-BURNING LOCOMOTIVES.

It would be impossible to enumerate within the
limits to which these remarks have to be restricted,
the numerous projects which have been propounded
at different times for burning the smoke in steam
boilers.- Among those who have directed their at-
tention to burning smoke in locomotives, the plans of
Gray, Dewrance, Yarrow, M‘Connell, Beattie, Cud-
worth, and Tembrinck, and especially the four last,
have sattracted most attention, and some of these
expedients have obtained a pretty wide introduction.
In M‘Connell’s arrangement the fire-box is divided
longitudinally by a water space, 8o as in reality to
form two furnaces like the furnaces of a marine
boiler. Air is admitted at sundry openings at the
front and sides of the fire-box, and the tubes are con-
siderably shortened in the barrel of the boiler, so as
to leave room for a combustion chamber in which the
smoke may rest and be burned. In some of the
forms of Beattie’s boiler, a similar combustion cham-
ber is employed, and an excellent and recent example
of his engine is given in fig. 62, which is a repre-
sentation of the express passenger engine Lacy,
placed upon the London and South-Western Railway
in 1864. In this engine the diameter of cylinder is
17 in.; stroke, 22 in.; working pressure, 135 lbs. per
sq. in. ; diameter of barrel of boiler, 4 ft.; length
of barrel, 9ft. 6in.; length of fire-box, 4ft. 6in. ;
width of fire-box, 4 ft.; heating surface of fire-box
and chamber, 17836 sq. ft. ; heating surface of hol-
low stays, 32:63 sq.ft.; heating surface of tubes,
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59831 sq. ft.; total heating surface, 809'3 sq. ft.
The driving and trailing wheels are coupled, and are
7 ft. in diameter ; the leading wheels are 4 ft. in dia-
meter. The distance between the driving and lead-
ing wheels is 6 ft. 24 in., and between the driving and
trailing wheels, 8 ft., making the total length of the
wheel base 14 ft. 24in. The total weight of this
engine is about 32 tons, distributed as follows: on
the driving wheels 12 tons; on the leading wheels,
11 tons ; and on the trailing wheels, 9 tons. There
are 18 of these engines already made, and others in
course of construction. The average consumption of
fuel in these engines is 24 lbs. per mile, the average
load being 155 carriages, and sometimes 30 carriages
are taken. The average speed maintained with these
engines is for express trains, 45 to 50 miles an hour,
and for ordinary trains, 30 to 40 miles an hour. The
piston rods, connecting rods, coupling rods, cross
heads, wheel tires, and other main parts are of Bes-
semer’s steel ; and Allan’s straight link is used for
transmitting the motion to the valve.

The smoke is burned by dividing the furnace into
two furnaces by the inclined water bridge running
from side to side of the fire-box, which bridge is per-
forated ; and the space between it and the furnace
door is covered by a perforated fire block, thus form-
ing an inclosed furnace, the smoke from which must
escape through the perforations. This furnace is
fitted with a door of its own below the ordinary fire
door, which is placed higher than usual; and the
furnace next the tubes may be fed with coke, while
the other is fed with coal. The smoke escaping
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through the perforations is deflected by the hanging
bridge down towards the incandescent coke, and is
consequently in a great measure consumed; and the
products of combustion pass through a number of
short pipes into the combustion chamber, and from
thence into the tubes. These engines are also fitted
with Mr. Beattie’s feed-water heater, which employs
a portion of the exhaust steam to heat the feed-water
boiling hot. In consequence of this arrangement, Mr.
Beattie is precluded from using Giffard’s injector ;
-and the boiler is fed by pumps in the usual manner,
which seems, all things considered, to be the prefer-
able arrangement.

The peculiar feature of Cudworth’s engine, repre-
sented in fig. 63, is the fire-box. This is made
very long, and is carried back over the hind axle;
the fire-grate is inclined towards the tube-plate,
and at the lower end it is furnished with a trap-
door through which the clinkers and ashes are dis-
charged, and the fire is dropped. The fire-door is
perforated ; and air is admitted through it when
necessary.

A thin fire is kept on the grate. The fresh fuel is
supplied at the upper end only, and it gradually
descends during combustion, so that there is only a
bright clear fire at the lower end. The gases evolved
from the fresh fuel mixed with air passing through
the grate and door, are sufficiently heated in their
way to the tubes to inflame, and hence less smoke
is made. It isone of the advantages of this engine
that owing to the fire-box projecting over the hind
axle the weight on the coupled wheels is increased
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and equalised. In fact the weight of the engine is
equally distributed over all the wheels.

Sharp, Stewart & Co.’s smoke-burning locomotive,
which is represented in fig. 64,is very similar to
Cudworth’s. This engine has been specially designed
for working a heavy goods traffic on & line having
sharp curves and steep gradients. The principal
dimensions are as follows: inside cylinders, 19 in.
diameter, and 24 in, stroke; there are six wheels
coupled, of 4ft. 4in. diameter: the weight on the
leading axle is 12 tons 17 cwt., on the centre axle
13 tons 19 cwt., and on the hind axle 11 tons 13 cwt. ;
making a total weight of 38 tons when the engine is
in running condition.

The form of coal-burning locomotive furnace em-
ployed on many of the French railways is repre-
sented in fig. 65, which shows the fire-box of one of
the locomotives employed on the Paris and Orleans
railway, and in which Tembrinck’s system of burning
the smoke is introduced. A is the fire-box in which
the fire is placed, resting on the fire bars B, and these
bars are made taper,so as to have a narrower air
space near the furnace mouth than furtherin; cis a
set of subsidiary bars set in & frame which may be
opened to drop the fire, or to let the clinker out; o
is a water space running obliquely across the furnace
nearly parallel to the bars; & is a mouthpiece to
receive the coal which is there roasted by the radiant
heat from the fire; and thd expelled gas is burned by
coming into contact with the flame from the fire
after being mixed with the air which enters through
the air-valve at ¥, which is regulated by the handle @;
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H is one of the doors opening into the fire-box. It
is stated that in these engines the evaporation with

Fig. 65,

B eepete

==& -0 0 L0

Firg-Box on TEMBRINCK'S SYSTEM.

coal is about the same as with a.n'equal weight of
coke, and that the expense of the fuel is only half as
great as when coke is employed.
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FOREIGN GOODS LOCOMOTIVES.

Some idea will be formed of the kind of ‘steam
elephants ’ employed on some of the foreign railways
in conveying goods, by a reference to figs. 66, 67,
and 68, and which are a side elevation and two
transverse sections of one of the 8-wheeled goods
engines employed on the Northern Railway of France.
It will be observed the fire-box is considerably wider
than the width between the wheels; and the barrel
of the boiler is erammed so full of tubes as to leave
scarcely any room for steam, and little facility for the
circulation of the water. Of course such a boiler
will prime ; but to meet this difficulty a superheater
is carried along the top of the boiler: and as with
all this gear the erection would be too high to go
under the bridges with the addition of the chimney, a
horizontal chimney a little turned up at the end is em-
ployed. Machines however even still more formidable
than this are used in some cases ; and on the same line
engines with twelve coupled wheels and four cylinders
are employed, two of the cylinders being placed at one
end of the engine and driving six of the wheels, and
the other two cylinders being placed at the other end
of the engine and driving the other six wheels. So far
as these parts are concerned, there are virtually two
locomotives ; but there is only one boiler resting on
one framing, in which all the wheels are placed. To en-
able such a great length of coupled wheels, however,
to get round curves the fore and after axles of each
group of six wheels is susceptible of a little end play;
and a horizontal lever with a fulecrum over the centre
axle of each group extends to the fore and after axle
of each group, to which it is so connected that when
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the fore axle moves a little on end in one direction,
the after axle shall be constrained to move a little on
end in the opposite direction. By this complex ar.

Fig. 67.

Goovs EnGINE NorTHERN RaILWAY or France.
Cross Section through Fire-box.

rangement the one group of six wheels is enabled so

to arrange itself relatively with the other group that

an effect tantamount to that produced by a joint in the
1
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frame is obtained. The peculiar features of this
engine will be better understood by a reference to fig.

Fig. 68,

Goops ENGINE, NORTHERN RAIlLwAY orF FraNncE,
Cross Section through Smoke-box.

69, where A a are the cylinders, B the boiler, 8 the
superheater, and ¢ the chimney.

One of the engines of the Orleans railway is repre-
sented in fig. 70, but as it resembles the construction
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of common locomotives, it is unnecessary to de-

scribe it.

Fig. 10.
EionT-CourLEy WHERL LOCOMOTIVE OF ORLEANS RAILWAY,

One of the steepest gradients which has to be sur-
mounted by railways in any situation is that known
a8 the Scemmering incline, on the line from Vienna to

. Trieste, where it crosses the Styrian Alps, Various
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rig. 1.

Tzn-CourLep WassL LocoMoTive or SGMMERING INOLINS, 1856
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special forms of locomotives have been contrived to
surmount this difficulty, in some of which the wheels
of the tender were driven from the engine by pitched
chains, and in other cases spur wheels between the
axles are empolyed. Fig. 71 represents the form of
engine employed on this service in 1856, and fig. 72
represents the form employed in 1861, In this last
example the tender is attached to -the engine in the

Eicur-CourLxp WremL Enxomvz or S®MMERING INoLINE, 1861,

manner usual upon other railways ; but in fig. 71 the
tender is stuck on to the end of the engine and is
supported upon wheels which are put into revolution
by means of rods proceeding from the nearest wheels
of the engine, which wheels are themselves put into
revolution by means of gearing. Upon the third
axle of the engine a toothed wheel is fixed, which
gears into another toothed wheel of the same size,
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and this last wheel gears into another toothed wheel
on the next axle and turns it round. The positions
of these toothed wheels are shown in the figure by
dotted circles.

In some of the forms of engine with four cylinders,
and six coupled axles, three of the axles and two of
the cylinders are attached to a framing, on which the
boiler rests on two points, one on each side of the fire
box, while the other three axles and the other two
cylinders are attached to a bogie or independent
carriage travelling upon a centre on which the
smoke box rests, and this bogie accommodates itself to
the curves of the road. Such a device however is only
a clumsy approximation to two independent engines,
and the use of two engines with the footplates
brought together as recommended by me in my
‘ Treatise on the Steam Engine ’ in 1845, so that one
set of handles might govern the movements of both
engines and one stoker fire both furnaces, would be
greatly preferable to the use of those uncouth levia-
thans. The great height of these engines relatively
with the width of base necessarily makes them top
heavy ; while the relative narrowness of the gauge
—which limits the diameter of the barrel of the boiler
and consequently the area for the introduction of the
tubes—has led to such crowding and such contraction
of the areas in this part, as to diminish the efficiency
of the heating surface, besides leading to other incon-
veniences.

The principal dimensions of some of the more re-
markable of the continental locomotives are given in
the following table :—
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PARTICULARS OF FOREIGN

Line on which the Bngineruns . .| . Northern of France
Engerth ¢ 4 cylinders
Kindof Engine . . . . 4 coupled :g'ﬂ 6 driven
Diameter of cylinder in inches . . 1968 18-89 1732
Length of stroke ininches . . . . 25°98 18-89 1732
Diameter of driving wheel in inches .| 4960 6299’ 4173
Prieu:re of steam in lbs. per square 120 135 135
nc .
Heating fnu-l‘we of fire box in 1571 10764 10764
squarefeet . . o . . .

H:lnng surface of tubes in lquare 2004°55 168776 217
Tzf)ul hutlng mrhco in lqwe‘ 3120°26 179540 2378814

nghkt of on;lne in tons when at 88 99 13134

WOrk . . .« . . . .

;Vﬂght O”l:nid“ in w}n l;cil 4 5(r16 —_ -
'otal weight in tons of engine an E
tender at work . 13816 9 13134

Weight producing adhesion in wm K 88 99 131-34

Greatest load drawn in tons . o 655 436 655

Speed regulnrly maintainedin milel 124 124 124

per hour in ascending incline .
* To this has to be added heating surface of superheater 130 square feet.

AMERICAN LOCOMOTIVES.

The American locomotives differ in several of their
features from those which are employed in this
country, and there is nearly always some special
feature in the traffic, the fuel or the climate to warrant
the distinction, and to render it judicious ; but the
difference is not nearly so great as that which obtains
in some of the continental locomotives. The fore part
of the engine is usually supported upon a small four-
wheeled truck or bogie ; a large cone is placed around
the chimney for catching the sparks, which are very
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GOODS LOCOMOTIVES.

Orieans. Lyons. Em“ m of ‘%md Soemmering. Tarin.
4 coupled | 3 coupled 3 coupled | Enmerh | o ang
3 axles, sepa- | 4 coupled | pyje 6 coupled
rate . | race 3 t‘m rate tender, | 5 :"‘:“"l axles.
1968 1771 19-68 17-32 1870 1598
2569 25°59 2598 23°62 24 01 2196
45°66 51'18 49°60 5511 41°92 48°03
120 120 120° 120°13% 14625 uz
11450 89:34 104-49 8611 75°35 © 15715

211108 124508 2022-09 1442°35 167151 200633
222636 1334-42 212658 | 1528:46 164686 216352

9 U 814 9 726 91-52 1452

4004 “ 528 44 572

137°28 1234 161-8 1166 14872 1462

97U 814 99 726 14873 1452
254 122 600 300 250 120
93 93 124 155 93 930

t To this hasto be added heating surface of superheater 239 square feet,

inconvenient when wood is burned. A sort of inverted
saucer over the mouth of the chimney deflects the
sparks downwards into this cone, whence they are
drawn off at intervals by a small door. The top of
the cone is covered with wire gauze, to intercept any
sparks which escape being driven out of the cone.”  In
the front of the engine is an arrangement of bars of
iron called a cowcatcher, for throwing any object off
the line which may happen to be upon it; and this
apparatus also acts like a snow plough, should snow
have fallen on the line. Fig. 73 is a side elevation of
a common form of American locomotive; A is & shed
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or covering for protecting the engine driver from the
weather ; B is a bell which is rung when the engine
approaches stations ; ¢ is an inverted cone round the
chimney to catch sparks from the furnace ; b, situation
of cowcatcher ; E is the truck or bogie by which the
fore part of theengine is supported ; and F is a lamp to
givelight by night. The driving wheels are generally
four in number, coupled together ; they are commonly
from 5 ft. to 5 ft. 6 in. diameter, or when great speed
is required, they are 6 ft.,, and sometimes 7 ft. in
diameter ; but it is almost the invariable custom to use
four coupled wheels for all speeds. The coupled
wheels are placed about 18in. asunder; the hind
pair is furnished with flanges, but the leading driving
wheels are usually without flanges, and are commonly
cylindrical, instead of being somewhat coned. The
cylindrical wheels are said to wear much better than
the coned, and to cause less oscillation., For working
steep inclines, engines with eight wheels coupled, and
from 2 ft. 6 in. to 2 ft. 9 in. diameter, are usually em-
ployed. These wheels are generally of chilled cast iron.
It is usual to make the driving wheels of passenger
engines with cast-iron centres and wrought-iron
tires, but sometimes the tires are of chilled cast iron,
which is said to be better fitted to endure the frost.
In the heavy engines employed in transporting coal
on the Reading Railway, and which burn anthracite
coal, there are eight coupled wheels of 43 in. diameter,
and the cylinders are 19in. diameter, and 22in.
stroke ; the boiler is 46 in. diameter, and contains
108 iron tubes, 2} in. external diameter and 14 ft.
long ; the furnace is 7 ft. long, and the bars are cast
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in pairs, and are made moveable by a lever, so that
the clinker may be readily broken up. The ash pan is
made to contain a few inches of water, to prevent the
bars from béing burnt out. A good deal of the coal
is said to be wasted in these engines, from being
carried up the chimney by the draught; and a good
deal by falling through the bars of the grate. Upon
the whole, anthracite coal cannot be said to have been
very successfully introduced in locomotives. It is
severe upon the furnace, and the evaporating efficacy
reached does not appear to have been more than 71bs.
of water per pound of coal, which is a good deal less
than is obtained with coke.

There are generally no buffers between the engine
and tender of American locomotives, but a wedge is in-
terposed between the abutting surfaces to prevent
shocks. In the various carriages of the train, central
buffers alone are used. The whistle is larger than that
used on the English lines. Glass gauges are not found
to stand, and four or five gauge-cocks are employed
instead. The feed pumps have air vessels both on the
drawing and the forcing sides. The link motion is in
universal use. The axle boxes are usually made close,
and are supplied with oil, and provided with leather
washers to keep the oil in. The boxes do not require
to be packed or oiled more than once a month. The
boxes are sometimes of bell-metal, sometimes of a
composition of 921 parts of zinc and 7} parts of
copper, and sometimes are lined with, or wholly com-
posed of, soft metal.

To give toughness to the cast iron wheels, they
require, after having been cast in a chill, to be annealed.
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The wheels, therefore, as soon as they are set, and
while yet red hot, are transferred to pits which have
been made very hot by anthracite fires. The pits are
hermetically sealed, to prevent the admission of air;
and after three days the wheels are taken out, when
the annealing process is found to be completed. The
annealing does not affect the chilling of the tire,
which is half an inch deep, as the operation of chilling
takes place when the metal sets. It is necessary,
however, with these chilled wheels to be careful
not to apply the breaks too suddenly, so as to occasion
slipping on the rails, as the friction takes out the chilt
at that spot and causes a flat soft place to form on
the wheel, which destroys it altogether. Brake blocks
of cast iron are used in some cases, and are found to
be preferable to wood. The brakes are set by winding
a chain in connection with them on an upright barrel
having a handwheel at the top. In cases of emergency
it has been proposed to work the brakes by a friction
wheel which may be instantly pressed down on the
driving wheel of the engine. A cord is carried
along the top of every carriage of the train to a large
gong bell placed on the engine. This cord is formed
in lengths equal to the length of a carriage, and the
pieces are connected together by metal snaps. A
small shaft led along the top of each carriage with
square or triangular ends and sockets and universal
joints would be an equally simple arrangement. It is
not found practically in America that there is any
trouble in connecting the cord to the new carriages
when a change in the carriages takes place. :
The American railway carriages are of much larger
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dimensions than those employed in this country. The
bodies are commonly made about 45 ft. long, 9% ft.
wide, and 7 ft. high. The carriages are open from end
to end, and at the end doors are placed, opening upon
platforms protected by railings, and establishing a
passage between one carriage and the next adjoining.
From the platform stairs descend, by means of which
passengers enter or leave the carriages. The seats
are ranged on each side of a central passage ; and the
backs of the seats are made to turn either way. On
the roof of the carriages ventilators are placed; and
there is a stove to warm the carriage in winter, and a
supply of drinking water. To prevent the dust from
arising, a canvas curtain has been introduced outside
the wheels on some lines, extending from the carriage
floor to the ground, whereby the dust is prevented
from being sucked up by the motion of the train. In
other cases jets of water propelled by a centrifugal
pump, moved by a friction roller resting on one of the
wheels, have been introduced in an air space on each
side of the carriage, through which the air is ad-
mitted ; and the air is thus cooled and freed from dust
by the same operation.

The carriage rests at each end on a truck or bogie,
the wheels of which are as far apart as the distance
between the rails, so that the plan of such a truck
forms a square. Indiarubber springs have been tried,
but the result has not been satisfactory ; and plate or
volute springs are now usually employed.

In all the American locomotives, the internal fire
box is considerably smaller at the top than at the
bottom, so that the sides are much inclined, whereby
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the escape of the steam from the surface of the metal
is facilitated, and the overheating of the plate pre-
vented. The fire boxes are almost universally of iron.
The tubes of the boiler are generally of copper—few
iron or brass tubes being in use, except that in engines
using anthracite coal, iron tubes are used to diminish
the wear caused by the hard particles of coal carried
up by the draught,and which copper cannot so well
withstand. The general proportions of the American
locomotives do not differ materially from those pre-
vailing in England. On the whole, however, the blast
pipes require to be smaller, and the draught more
intense for engines burning wood, to maintain suffi-
cient vividness of combustion; and the disposition
now is to place the tubes farther apart than formerly,
a8 has been long found in this country to be expedient.
In some engines it has been found that an increased
supply of steam was obtained by removing some of
the central tubes; and the tubes are never placed
closer than § of an inch apart.

There is a separate blast pipe from each cylinder ;
and these pipes terminated at about the level of the
lowest row of tubes. Suspended over these pipes,
however, is & pipe entitled a ¢petticoat pipe,” about
8 in. in diameter, which reaches nearly to the base of
the chimney ; and this pipe being generally made
conical, has a petticoat configuration. The object of
this arrangement is to equalise the draught through
the different rows of tubes, as when the blast pipe is
carried up to the level of the top row of tubes, the
greatest draught will be through them.
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STANDARD FORMS OF ENGLISH LOCOMOTIVES-— BROAD
GAUGE ENGINES.

The most powerful class of engines constructed for
the broad gauge is that of the Great Britain and
Iron Duke, of which the main particulars are given
at page 84 of my ¢Catechism of the Steam Engine,’
and of which a cross section is given in fig.74. In
this engine, the cylinders are 18 in. diameter and 24 in.
stroke. The grate contains 21 sq. ft. of area, and there
are 305 tubes of 2 in. diameter in the boiler. The
total heating surface is 1,952 sq. ft., and a cubic foot
of water may be evaporated in the hour by every
5 8q. ft. of heating surface. An engine of this class
will exert 750 actual horse-power. The pressure in
the boiler is 100 Ibs. per sq. in., and the initial pres-
sure in the cylinder is about 101lbs. less. But at
high speeds the pressure in the valve box is greater
than that in the boiler, which may be imputed to the
momentum of the steam when its continuous flow is
arrested by the shutting of the slide valve. At 60
miles an hour, when the handle which moves the
link was in the first notch, and the steam cut off at
} of the stroke, the back pressure, when the area of
the blast orifice was {4 of the area of the piston, was
36 per cent. of the total pressure; and when the area
of the blast orifice was enlarged to ;1. of the area of
the cylinder, the back pressure fell to 10 per cent.

The pressure upon the slide valve of the Iron Duke
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was relieved by means of a balance piston connected
with the back of the valve by means of a link. But
in locomotives this method of construction has not
yet been carried out in & satisfactory manner. For
moderately-sized engines it is perhaps hardly re-
quired, and a gridiron slide, which reduces the travel
of the valve and correspondingly increases the
leverage available for working it, is probably a pre-
ferable expedient in most cases. The benefit of
taking off the pressure with a piston, instead of with
a ring applied at the back of the valve as in marine
engines, is that the valve is enabled to leave the face
and let the water out of the cylinder if the engine
should prime. But in the Iron Duke the pins at the
ends of the link connecting the valve and piston were
too small; and in all engines employing this ex-
pedient these pins should be very large so as to
have adequate surface, and proper arrangements
should also be introduced for their lubrication. To
this end a close grease cup should be applied to the
valve box with a side pipe to permit the steam to
enter above the oil, so that the oil might gradually
drip through the cock ; and a suitable groove or shoot
should be formed on the valve and piston to receive
the drip of oil and conduct it to the joints in what-
ever position the valve may be when the drop falls.
The communication pipe between the top of the
piston and the blast pipa should be large, so as to
equalise the pressure between the steam in the ex
haust passage and that on the top of the piston
else the valve will leave the face when the exhaustion
takes place.

The steam is drawn from the boiler through a per-
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forated steam pipe, and its admission to the cylinders
is regulated by a gridiron slide set in the smoke box,
and worked by a rod extending through the per-
forated steam pipe to the front of the boiler. The
damper consists of an arrangement of iron venetians
set against the ends of the tubes in the smoke box,
each of which acts as a hanging-bridge in retaining
the hottest smoke in contact with the tubes. These
venetians are lifted or lowered by an appropriate
handle, and the draught is thus regulatéd. The
width between the rails on which the wheels of this
engine run is 7 ft.

Narrow Gauge Engines— London and North- West-
ern Railway. The type of express passenger engine
employed on the London and North-Western Rail-
way, and constructed at the Crewe Works, is repre-
sented in fig. 75, and the following are the principal
dimensions of that engine:—Diameter of cylinder,
16 in. ; stroke, 24 in. ; driving wheels, 7 ft. 6 in. dia-
meter ; leading and trailing wheels, 3 ft. 6 in. dia-
meter; weight on leading wheels, 9 tons 8 cwt.;
weight on trailing wheels, 6 tons 2 cwt. ; weight on
driving wheels, 10 tons 10 cwt.—total weight, 27 tons ;
heating surface of fire box, 85 sq. ft.; heating sur-
face of 192 tubes, 1% in. external diameter and 10 ft.
9 in. long, 915 sq. ft. (internal); total heating sur-
face, 1000 sq. ft.

The distance of the leading from the driving
wheels is 7 ft. 7 in., and the distance of the trailing
from the driving wheels is 7ft. 10 in.—making the
length of the wheel base 15ft. 5in. The tender
carries 2 tons of coal and 1,500 gallons of water, and

m2



164 RECENT IMPROVEMENTS IN THE STEAM ENGIRE,

9981 ‘AYMTIVY NUSLSEAL HL¥ON GNV NOGNO] ‘ENIDNY UZONASSVJ ssauaxy

—— . . - .




REPLENISHING TENDERS WHILE RUNNING. 165

its weight laden is 17 tons 84 cwt. It runs on six
wheels of 3 fi. 6in. diameter.

This form of express engine, designed by Mr. Rams-
bottom, may be taken as representing the most ap-
proved form of construction in that class of locomo-
tives in 1865. The arrangements are characterised
by much simplicity and elegance; but their nature is
made so clear by the drawing that it is unnecessary
further to describe them.

Supplying Water to Tenders while running. Mr.,
Ramsbottom has contrived an apparatus which, by
enabling locomotive tenders to take in water while
running, obviates the necessity of such numerous stop-
pages as were necessary heretofore. This &pparatus,
represented in figs. 76 and 77, consists of an open
trough of water, lying longitudinally between the
rails at about the rail level, and a dip-pipe or scoop
attached to the bottom of the tender, with its lower
end curved forwards and dipping into the water of the
trough, so as to scoop up the water and deliver it into
the tender tank whilst running along.

‘The water trough A of cast-iron, 18in, wide at
top by 6 in. deep, is 1aid upon the sleepers between
the rails at such a level that when full of water the
surface of the water is 2 inches above the level of the
rails. The scoop B for raising the water from the
trough, is of brass, with an orifice 10 in. wide by 2 in.
high; when lowered for dipping into the trough, its
bottom edge is just level with the rails and immersed
2 in. in the water. The water entering the scoop
B is forced up the delivery pipe ¢, which discharges
it into the tender tank, being turned over at the top
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80 a8 to prevent the water from splashing over. Thé
scoop is carried on a transverse centre bearing D, and
when not in use is tilted up by the balance weight
clear of the,ground. For dipping into the water
trough it is depressed by means of the handle F from
the footplate, which requires to be held by the engine-
man as long as the scoop has to be kept down.

The upper end of the scoop B is shaped to the form
of a circular are, as is also the bottom of the delivery
pipe ¢, so that the scoop forms a continuous prolonga-
tion to the pipe when in the position for raising
water. The limit to which the scoop is depressed
by the handle ¥ is adjusted accurately by set screws,
which act as a stop and prevent the bottom edge of
the scoop being depressed below the fixed working
level. The set screws also afford the means of ad-
Jjusting the scoop to the same level when the brasses
and tires of the tender have become reduced by
wear, causing the level of the tender itself to be
lowered. The orifice of the scoop is made with its
edges bevilled off sharp, to diminish the splashing;
and the top edge is carried forward 2 or 3in. and
turned up with the same object.

The water trough A is cast in lengths of about 6 ft.,
80 as to rest upon each alternate sleeper, and is fixed
to the sleepers, the height being adjusted by means of
wood packing. The ends of each length are formed
with a shallow groove, in which is inserted & strip
of round vulcanised india-rubber, to make a flexible
and watertight joint, the metal not being in con-
tact; this meets all the disturbances arising from
expansion, settlement of road, and vibration caused
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by the passage of trains. The length of trough now
laid on the Chester and Holyhead Railway near Con-
way is 441 yds. on the level; and at each end the
rails are laid at a gradient of 1 in 100 for a further
length of 16 yds., the road being raised for that pur-

Fig. 76.
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pose, so that the summit of the incline is 6 in. higher
than the level portion: the trough is tapered off in
depth to & bare plate, so that the same thickness of
wood packing serves for fixing it throughout the
entire length. The portion of the line where the
trough is fixed is a curve of 1-mile radius, and the
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outer rail is canted 1in. above the inner, the wood
packing being made taper for fixing the trough
horizontal ; but the cant does not interfere with the
efficient action of the scoop on the tender, since it
amounts to only } in. on the 10in. width of scoop.

Fig. .
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At each extremity ‘of the water trough is an over-
flow pipe, limiting the height of water in the trough.

The trough contains 5 in. depth of water, and the
scoop dips 2 in. into the water, leaving a clearance of
8in. at the bottom of the trough for any deposit of
ashes or stones. - The trough is so eonstructed as to
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present no obstruction to be caught by any loose
couplings or drag-chains that may be hanging from
the trains passing over it; and experiments have
been tried with a bunch of hook chains and screw
couplings hanging down behind the tender and
dragged along the trough without any damage oc-
curring.

As to any difficulty from ice, a thorough trial has
been afforded by severe winters; and by means of a
small ice pleugh, which was run through the trough
by hand each morning, the coating of ice was re-
+ moved from the surface of the water, and no more
was formed afterwards excepting a film so thin that
it was removed by the scoop itself in passing through
the trough, without being felt at all. It has indeed
been shown, that the eontinuance of this action with
the succession of trains in ordinary working would
be sufficient in this climate to prevent the formation
of any ice thicker than could be readily and safely
removed by the passage of the scoop alone, even
during the severest seasons.

The prineciple of action of this apparatus consists
in taking advantage of the height to which water
rises’in a tube, when a given velocity is imparted to
it on entering the bottom of the tube ; the converse
operation being carried out in this case, the water
being stationary and the tube moving through it at
the given velocity. The theoretical height, without
allowing for friction, &c., is that from which a heavy
body has to fall in order to acquire the same velocity
as that with which the water enters the tube. Hence,
since a velocity of 32 ft. per second is acquired by
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falling through 16 ft., a velocity of 32 ft. per second,
or 22 miles per hour, would raise the water 16 ft.:
and other velocities being proportionate to the square
root of the height, a velocity of 30 miles per hour
would raise the water 30ft. very nearly (a conve-
nient number for reference), and 15 miles per hour
would raise the water 74 ft—half the velocity giving
one quarter the height. In the present apparatus
the height that the water is lifted is 7} ft. from the
level in the trough to the top of the delivery pipe in
the tender, which requires theoretically a velocity of
15 miles per hour; and this is confirmed by the .
results of experiments with the apparatus: for at a
speed of 15 miles per hour the water is picked up
from the trough by the scoop and raised to the top
of the delivery pipe, and is maintained at that height
whilst running through the trough, without being
discharged into the tender.

The theoretical maximum quantity of water that
the apparatus is capable of lifting is the cubic con-
tent of the channel scooped out of the water by the
mouth of the scoop in passing through the entire
length of the trough ; this measures 10in. width by
2in. depth below the surface of the water in the
trough, and 441 yds. length—amounting to 1,148 gals.
or § tons of water. The maximum result in raising
water with the apparatus is found to be at a speed of
about 35 miles per hour, when the quantity raised
amounts to as much as the above theoretical total ; so
that, in order to allow for the percentage of loss that
must unavoidably take place, it is requisite to measure
the effective area of the scoop at nearly the outside
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of the metal, which is } inch thick and feather-
edged outwards, making the orifice slightly bell-
mouthed and measuring at the outside 10} in. by
21 in. ; this gives 1,356 gallons for the extreme theo-
retical quantity. By experiment it appears that the
variation in the quantity of water delivered is very
slight at any speed above 22 miles per hour, at which
nearly the full delivery is obtained; the greater ve-
locity with which the water enters at the higher
speeds being counterbalanced by the reduction in the
total time of action whilst the scoop is traversing the
fixed length of the trough. It also appears that at
any speed above that which is sufficient to discharge
the water freely from the top of the delivery pipe, all
the water displaced by the scoop is practically picked
up and delivered into the tender. In these expe-
riments the water level was maintained the same in
the trough each time by keeping it supplied up to the
overflow orifice at each end; and the scoop was
lowered to the same level each time by means of the
set screws, the height of the tender itself being main-
tained practically the same in each case.

The construction of this apparatus was pressed
upon Mr. Ramsbottom by the accelerated working of
the Irish Mail, the arrangements connected with
which made it necessary that the train should run
from Chester to Holyhead (a distance of 843 miles) in
two hours. A supply of 2,400 gallons of water is
found to be required for this journey in stormy
weather, and it became necessary, therefore, either
very much to enlarge the tender tanks, or to intro-
duce an arrangement under which the tender could
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take up water while running. The latter expedient
was preferred, and it has now been matured and
utilised with complete success.

Goods Engines — Glasgow and South- Western
Railway. The most recent form of goods engine, con-
structed by Messrs. Hawthorn of Newecastle for the
Glasgow and South-Western Railway, is represented
in fig.78. The following are the main particulars of
that engine :—Diameter of cylinder, 16in. ; stroke,
22in.; area of fire grate, 13-33 sq. ft.; heating sur-
face of boiler, 930 sq. ft.; sectional area through tube
ferrules, 1'986 sq. ft. The tubes are brass of 12-wire
gauge at fire-box end, and 14-wire gauge at smoke-
box end, fixed with steel ferrules at fire-box end only.
Barrel of boiler 4 ft. diameter, and made of plates
Yiths thick. The leading and driving wheels are
5 ft. diameter coupled, and have tires of cast steel.
The trailing wheels are 3 ft. 6 in. diameter, and have
tires of the best Yorkshire iron. This class of
engines has inside bearings only to all the axles, and
the boiler is supplied with water by one of Giffard’s
No. 8. injectors.

Coupled Passenger Tank Engine—London, Chat-
ham, and Dover Railway. This engine, also con-
structed by Messrs. Hawthorn, is represented in fig.
79, and its principal dimensions are as follows:—
Diameter of cylinders, 15in. ; stroke, 22in.; area of
fire grate, 1575 sq. ft.; heating surface of boiler,
906 sq. ft.; area through tube ferrules, 1963 sq. ft.
The tubes are brass, of 9-wire gauge at the fire-
box end, and 13-wire gauge at the smoke-box end,
and are fixed at each end with malleable cast-iron
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ferrules. The barrel of the boiler is 3 ft. 9in. dia-
meter, and is made of Lth plate. The leading
wheels are 3 ft. 6 in. diameter, and the driving and
trailing wheels are 5 ft. 6 in. diameter coupled. All
the wheels have cast-steel tires. These engines have
both outside and inside frames, and the boiler is
supplied with water by two of Giffard’s No. 8
injectors,

Coupled Express Passenger Engine— Great North-
ern Railway. This engine, also constructed by
Messrs. Hawthorn, is represented in jfig. 80. The
chief dimensions are as follows:—Diameter of cy-
linders, 16} in.; stroke, 22 in.; area of fire-grate,
14-92 sq. ft. ; heating surface, 982 sq. ft.; sectional
area through tube ferrules, 2:01 sq. ft. The tubes are
of brass of 9-wire gauge at fire-box end, and 13-wire
gauge at smoke-box end, fixed at each end by steel
ferrules. The leading wheels are 4 ft. diameter, and
the driving and trailing wheels of 6 ft. 6 in. diameter
coupled. These engines have both inside and out-
side framing.

Goods Engine— Copiapo Extension Railway. This
engine, represented in fig. 81, and also constructed by
Messrs. Hawthorn, is somewhat on the American
model, and it is intended to be capable of burning
either wood or coal. The cylinders are outside cy-
linders of 16in. diameter, and 24 in. stroke. The
area of fire-grate is 1577 sq. ft.; area of heating
surface, 1,102 sq. ft. ; and sectional area through tube
ferrules, 2:147 sq. ft. The tubes are of brass of 11-
wire gauge at fire-box end, and 14-wire gauge at
smoke-box end ; fixed in with steel ferrules to every
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tube at fire-box end, but with only every sixth tube
ferruled at smoke-box end. The barrel of the boiler is
4 ft. 2 in. diameter, formed of plates Yzths thick. The
fire end of the engine is carried on a four-wheeled
bogie or truck, with wheels of cast-steel 2 ft. 6in.
diameter ; and there are three pairs of driving wheels
all coupled, made of malleable iron and fitted with
steel tires. There is also a spark-catcher on the
chimney, of the kind usual in locomotives where wood
is burned. These engines are all fitted to work
with & pressure of steam in the boiler of 130 lbs. on
the sq. in.; and, with the exception of the Great
Northern engine, they all burn coal. Their symmetry,
simplicity, and excellent proportions furnish a re-
markable contrast to some of the continental engines,
and do great credit to the persons concerned in their
production. The ponderous class of engines called
Crampton’s engines, at one time employed in this
country, has now gone out of use. Their great
weight was found to be very injurious to the rails.

DETAILS OF MODERN LOCOMOTIVES.

Cylinders. 1t is very material that the cylinders
and valves should be made of as hard metal as possible,
as the hardness of the metal will mainly determine the
durability. Sometimes valves will run only twelve
months before requiring to be renewed, and they re-
quire to be refaced at the end of six months. But
Stephenson’s engines run four years, and have been
known to run as long as seven years, without requiring
material repair. The metal of the cylinders is so hard
that a file will scarcely touch it.

n
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The cylinders should always be directly connected
with the frames of the locomotive, so as to discharge
the whole strain upon them without communicating
it to the boiler, as is the case when the cylinders are
fixed to the boiler. Inside cylinders are cast in two
parts, and are jointed by being scraped to an even
surface. The joining surfaces should make a good joint
by being greased with tallow and bolted together.
The cylinders are formed with flanges for attaching
them to the frames, and those flanges are planed
parallel to each other : they are formed with aledge on
each side to rest on the edgeof the frame, and are each
bolted to the frame by twelve -in.bolts. When outside
cylinders are employed, they are bolted in the same
manner to the outside and inside frames. The valve
caging is cast on the cylinder. The area of the steam
ports is in some cases one-ninth, and in other cases one-
twelfth or one-thirteenth of the area of the cylinder,
and the eduction port one-sixth to one-eighth of the
area of the cylinder—proportions which allow, at mean
speeds of 25 to 30 miles per hour, a pressure little
different from that of the steam in the steam pipes to
exist. For higher speeds the ports should be larger in
proportion. The valve casing is covered with a door,
which can be removed to inspect the valve or the
cylinder face. Some valve casings have covers upon
their front end as well as on their top, which admits
of the valve and the valve bridle being more readily
removed.

The valve stuffing box is commonly made to receive
from 2 to 8 in. of hemp packing. The best form of
valve casing to afford access to the faces is formed

n2
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with a large cover underneath the cylinders, and with
wrought iron end covers. The end covers can be
easily taken off, and in case the cylinder faces have to
be removed or filled up the large cover ean be taken
off, and the faces are then easy of access. With this
form of chest the cylinders may be cast together in
one piece. All the joints about the cylinders are
made metal to metal. The cylinder barrel is  to 13 in.
thick, and the flanges are 1} in. thick, finished size.
The cylinder and valve chest covers, when of cast metal,
are from § to 1} in. thick, and the bolts are from § to
1 in. diameter, pitched from 3} to 5 in. asunder. The
thickness of the valve chest is § to $in, The cy-
linders are joined together by 1-in. bolts from 5 to
6 in. apart. Slide valves have been made of cast iron,
and they wear longer than brass; but brass is to be
preferred, as it does not wear the cylinder’s face so
much. The body of the valve should be § to in.
thick, and the face 1} in., although some valves are
as little as $ in. thick in the face. The exhaust cavity
should be about 2} in. deep, and well rounded off, so
a8 to give a free exhaustion. The end of the valve
rod should be forged in the form of a square ring or
frame, into which a large square projection on the back
of the valve fits. Thisring should have a good broad
bearing surface, so as to lessen the chance of wearing
loose. A cock is still placed at each end of the cy-
linder, to allow the water to be discharged, which
accumulates there; and the four cocks of the two
cyljnders are connected, as heretofore, so that by
working a single handle the whole are opened or
shut at the same time. A cock is also sometimes fitted
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“to each of the covers of outside cylinders with the
end formed into aswivel joint, so as to admit of being
turned upwards to allow melted tallow and oil to be
poured through it with the cylinder. But on the whole
it is now judged preferable to use an apparatus which
will feed the tallow to the cylinder continuously. A
good deal of saving in tallow is accomplished by this
apparatus, and the pistons are kept in better order.
The valve faces are supplied with grease by oil cups,
one on each side of the smoke box, provided with double
cocks, 80 that a supply of oil may be admitted during
the time the engine is at work. But here also it is desir-
able that the supply should be continuous.

Pistons and Piston Rods. Piston rods are some-
times made with a disc forged on one end about
8in. thick and 6 in. diameter, a recess being bored
out in the piston to receive the disc. The body
of the piston is slipped down upon the rod until
it encounters the disc, to which it is made fast with
four $«in. or -in. rivets. Sometimes the rod is only
tapered into the piston and cuttered. The piston is
made of cast iron or brass, but generally the latter,
which is preferable to cast iron, as it does not so
easily break under the action of priming and loose
bolts, and it is also lighter. The thickness of the metal
in the body for cast iron is  to % in., and for brass
§in. The thickness round the hole into which the
rod is cutteredis 1} in. for brass, and for cast iron 13
in. The total breadth of the piston is from 2} to 43
in,, and the cutters are 1§ to 1% in. broad, and § in.
thick, tapering 3 in. per foot. The rings are from £ to
1} in. broad, and £ in. thick. For soft cylinders brass
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piston rings are best, but for hard cylinders cast iron
rings wear very smooth and require less looking at.
On the London and North-Western Railway and on
some other lines a wrought iron piston is used, the
rod and piston being forged in one piece. The piston
is recessed on the circumference to receive the packing
rings, of which there are twe for a 16-in. piston.
These rings are formed of brass, and one is placed
in each recess or groove. Under each ring there is
a steel hoop } in. thick, of the same breadth as the
packing ring, which is § in. broad and } in. thick The
depth of the recesses is £ in., and the thickness of
the piston at that part is 3 to § in. The total breadth
is 2} and 2} in, and the ends of the piston are
recessed, so as to leave the body 1}in. thick. The
brass rings are formed in two parts, and jointed with
tongue pieces }in. thick, The steam is admitted
behind the ring through 3-in. holes drilled in the
back. The top of the piston rod is secured by a eutter
into & socket with jaws, through the holes of which a
crosshead passes, which is embraced between the
jaws by the small end of the connecting rod, while
the ends of the crosshead move in guides. The cross-
head is made of wrought iron, and the piston rod is
tapered where it joins the crosshead at the rate of
about 1 in 30, and is secured by a cutter § to
% in. thick, and 2in. broad, tapering to 13in. The
crosshead is placed transversely to the guide bars,
and is from 2} to 38} in. in diameter at the part
where it enters the guide blocks. The feed-pump rod
Joins the crosshead outside the guide blocks. A good
form of locomotive piston is shown in JSigs. 82, 83,
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Figs. 83, 83, and 84.
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and 84, which also show the piston rod, crosshead,
and guide blocks. The piston rod, it will be seen, is
formed in the same piece with the piston. The
packing rings are formed in two tiers, breaking
joint with one another ; and they are pressed out by
springs, tightened by screws passing through the
body of the piston. The cylinder bottom has a pro-
jection upon it to fit the recess in the piston, whereby
waste of steam is prevented.

Guides. Most makers still attach their guides at
one end to a cross stay, and at the other end to lugs
upon the cylinder cover ; and they are made stronger
in the middle than at the ends. Some guide bars
are grooved out toa depth £ to 1 in., being flat at the
bottom, but wider at the top than at the bottom—the
sides of the groove being sloped. The guide blocks
are of brass ; and in wearing down they maintain their
position in the groove. This mode of construction
prevents side play, such as occurs with flat bars and
blocks with lateral flanges. Guides are best when
made double, 8o as to admit a single-ended connecting
rod. The guide blocks are commonly from 9 to
10in. long and 8 in. broad, with 4-in. flanges in the
case of flat bars. They.are made of cast iron chilled,
or wrought iron steeled. Sinclair uses cast iron for
both blocks and bars, and it is said they wear well if
properly attended to. I have also used the same in
marine engines with the piston travelling 700 ft. per
minute. Solid steel bars and brass blocks run well
together. The bars are from 1} to 2in. thick at the
middle, - tapering to 1 or 1} in. at both ends, and
from 24 to 3in. broad. They are generally fixed at
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one end to the cylinder cover, and at the other end to
brackets bolted or rivetted to the motion plate by two
J-inch bolts or rivets. An example of the ordinary
kind of guide bars is given in figs. 85 and 86 :—

Figs. 85 and 96.
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GuUIDR-BARS oF LocoMorives.

Link Motion. The link motion proper for loco-
motives resembles the link motion as applicable to
marine engines, of which I have already given ex-
amples. The valve spindle is from 1} to 1} in. dia-
meter, and works through a stuffing box at each
end of the valve chest. The end which is connected
with the link motion is sometimes coupled to a square
guide, which works in & socket fixed to the guide bars,
and in outside cylinders to the side of the frame.
On the end of the spindle is a socket secured by a
cutter and jointed to a connecting rod § to 1} in.
thick, and 2 to 8 in. deep, which is, in most cases,
suspended by a link from the boiler bottom and has
a forked end, between which the motion or slotted
link works. To each end of the slotted link an
eccentrie rod is coupled by a 1}-in. pin. The other
end of the eccentric rod is attached to the eccentric
strap ; -and thus the valve derives its motion, in the
manner explained elsewhere. An example of the
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slide valve and link motion, as usually applied in
modern locomotives, is given in figs. 87, 88, and 89.
In this view the valve is shown at the one end of the
valve rod and the link at the other. To the ends of
the link the eccentric rods are attached. The end of
the valve rod nearest the link is sustained in its
position by a short supporting link; but a guide
would be better, as the versed sine of this link will
distort the motion. The end of the valve rod joins
the block which is placed within the link, and de-
rives its motion from it.

Eccentrics and Eccentric Rods. In fig. 90 we have
an example of the eccentric strap and rod of a modern
locomotive. The eccentric is put on in two pieces
secured together by cutter bolts; and it is secured
on the axle by a key and also by two screw bolts
penetrating a short distance into the axle. In Sin-
clair’s Rouen Engines with straight axles the four
eccentrics were cast in one piece.

Sometimes eccentrics are made of wrought iron,
and are steeled by case-hardening. Generally the
smaller half of the eccentric is now made of malle-
able iron, though the larger half may be made of
cast iron. When thus formed the weakest part is
in. thick. If the eccentric be wholly of cast iron,
it should be 1} in. thick in the weakest part. In ad-
dition to a pinching screw it should be secured by a
key, let } in. into the shaft, and } in. into the eccen-
tric. Most eccentrics have square grooves turned on
the edges, into which fits & corresponding internal
flange on the hoop or brass. The ordinary form of
eccentric and hoop is shown 1n f£g. 90.



Figs. 87, 88, and 89,

=0

LocoMoTiveE VALVE, LINK-MOTION, AND CONNECTIONS.



188 RECENT IMPROVEMENTS IN THE STEAM ENGINE.

Mg, 90.

i

LR 7 aid

LocomoTive BcceNTRIC WITR ECCENTRIC STRAP AND RoD.

Mineral Locomotives. A class of locomotives is
employed at collieries, and to carry iron ore and other
minerals, of a cheaper construction and a smaller size -
than the common locomotives. At the Great Exhi-
bition in 1862, Messrs. England & Co. exhibited an
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engine with 11-in. cylinders, six wheels—four of them
coupled—of 4 ft. diameter, and with 153 tubes 13 in.
diameter in the boiler. Messrs. Manning, Wardle
& Co. of Leeds exhibited a colliery locomotive with
9-in. cylinders, four wheels coupled, of 2 ft. 9 in.
diameter, and 55 tubes of 2 in. diameter in the boiler ;
the area of the grate being 49 sq. ft., and the pressure
of steam 120 1bs. per 8q. in. The Neath Abbey Iron
Company exhibited a locomotive adapted for running
on a gauge of 2 ft. 8 in. It had 8-in. cylinders, four
coupled cast-iron wheels of 2 ft. 4 in, diameter, and
59 tubes in the boiler, 1} in. diameter and 6 fi. long.
The area of grate was 35 sq. ft., the total area of
heating surface 181 sq. ft., and the weight 6 tons
17 cwt. With steam of 66 Ibs. pressure it could draw
12 waggons, each weighing 4} tons, at a speed of
8 miles an hour.

A very good example of a mineral locomotive
engine is represented in fig. 91, which is a form of
mineral tank locomotive engine, constructed by
Messrs. Fletcher, Jennings & Co. of Whitehaven,
who have devoted themselves to the special manu-
facture of this class of engine. In this engine the
valve gear is worked from the fore axle so as to
enable the hind axle to be got under the fire box,
and thereby reduce the overhanging weight. The
water is carried in tanks beneath the foot plate and
under the barrel of the boiler. Messrs. Fletcher,
Jennings & Co. have constructed numerous engines
of this class for gauges of 2ft. 3 in., 2 ft. 8 in., and
2 ft. 10in., which are common gauges of the rail-
ways conveying minerals from the Welsh mines.
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Locomotive for Running on Ice. Fig. 92 repre-
sents a locomotive for running upon ice, constructed
by Messrs. Neilsor of Glasgow, and reported to have
been successfully employed in conveying goods and
passengers on the Neva between St. Petersburg and
Cronstadt during the winter months. The front part
of the engine rests on asledge, which is capable of
being moved round a centre by a pinion gearing

Fig. 92

Locoxorive yoa RUNNiNG Uron Ics, BY Mgssas. NxiLson or GLAsSGOW.

into a segment, and worked by the steering wheel
shown at the front, which gives motion to an endless
screw gearing with a suitable wheel, which turns the
spindle of the pinion round with great force; and
by swivelling the sledge—which, however, would be
better done by a small engine—the machine is steered.
The after part of the engine rests upon two driving
wheels 5 ft. diameter, the peripheries of which are
studded with steel spikes to grip the ice. The cylin-
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ders are of 10in. diameter and 22 in. stroke. The
weight of the engine is 12 tons, and it realises a speed
of 18 miles an hour. It will be proper in such an engine
to apply a shelving edge on each side of the sledge,
g0 that its swivelling may not be prevented by sink-
ing somewhat into the ice or beaten snow ; and to the
same end the swivelling gear should be powerful and
under easy and rapid control under the worst circam-
stances likely to occur. In Russia and in Sweden
extensive lakes and other tracts of water, being frozen
in winter, are available for the application of such an
apparatus. But in some of the lakes there are warm
springs which create holes in the ice; and the desi-
deratum to be aimed at is to render available the
little vessels which ply in summer for plying also in
winter by mounting them on a sledge, as was pro-
posed by me to be done for some lakes in Sweden in
1847.

Locomotives for Common Roads. The rapid ex-
tension of railways in this country has nearly super-
seded the necessity of employing steam carriages on
common roads, which at one time appeared likely to
be extensively introduced. But in other countries
not possessed of the same highly-developed system of
locomotion the use of steam traction on common roads
is still very important. In 1843 I described in the
¢ Artizan’ an arrangement whereby the power of the
engine of a common road locomotive might be com-
municated to the wheels without interfering with the
free action of the springs ; and ever since 1847, when
I first went to India, I have continued to urge the
employment of suitable locomotives upon the great
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roads of that country. In 1862, being then at
Lahore, and finding that there was one of Boydell’s
traction engines at Bombay, which had been sent out
for the government, but had never been used, I pur-
chased it and had it conveyed to Moultan, and it
went under steam from thence to Lahore, a distance
of about 200 miles, over one of the worst roads in
India. This journey, however, owing to exceptional
circumstances, was not accomplished without consi-
derable difficulty. From lying so long at Bombay,
the woodwork of the shoes had become rotten, and
the shoes had consequently to be taken off altogether
on the road, when the engine sank in the soft ground ;
and it had in several instances to be extricated with
considerable difficulty. I found, moreover, that special
provision required to be made on many points to make
the engine suited for such roads, which are not only
filled with ruts and soft, but in summer are deep in
dust, and during the inundations deep in mud. The
dust, during the journey I referred to, rose over the
surface of the shoes, and was lifted up by them and
scattered in the air ; and each spoke of the wheel acted
as a scoop to lift up the dust and precipitate it over
the engine. The evils presented by such difficulties,
however, are not insuperable, but they indicate the
necessity of covering over every working part of the
engine so effectually that dust cannot enter, and also
of not trusting to wood at all in such a climate in the
construction of any of the parts. The shoes, or rather
pattens, should be formed of wrought iron or steel
boxes, 6 in. deep ; and I think it would be preferable
to have their movements governed by a central cam
0
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or eccentric, as in a feathering paddle-wheel, instead
of leaving them to assume their respective positions
from the action of gravity alone. The geared wheels
and pinions should be formed of steel, as also most of
the parts of the engine should be, to reconcile light-
ness with strength.
Boydell's engine is represented in fig.93. It re-
sembles a locomotive, the fore wheels of which are
made to swivel by proper steering gear ; and the main
part of the weight is carried on the driving wheel,
which is encircled by a series of boards called an
¢ endless railway,’ which successively place themselves
on the ground in advance of the wheel, and the wheel
then passes over them without sinking in the ground.
In fact they act on the principle of the snow shoe in
giving area proportionate to the softness for sus-
taining the weight. No doubt improvements in the
details of these engines may be suggested ; but the
principle is sound, and the modifications required to
adapt them to conditions, such as obtain in an exotic
" country like India, cannot be anticipated by manufac-

turers at home, but must be indicated by persons on
* the spot who are determined to make the engines
answer, instead of searching for some petty pretext to
justify their condemnation. In connection with the
movements of the army in India, such engines would
be of signal value, to say nothing of the operations of
agriculture ; and the time has now come when the
rise in the value of labour in India and the increasing
demand for Indian produce—coupled with the im-
provements in steam cultivation at home—must open
the doors of that great country, heretofore and even
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yet sealed up by the narrow policy of an exclusive
oligarchy—now changed rather in name than in fact
—and present a new field of effort and of emolument
to the enterprise of the British engineer. No country

Fig. 9.

Boypzrr’s TracTiON ENGINE.

in the world is better suited than India for the applica-
tion of steam cultivation. It consistsin great part of
vast alluvial plains, which may be mapped out into
any shape judged suitable for steam culture ; and as,
with irrigation, three crops in the year may be
calculated on, the apparatus may be kept in almost
constant use for ploughing, or reaping, or threshing.
Fuel is scarce in some parts, but may easily be
cheapened by planting trees of rapid growth.

Bray's Traction Engine. This engine, which

o2
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prevents sinking by using wide wheels, and prevents
slipping by causing short spades to project at pleasure
from the surface of the driving wheel by means of an
eccentric on the driving axle, is represented in its
original state in fig. 94 ; but the Company has since
availed itself of the abilities of Mr. Clark in the pro-
duction of a more perfect engine, which has now
more of the locomotive type about it than before.

In Aveling’s Patent Traction Engine, f£g. 95, manu-
factured by Messrs. Aveling & Porter of Rochester,
there is a single cylinder surrounded by a steam jacket,
which is in direct communication with the boiler by
means of steam ways or orifices made in the top of
the boiler. There will be little tendency to prime
in this engine, as the cylinder is brought to the
forward part of the engine, and on ascending inclines
the cylinder is necessarily fed with dry steam ; while,
in descending, little steam is required. By this ar-
rangement the use of steam pipes either inside or
outside the boiler is dispensed with. Engines with
single cylinders and reversing gear, connected to the
driving axle by chain gear, have proved themselves
to be perfectly efficient. They are less complicated,
and on the whole are better adapted for general
traction purposes than engines with double cylinders.

The working parts are housed in from the influence
of the weather. The toothed gearing is also covered
with light iron‘ splashers. The propelling -gear
consists of a pinion at each end of the crank shaft
(either of which can be thrown in and out of gear
with the spur wheel below by sliding it along a
feather on the crank shaft) working into spur wheels
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Pig. 94
Bray's TracTioN ENGINE.
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on a counter shaft below. On this shaft is a chain
pinion with chilled teeth, to take in & pitch chain
made of wrought iron links with steel pins. In the
brackets carrying the shaft there are curved slots,
struck from the centre of crank shaft above, for taking
up the slack of the endless driving chain. These
pinions are kept in the positions required by means of
a simple clip of spring steel embracing the shaft, and
lined with leather. The adjustment for taking up
the slackness of the chain is effected by the brass
bearings carrying the shaft being kept up in the slot by
a block at the bottom of each. There is another cast
iron block above, lying on the bearing, and kept down
by a set screw. When the chain has to be shortened,
the thinner block below is taken out, and the thicker
one above is substituted in its stead. The brass step
is thus fixed in a perfectly firm and solid adjustable
bearing. The gearing is connected to the driving
wheels by means of the endless chain, passing round
the chain pinion on the counter shaft and a large
chain wheel keyed on the axle. The driving wheels
are 6 fi. 6 in. diameter ; on the face of the wheels is
an outer tire, parts of which may be removed and re-
placed by angle iron paddles or clips, for use in
passing over soft and yielding ground.

The boiler is carried through from end to end,
without any break in the configuration, whereby the
use of angle iron is dispensed with. The stay bolts
of the fire-box are pitched 4} in. from centre to centre.
The fire-box is adapted for burning wood or coal fuel.
The water for feeding the boiler is carried in a tank
made of wrought iron plates and bolted to the side
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plates of the fire box, which are carried out for this
purpose. The druw bar is formed of T iron, the ends
of which are returned, or bent back, and bolted to
the wrought iron side plates of the tank.

The steerage is effected by a single disc wheel
carried on the lower end of a vertical spindle, sup-
ported 1n a collar-bearing on the front end of a pair
of angle iron shafts secured to the fore carriage of
the engine. The upper end of the vertical spindle is
provided with a lever-handle extending back towards
the steersman, who is seated between the shafts at
the front end of the engine. This engine is capable
of ascending inclines of 1 in 12, with a load of 20
tons, and with 8 tons will ascend an incline of 1 in 6.
On a level road in fair condition it will haul 40 tons
with ease.

One hundred and thirty of these engines are now
in use in different parts of the world, and are used in
sugar and coffee plantations, and in copper and lead
mines, in dockyards, and wherever large quantities
of materials and heavy weights have to be removed.
Messrs. Aveling & Porter have manufactured and
exported these engines to Russia for the govern-
ment, to Jamaica, Queensland, Java, Egypt, Prussia,
Buenos Ayres, &c., &c.; and the increased demand
proves that steam power on common roads, and in
new colonies, is now attracting the attention which
its importance and utility justify. For feeding
the traffic of railways steam traction on common
roads is particularly valuable. In India, branch
railways have been projected for this purpose, which
were at one time intended to have a narrower gauge
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than the ordinary railways of that country. But the
injudicious break of gauge has now been abandoned,
and all railways, whether trunk or branch, established
to carry on the communication of the country, are
intended to have the same gauge. Prior to the for-
mation of a railway, however, it is advisable to make
a metalled common road on which traction engines
may run; and when the traflic has thus been by
degrees nursed up to a certain point of magnitude,
it will become advantageous to lay down rails for the
engines to run upon, This is the proper course of de-
velopement in a new or undeveloped country ; and the
construction of expensive lines of railway in districts
covered with jungle, and destitute of population,
cannot be justified by any principle of reason or any
indication of common sense.

Aveling’s Patent Agricultural Road Locomotive,
designed for steam cultivation, threshing, sawing, and
removing agricultural produce, is represented in fig.
96. The boiler, like that already described, is unu-
sually large and is flush ; it is clothed with hair felt,
lagged and covered with sheet iron from end to end.
The cylinder and working parts are, like those of the
engine, intended exclusively for traction purposes.
The gearing, however, is single, and for one speed only.
There is a pinion on the end of the crank shaft, work-
ing into a spur wheel on a stud below ; and on this
wheel is cast a chain pinion to take in the endless
pitch chain. This gearing works on the stud in a
curved slot in the lower part of one of the crank shaft
brackets, struck from the centre of the crank shaft.
In the side of the bracket is an adjusting set screw,
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working through a tapped boss, and bearing at its
inner end against the side of the stud shaft. By
turning this screw the stud shaft may be caused to
slide laterally in the curved slot, as this slot in the
bracket is struck from the centre of the crank shaft,
and by this arrangement the stud shaft may be ad-
justed to any desired amount, so as to tighten up the
driving chain without interfering with the gearing
together of the spur wheel on the stud and the pinion
on the crank shaft.

The spur wheel receives motion from the pinion,
which slides laterally by means of a groove and feather
on the end of the crank shaft, but always revolves
with the shaft. The object of this lateral adjustment
of the pinion is to throw it in or out of gear with
the spur wheel, so that, when the engine is not re-
quired to travel over the ground, the locomotive
gear may be thrown out of action; and the engine
can then be immediately employed to drive plough-
ing, threshing, sawing, or any other machinery, in
the same manner as ordinary stationary or portable
engines.

On the axle of the road wheels is a large chain
wheel, round which and the chain pinion an endless
chain passes, connecting it to the driving gear already
described.

The road or driving wheels are loose on the axle,
but are driven by a bolt passing through a boss on
the nave and through the chain wheel on the one
side, and on the other through a hole cast in the
friction break, which, like the chain wheel, is keyed
upon the axle. The object in connecting the wheels
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with the driving gear in this manner is to enable
either wheel to be readily disconnected, which is a
great advantage in turning very sharp curves. But
a self-acting clutch may also be used for this purpose.
The driving or road wheels are 5 ft. 6 in. in diameter,
and 16 in. broad on the face; there is a 5 ft. fly-wheel
for driving machinery when the engine is disconnected
from the locomotive gearing. There are now many
of these engines that have travelled from 4 to 6,000
miles, moving from farm to farm, with a threshing
machine attached, over the worst roads in England at
all seasons of the year. The saving of horse labour
in this instance alone is far from being unimportant.
The engine is none the less suitable for common farm
purposes from being able to move itself about from
place to place; and many years ago I suggested, in
my ¢ Catechism of the Steam Engine,” the expediency
of such a combination.

An engine very much resembling Messrs. Aveling
& Porter’s Farm Traction Engine is constructed by
Messrs. Robey & Co. of Lincoln. This engine is re-
presented in fig. 97; and an engine by the same
makers, adapted to the general purposes of steam loco-
motion on common roads, is represented in fig. 98.
Messrs. Robey & Co.’s portable engine is the same
species of engine as that shown in fig. 96, but without
the locomotive gear.

In traction engines for common roads the objects
to be fulfilled are now different, so far as regards use
in this country, from what they were in 1830 when
Gurney, Hancock, Ogle & Summers, and various
other engineers introduced steam carriages on the
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common road, some of which machines were charac-
terised by much mechanical ability. At that time
the design was to supersede stage coaches. But this
end has been attained by railways more completely
than could be done by any form of steam apparatus
on the common roads. Although, however, steam
coaches are no longer required in England, steam
waggons may be made a valuable expedient of inter-
nal transport for domestic purposes, or as ancillary
to railways; while in foreign countries less developed
than England, and still without railways in many
districts, steam coaches on the common road may
be made a valusble intermediate improvement,
and rails may finally be laid down when the traffic
has risen to such a point as to warrant the ex-
penditure.

The form of traction engine constructed by Messrs.
Garrett & Son, represented in fig. 99, nearly resembles
one of the forms employed by Messrs. Aveling &
Porter ; and most of these forms, it will be observed,
are the natural developement of the common portable
farm engine, which common sense indicates should be
made capable of being put to as many useful purposes
as possible.

Messrs. Clayton, Shuttleworth & Co’s Traction
Engine is represented in fig. 100. This engine is
substantially the portable engine of the same makers,
with some additions; and in 101 there is another
form of their portable engine adapted for pumping
water.

One of the most .important applications of the
portable engine is to the work of steam ploughing, for
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which each principal manuficturer has some special
arrangement. That known a3 Savory’s system is re-

Fgol. .

CLAYTON, SHUTTLEWORTH AND Co.’s PorraBLE STEAM PUMP.

presented in fig. 102. By this plan an engine suitable
for winding a rope is placed on each side of a field,
and the engine on the one side winds up a rope pass-
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ing across the field which the other engine unwinds.

Fig. 102
=
SAVORY’s SYSTEM or STEAM PLOUGHING, BY R. GARRETT AND SoN.

The plough is attached to this rope, and it is
drawn to one side and to the other byeach engine
pe
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alternately, each advancing a short distance along the
field for every cut that is made. The form of engine
which winds up the rope is shown on a larger scale in
JSig. 103. The engine is a common portable engine,
with a great drum encircling the horizontal part of
the boiler, on which drum the rope—which is best made
of steel wire—is wound. These engines are capable
of travelling from place to place, carrying their own
water and fuel.

The advantages of this system as compared with
other methods proposing to accomplish the work with
one engine, are, that only one rope passes across the
field instead of two, and that the shifting of anchors
intended to hold the pulley on which the return rope
runs is obviated altogether, as also is the injury caused
by the rope running over a comparatively small pulley,
as this movable pulley generally is. The disad-
vantages are that the expense of two engines is in-
curred, and that one is standing idle half its time
while the rope is being drawn across by the other. I
have very great doubts, however, whether the method
of ploughing by a rope at all is the proper one, or
whether it is advisable to imitate the operation of
ploughing, which is confessedly an imperfect one,
since it does not sufficiently break up and pulverise
the soil. It appears to me that some species of steam
digger is the proper instrument to employ, which will
pass over the field digging up a whole furrow at once.
No doubt such an instrument would require a great
deal of power to drive it: But the work done would
be proportionate to the power expended, and one such
machine hired out would suffice for many farms.
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The increasing power of agricultural engines has
induced Messrs. Ransomes & Simms to employ for the
larger powers a form of combined engine, consisting
of two engines placed side by side, with the cranks
at right angles, as in locomotives. An example of
this form of engine is given in fig. 104 ; and it is dis-
tinguished by the faithful workmanship and good
proportions by which Messrs. Ransomes & Simms
have earned their high reputation,

In fg. 105 is shown a form of cylindrical boiler,
patented by Messrs. Biddell & Balk, and manufac-
tured by Messrs. Ransomes, which enables the fire
box and tubes to be withdrawn from the shell or
barrel, so as to give facility for removing and clean-
ing out the incrustation and dirt, which is eo injurious
in some cases, and which cannot easily be removed
from boilers of the usual form. - In this patent boiler
the back tube plate, as well as the front outside
plates, are bolted to flanges rivetted to the shell of
the boiler. These flanges being truly placed, the
steam-tight joints are made with as great a facility
as the cylinder-cover joint of a large steam engine.
Where the water is very dirty and leaves much
deposit, this boiler is strongly recommended.

These boilers, as well as the ordinarily formed
boilers, are constructed with especial reference to
durability and strength. The bulk of the plates are
of best Yorkshire quality, the remaining plates being
Staffordshire. Ample water space is given round
the fire box and between the tubes, so as to ensure
free circulation of the water. Each boiler is tested
to double its working maximum pressure.



215

RANSOME’S COMBINED PORTABLE ENGINE.

*HAMOd-3SHOH (F ‘ENIONF 874VI¥0J AINIENO) SHNIS ONV (INOSNVY

B e Q=55

“yot “Big




216 RECENT IMPROVEMENTS IN THE STEAM ENGINE.

'SIKKIS ANV SANOSNYY A9 ‘S34N] ANV SOVN¥NJ ZTGVAORAY Hilm wanog

- C A PR, - =




VARIOUS FORMS3 OF STEAM FIRE-ENGINES, 217

The boilers are mounted upon iron or wooden
wheels, according to the wish of the purchaser, but
iron ones are recommended as generally more durable
and better adapted for change of climate.

Among the lightest forms of steam engine which
have been hitherto produced, the steam fire-engines
constructed to pump water for extinguishing fires
must be accorded a prominent place. In the case of
towns supplied with water maintained at a high pres-
sure in the pipes, the simplest mode of extinguishing
fires is to apply a proper hose and spout pipe direct
to the distributing main. But in the case of towns
where this high pressure in the water-pipes does not
exist, and in cases also where there are no water-
works, but, nevertheless, valuable property to be pre-
served, the use of steam fire-engines appears to be
highly important. Such engines are much more effec-
tive than engines worked by hand, as the requisite
Power to work the pumps is always present, and as it
acts with greater concert and less intermission than
any number of men could do. For inflammable capitals
like Constantinople, where the houses consist chiefly
of wood, and there is no high pressure of water avail-
able for the extinction of fires, the use of steam fire-
engines is peculiarly important, and is now begin-
ning to attract much attention. In dockyards also,
railway workshops, arsenals, and in factin all isolated
and important establishments, the value of such a
powerful expedient for extinguishing fires is now
beginning to be adequately apprehended. It has long
been found that in all great fires the volume of water
thrown on the burning mass by the jets of existing



218 RECENT IMPROVEMENTS IN THE STEAM ENGINE.

hand engines has beer: quite too small to extinguish
the flames, and in fact the water has in many cases
never reached the burning matter at all, but has been
raised into steam before it could fall on the spot on
which it has been directed. The use of steam ap-.
pears to be indispensable to enable very large and
powerful jets to be obtained, which would in all cases
reach their intended destination, and would produce
the extinguishing effect due to the refrigeration
which a very large volume of water would neces-
sarily cause.

The introduction of steam fire-engines has often
been proposed, but, until lately, has been prevented
by various practical impediments, of which one has
been the great weight of steam engines of the ordi-
nary description. In America, however, large num-
bers of steam fire-engines have been made, but many
of them have been of a very complicated and pre-
carious construction, and in this country none of
them have been much adopted. In England, how-
ever, the makers of the ordinary hand fire-engines
have begun to turn their attention to the subject;
and both Messrs. Shand & Mason, and Messrs. Mer-
ryweather & Son, of London, have produced nu-
merous steam fire-engines marked by special features
of excellence and promising good results. Messrs.
Shand, Mason & Co. manufacture two varieties of
steam fire-engine, in one of which the cylinder is
horizontal and works a horizontal double-acting
pump affixed to the end of the piston rod; and the
stroke is measured by a vertical slot in an enlarged
part of the piston and pump rod, which permits the
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crank pin to move up or down in the manner usual in
donkey engines for feeding boilers. The valve of
the engine is worked by an eccentric in the usual
manner, and the pump-valves are india-rubber discs,
falling on a grating in the manner first introduced
by Mr. Edward Humphrys, though few persons are
now cognisant of the parentage of an improvement
which has now become of almost universal applica-
tion. The boiler consists of a fire box formed like
the frustum of a cone, the better to disengage the
steam from the inclined surface of the plate, on which
is set a cylinder removable by bolts to contain the
tubes. From the top of the frustum a number of
very small and short copper tubes, set vertically very
closely together, conduct the smoke into the chimney.
The engine is provided with a small fly-wheel in the
usual manner of donkey engmes In’ their vertical
form of engine the boiler is the same as has been
already described, but the engine is set with the
cylinder inverted, and the pump is of the combined
plunger and piston form invented by Mr. David
Thomson, and first introduced by him in the Rich-
mond Waterworks in 1845. In this form of pump
the valves are like those of a common single acting
pump, and the area of the plunger is half the area of
the piston or bucket. As the piston ascends, the
pump sucks itself full of water in the usual manner;
but when the piston descends, the water being forced
through the valves in the bucket into the space above
the bucket, which is too small for it, inasmuch as half
the area is occupied by the plunger, it follows that
half the water will be forced through the delivery
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valve when the bucket is descending. The water
left in the annular space between the side of the
pump and the side of the plunger is forced out when
the piston or bucket ascends; and we thus have the
benefit of a double-acting pump with the gear of a
single-acting one. The plunger is open at the top so
as to constitute a trunk, and it is properly bolted to
the bucket. The trunk and bucket are moved by
means of two piston rods proceeding through the
cylinder cover, one beicg placed on one side of the
shaft, and the other diagonally on the other side of the
shaft. The arrangement in fact very closely resembles
that of Messrs. Napier & Sons’ original form of
direct-acting screw engine, except that in that case
the engine was horizontal. The air pump answers to
the water pump in this case ; and from the bottom of
the trunk a connecting rod proceeds to the crank to
turn it round. On one end of the crank shaft is
placed a small fly-wheel, and on the other end is an
eccentric for working the slide valve, and also the
pump employed to feed the boiler. A small piston,
acted upon by the water which is being forced out,
governs the speed of the engine by opening or shut-
ting the throttle valve.

Messrs. Shand, Mason & Co.’s horizontal steam fire-
engine is represented in fig. 106, and their vertical
steam fire-engine is represented in fig. 107. The
performance of each class of engine is very nearly
the same, and in an experiment made with one of
these engines at Messrs. Penn & Son’s factory in
1864, with an engine having two cylinders of 6% in.
diameter, and 7 in. stroke, the power generated with
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steam of 1201bs. pressure in the boiler, and with
152 revolutions per minute, was about 15 horse-
power. In the case of another engine of the same

Fig. 106

SHAND, MasoN AND Co.’s HoRIZONTAL STEAM FIRE-ENGINE.

dimensions, also tried in 1864, the power generated
with a little increase in the pressure of the steam was
18-horse power, and the total weight of this engine
with its appurtenances was 24cwt. 2 qrs. In an
engine which Messrs. Shand, Mason & Co. sent to
the competitive exhibition at Middleburgh, in Hol-
land, in July 1864, and for which they obtained the
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gold medal and 500 guilder prize, there was only one
cylinder of 7 in. diameter and 8in. stroke. In an
experiment made with this engine, a jet of water
1} in. diameter was projected under & water pressure

Fig.107.

SHAND, Mason AND Co.’s VERTICAL STRAM FIRE-ENGINE.

of 125 1bs. per 8q. in. With steam of 145 lbs. pressure
in the boiler, an average pressure of 128:15 lbs. per
8q. in. was maintained upon the piston at a speed of
165 revolutions per minute, and 5} 1bs. per sq. in. of
back pressure. In this case the engine exerted 321



PERFORMANCE OF STEAM FIRE-ENGINES. 223

actual horse-power ; and as the total weight of the
engine was only 32 cwt. the weight was about 1 cwt.
per actual horse-power. As this is a very remark-
able result, I here introduce a copy of the indicator
diagram taken at the time.

Fig. 108,

150
1

[P SR S i 77}
130
120
w
100
H
so=
o o v w o ! e v ! W w o | %]
N o = 72
2i8iS 8818181231318,
- - :
S0~
“
%0
\ 2
— P .

<k

INDICATOR DIAGRAM FROM SHAND, MasoN AND Co.’s STEaM FIRk-ENGINE

Having personally examined Messrs. Shand, Mason
& Co’s engineg when in course of construction, I
can vouch for the faithfulness of the work ; and I was
also favourably impressed with the intelligence which
presided over the general arrangements of these
machines. But in the boiler the tubes are so thickly
set, that it will be important to use pure water so
that there may be no incrustation, which, if consider-
able, would prevent the accessof the water and cement
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the tubes into & solid mass. It is a necessity of all
fire-engine boilers, however, that they should have
but little water in them, so that the steam may be
quickly got up; and as such engines are never re-
quired to work for long periods at a time, there is
abundant opportunity for cleaning the boilers out.
By making the upright cylinder which encircles
the tubes removable by unscrewing a few bolts, as
these makers have done, they provide in a great
measure against the only objection that can be made
to any of their arrangements. *

Prior to the introduction of steam fire-engines,
Messra. Merryweather & Son of Long Acre had ob-
tained a high reputation in the construction of hand
fire-engines, and also in the construction of other fire
apparatus ; and in turning their attention to the con-
struction of steam fire-engines they brought to the
problem the ripened experience thas they already ob-
tained in other analogous constructions. There are
two main features in the mechanism Messrs. Merry-
weather employ in their steam fire-engines :—the one
is in the boiler, which consists of a number of pendu-
lous tubes hung in a furnace with a smaller internal
tube within each, to enable the circulation of the
water to be carried on ; and the other is in the circum-
stance of the engine being without a crank, but the
pump is worked by being attached to areciprocating
piston, as in Worthington’s steam pump, or in the
form of donkey engine introduced by Messrs. Penn,
but subsequently abandoned ; while the valve of one
engine is moved by the other if there are two engines,
and by a small independent cylinder and piston if
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there is only one engine, the valve of this small
starting engine being itself moved by a tappet.
The benefits which Messrs. Merryweather consider
that they obtain by these peculiar features are, first,
that in their form of boiler the steam is more rapidly
got up than in any other, and certainly in this respect
their engine seems to have the advantage over all its
competitors ; and second, that inasmuch as there is
less waste of power in moving water slowly than in
moving it rapidly, and as their pump and engine,
with their long stroke and large capacities, move
more slowly than is the case in other steam fire
engines, there will be a gain from this source also, and
the engine will consequently work with a maximum
efficiency. Although, however, there is a loss of power
in moving water quickly rather than in moving it
slowly, the velocity of the water escaping from every
species of pump must be the same to project a jet of
the same diameter to the same height ; and whether
the plunger -of the pump moves fast or slow the
escaping water must have the velocity proper for the
kind of jet that has to be employed. It consequently
will matter little whether the water obtains its velocity
directly from a fast moving plunger, or indirectly
from the compression of the water which a larger
plunger moving more slowly produces, seeing that in
each case the water must leave the spout-pipe with the
same velocity, and must carry away with it a corre-
sponding amount of power. But whether the engine
moves fast or slow a crank is equally applicable, and a
crank will enable the engine to work with less waste of
steam at the ends, as there will no longer be any neces-

q
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sity to leave the same clearance at the ends to obviaté
the risk of striking. Every species of reciprocating
engine which is without a crank, is more or less of a
rattle-trap; and although the example of the Cornish
engines shows us that such engines are capable of
pumping water with great efficiency and without in-
termission for long periods of time when moving
slowly, yet it is now found that rotative pumping
engines are quite as efficient, while they certainly work
in a smoother and less precarious manner, and are
capable of maintaining higher speeds without incon-
venience. On the large scale, the pumping engine
without a crank has been practically given up: and
the same considerations which make that abandonment
advisable on the large scale make it equally advisable
on the small.

The consideration of the properties and perfor-
mance of the steam fire engines exhibited at the In-
ternational Exhibition of 1862 was delegated to a
special committee. But two engines of Messrs. Shand,
Mason & Co.,and one of Messrs. Merryweather and Son,
were the only engines which presented themselves to
be experimentally tested. All the boilers were filled
with cold water, and Messrs. Merryweather & Son’s
engine got steam wup to 1001bs. pressure in 12
minutes and 10 seconds, and Messras. Shand, Mason
& Co.’s first engine in 18 minutes and 30 seconds,
whilst in their second engine, owing to some misma-
nagement which compelled them to draw the fire, 30
minutes were consumed. Messrs. Merryweather &
Son’s engine was 2 minutes and 50 seconds at work
before it began to draw water. Nevertheless it pro-
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jected 500 gallons of water into a tank 60 ft. distant
in 17 minutes and 15 seconds from the time at which
the fire was lighted, but the steam fell 15 lbs.
during the first trial, and after three trials the engine
became disabled. It resumed work, however, in an
hour and a half, at the ninth trial, having been re-
paired on the ground in that time ; but on the thir-
teenth trial it was again disabled. Messrs. Shand
Mason & Co.’s engine, though longer in getting up
the steam, drew water immediately it was put on,
and during the first trial the pressure in the boiler
fell only 5 lbs. per sq. in. This engine worked without
accident, and almost without intermission, throughout
the day. The seventeenth trial lasted 63 minutes,
and the pressure in the boiler was kept up at 90 lbs.
per sq. in. throughout. This experiment only con-
firms the anticipations which might have been reason-
ably formed from the distinctive features of the two
engines placed in -competition; and there can be no
doubt that, on the whole, engines without a crank
will be found more liable to derangement than those
which are provided with that valuable appendage.

In July 1863 the experiments with these engines
and several others were resumed at the Crystal
Palace, and much interest was excited by the event.
The engines presented for experiment were those of
Messrs. Merryweather & Son, Shand & Mason,
Easton & Amos, Butt & Co., Roberts, Nichols
(Manhattan) and Gray & Son. The principal parti-
culars of the several engines are exhibited in the fol-
lowing table : —

q2
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The boilers of these different engines were very
various. In Merryweather and Son’s boiler the shell
was formed of homogeneous iron, % of an inch thick
double rivetted, and the tube and top plates of Low-
moor iron, 4} thick ; stays of Bowling iron, 1 in.
thick, and the tubes of copper. The height of the
boiler was 60in., and the diameter 45 in. Shand,
Mason & Co.’s boiler was an upright cylindrical iron
boiler of 45 in. diameter at the fire-box, 45 in. at the
barrel, and 60 in. high. The smoke passed through
vertical brass tubes on its way to the chimney.

In Easton & Amos’s boiler there was & central
furnace surrounded by a shell of vertical tubes 2 in.
diameter. Butt & Co.s boiler was an upright
tubular boiler 36§ in. diameter, and 65 in. high, The
fire-box was 20 in. high, and there were 313 tubes of
1} external diameter. In Roberts’ boiler the body was
80 in, diameter, and 24 in. deep, and there were 248
tubes § in. diameter inside. Nichol’s Manhattan engine
was fitted with Lee and Larned’s annular boiler ; and
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Gray & Son’s boiler consisted of a cylinder fitted with
tubes revolving slowly on trunnions within an iron
casing lined with fire clay.

On the first trial the task set to all the engines was
to deliver 1,000 gallons of water into a tank 67 ft.
distant, the water in all the boilers being cold when
starting, and the order in which this was done by the
different exhibitors was: 1, Easton & Amos; 2, Merry-
weather & Son ; 3, Shand, Mason & Co. ; 4, Butt &
Co., and 5, Roberts. In the second trial, which con-
sisted in doing the same work with the steam already
up, the order of rapidity with which the work was
done by the different exhibitors was as follows:
Shand, Mason & Co., Butt & Co., Merryweather &
Son, Roberts, and Easton & Amos. In subsequent
trials the engine of Messrs. Merryweather & Son
worked with great efficiency, and took the first prize
of 2501, the second prize of 100l being awarded to
Messrs. Shand, Mason & Co. The steam fire engine
Sutherland, which achieved these successes, is repre-
sented in fig. 109, and Messrs. Merryweather & Son’s
description of this engine is as follows : —

This engine has two steam cylinders, each 85in. in diameter,
with pistons of 24 in. stroke. The two pump cylinders are 63 in.
in diameter, and the pistons of the pumps being on the same rods
as the steam pistons, make the same extent of stroke. Both steam
cylinders and pumps are fixed horizontally on the wrought iron
side frames of the engine, and rigidly connected together by
strong tie-rods running thronghout the entire length of cylinder
and pumps. The valve motion is of a simple character, and is so
arranged that when one piston is changing stroke the other is
in the middle of its stroke, thus imparting a very uniform and
steady motion. On the middle of each piston rod is keyed a
boss carrying a short arm projecting horizontally. Parallel to
and at a short distance from each piston-rod, are fixed in suit-
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able bearings, so as to be able to revolve freely on their axes,
two twisted bars or quick screws, having a pitch of 1 turn in
16in. At the ends of these twisted bars or screws next the
steam cylinders are cut two strong square-threaded screws,
having 1 turn in 1} in., on to which are fitted 2 gun-metal nuts,
which nuts are received by the forked ends of the weigh-shaft
levers for moving the slide-valves. To the short arms on the
piston-rods above mentioned are attached 2 gun-metal sliding
pieces, which clasp, and move freely on the twisted bars or
screws, and having the same motion as the piston-rods, impart
a slow, easy, reciprocating rotating motion to the twisted bars
or screws, causing the gun-metal nuts and weigh-shaft levers to
be brought backward and forward with a slow, easy action, thus
moving the slide-valves into the required position—viz., that of
closing steam and exhaust ports shortly before the end of the
stroke, thus preventing the possibility of striking the ends of the
cylinders. By this arrangement, each cylinder cuts off its own
steam and exhanst, and is entirely independent of the other for
forming the cushion required to stop the momentum of the
Ei:lt‘?ns. Thus, each piston brings itself to rest; but when at
-stroke, by means of a connection between the weigh-shaft
levers, it gives steam to No. 2 cylinder, the piston of which brings
itself to rest and liberates No. 1 piston, and so on alternately.

The slide-valves are of the equilibrium piston form, and with
full steam (1501b. per sq.in.) can readily be moved by the
hand with a force of 5 Ib., thus saving power which is more use-
fully employed in forcing water.

The engine is started merely by opening the steam valve,
which can be so regulated as to allow it to run as slow as half-
a-stroke per minute, and has no dead points or centres.

The pump has all its valves below the pump cylinders, and so
arranged that no water remains in the pump when at rest, so
that it cannot freeze, The suction valves, 4 in number, are
each 10in. long and 1375 in. wide, with a lift of 1 in., which
presents an area of 13-75sq. in.; the delivery valves, also 4 in
nomber, are each 10in. long, and 125 in. wide, with a lift of
1in,, and an area of 12'5 sq. in. ; the whole are made of gun-
metal, india-rubber faced, but gun-metal valves can be fitted if
preferred. The engine is fitted with 4 deliveries, each 24 in.
in diameter, for attaching hoses, and the suction hose is 5% in.
diameter.

The side cover of the pump can be readily removed and the
valves and seats re-adjusted if necessary.
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The side frames are of Bowling angle iron, firmly secured
together by wrought iron cross-stays, and pivoted over the fore-
carriage, 80 that the engine may travel on the roughest road.
Beneath the front part of the frame, and below the pivot, are the
wrought iron fore-carriage and front wheels, which lock com-
pletely round and under the frame of the engine.

Above the pump, and fore and aft of the copper-suction and
delivery air vessels, are the tool-boxes and seats for the driver
and ten men. The delivery hose is carried in a cylindrical
drum (capable of containing from 500 to 600 ft. of leather hose),
attached beneath the frame near the boiler.

The vertical boiler has very large steam and water spaces,
with a tubular circulating shell of homogeneous metal 5 in.
thick, and double rivetted. The tube and top plates are of Low-
moor iron 1} in, thick ; the stays are of Bowling iron of 1in. in
diameter, and the tubes are of solid drawn copper. The height
of the boiler is 5 ft., and the diameter 3ft. 6in. When the
engine is at work, the boiler contains on an average 60 gals.
of water ; the steam space varies from 9 to 19 cubic ft. ; the fire-
box surface is 145sq. ft., and the tube surface 192°5 sq. ft.,
making a total heating surface of 207 sq. ft.

The top plate is provided with four hand-holes, so that the
interior of the boiler can be got at most readily. The top and
bottom tube plates are connected together by strong wrought
iron stays. The boiler is fitted with two large safety valves,
two pressure gauges, back and front, No. 5 Giffard’s injector,
water-glass, gauge cocks, &c. There is also a steam jet in the
chimney for assisting the draught. A portion of the outer shell
of the boiler is kept down below where it is rivetted to the lower
tube-plate to which the side frames are attached, so that the
bolts do not go into the water or steam space of the boiler. At
the lower part of the boiler is attached a large bunker for
carrying coals or other fuel.

The engine is mounted on four springs and high wheels, so
that it is suited for the most rapid travelling, )

The steam fire-engine Torrent, which has obtained
some celebrity in connection with Captain Hodges’
fire-brigade, in consequence of its efficient action
at various fires, is represented in fig. 110, Messrs.
Merryweather & Son’s description of this engine is as
follows :—
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This engine has undergone some very severe tests, and proved
to be efficient in every respect, its arrangements being of so
simple a character, that ordinary persons have managed it with
but very little previous knowledge of the mechanism of a steam
fire-engine. It has a steam cylinder of 6} in. diameter, with a
piston stroke of 12 in. The steam and water pistons are con-
tinuous. The pump is 4} in. in diameter, with a stroke of 12 in.,
the cubic contents of which are 1 ‘45 gals. The arrangement
for moving the alide valve, which is of the piston equilibrium
form, is of the simplest kind. In the centre of the piston-
rod a light cross-head is keyed, having a slight bearing upon
each of‘fhp tie-rods which connect the steam cylinder and pnmg
wgether; to this cross-head are attached two light rods, whi

again connected to two small weigh-shaft-levers, which
give s lllght motion as the piston advances and recedes, to an
ordinary flat valve, that admits steam to & small piston which is
on the same rod as the piston slide valve. This engine can be
started at any point by merely opening the steam valve, and can
be driven at any speed (so as to adapt itself to any quantity of
water) even a8 slow as one stroke per minute, as there are no
dead points or centres.

The suction valves, of which there are two, are 95 in. long
and 13625 in. wide, with a lift of 11 in,, and an area of 10 sq. in.,
and the two dehvery valves are 9°5in. long, and 1 in. wide, with
a lift of barely 1 in. and an area of 9:58q.in. The whole of the
valves are of gun metal, leather faced (india-rubber can be used
if preferred), and are placed below the pump cylinder, readily
accessible, and so arranged that no water can possibly remain in
the pump when at rest (to prevent freezing). It has two de-
livery outlets of 24 in. each, and a suction of 8} in., all inside
diameter. The frame is of Bowling angle iron, pivoted over the
fore-carriage and front wheels, which lock and turn completely
under the main part of the engine.

The boiler is of steel, with Lowmoor iron tube and top plates,
and vertical water tubes; the tube-plate is flanged to form a
mud pocket, which receives all the deposit and from which it is
easily blown out. The top plate has four hand holes, so that
the interior of the boiler is easily accessible. The boiler is 48 in.
high, the diameter being 28 in. The shell is of homogeneons
metal, full  in. thick. The tube and top plates are & in. thick,
and the tubes are of solid drawn homogeneous copper. The
quantity of water contained in the boiler, when at work, is from
15to0 80 gals. The steam space is about 4 cubic ft., the fire-box
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sarface 7°5 8q. ft,, including flue surface, and the tube surface
57 sq. ft., making a total of 64°5 sq. ft. of heating surface. The
boiler is fed by a Giffard’s injector, by the main pump, and by a
feed pump. It is fitted with a nl{ty valve, a donble steam
pressure gauge, a Water pressure gauge, water gauge, gauge
cocks, &c., and has a emall steam jet for assisting the dranght.

The wrought iron frame of the engine is attached to a portion

of the outer shell of the boiler, left for the purpose below the
water and steam spaces. At the bottom of the boiler are at~
tached the coal-bunkers, and below the frame, in front of the
boiler, is an iron frame for carrying the hose.
. The frames of the engine are made of steel §in. thick, and
attached to the back and front plate of the boiler. 'Transverse to
the frames, and over the cylinders, is a steel and wood frame
combined, and at the back and front, a central longitudinal
frame terminating at the smoke-box. The cross leading frame
is also of steel, to which the steering spindle fork is attached.
The slides of the main axle are inclined to divert the percussions
on the main springs, and to keep the centres of the spur-gear in
their most fitting relative positions. The whole weight of the
boiler and the principal part of the machinery is borne by the
driving wheels, which sustain each 2§ tons weight to promote
their adhesion, while the power of the engine is such as to make
them skid round in ¢ reverse ’ when it is found necessary to stop
instantly ; the engine is also fitted with a break. The motion
consists of spur-gear in duplicate 5 to 1, which allows the steam
pistons to make 650 ft. per minute, or about half the speed of the
carriage. There is also a universal differential motion applied to
the main axle. Provision for causing the driving wheels to
move at different degrees of speed, when it is necessary to do so,
and to pass readily over any obstacles on the road, is made by
the line of the steel cranked shaft, or first motion which moves
in bearings fixed to the boiler and frames, and that of the
second motion, or main driving axle, being often in different
planes. The first motion and boiler all take the average undu-
lation of the road, and the second motion has, on uneven roads,
a continued elevation and depression at either end.

The main shaft is & bar fitted with a centre cross pin and two
bevel wheels or couplings free to move in any way. On this
centre bar are two more bevel wheels, and the two driving
wheels are respectively connected firmly together by wrought
iron pipe shafts, which move freely upon the centre shaft. Upon
these external shafts the spur wheels are fitted free, and driven
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by the two pinions fast on the first motion crank axle. The
two spur wheels actuate the two bevels first mentioned, and also
the central shaft by two driving bars, each of which moves freely
on the three points of contact, allowing the two spur wheels to
keep unremitting connection with their respective pinions, at all
the various positions in the planes of the two axles, transmitting
to the central bevel wheels their united power, through the two
nniversal driving bars. When the carriage moves along a straight
road, these bevel wheels merely act as circular clutch couplings ;
but in passing round curves, they revolve in part, allowing
either driving wheel to take the inner curve, or, if necessary, to
become stationary, while the othrer wheels make a circuit round it.
The driving wheels are each 4 ft.in diameter and 7in. wide, and
are made of cast bosses and steel spokes and rim, with outer seg-
ments and exterior felloes of wood. Upon these are bolted
segments which admit of elongation and substitution, without
interfering with the rest of the wheel. The cylinders are each
6in. in diameter, with a stroke of 8 in., and the link-motion is
the same as in railway locomotives, with an extra expansion
link-motion for forward gear, which allows a constantly free
exhsanst, and a cut off at any part of the stroke up to &. This,
with Gray’s variable blast pipe, and short tubes of ample size,
enables the exhaust to be freed at a minimum pressure, keeping
up a constant working pressure of 1501bs. The steering ap-
paratus is simple and can be managed with great ease, as there
is but one leading wheel, the obstructions of the road being
yielded to by the vertical axis and its appliances. To assist this
forked steering shaft, and allow it to rise and fall, as well as turn
freely, a parallel motion is arranged, so as to transmit the longi-
tudinal strain received by the wheel to a fixed pin level with its
axle, and made fast to the frame between the cylinders, the
parallel rods having & universal hold of a beam lever, and also
the ends of the axle of the leading wheel.

A soft metal plug is inserted in the boiler, in the event of no
water being found along the roads, that will immediately put out
the furnace fire. The engine is fitted with two steam whistles,
gauge glass, water cocks, and two steam pressure gauges, one
for the stoker, and the other for the driver and steerer.

Messrs. Merryweather, in common with Messrs.
Shand, Mason & Co., have been able to produce steam
fire-engines weighing not more than a cwt. per actual
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horse-power, and they find that the engines most in
demand are those with single cylinders weighing
from 26 to 27 cwt., and those with double cylinders
weighing from 35 to 40 cwt. The pumps have their
valves so arranged, that they deliver their water at
the lowest part, so as to prevent the accumulation of
grit or other obstructions in the valves by causing
the valve seats to be swept at each stroke by the
effluent water. The only want I see in Messra.
Merryweather and Son’s engines is a crank, and the
sooner they introduce it the better.

At the International Exhibition of fire-engines
held at Middleburgh, in Holland, in July 1864, Messrs.
Merryweather and Son’s engine obtained the silver
medal, and 200 guilder prize; and the makers allege
that their engine would have done still better than it
did, only that before the trial their boiler had been
working with salt water and that some of the salt
still remained. Medals and inferior prizes were
awarded to Messrs. A, Bikkers & Son, Rotterdam ;
F. Requilé and Beduwé, Liege; Peek Brothers,
Middleburgh ; and W. C. Pasteur & Co., Rotterdam.

Ice-making Machines. One of the most remark-
able applications of the steam-engine is to the manu- -
facture of ice; which is accomplished by forcing the
heat out of air by mechanical compression, and then
by again allowing the compressed air to expand.
Such demand is thus created for the restoration of
the heat before forced out as to produce a great re-
duction in the temperature of surrounding objects.
On the occasion of my first visit to India in 1847,
the inconveniences caused by the heat drew my at-
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tention to the subject of artificial refrigeration, which
I proposed to accomplish by compressing air until its
temperature became so high that its surplus heat
would be readily extracted by the application of cold
water ; and then by allowing this air subsequently to
expand under such circumstances as to generate
power, a very low temperature it was plain would be
produced which might be regulated to suit the re-
quirements of a practical system of refrigeration.
Subsequently the same idea was propounded by
various other parties; and an ice-making machine
has been constructed in which the refrigeration is
produced by power aided by the agency of ether.
But in Kirk’s machine for produeing cold the ether
is discarded and air alone is used, which air is passed
through a regenerator as in Stirling’s air engine.
This machine is now in successful use in Young’s
Paraffine Works in Scotland.
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“Shearvater *’ engines of the, by Haw-

ShIe)uu &for lming heavy weights, by

ay

Shlgl, proper form of, 55; resistance
mainly due to Mcﬂm, as first

pointed out by Bourne,
Single and double cylinlar engines
compared, 58. .
Silver’s marine governor, 29.
Smeaton’s boilers, 49.

Smoke-burning, 53.

Smoke, prevention of, by Bourne, 53.

Sw:m::igng {ncline, *locomotives for
the, 3

Spn;l;.utchcr of American locomotives,
152

Starting cylinders first introduced by
Bourno,aa, of “Ulster ” and “ Mun-
ster,” 33.

St:nir;g, valves introduced by Bourne
n

Steam applled to work winches, cranes,
and shears,

Robey & Co’s. traction engine, 204 Steam ehen, benefit of g the
“Rolfe Krake,” Yated Y himney clear of it first ted out
by R. Napier & Sons, 120. by Bourne, 6.

Rovun': expansive engine, 127.
f 40. o.f ”’ power flnd 'perl'ormance
o

Savory’s system of steam culture, 211.

Scale of sulphate of lime formed in
marine boilers by heat without con-
;:;ntnﬁon, 8; proper preventitive,

% Scotia,” engines of the, 119.

Seiotl.'c cement for coating corroded
ron,

Screw md paddles, combination of, first
proposed by Bourne, 24

Screw englne‘, l?odern lorml of, 2% B

of

Bourne, 26; princlple on which
ance is eﬂected, 27; hoﬂzonta.l dxrect

Steam Is necessarily condensed in the
groduction of power unless super-

Steam wlture, 211,

Steam fire engine, 217: by Shand,
Mason & Co., 218 ; by Merryweather
& Son, 224 ; by Buwn Amos & Son,
2285 by Butt & Co., 228 ; by Roberts,
‘228, y Nichols, 238; by Gray &
Son, 228.

Steam hammers, 913 Numyth'l 9;
Wilson’s, 913 Condle'l. rrett,
Marshall' & Co." X 9; Thwaltes &
Carbutt’s, 97 100.

Steam jackets, iwneﬁtl of, 107.

Steam jet, Delabarre’s, 106.

Swam power, ice made by, 237.

rlve first introduced by
90 ; Fairbairn’ lmu:hino,sl-

g by
Bourne in 1852 have since become
general, 26; new rule for nominal
power of, 2.

Screw propellen recover part of the
wer expended in moving vessels,
¥ double screws, 87 3 various forms
of tcrews, 57.
Shafts and shaft bearings, 35.
Shand, Mason & Co’s. steam fire en~
gine, 218.

phate of lime deposited in marine

boilers m{oh“t without concentration,
18; m of preventing, 19.

“ Suftm power and performanoa of,

53.
Superheaters, internal corrosion of,
predicud by Bourne at their first
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?uuhcﬂu,b; proper surface for,

heater of ¢ Oleg,” Napier &
s, 8; form of b |’! & Sum-
mers, 8; of Great

Snperhenm Beardmore, 48.
Superheating steam, 5; benefits of
superheating pointed out by Bourne

163 waste the boilers by galvanic

o, 17.
Snrbeo of meu-huten. 13.
steam fire engine, 229.
“ Sutlej power and performance of, 40.
Syrh, power and performance of 52.

Tallow, inconvenience of, in surface
condensers from distilling over, 17;
lneonvenioneel of in hot cyllndeu

the
Tanbflnck m
135, 143,

hi
Tend'on, loeomotl‘u, mode of ﬂ.lling
while runnlng
Thermo-dynamics, 2.
Thomson, David, p\m‘ronc engines
e o ated I';b':i 319‘
unger ump inven y him, 219 ;
g Po annular engines des Isned

29,
'l‘l;,vdm & Carbutt’s steam hammer,

loeomodve,

INDEX.

¢ Torrent” steam fire engine, 233.

Traction nes, Bourne’s ( Artizan),
192; Boydell’s, 193; Bray’s, 195;
Aveling & Porter’: l. 1963
& Co.’s, 204 ; Garrett & Son’s, 207 ;
Clayton, Shuttleworth & Co.” '3, 307.

Tl marine boilers first con-
structed in 1838 by Bourne, 13 ; pre-
r“n:. formnholf 43; i roportions of in

50 ;
Turin ralluuy, locomoﬂvel of the, 153.
Twin screws, 57.

*“Ulster’’and “Mnnlm," deuih of, {11.
“ Ut:ldmnud power and performance
of, 40,

‘Various forms of screw, 57

“ Warrior,” power and performance of,
40; engines of the, 114.
Wuer, es of shape movin, in

water resisted chiefly by friction,
‘Water works, engines for, 58.
‘Water, mode "of uslxplying to tenders
while running, 1
Watt’s boilers, 49.
Western of France Railway, 153.
Wilson’s steam hammer, 91.
Winches and cranes worked by stéam,

88.
‘Wooden bearings, 37.
Yarrow’s coal-burning locomotive, 135.

Zine ammcxpmllumo(po'-
than coal, 5.
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