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ox PUBLISHERS’ NOTICE.

illustrations from American practice, of steam engin
applied to different purposes, and of appliances and
chines necessary to them. But with the exceptiol Rt
some of the illustrations and the description of
and the correction of a few typographical errors
edition is a faithful transeript of the latest

edition.
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<2 CLASSIFICATION OF ENGINES.

NATURE AND USES OF A VACUUM. 3

A.—Into single acting, rotative, and rotatory engines, Sin
acting engines are engines without a crank, such as are used
pumping water. Rotative engines are engines provided wi
crank, by means of which a rotative motion is produged ;
in this important class stand marine and mill engines, and
engines, indeed, in which the rectilinear motion of the piston
changed into a circular motion. In rotatory engines the ste
acts at once in the production of circular motion, either ug
a reyolving piston or otherwise, but without the use of any
termediate mechanism, such as the crank, for deriving a cire
from a rectilinear motion. Rotatory engines have not hithe
been very successful, so that only the single acting or pumpi
engine, and the double acting or rotative engine can be said
be.in actual use. For some purpoges, such, for example,
forcing air into furnaces for smelting iron, double acting engis : NATURE AND USES OF A VACUUM.
are employed, which are nevertheless unfurnished with a craz
but engines of this kind are not sufficiently nuinerous “o just
their classification as a distinct species, and, in general, the
engines may be considered to be single acting, by which
rotatory motion is imparted.

4. @.—Is not the circular motion derived from a cyling
engine very irregular, in consequence of the unequal levers
of the crank at the different parts of its revolution ?

A—No; rotative engines are generally provided with a
wheel to corre¢t such irregularities by its momentum ;
where two_engines with their respective cranks set at
angles are employed, the irregularity of one engine corre
that of the other with sufficient exactitude for many purpos
In the case of marine and locomotive engines, a fly-wheel is
employed ; but for cotton spinning, and other purposes requ
ing great regularity of motion, its use with common engines
indispensable, though %t is not impossible to supersede
necessity by new: contrivances.

5. Q—You implied that there is some other difference
tyveen single acting and double acting engines, than that wh
Lies in the use or exclusion of the crank ?

A.—Yes; single acting engines act only in one way by

#he steam, and are returned by a counter-weight;
suble acting engines are urged by the steam in both

Engines, as I have already said, are sometimes made
#ing, though unprovided with a crank; and there
P 8o difficulty in so arranging the valves of all ordinary
enzines, as to admit of this action ; for the pumps might
ed to raise water both by the upward and downward
indeed in some mines is already done. But engines
erank are almost always made single acting, perhaps
effect of custom, as much as from any other reason,
sually spoken of as such, though it is necessary to

there are some deviations from the usual practice,

e pressure of a vacuum you have stated is nothing;
mn the pressure of a vacuum be said ‘to be nothing,
guum occasions a pressure of 15lbs. on the square

panse it is not the vacuum which exerts this pressure,
mosphere, which, like a head of water, presses on
immerged beneath it. A head of water, hov;:ever,

f press down a piston, if the water were admitted; on:
sides ; for an equilibrium would then be establisied,
the case of a balance which retains its equilibriui;'ix\
wqual weight is added to each scale; but take th\

of one scale, or empty the water from one sideof § .
i and motion or pressure is produced; and in like
sure is produced on a piston by admitting steam

the one side, and withdrawing the steam or air =
her side. It is not, therefore, to a vacuum, but
existence of an unbalanced plenum, that the pres- e
manifest by exhaustion is due, and it-is obvious,

Wt & vacuum of itself would not work an engine.

How is the vacuum maintained in a dondensing

steam, after having performed its office in the

»



NATURE AND USES OF A VACUUM. 5

Ll 4 NATURE AND USES OF A VACUUM.

boiler to indicate the height of the water within
may not be burned out by the water becoming ac-
o low. In some cases a succession of cocks placed
o above one another are employed for this pur-
other cases a glass tube is placed perpendicularly
of the boiler and communicating at each end with
The water rises in this tube to the same height as

jtself, and thus shows the actual water level.
$he modern hoilers both of these contrivances arc

! eylinder, is permitted to pass into a vessel called the condens
where a shower of cold water is discharged upon it.
‘ steam is condensed by the cold water, and falls in the form
i hot water to the bottom of the condenser. The Waﬁer, whi
would else be accumulated in the condenser, is continus
i being pumped out by a pump worked by the engine.
B pump is called the air pump, because it also discharges any
i which may have entered with the water.
I 8. Q.—If a vacuum be an empty space, and there be wa
» in the condenser, how.¢an there be a vacuum there ¢
A.—There is a vacuum above the water, the water bel
only like so much iron or lead lying at the bottom.
9. Q.—Is the vacuum in the condenser a perfeet vacuum
A—Not quite perfect; for the cold water entering for
purpose of condensation is heated by the steam, and emi
vapor of a tension represented by about three.inches of m
cury ; that is, when the common barometer stands at 30 inch
a barometer with the space above the mercury communicaty
ith the condenser, will stand at about 27 inches.

Sun a condensing engine be worked with a pressure
B of the atmosphere ¢

% ouce it be started; but it will be a difficult
Bt an engine, if the pressure of the steam be not
Shat of the atmosphere. Before an engine can be
%o be blown through with steam to displaecthe
and this cannot be effectually done if the pressure
Be very low. After the engine is started, however,
‘ bin the Dboiler may be lowered, if the engine be
'; 10. @—Ts this imperfection of the vacuum wholly attribu until’ there is a partial vacuum in the'boile;.
Tl ble to the vapor in the condenser ¢ : Bice. however, is mnot to be commended, as
A.—No; it is partly attributable to the presence of a su ks become useless when there is & partial
quantity of air which enters with the water, and which w boiler; inasmuch as, when they are openec;l,
accumulate until it destroyed the vacuum altogether but for 8 not rush out, but air will rush dm. It is
action of the air pump, which expels it with the water, o under such circumstances, to blow out any
P already explained. All commeon water contains a certain qu § collected within the boiler, which, in the‘ case
fity of air in solution, and this air recovers its clasticity w steam vessels, requires to be (lone. every two
the pressure of the atmosphere is taken off, just as the ga .+ This is accomplished by opening a large
spde water flies up so soon as the cork of the bottle is Wi sits some of the supersalted water to be forccﬁd
s i the pressure of the steam. In some cases, 1

. 11. Q.—Is a barometer sometimes applied to the conden B applicd to an engine is of inadequate i 1
"~ of steam engines ? $he boiler will fall spontaneously to 2 }L)‘Ollnt con-

A—Yes; and it is called the vacuum gauge, becaus b the pressure of the atmosphere; bub SE prc_f-
shows the degree of perfection the vacuum has attained.  gases, partially to close the throttle val:ve =
other gauge, called the steam gauge, is applied to the bo Eawhercby the issue of steam to the engino s
which indicates the pressiire of the steam by the heigh the pressure in the boiler is thus maintained,
_which the steam forces miereury up a tube. Gauges are fer receives its former supply.

< 3




THE WAGON BOILER. 35

Bke in contact with the boiler for a sufficient time
heat.

Phis species of boiler has not an internal furnace,
Sekwork, in which the furnace is formed ¢

y so. The general arrangement and configura-
once understood by a reference to the annexed
which is a transverse section of a wagon boiler.

i Benresents the S
@eor fire bars, -5
o CHAPTER 1. downward
[;‘ at an angle '}? i
| GENERAL DESCRIPTION OF THE STEAM ENGINE. Qiving the '/ ﬂ;
%0 move to- /
Va4

the grate.

a B e bair ascends / /)
y hirough the 7 17,
THE BOILER. B Goe
: : - F wall or 7 ]
83. @ —WuaT are the chief varieties of the steam engi erses the f
actual practical use? ‘ : piler. The 7/
A.—There is first the single-acting engine, which is use |t the back /// 7
i pumping water; the rotative land engine, which is employ d proceeds ///
Rl drive mills and manufactories; the rotative marine en along one fl'///‘v
5 /s

5

S

E which is used to propel steam vessels; and the locomotiy and re-
gine, which i.s employed on railways. The last is always a pother side
pressure engine; the others are, for the most part, conde i then as-
| engines. : i The
: 84. Q..——Will you explain the construction and action ‘.course
single-acting 'engine, used for draining mines ? hat is termed a wheel draught, as the smoke
A.—Permit me then to begin with the boiler, which is 4 the boiler, and then ascendt; tl,le chimmey.
mon and necessary to all engines; and I will take the ex pcrformm’lce of this course by the smoke
of a wagon boiler, such as was employed by Boulte boilers ?
o Wat_t universally in their early engines, and which is still boilers sometimes have what is terméd a.
tensive use. This boiler is a long rectangular vessel, emoke and flame, when they reach the end
rounded top,.like that of a carrier’s wagon, from its in this case thro{Jgh an iron flue or tube
blance to which it derives its mame. A fire is set bene %o end of the boiler; and on arriving at ﬂl(;

and flues constructed of brickwork encircle it, so as to ke the smoke splits or separates—one half pass-
S .

\




36 THE WAGON BOILER.

REGULATION OF THE FIRE. 37

i ing through a flue on the one side of the boiler, and the

N half passing through a flue on the other side of the bojler

: of these flues having their debouch in the chimney.

i 87. @ —What are the appliances usually connected
wagon boiler ?

A.—On the top of the boiler, near the front, is a short @
der, with a lid secured by bolts. This is the manhole
the purpose of which is to enable a man to get into the insid
the boiler when necessary for inspection and repair, Og
top of this door is a small valve opening downward, calle 8 regulated by a plate of
atmospheric valve. The intention of this valve is to pre jper, as it is called, which

fil vacuum from being formed accidentally in the boiler, jce up and down in the
‘ might collapse it ; for if the pressure in the hoiler subside per is closed more or less
point materially below the pressure of the atmosphere, the &y of the fire has to be
will open and allow air to get in. A bent pipe, which gon boilers this is gen-
up from the top of the boiler, immediately behind the po hed by self-acting mech-
of the manhole, is the steam pipe for conducting the ste mmall cistern pipe,.which
the engine; and a bent pipe which ascends from the pipe, the water rises up
the boiler, at the back end, is the waste-steam pipe for con artional to the pressure
ing away the steam, which escapes through the safety i the surface of the water
This valve is set in a chest, standing on the top of the bl ipise or fall with the fluc-
at the foot of the waste-steam pipe, and it is loaded with pssure of the steam. In
or leaden weights to a point answerable to the intended 8 placed, which commu-
ure of the steam. a chain with the dam-

88. @.—How is the proper level of the water in the e of the steam rises,
maintained ¢ : pmised and the d.amper

A.—By means of a balanced buoy or float. This f Bf the pressure in the
attached to a rod, which in its turn is attached to a lew gerse of this action Wllll

; ‘ on the top of a large upright pipe. The upper part
pipe is widened out into a small cistern, through a shorg

in the middle of which a chain passes to the damper; b

water emptied into this small cistern cannot pass into t

except through a small valve fixed to the lever to whi

rod is attached. The water for replenishing the bes
pumped into the small cistern on the top of the pipe;
follows from these arrangements that when the buoy f2

rod opens the small valve and allows the feed water &

ecommunicates with the
piler; whereas, when the
cannot enter the pipe,
prefore, to run to waste
flow pipe provided for the

is the strength of the

ght through the furnaces

N
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land boilers of the
that which you have

land boilers are now
gal form, with one or
38 which the furnace is

of this kind is repre-
d 5, and which is the
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38 CORNISH BOILERS.

species of boiler principally used in Cornwall. In this
a large internal cylinder or flue runs from end to end. In
fore part of this cylinder the furnace is placed, and behingd
furnace a large tube filled with water extends to the end o
boiler. - This internal tube is connected to the bottom pas
the boiler by a copper pipe standing vertically immedi
behind the furnace bridge, and to the top part of the boile
a bent copper pipe which stands in a vertical position nes
end of the boiler. The smoke, after passing through the
tral flue, circulates round the sides and beneath the botto
the boiler before its final escape into the chimney. The &
is carefully covered over to prevent the dispersion of the Iy

91. Q.—Will you describe the construction of the be

used in steam vessels ¢

_ A.—These are of two classes, flue boilers and tubular boili

| There are 4 boile

the right being
front view, and that to the left a transverse section.

but the latter are
most used. In the
boiler the furnace
set within the be
and the flues pro
ing from them
backwards and
wards within the
er until finally
meet and enter
chimney. Figs.
and 8 are dif
views of the flue b
of the steamer F
shown in plan, Fi
with 8 furnaces in
or 12 furnaces i
Tig. 7 is an ele
of 2 boilers, the @

FLUE BOILERS..

section through 2 boilers. The direction of the

and longitudinal section will explain the direc-

s arrangement different from that obtaining in

¢ boilers, the smoke after leaving the furnace
$hrough a number of small tubes and then en-



40 MARINE TUBULAR BOILERS.

ters the chimney. These tubes are sometimes of brass, an

Fig. 9.

B o v

& :

are usually about 8 inches in diameter, and 6 or 7 fect il

Fig. 10.

o,

Fig. 11.

oy

e.-ect‘cﬂ\
00006060

N ssessssscacse

S

AMERICAN BOILERS. 41

represent a marine tubular boiler; fig. 9
sneitudinal section, fig. 10 half a front eleva-
fransverse section, and fig. 11 half a back
& transverse section near theend. There is a
the top of the boiler called the ‘steam
$he purpose is to retain for the use of the
supply of steam in a quiescent state, in order
me to clear itself of foam or spray. A steam
of all marine boilers. In fig. 9 A isthe
g chest, and ¢ the smoke box which opens
The front of the smoke box is usually closed
¥ be opened when necessary to sweep the

e some forms of American boilers :
are the transverse and longitudinal sections
of American marine boiler.

are the front and sectional elevation of one
1. S. steamer Water Witch.
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- performed, when, the steam being shut off, the heavy
the beam again falls and the operation is repeated.

; the steam both ways, Whereas in the single-acting engi

PIION OF THE WORKING PARTS. 47

46 WATT’S DOUBLE-ACTING ENGINE,
nor, D, the balls of which, as they co%]apse
or down a collar on the governor sp}ndle,
Bemunicated to the throttle valve by sul’ca.ble
s, The governor, it will be seen, consists

THE ENGINE.

93. @.—The steam passes from the boiler through th
pipe into the cylinder of the engine ?

A.—And presses up and down the Ppiston alternatel
admitted alternately above and below the piston by
valves provided for that purpose.

94. @ —This reciprocating motion is all that is req
a pumping engine ?

A.—The prevailing form of the pumping engine con
a great beam vibrating on a centre like the beam of a
scales, and the cylinder is in connection with one en
beam and the pump stands at the other end. The pumg
the beam is usually loaded, so as to cause it to prep
when the engine is at rest ; and the whole effort of the &
employed in overcoming this preponderance until a &

95. Q.—In the double-acting engine the piston is p

only pushed one way %
A.—The structure and action of a double-acting land =

of the kind introduced by Mr. Watt, will be understos ; ‘JMUMW
reference to the annexed figure (fig. 20), where an enging E i 1| i ';' T
kind is shown in section. 4 is the cylinder in which a = M“H‘lmu””“’
ble piston, m, is forced alternately up and down by the | HW l

I
|

| i
admission, to each side, of the steam from the boile ’ ' ‘)'m
Ppiston, by means of a rod called the piston rod, gives me
the beam v w, which by means of a heavy bar, P, called 4
necting' rod, moves the crank, Q, and with it the fly ¥
from which the machinery to be driven derives its mots I “w
96. @.—Where does the steam enter from the hoiler _ i i E IWWW

A.—At the steam pipe, B. The throttle valve in th TR I l L
is an elliptical plate of metal swivelling on a spindle
through its edge from side to side, and by turning whie
or less the opening through the pipe will be more or Jess
The extent to which this valve is opened or closed

wv balls attached to arms fixed upon an.
3 kept in revolution by means of: a C(?rd
the fly wheel shaft. The velocity with




~into a groove or recess round the edge of the piston, &

* in each direction. The upper steam box B, is diy

1 h NDER 1 OD. 51
48 DESCRIPTION OF THE CYLINDER VALVES. ‘ LINDER LID AND PISTON R

srature having been raised considerably by the
Pfhe steam in it. When the air pump piston
behind it a vacuum ; and the foot valve being
i pressure, the weight of the water in the con-
open, and the warm water flows from the con-
plower part of the air pump, from which its re-
denser is prevented by the intervening valve,
mp piston descends, its pressure on the liquid
be open the valve in it, through which the hot
i: and when the bucket descends to the bottom
prel, the warm water which was below it will all
pve it, and cannot return. When the bucket
@lhe water above it, not being able to return
ket valve, will be forced into the hot well
ery valve 8. The hot water pump M, pumps
of this hot water into the boiler, to compensate
B of the water that has passed off in the form
pidue of the hot water runs to waste.

hat expedient is the piston rod enabled to
evlinder cover without leaking steam out of
anto it ? ‘

in the cylinder lid, through which the piston
dshed with a recess called a stuffing box, into
packing of plaited hemp is forced, which,
side against the interior of the stuffing box,
fde against the piston rod, which is smooth
gnts any leakage in this situation. The pack-
@ box is forced down by a ring of metal
This ring, which accurately fits the piston
 flange, through which bolts pass for tight-
upon the packing ; and a similar expedient
every case in which packing is employed.
at way is the piston rod connected to the

which the balls of the governor revolve being propo
that of the fly wheel, it will follow, that if by reasol
rapid a supply of steam, an undue speed be given 4
wheel, and therefore to the balls, a divergence of the §
take place to an extent corresponding to the excess of
and this movement being communicated to the throt
it will be partly closed (see fig. 1), the supply of stea
engine will be diminished, and the velocity of its mof
be reduced. If, on the other hand, the motion of the ¢
slower than is requisite, owing to a deficient supply
through B, then the balls, not being sufficiently affected
trifugal force, will fall towards the vertical spindle,
throttle valve, ¢, will be more fully opened, whereh
ample supply of steam will be admitted to the cylinderg
speed of the engine will be increased to the requisite e
97. @.—The piston must be made to fit the cyling
rately so as to prevent the passage of steam ?
A.—The piston is accurately fitted to the cylinder,
to move in it steam tight by a packing of hemp driv

is squeezed down by an iron ring held by screws.
divides the cylinder into two compartments, betwes
there is no communieation by which steam or any oth
fluid can pass. A casing set beside the cylinder cos
valves, by means of which the steam which impels
is admitted and withdrawn, as the piston commences i

three compartments by two valves. Above the u
valve v, is a compartment communicating with the s
B. Below the lower valve & is another compartment
cating with a pipe called the eduction pipe, which le
wards from ‘the cylinder to the condenser, in which
steam i condensed by a jet of cold water. By the
communication may be opéned or closed between the
the top of the eylinder, so as to permit or prevent a
steam. from the one to pass to the other. By the

communication may be open or closed between the
Al

yod is connected to the great beam by means
leach side of the beam shown at /' ¢, (fig. 21.)
ally made of the same length as the crank,




52 THE PARALLEL MOTION. . ACTION OF THE CRANK. 53
and their purpose is to enable the end of the great beam ta stre. Therod & ¢ is, therefore, drawn back
in the arc of a circle while the piston rod maintains the ¥ arc described at ¢ to an extent equal to the
position. The point of junction, therefore, of the links 3
piston rod is of the form of a knuckle or bend at some s
the stroke.

104. @Q.—But what compels the top of the piston
maintain the vertical position ?

A.—Some engines have guide rods set on each side
piston rod, and eyes on the top of the piston rod engag
guide rods and maintain the piston rod in a vertical posi
every part of the stroke. More commonly, however, the ¢
end is attained by means of 2 contrivance called the p
motion.

105. @.—What is the parallel motion ?

A.—The parallel motion is an arrangement of jointeg
8o connected together that the divergence from the vertie
at any point in the arc described by the beam is corrected
equal and opposite divergence due to the arc performed
Jjointed rods during the stroke; and as these opposite
tions mutually correct one another, the result is that the
rod moves in a vertical direction,

106. @.—Will you explain the action more in detail 2

A.—Thepin, fig 21, which passes through the end of the b
Jhasalink /g hung on each side of the beam and a short cré
called a cross head extends from the bottom of one of thes
to the bottom of the other, which cross head is perforate
a hole in the middle for the reception of the piston rod.
are similar links b  at the point of the main beam, wh
air pump rod is attached. There are two rods d ¢ con
the links § d with the links 7' g, and these rods, as they
continue parallel o the main beam throughout the stre
called parallel bars. ~ Attached to the end of these two ; :
d are two other rods ¢ d, of which the ends at ¢ are attae object of it, and it accomplishes its ?l)Ject
stationary pins, while the ends at @ follow the motion anner, as it gradually arrests the velocity of
lower ends of the links b d. These rods are called the s the end of the stroke, and thus obv1§tes
bars. Now it is obvious that the arc described by the g ise be an injurious shock upon the machine.
with ¢ as a centre, is opposite to the arc described by th pproaches the lowest part of its throw, and at

are described at g, or, in other wordgy the line -
point g becomes a straight line instead of a

the air pump rod move vertically as well as

MThe air pump rod is suspended from a cross
b the centre of one of the links b @ to the
link, on the opposite side of the beam. Now,.
g the central axis of the great heam to the
b the length of the rod ¢ d, it will follow that
the link will follow one are, and the lower end
site arc, A point in the centre of the link,
opposite motions meet, will follow 10 arc
wve up and down vertically in a straight lm'e.
Luee of the crank is to obtain a circular motion
Img motion ?




54 ACTION OF THE FLY WHEEL,

the same time the piston is approaching the top of the eyl of

the motion of the crank becomes nearly horizontal, or, in

‘ words, the piston is only advanced through a very sha

tance, for any given distance measured on the circle de

| by the crank pin. Since, then, the velocity .of rotation

crank is nearly uniform, it will follow that the piston wi
very slowly as it approaches the end of the stroke; and
ton is brought to a state of rest by this gradually retarde
tion, both at the top and the bottom of the stroke,

109. @.—What causes the crank to revolve at a
velocity ? x

A.—The momentum of the machinery moved by the
but more especially of the fly wheel, which by its opera#

‘ dresses the unequal pressures communicated by the cranl

O compels the crank shaft to revolve at a nearly uniform v

[ Everyone knows that a heavy wheel if put into rapid

e cannot be immediately stopped. At the beginning and
the stroke when the crank is vertical, no force of torsion

exerted on the crank shaft by the crank, but this force i

maximum when the crank is horizontal. From the

point, where this force is nothing, to the horizontal
where it is at its maximum, the force of torsion exerted
crank shaft is constantly varying ; and the fly wheel by
mentum redresses these irregularities, and carries the
through that “dead point,” as it is termed, where the
cannot impart any rotative force.
i 110. @.—Are the configuration and structure of tk
E engine, as it left the hand of Watt, materially differe
f those of modern engines ?

R A.—There is not much difference. In modern rotat
engines, the valves for admitting the steam to the cyli
condenser, instead of being clack or potglid valves mé

./ tappets on the air pump rod, are usually sluice or sliding
‘ moved by an eccentric wheel on the crank shaft. ~Se

: the beam is discarded altogether, and malleable irom

largely used in the construction of engines instead of

B iron, which formerly so largely prevailed. But upon

4
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the present day is substantially the engine

# who perfectly understands the operation of
l have no difficulty in understanding the oper-
She numerous varieties of engines since intro-

THE MARINE ENGINE.

you describe the principal features of the

e employed for the propulsion of vessels

nes are of two kinds,—paddle engines and
the one case the propelling instrument is
in rotation at each side of the ship: in the
elling instrument is a screw, consisting of
yanes, revolving beneath the water at the
of engines there are many distinet varieties.

@ are the principal varieties of the paddle

g side lever engine (fig. 26), and the oscillat-

Fig. 28.




56 THE GORGON ENGINI. THE SIDE LEVER ENGINE. 57
ing engine (fig. 27), besides numerous other forms of &

, ; are fixed the paddle wheels. The paddle
[ which are less known or employed, such as the trunk (fig .
2

are 1 be formed with fixed float boards for en-
double cylinder (fig. 23), annular, Gorgon (fig. 24),
(fig. 25), and many others. The side lever engine, ho

or, like the boards of a common undershot
they may be formed with feathering float
termed, which is float boards movable on a
erned by appropriate mechanism that they
the water in a nearly vertical position. The
gadial floats,
kind most
and they
e arms of
of mallea-
fixed by
s on the
#s usual in

Fig. 25.

PP —

s of which
fangles with
gn the pad-
gd by the

boards en-
gause a for-
pparted to
ppels for-
th(.z same o
pat is pro-
B of oars.
remarks = e ]
yessels ?

With respect to the side lever engine, it may
such a modification of the land beam engine
L o= will enable it to be got below the deck of
yiew, instead of a single beam being placed
s are used, one of which is set on each side
down as possxble The cross head which
sod is made somewhat longer than the diam-
ir. and two great links or rods proceed one

and the oscillating engine, are the only kinds of paddle ¢
* which have been received with wide or general fayor.
118. @ —Will you explain the main distinctive feats

the side lever engine ?
A.—In all paddle vessels, whatever be their subos
characteristics, a great shaft of wrought iron, s, turned
by the engine, has to be carried from side to side of the
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EXAMPLE OF A SIDE LEVER ENGINE. STARTING A MARINE ENGINE. 59

s passing through the bottom of the vessel,
pps its position by its weight slone. The
pump are worked off the side levers by
and 2 cross head. A strong gudgeon, called
ses through the condenser at K, the project-
4 serve to support ghe side levers or beams.
B which, by means of the cross head and side
%o the side levers or beams, one of which is
Bhe line M represents the connecting rod, to
Smparted by the beams, through the medium
ending between the beams, and which by
turns the paddle shaft s. The eccentric
e valve is placed upon the paddle shaft:
of metal encircled by a hoop, to which a rod
disc is perforated with a hole for the shaft,
Sut near one edge. When, therefore, the
ing the cccentric with it, the rod attached
BOp receives a reciprocating motion, just as it
Bl to a crank in the shaft.
Sou describe the mode of starting the engine %
smention that when the engine i ab rest, the
the eccentric and the slide valve is broken,
of the cccentric rod out of a notch which
valve shaft, and the valve is at such times
& hand by a bar of iron, applied to a proper
pear for that purpose. This being so; the
Sehes to start the engine, first opens a small
through valve, which permits steam from
e engine both above and below the piston,
sndenser and air pump. - This steam expels
B terior of the engine, and also any water
mulated there; and when this has been
h valve is shut, and a yacuum very soom
Bine, by the condensation of:the gteam. If
L be moved by hand, the steam from the
el on one side of the piston, while there is
pr side, and the pistorﬂf will, therefore, be

from each end of the cross head to one of the side I
beams. A similar cross bar at the other end of the
serves to connect them together and to the connectis
which, proceeding from thence upwards, engages the
and thereby turns round the paddle Wheelg.

115. Q—Will you further illustrate this general descs
by an example ?

26.

A.—TFig. 26 is a side elevation of a side lever engd
represent the beams or keelsons to which the engh{
tached, and on which the boilers rest. The engihes
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moved in the desired direction. When the piston reacl

end of the stroke, the valve has to be moved in the
direction, when the piston will return, and after being
thus by hand, once or twice, the connection of the val
the eccentric is to be restored by allowing the notch
end of the eccentric rod to engage the pin on the valve
when the valve will be thereafter moved by the engine
proper manner. It will, of course, be necessary, wh
engine begins to move, to open the injection cock a Ii
enable water to enter for the condensation of the ste
the most recent marine engines, a somewhat different m
* ism from this is used for giving motion to the valves, b
mechanism will be afterwards described.

117. @Q.—Are all marine engines condensing engines

A.—Nearly all of them are so; but recently a nu
gunboats have been constructed, with high pressure @
In general, however, marine engines are low pressung
densing engines. b

118. @ —Will you now describe the chief features
oscillating paddle marine engine ?

A.—In the oscillating paddle marine engine, the
ment of the paddle shaft and paddle wheels is the s
the case already described, but the whole of the side ley
rods, cross head, cross tail, and connecting rod are di
The cylinder is set immediately under the crank; the
the piston rod is connected immediately to the crank
to enable the piston rod to accommodate itself to the m
of the crank, the cylinder is so constructed as to be su
of vibrating or oscillating upon two external axes or
These trunnions are generally placed about half way
sides of the cylinder; and through one of them stes
ceived from the boiler, while through the other
escapes to the condenser. The air pump is usually Wi
means of a crank in the shaft, which crank moyes the
bucket up and down as the shaft revolves.

119.. @.—Will you give an example of a paddle e

engine ¢

OF THE HOLYHEAD PACKETS. 61

#s an example the oscillating engines con-
Ravenhill & Salked, for the Holyhead

3= a longitudinal section of this vessel, show-

boiler ; and fig. 28 is a transverse section
s, showing also one of the wheels. There
s this vessel, and one air pump, which lies in
g, and is worked by a crank in the shaft
fween the cylinders, and which is called the
A A, is one of the cylinders, B B the pis-
erank. D is the crank in the intermediate
the air pump B. There are double eccen-
shaft, whereby the movement of the slide
The purpose of the double eccentrics is to
8 arrangement of valve gear to be employed,
ol the Zink motion, and which will be de-
¥ 1 arc the steam pipes leading to the steam
hich, and on the eduction trunnions con-
a, the cylinders oscillate.

Bt species of mechanism are the positions of

feathering wheels governed %

e supported by spurs projecting from the

they may be moved upon the points of

(8hey are attached by pins, by means of short

m the backs of the floats, and conneeted to

Lowards the centre of the wheel.  Theigen-

h these rods proceed is not concgntﬁc
the rods, therefore, are moyed in and ‘outr
and impart a correspending motmn to

feathering wheels the proper motion ‘is
means of an eccentric on the ship’s side.

wheels, whether radial or feathering, will
#d in the chapter on Steam Navigation.

SCREW ENGINES.

the principal varieties of screw engines ?
aployed for the propulsion of screw vessels

e




FOR DRIVING THE SCREW. 63

b great classes,—geared engines and direct
each of these classes again has many
wessels, the shaft on which the screw is set
a much greater velocity than is required
e shaft of a paddle vessel ; and in geared
velocity of rotation is obtained by the
wheels,—the engines themselves moving
ity of paddle engines; whereas in direct
wequired velocity of rotation is obtained by
of the engines, and which are connected
serew shaft.
you describe some of the principal varieties

y of the geared engines for screw vessels
same manner as land engines, with a beam::
means of a connecting rod extending down-
o the crank shaft, on which are set the cog
motion to pinions-on the screw shaft,—the
being generally of wood and the teeth of

There are usually several wheels on the
eral pinions on the screw shaft; but the
run in the same line, but are set a little in

er, so as to divide the thickness of the
parts as there are independent wheels or
ngement the wheels work more smoothly
rwise do.
other forms are there of geared screw en-

the cylinders lie on theirsides in the
ers of a locomotive engine. In other cases
are employed ; and in other cases vertical

give an example of a geared vertical oseil-

of a geared oscillating engine are similar to
ines (figs. 27 and 28), but the engines are
the ship, and instead of a paddle wheel
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64 ENGINES OF THE GREAT BRITAIN STEAMER. OF THE LOCOMOTIVE ENGINE. 65
is the kind of direct acting screw engine
8. Penn.

orizontal trunk engine. In this engine a
® trunk penetrates the piston, to which it is
gast in one piece with it; and the trunk also
and bottom of the cylinder, through which
e tight therein by means of stuffing boxes.
is attached at one end to a pin fixed in the
while the other end engages the crank in
 The air pump is set within the condenser,
& rod which is fixed to the piston and de-
Berefrom. The air pump is of that species
e-acting. The piston or bucket is formed
but an inlet and outlet valve is fixed to
, through the one of which the water is
barrel, and through the other of which it
bt well.

¢ on the main shaft, there is a geared wheel which connect
a pinion on the screw shaft. The engines of the Great
are made off the same patterns as the paddle engines consts
by Messrs. John Penn & Son, for H. M. 8. Sphinx. The
ter of each cylinder is 82} inches, the length of travel or
of the piston is 6 feet, and the nominal power is 500
The Great Britain is of 3,500 tons burden, and her displag
at 16 feet draught of water is 2,970 tons. The diameter
screw is 154 feet, length of screw in the line of the shaffy
2 inches, and the pitch of the screw, 19 feet.
125. Q. —What do you mean by the pitch of the scre

A.—A screw propeller may be supposed to be a sho
cut off a serew of large diameter like a spiral stair,
pitch of a spiral stair is the vertical height from any gi
| to the step immediately overhead.

‘ 126. Q.—What is the usual number of arms ?
A.—Generally a screw has two arms, but sometimes
; | three or more. The Great Britain had three arms or
i blades resembling the vanes of a windmill. The mul8
the gearing in the Great Britain is 8 to 1, and there
“ square feet of heating surface in the boiler for each
horse power. The crank shaft being put into motion
engine, carries round with it the great cog wheel, or
tion of cog wheels, affixed to its extremity; and these
acting on suitable pinions on the screw shaft, cause th
to make three revolutions for every revolution made
engine.

127. Q. —What are the principal varieties of dired
screw engines ¢ :

A.—In some cases four engines have been employes
of two, and the cylinders have been laid on their sides
side of the screw shaft. This multiplication of engis
. ever, introduces needless complication, and is now ¥

used. In other cases two inverted cylinders are set
screw shaft on appropriate framing; and conneetd
attached to the ends of the piston rods turn round &
the screw shaft.

& LOCOMOTIVE ENGINE.

describe the more important features of
]

employed to draw carriages upon rail-
indrical hoiler filled with brass tubes,
air passes on its progress from the fur-
attached to thie boiler are two hori-
with pistons, valves, connecting rods, and
to enable the power exerted by the
the cranked axle to which the driving
There are, therefore, two independent
B the composition of a locomotive, the
#t right angles with one another, so that
dead point, the other crank isin a posi-
imum efficacy. The driving wheels,
erank shaft and turn round with it;
ward on the rails by the mere adhe-
§s found sufficient not merely to move
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66 LOCOMOTIVES ALWAYS HIGH PRESSURE.

the locomotive, but to draw a long train of carri
hind it.

180. @Q.—Are locomotive engines condensing or hi
sure engines.

A.—They are invariably high pressure engines, and i

be impossible, or at least highly inconvenient, to carry t
necessary for the purpose of condensation. The stea
fore, after it has urged the piston to the end of t
escapes into the atmosphere. In locomotive engines
steam is always discharged into the chimney through
pipe, and by its rapid passage it greatly increases the
of the draught in the chimney, whereby a smaller
suffices for the combustion of the fuel, and the ew
power of the boiler is much increased.

131. @.—Can you give an example of a good ]
engine of the usual form ?

A4,—To do this I will take the example of one of H
locomotive engines with six wheels represented in fig.
one of the most modern construction now in use, nor ¥
the most antiquated. 1 is the cylinder, » the conne
¢ ¢ the eccentrics by which the slide valve is moved ;
steam pipe by which the steam is conducted from
dome of the boiler to the cylinder. Near the smok
of this pipe is a valve & or regulator moved by a h
the front of the boiler, and of which the purpose is to
the admission of the steam to the cylinder; f is a s
kept closed by springs; X is the eduction pipe, or, as
monly termed in locomotives, the blast. pipe, by
steam, escaping from the cylinder after the stroke has
formed, is projected up the chimney m. The water in
of course covers the tubes and also the top of the
fire box. Tt will be understood that there are two
each locomotive, though, from the figure being given
only one engine can be shown. The cylinders of
are each 14 inches diameter; the length of the st
piston is 21 inches. There arc two sets of driving
feet diameter, with outside connections,

(WTHORN'S LOCOMOTIVE.

67 .




68 EXAMPLES OF MODERN LOCOMOTIVES. BINES INJURIOUS TO THE RAILS. 69
182. Q.—What is the tender of a locomotive ?
A.—1t is a carriage attached to the locomotive, of ¥

purpose is to contain coke for feeding the furnace,

for replenishing the boiler.
133. @.—Can you give examples of modern locoma
A.—The most recent locomotives resemble in thei
features the locomotive represented in fig. 29. I can,
give examples of some of the most powerful engines

pn’s express engine, adapted for the ordi-
# railways. The cylinders of Gooch’s en-
hes diameter, and 24 inches stroke; the
8 feet in diameter; the fire grate contains
; and the heating surface of the fire box is
ere are in all 805 tubes in the boiler, each
L giving a heating surface in the tubes of
total heating surface, therefore, is 1952
Boch states that an engine of this class will

b 860 cubic feet of water in the hour, and
B 236 tons at a speed of 40 miles an hour,
s at a speed of 60 miles an hour. The
empty is 31 tons; of the tender 8% tons;
of the engine when loaded is 50 tons.
locomotives, the Liverpool, with one set
is than the fig., the cylinders are of 24
#8 inches stroke; the driving wheels are
e fire grate contains 213 square feet of
surface of the fire box is 1564 square feet.
bes in the boiler of 2.% inches external
2 in the tubes of 2136 'square feet, and
of 2290 square feet. The weight of this
85 tons when ready to proceed on a jour-
displayed at the Great Exhibition in
most powerful locomotive engines then
such engines is very injurious to the
Wing, and disturbing the rails, and try-
hole of the railway works. No doubt
fistributed upon a greater number of
resting on the driving wheels be much
ve sufficient bite upon the rails to pro-
Bpping. This, however, is only one of the
Lor high rates of speed has produced. The
as it is termed, the gauge of the rails,
ys in this kingdom limited to 4 feet
£ limitation is imposed on the diame-
B in its turn restricts the number of the

Fig. 30.

construction. Fig. 80 represents Gooch’s express engi

Fig. 81.

for the wide gauge of the Great Western Railwayg
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70 LOSS OF POWER FROM LONG" TUBES.

tubes which can be employed. As, however, the attal
a high rate of speed requires much power, and com
much heating surface in the boiler, and as the numbes
cannot be increased without reducing their diamete
become necessary, in the case of powerful engines, #
tubes of a small diameter, and of a great length, to @
necessary quantity of heating surface; and such tubg
a very strong draught in the chimney to make them
‘With a draught of the usual intensity the whole of
will be absorbed in the portion of the tube nearest t
leaving that portion nearest the smoke box nothing
to transmit the smoke; and with long tubes of small
therefore, & very strong draught is indispensable,

such a draught in locomotives, it is necessary to col
mouth of the blast pipe, whereby the waste steam wi
jected into the chimney with greater force; but thi
tion involves an increase of the pressure on the ed
of the piston, and consequently causes a diminuti
power of the engine.  Locomotives with small and
therefore, will require more coke to do the same
locomotivesin which larger and shorter tubes may be

CHAPTER 1IIL

COMBUSTION, AND STEAM,

HEAT.

peant by latent heat ?
is meant the heat existing in bodies
® by the touch or by the thermometer,
8 existence by producing a change of
d in the liquefaction of i ice, and in the
¥et the temperature does not rise during
Weat absorbed is therefore said to become
pmewhat objectionable, as the effect
o of heat has in each case been made
s reasonable to call hot water latent
the present acceptation of the term,
Won or vaporization; but to produce -
seessary as to produce the expansion
bmeter tube, which is taken as the
and it is hard to see on what ground
af when its presence is made manifest
Weat can effect. It is the temperature
ent temperature means sensible va-




