
'lt

'r,.rllllril|.lrr 
*"

FF'Ji-:.
,:-.

'i-.

f--l
t-1

ar)

t
F

r=
t 

trai
7

R
. 

lJ
 

(
 

r
)

 
3

 
-

al 
\/

(n
L

'L
H

.7
itr

I 
rr.i 

{-"1
 

E
 

=
I

 
I

 
-

-
 

)
v

 
.

-
 

I
y

l
 

:
,

 
?

r
J

+
h

.
r

E
lL

?
-

ti2
./

-

ts
?

e
-ie

tt"i
.J

lt;=

'=
\-=

r-.l 
2

.
' 

F
i 

..aj

7tr-

,. 
1

1

pe .4
.4

fr
."

11 
-i 

.t

ts
d

*
H

(
J

t,,

i\ 
?

!:,F
F

.l 
r-i

+/1
 

!
aa

q
 

:
t

i:

.
:

i

I

Z
F

fr4

F

@!ot<

ui 
r:l

Z
H

2
1

o
u)

F
G

F
1

F
J

4

A
i 

*i

L
iL

a
.

D
a

'7
F

r

=
F

t
{

'4
i

r
i 

:
y

7
.

i1
7

.
a

l
.,1 

::

i).

:!HO4.

3
, ",{F

if
-



&
"

F
i

6
0

o
d

s
F

o
'o

+
o

6
i

h
 

H
s

c
r

 
F

6
$

b
€

@
 

F
l

-
@

 
@

F
g

e
d

*
d

 
O

h
O

 
+

6
h

N
N

C
i

d
C

)
c

a
+

g
+

 
b

6
6

FF

!tEvAnFI

FotsoI

:6

>
4

E
H

a
v

6
 

E
.d

r 
6

E
; 

ti:
I 

ts
te

<
 

F
^

A
 

''

!. 
>

)

t- 
, .1

.

:l

tszFOI

zaBEFa

ELa

c

!b
o

o

€aq)

q)

-L€d0q)

?
,q

)

cHc

llaq)

'daaHq)

o

q.)

x,aa(.)

aa,)

aq)

d

@a!pHfr

0)aq)

2d

.liaF
r

€a:;

;Haaz-O
I

a

O3,aaHaF
l

FpX



!1
foa,ca

E=.

.gO:

o
_

L

q{ 
9{

o
o

^
x

a
^

,

-
oF

.>
eO

 ca
rn 

b.

F
,

!

;3>
,

n5F€3=

I,-:-7.

qraFo

:
.

i

o
o

o
+

?
,e

o
r

o
J

iq

€
F

-Ja
>

b0ddboboO:a

f,(Hhh

dq3

oc)c3l

'H
p

F
X

h
^

:

c
io

o
a

a
:

J
-

=

4?bcdI.g
.t

at:

6tbc6-:

atA
2

cd*-a

oz2
a

-
o-do
d

rr 
>

,
4

P
(

J
+

4
-

i.

r
ltT

l

r-7
t4

a
H

F
{ 

r-h
F

Y
lfr 

t-
x 

'z)
vZ

 
l'-f

E

<
1

.a
 

?
 

/'

*cv
l

H2 
l--l

4.F
l 

2

3
-L

G

Htsatsz2AazIjn4,O

aaH?InIF
;

vi.:O

A

1,1

oazl_
XO

a

,
9

;

o
h

-
@F

q

()()
@

4

?!

A
2

a
F

E
.9

F
i

H
m

oaA

nF,aaFat.
n4()

H7tsFts,A(.)If>^
:

O

aa

O

(,

.1
 e

i
i

o
a

>
O

A

(,

0€

€F
l

dFtrts()t-^
:

(,

F
lfo

€l-]9

X
a

9nz

.E
;

A
Z

ilD
'

(,

F
lu
0

4

J4

ao

E

r.1

3



.4.-Into singie acting, rotative, airrl rotatory cngines. Si:
actirrE engincs arc engines without a craDk, such rs arc nscrl
lxtinitilg I'atcr. R.otttive clgilc:s lli: cilgi;rcs provicled l,il
cllil i i, iry rtcilns of wiiiclr. a r.oitti-,.c iiiction is procluccc-l:
in this impoi.tlrrt ch.rs stitilcl nili;no ulcl tniil cirui,t.r, ,,,r,i
elgilrcs. ildcc,ci. iri rihicjr tjLc r.r,itil in, rl.rn(,tiorr ut- thc pi:tirr
( rL i l l l l ]c( l  jn tc a c i rcul l r  nrot ion.  fn i .otator} .  engi i ies t l re s1,
l i ( t i i . t  o.co i .  thr  l r ror iur : t ion o1l  c i . . t lu i  . io t icn,  e i thci '  i l i
a Ic\.oiYirrg piitolt of otllri 'r-ir-tcr l)rrt ii.iihcui t]te nse of aL,,
tci'nicr liirtt, rle chriuisn, sLicrh as titc cllLnit, for: clcrili;r{ rr ci;rlr
1 i ' , ' r  I  'cct i l i , r ,ur  ur '1 i r ; . .  I lo t l t t . r ,y  r , t r ;1 i ; rcs hav.  i io t  i l i i l t ,
|c t 'u 1 ' r 'Lv s i l ( r ( . r ls1i r l .  so i l l i t  ot rJ; .  t l r t  s i ; iq lc  ect i l tg or  prr i l i
c r r l i i r c .  , i r r L ' , l i .  r l o r i l , l .  l r r ' i i r g , l  l , r l r r i i y c l  c ' g i aa  c l L ' J r c  s r i i , 1' | to 

i r r  r ic t t ta i  r t r r r , .  l lcr  sr i ; r r i r  l ) t i f i ) (X, . r ,  s , i tc l t .  f r t r  c : .1:nt1;1. , .
forcilg air iuto liu'nrir'c; irr. srirrll ilg .iion, tloLrble actilg cu!.r
alc ernitl.yctl, tr'Liclr iir.c t)cTc:thclur-e u,firniisireci with * crrr,
but  cngincs of  th is l i i r r , , l  t r .cnoi  sr i i l ic icr i i lv  t r r i iucrous , , r . ju. .

thcir clas."iflcatiou as a tlist.ilct spccic::, lurtl, in 11tnrl.rrl, il.
engincs mly Lrc consirlcr..^rl t,o lio siuglc ztcting, Jrv riliit.ir
rot:rtoly mr;tion is in4:ar.tctl.

4.  Q.- Is not  thc c i i<:u l l t r .  r t r . { io: r  r l r r i , , . r , r l  f io i l  : i  r . , , . i i ; r
Cl l l i l tC Virry i t ' r 'cqUl lLt ' ,  i t r  cOi t r ler iucrrcc Of t l r0 u i rcr lur l  lcr . t , l . . .
o l  t i rc  c i ' rLrr l i  at  thc r l i l l 'err i t t  1; r r r . t l  o l  i t r  r :cvoiut ion ?

CL-{SS]!'IOATION (}1. E}i(+lNr,is.

- i . -J io ;  rot l t ivc c i r r l i t r r , : r  l l i l ,  gL,nl r . l l ly  I t lov i r lcr l  n- i th l r
t i l lc t : l  to col ' r 'cc i  sucl i  i ; . i t , ly i l i r i i i ics l rv-  i is  nror i lcr i t r i r r r ;  i
t r ' l r , , t 'c  l r io orgl incs r- , - l th thci i .  r .cspcci ivc cranl . ls  sct  ut  l :

\  \ 1 I  R n  A \ L t  L S i t {  ( ) F  A  V A C t ' t J l l .

r stcm11 and are returnecl by a ccunter-weight;
1,: rcting engines are urgecl by the stearl il both

]-:rlilcs, as I havc allcacll'saitl, aie sourctimes nadc
-. tliough unpr"or-irlcrL r,'itir. a cranll; ancl tircre
' : : l l ; r ' r t l l i '  i n  tu  iL l r r r ;? i r ;g  t i rc  r - , r j r r  ;  n f  r l i  c r ' , l i l : r i y
rri s. us to aclmit of this rction ; fol the punps rnight
r,) r'lisc lr-atcr both bv thc uprarrl autl clownvard
I' r,'l in somo urincs is alrcaily clouc. But ongines
:rk rrro ahuost air-r-ilys narl: singlo acting, pcrhlps
i of custoir, as lmch es frorn any otlicL tcasoir,
llr-sirolicn of as su<rir, though it is ncccssei'y t'.r
ic rrr'o ,crol)le tieviations f'r'om thc risitnl irracticc.

]:-\Tlilil i ANll I':lla$ ()I' l\ r' 'r\CUtiil.

. r  ' l r l . : r r r ' . l rc  of  n yact t r inr  1-otL i r rye str r1 lcc l  is  not l i ing;

.  11rr :  1;r r ,sstr tc  o l ' t  v i r .c l i t t l r  l r r t  sni r l  to l le  r roth i tg,

r  : r r  { ) ( : ( ' i l r i i { ) i l j j  r l ,  ] ) i ' { ,s l - l l r0 of  f  , i l l rs .  o i r  1 l t r , :  sr lu l [ ro

.  : . r '  i l ,  i r r  l lo l  t l rc  \ .ucr1nlr )  rvhi (  l l  crr ' r t : i  t l r i r i  1t re, l ;urc,

. -pircn:, rvhich, ljkc a ltcarl of rv:ttot', 1)rcs:les ou

.:i.rue;'gcr1 Jrcncutb it. .A" ltcarl of ti,att:r, howcvcr,

:  -< r iot r 'n u,  p is ion,  j f  t l rc  l ' l i tcr  ry( ] rc a( ln] i t tcq on

i ,,: iirr rlr oqlriliJ)r'iurn'ryo'.r|l tlN"r lrc cstahlishtetl,
' (rl-c of :r lr:'"1;rntro rr-hich rctains its ctluililrriu,m,
':,1 r','ciglrt is rltltlcrl to caclt scllo l lut talic thg

i' rirrrr sctlo, or ctn1tl,"t,tllc w,ttcr ftrolt otro sitlc of 
';,

.  ,1 nrot ion or  prcssl l rc  is  1 ' ror lucci l ;  tn i l  i r r  l i l<o 
{

- :: , is piorluccrl on li, pistoli lry al'hril1:ing sicam

:lr,r orrc sirlc, iilrl rvithlllr,n'ilg tltc stcitm ot' air

. . r '  r i , l r ' .  I t  i r , i  not .  thcrcf t r lg,  r ' .o l i  v l .cunt t t ,  l tut
'  , . l - i l lcr r  of  an urLln l lnc(xI  l ) lenum? t i rn l ,  the prcs-

. ,  i i i ' . t  l ry  c:<htust iotr  is  < lucrr  anrI  i t  is  <rbvio l rs

: | \'i i.( uulrr r;f itst,lI' l riull not rr.ttrl ' tn cnlJinc.
.'. is tlro vtcutlllr rullil l.uirtcil itr a conr.Lonsjng

' : . l l r .  l i f r .cr  htv ing porf i r rnct l  i ts  o1frco i l  t l rc

tr

r iaql i ,s  l t i r :  cnr l l i r ; r ;1111. t i r t r  i r . r .gul i r . i tv  of  , r rc c. t ] . i 'c  c. r . r . ,
t l i i t l  o i ' thc otLr t t ' rv i th snl l ic i rnt  r : : : lL t , t . i iu t lc  f l i l  marry pnl .pr ,
fn thc casc of ntlLino ll:rr1 lot.oiiior.ii 'c urq.ilcll, a fl.,,. rvhcrcl i.
cnu; lo. icr . l  I  J . . rut  {br  cot ton spi : r i r in! . ,  at j ( l  ( )1hgr 

Pur i ro icf j  t .c , l .

t:.

ing i l lcat  lceular i ty  uf  urot ior ,  i t f i  usc tv i r ] r  aor, ru, ,u,  
" , , ,1 i , , ,  

.
i l rc l is ; tensalr t rc,  though : i ,  is  r r , t  i r r i rosl iJr l .  t '  s iu i tor .st l l r ,  :
1 ( . { . t ' { L i I J  l , t -  l c t v  r . o l r i  r : ' \ r t r r l r . -

5. Q.-Yorr  j t rqt l . icr l  l i r t t  i l rcrc js  sr l i rc  ot ] rcr  c l i l l i ic : r i
t 'n ' t 'cn s inglc act ing;  an( l  r l l ru l r r ,c : ic t i i ig  cna{ i rut , i ,  f l ran 1l : r t  l i
]ics in 1,ho usc or c-rclu.qion ofl ,Llic cl lilk ?

,4.-Yes; -sing)o actin.rl cnqi;rcs uct ol).y irr ouc rral i



4 NATURE AND usrs oF A \rAcuLrM.

cylinder, is permittctl to pass hto a vessel callecl the con

where a shower of cold water is discharged. upon it.

steam is eonclensecl by the colit weter, ancl falls in tlgfor:

hot water to the bottom of the conclenser' The wah', w

woulcl else be accumulatecl in the condenser, is contin

being pumpeil out by a pump workecl by the engine'

pump is calleil the air pump, because it also discharges anJr

which may have entered with the water'
8. Q.-If a vacuum be an empty space, ancl therc be v

+ in the condenser, how.e-an there be a vacuum there ?

/.-There is a vacuum above the water, the water

only like so rnuch iron or leacl lying at the bottom.

9, Q.-Is the vacuum in thc condenscr a, perfect Yacuum

/.-Not cluite perfect I for the colci water entering for

purpose of conclensation is heatcil by the steam, ancl emi

vapor.of a tension rcprcsentcd by al;out three'inches of

eury; that is, when the common barotneter stlnds at 30

a baromcter with the spacc abovc the mercnry colulunlcr

rvith the conclcnser. n-ill sttrntl at atrout 27 inchcs'
' 

tO. Q.-Is this impcrfcction of thc vacnum wholly attri

ble to the vapor in thc cotrdcnser ?
- .-No ; it is paltly nttributable to the presence of a

quantity of air which entels rrith the water, ancl which x
rccomulate until it destroyed the vacuum altogether but for

dlm of the dr purnp, which expels it with the
:; &rqdfr erplaincrl. All common rvater contains a certain

" f|4dn, in solution, and this air recovers its elasticity

C. S prcmre of the atmosphere is taken off, just as thc

l, 1trl'*ater flies up so soon as the corl< of the bottle is
-dnro-

11. q.-Is a barometer sometimes appliecl to the
of stesm engines ?

. -d.-Yes; ancl it is calletl the vacuum gauge,
shows the degrce of perfection the vacuum has attainecl.
other gauge, callecl thc stcam gauge, is applicd to the
wbich inclicates the presshre of thc steam by the hci

* whrch the steam forces rnbrcury up a tube. Gauges are

TATURE AND USES OF A YACUUM' 5

boiler to indicate the height of the water within

w not be burnecl out by the water becoming ac-

low. In some cases a succession of cocks plabed

B above one anothcr are employcd for this !ur-

h". rnr.* a glass tube is placed perpendicularly

the boiler aid cor.tmunicathg at each end with

Th. .r'"tc. rises, in this tube to the same height as

i itseiq and thus shows the actual water levcl'

modern boilers both of these contrivances arc

a conclensing engine be workecl with a pressure

the atmosPhere ?

ouce it be startecl; but it will be a clifrcult

on engine, if the pressure of the steam be not

rt of tte atrnosphere. Before an enginc can bc

l-b" lrlotun through with steam to tlisplacfthe

md tliis cannot bc eft'ectualiy clo4e if the prcssure

p rcrf iorv. After the cngine is startecl, however'

U ,f.t. boiler may be lorvered, if tlie cngine-be

uutil'tLere is a partialvacuumin the.boiler'

e. hou'evet, is not to be commenclecl, -as
,. b..oor" useless when thcre is a partial

boitcr'; inasmuch as, vhen they are op1nec.1t

uot rush out, llut air rvill rush irr' It is

untler such circulnstances, to blow ollt aDy

collcctecl witirin thc boiler, which, in the case

steim vesscls, requires to be clone every- two

This is accomplishcc)' by opening a large

somc cf thc supersa'ttccl water to be forcecl

pressurc of the steam'. I to*: tljl1,1l

"ruitt,',t 
to trn cuginc is <'rf inaclcqurtc sizc' thc

ii init", sr-ill frll spontancously to a point con-

it 
" 

nr.**.o" of the atmospherc I but it is pref-

csesi partiatty to closc the throttle o'l:t t1

;;.i'y the issue of steam to thc cngino is

6;;;*"t. in the boiler is thus rnaintaileil'

rt*.iu.t its former suPPlY'



CIIAPTER, I.

GDNEBAL DDSCN,IPTION OI THD STDA}I ENGINE,

THE BOILER.

83. Q.--Wxlr are the chief varieties.of the steam
actual practical use ?

,4,-There is first the single-acting engine, which is
pumping water I the rotative land engine, which is em
drive mills anrl manufactories; the rotativB marine
which is userl to propcl steam vcssels I aucl the locomot
gine, which is employecl on railways. The last is always B
prcssure eugine I the oUrers ate, for the most part,
cngines.

84. Q.-Will you explain the construction ancl action
single-acting engine, used for draining mines ?

.4.-Permit me then to begin with the boiler, which
mon and necessary to all engines; and f will take the
of a wagon boiler, such as was employed by Bou'Watt 

universally in their early engines, ancl which is still
tensive use. This boiler is a long rectangular vessel,
rounded top, like that of a carriertg wagon, from its
blance to which it derives its name. A fire is set
and flugs constructed ofbriekwork encircle it, so as to

TEE WAGON BOII,EIi' 35

i:r contact vith the boilcr for a sufficient titrc

spccies of boiler has not an internal furnace,

lwork. in which the furnace is formecl ?

so. Tire Eeneral arrangement anil configura-

und.el'stood by a reference to the annexed

lhich is a transverse section of a wagon boiler'

Ure
Fig.3,

fire bars,
don-nwarcl

an anglc

g the
move to-

the gratc.
asccncls

thc
the flarae

wall or
the

. The
the back
proceecls

orlc

ancl re-
siclc

then as-

. The
coutsc

is tcrmed a whecl clraught, as the smoke

the boilcr, aucl thcn asccncls the chimney'

performance of this course by the smoke

boilers ?
iilers sorlretimes have what is termdtl a

gmoke and flame, when they reach the encl

in this case through an iron flue or tube,

end of the boiler; and on arriving at the

Smoke splits or separates-one half pass-



36 TEE waeoN BorI,ER.

the engine; and. a bent pipe which ascencls from ttre

except through a small valve fixed to the lever to

or leaclen weights to a point answerable to the intended
ure of the steam.

88. @.-How is the proper level of the water in the
maintained ?

A,-By means of a balancecl buoy or float. This
attached to a rod, which in its turn is attached to a

the boiler, at the back encl, is the waste-steam pipe for cr
ing away the steam, which escapes through ihe safety
This valve is set in a chest, standing on the top of the
at the foot of the waste-steam pipe, and it is loacled wit

o1 ,Se t9f of a large upright pipe. The upper part
pipd is widened out into a small cistern, through a'sho
in the micldle of which a chain passes to the clamper;
water emptieil into this small cistern caunot pass into I

BEGULATION OX' THE FIAE.

oommunicates with the

I whereas, when the
cannot enter the pipe,

to run to waste
pipe providled for the

is the strenEth of the

throuEir the furnaces
regulrted. by a plate of

as it is callecl, which
up and down in the
is closecl more or less

of the fire has to be
boilers this is gen-

by sclf-acting mech-
cistern pipe, which
the water rises up

to the pressure
sulface of the water
or fall with the fluc-

of the steam. In
placecl, whioh commu-
e chaiu with the dam.

of the steanr rises,
and the damper

the pressure in the
of this action will

land boilers of the
that which you have

-od boilers are now
form, with one or

rhich the furnace is
this kind is repre-
6, and which is tbe

d ,

ing through a flue on the one sicle of the boiler. ancl the
half passing tluough a flue on the other sicle of the boiler_
of these flues having their debouch in the cliimnev.

8?. Q.-What are the appliqnces usually connectecl
wagon boiler ?

/..-On the top of the boiler, near the front, is a short
cler, with a lid securecl by bolts. This is the manhole
the purpose of which is to enable a man to get into dre i
th9 boiler wtren necessary for inspection ancL repair.
top of this cloor is a smail valve opening clownward,
atmospheric valve. The intcntion of this valve is to
yacuum from being formed accidentaliy in the boiler,
might collapse ii; for if the pressure in the boiler subsi<
poin{ materially below the pressure of the atmosphere, t
will open ancl allow air to get in. A bent pipe, whi
up from tho top of the boiler, immediately tetiina tle
of the manhole, is the steam pipe for conclucting the

rod is attached. The water for replenishing the br
pumped into the small cistern on the top of the pipe;
follows from these arrangements that when the buoy
rod opens the emall valve and allows the feed water

Ftg.4.



3 938 CORNISII BOIIERS.

species of boiler principally usecl in Cornwall. In this
a large internal cylincler or flue runs from encl to encl.
fore part ofthis cylinder the furnace is placed, and behi
furnace a large tube fiIled with water extends to the encl
boiler. This internal tube is connected to the bottom
the boiler by a copper pipe standing vertically im
be[ind the furnace bridge, and to the top part of the
a bent copper pipe which stancls in a vertical position nea
endoftheboiler. The smoke, after passing through flre
tral flue, circulates round the sides ancl heneath the
Ure boiler before its fnal escape into the chimney. The
is carefully covered over to prevent the clispersion of the

01. Q.-WiIl you describe the construction of the
used in stean vesseis ?

/.,-These are of two classes, fluc boilers and tubular
but the latter are

X'LUE BOILDBS..

throuEh 2 boilers. The direction of the
longitudinal section will explain the clirec-

current.
F i -  ?

most usecl. fn
boiler the
set within thc
and the flues
ing from them
backwards and
wards within the
er until finally
me et ancl enter
chimncy. Figs.
and B are d
views of the flue
of the steamer
There are 4 boi
shown in plan,
with 3 furnaces
or 1.2 furnaces
rrg. / rs an
of 2 boilers, the
the right

front view, and that to the left a transyerse section.

8fr5
anaDgement different from that obtaining in

Fig. 8.

boilers, the smoke after leaving the furnace
h a number of small tubos and then en-



40- UABTNE TUBULAR BortERs.

ters the chimuey. These tubes are sometimes of brass,

are usually about 3 inches in diameter, and 6 or ?

AvEL,rcaN rlotr,pns. 41

represent a marine tubular boiler; fig' I

dtuclinai section, fig. 10 half a front eleva-
section, and fig. 11 half a back

lransverse scction near theend. There is a

the top of the boiler callecl the ('steam

purpose is to retain for the use of the

of steam in a quiescent state, in orcler

to clear itself offoam or spray', A steam

of ail marine boilers. In fig. 9 e is the

chest, and c the smoke box which opens

The front of the smoke box is usually closed

be openecl when necessary to sweep the

some forms of American boilers :

lre the transverse and longitudinal sections

Amcrican marine boiler.

ue the front ancl sectional elevation of one

U. S. steamer Water Witch.

i

F i g . 9 .

Fig 13.
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inal section of a boiler of the clrop flue

purposes the lowest range cf tubes is gen-

ihe smoke makes a last return beneath the

18 are the transYerse ancl longituciinal sections

; built in 183? by R. L. Stevens for the steam-
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nal section of a common wood-burning



'ruli lr*\cDilr.

93. Q. -The stcain passes from the boilcr througJr tl;
pipe intc tle cyiin<ler. of.'tire cngine ?

-4.-AurI presisos u]r and ciown tire piston altelnatclr
edmittecl altcrnately above alcl bclo.ly the pisiol br
valves plovicioil fbr that l)rtr.posc.

94. Q.-This r.cci1_rrr'lcatiug rrotiol is all iliat is rcrr
a pnrnpirig cng.iue ?

-{.--llhc prcvailing form of thc pumpinn cng.inc c,,r
l grcitt lrcrltu r.ibratiug orr a ccutte lilic the bc,ns 61 ,1
,qcaies, rlri tho cylindcr. is in conncction wiilr onr tl
beatn ar:il thc pLrntp ltlurrls at flro otltcr crrd. ,firc pun;
the br , l rn is  usr tn l lv  loar l t ,  [ ,  So rrs to c i ru5c j t  t , r  p l t , l r .
rv i rcn tbe engiuc is  :Lt  rcst ;  rur , l  i l rc  whol , :  c l i ,o l . t  r , [1 i l r i ,
clnplo.ycrl iir ovcrcoruing flris prrrllotrclcr.ance uniil a -
per lbnncr l ,  rv l rur ,  i l re stct ru ix : i r rg s i rut  o i l  i l rc  lu, : r r . . ,
tlie itraiu aerrin lirlls anil ilrc opcilltioir i,; r.cltcutcrl.

95.  f1.- In tLo c l ru j ,L:-act i r rg crrg i lc  thc pis iorr  is  pr :
thc ste: lut  bot i r  wu-ts,  whcreus in t i ro s inglc- lc t ing crr l .
on ) y  l r r r - l r r . , l  o i r { ,  \ y j l . \ '  :  

)

t l rrougir i ts cclgc f iorn sido to sir lo, 
". , f  

f io t , , , . , , i , , tq.rr l , i
LruuLrg.lr rts ctlts^c llout sido t0 si
ol lcss thc opening througir ilrc; ^ ,  

, " " .  
: - "  

u l rcurug  f l l rou f l l  t t rc  p i l t c  w i l l  bc  n rore  or  l t . - .
_r[u ertelt ttr rv]rich i lr is r.rrlvc is opcnetl or closrrl :

A.-- ' f  ho stmctrrrc arrd tct io i r  of  l r  i louJr lc, lc t i l r j  l l r r  :
of tlur lii:rcl introrlucori Iry .rllr. 1.r-ltt, ,uilI l; '.rl;;;".r,
relbrcuctr to thc anncrt:11 figrn.c (lig. p0), l.hcre un cnr-i, .
l i ind is  shorrn in scct i ( ) r ) .  , r  is  tho cf l i , l , lcr  ; , , . t r t , io t ,  .
l rL:  p iston,  '1, ,  is  1or. r :cr l  a l tcrnt tc ly up ancl  t lonrr  J. rv t i r r ,  , . .
lL t lnr is-q io:r .  io  cacjr  s i r lc ,  ot .  i l rc  s lc, r rn t .un,  t1, , ,  i , , , ;1,  .

l i l * l r '1 ,  
, l r t  nrcaus.  r i f  r r_ror l  cai lcr I  t ] rc  p isto, i  * t ,  l i r , : ,  , , .

t l tc ,bcrur  v_lv,  lvhich l rv r r rc i rns c, f  t  l r r , l r ,v1,  f r . , , ,  i , , '1 , , , , , ,  ,
lcct ing rod,  r r rovcs f l rc  cr ln l i ,  q,  an, l  rv i th i t  t i r r , i l r .  l
l i 'ont  which thc nl rc l t iucr .y to l rc  r i l ivcr_L , t , , . ; . , ,a* ; t . , , , , , ,gB. 

Q.- lVhcr.o r locs t i rc  stcrul r  ontcr  f i .or t r  the l ro i l l t .
. 4 .  - . \ t  1 l t , . 5 l - 1 . 1 1 1 1 1  1 1 i 1 , 1 ,  , ,  T J , . ,  r r . , .  r , r

.  ,  .  ,  l .  T l l :  i l t r .ot t lc  l : l lvc i r r  r

l ; , , : : : - : :  ]1,1 ' : ] I  
1, l , r tc  t , f  r rur t : r t  s l l ivct i j , )q or  i1 : , l i i l l i ,

\ T'IT if'IE ITORIiI]{Ci PANTS.

:r :, D, the l-,alls of rthich, as they collapstr

l r ,l()iril a collar on tiro goYi:rnor "'.pincllct
. .^.irricatr:d to the throttlc valve by suitablo

flic goverlor, it rrill be sccn, consists

I i-1. ?0.

-. i,rrll ' i attltcltctl to at'ms firorL upon an

i... trt irr rcvolutiou l-ry rttcans of a cord

.. -. fly r,'liccl shal't. Thc vclocitv v'ith

46 \1'ATT'S DOL;SLE.,\CTING U.\ C+INI,.

\ r .u ^
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thrch,thg 
balls of the governor revolve being 1

that of the fly rvheel, it will follow, that if 
"bv

rapid a supply of stcam, an undue speecl be given
wheel, and therefore to ilre balls, a divergence oi the
take place to an extent corresponcling to the excess of
ancl this movement being eommunicatecl to the
it wiII be partly closed. (see fig. 1), the supply of
engine will be diminishcd, ancl the velociiy of it, ,r,
be reduced. If, on thc other hand, the motion of tire
slower than is requisite, owing to a cleficient supply
through s, then the balls, not being sufrcicntly atiecte
trifugal force, wiil fall towarcls the vertical spinrflc.
throttle valye, c, will be rnolc fully openecl, wtrc..t,
ample suppiy of stcam rvill be admittecl to tlie cvlinc
speecl ofthe engine will bc increaserl to thc requisite

97. Q.-The piston must be made to fit the cvli
rately so as to prcvcnt t)re passagc of steam ?

/,-The piston is accurately fitted to the cylinder,
to rnove iu it steam tight by a packing of hemp drir
into a groove or recess rouncl flrc edgc of flre piston,
is squeezed down by an iron ring held by screws,
divides the cyli4tler into two compartments,
there is no communication by ry[ich steam or any
fluicl can pass, A casing set besicle the cylincler
valves, by means of which the steam which irnpels
is admitteil and wiUrclrawn, as the piston commences
in each direction. The upper steam bor l, is di
threc compartments by two valves. Above ilre u
valvc v, is a compartment communicatine with the
B, Below the lower valve r: is another comDartment
cating wit\ a pipe callecl thc eduction pipe, which
:warlls from the cylinder to thc conclenser, in which
steam is condensed by a jet of cokl. watei. By the
communication may be openecl or closecl between the
the top of the cylinder, so &s to permit or prevent I
steam from the one to pass to the other. By tle
communication may be dpen or elosed" botween the

\DEIi f-ID AND PISTON ROD.

ure having been raisecl consiclerably by the
steam i:r it. IYhen the air pump piston

bchild it avacuum ; and. thefootvalve being
pressure, the weight of the water in the con-

, and the warm vater flows from the con-
r part of the air pump, from r'yhich its.re-
er is preventecl by the intervening valve,
piston dcscencls, its pressure on the liquicl

opcn the valve in it, through rvhich the hot
: and wl:en thc bucket clesccnds to thc bottom

the warm water which was below it will all
it, ancl cannot leturn. When the bucket
r','atcr a.bove it, not being able to return

ralve, will be forced. into the hot wcll
Talye s. The hot water pump rlr, pumps

this irot water into the boiler, to compensnte
oi thc watcr that has passecl off in the forn'r
uc of tlic hot water runs to waste,

cspcrl icnt is the piston rod cnahlcd to
crlindcr cover without leaking stcam out of

into it ?
thc cylindcr licl, through rvhich the piston

n'ith a recess callcd a stuffing box, into
prcking of plaitecl hemp is forcecl, which,
sidc rgainst the interior of the stuffing box,

a.gainst the piston rocl, wliich is smooth
anyleakage in this situation. Thc pack-

box is forced, rlown by a ring of metal
This ring, which accurately fits tlie piston

flangc, thlough which bolts pass for tight-
upon tl-re packing I ancl a similar expcclient

eycry case in which packing is employecl,
rray is the piston rocl comrectecl to the

is connectecl to thc great beam by means
lr side of the beam shown atf g, @,g,21.)

maclc of thc same length as the crank,

5 1



52 THE pARALT.RL MoTroN.

and thefu purpose is to enable the encl of the qreat beam
in the arc of a circle while the piston rod ma]intains the
position. The point ofjunction, therefore, ofthe links
piston roil is of the form of a knuckle or bencl at some
the stroke.

.4.-Some engites have guicle rods set on each sido
piston rocl, and. eyes on the top of the piston rod.
guide rods, ancl maintain the piston rod in a vertical
every part of the stroke. More commoniy, however, thc
encl is attained by means of a contrivance called. the
motion.

105. @.-What is the parailel motion ?
.4,-The parallel motion is an arrangement of joi

so connectecl together that the clivcrgence from the vcrt
at any point in tbe arc clescribed lty the beam is

AqfION OF THE CR,{N}I.

The rod rl g is, therefore, drawn

arc clescribed at d to an extent equal
back

to the

104. @.-But what compels the top of the pistor
maintain the vertical position ? 

-

equal and opposite divergence due to the arc performcd.
jointecl rods during the stroke I and as these opposite
tions mutually correct one anothcr, the result is tlat ttre
rod. moves in a vertical clircction.

106. Q.-Will you explain the action more in cletail
21.-Thepin, fig 2l,whichpasses throughthe encl oftjre

/has a link/g hung on each side of the beam, and a short
called a cross head, extends from the bottom of one of t
to the bottonr ofthe other, which cross heacl is ner
a hole in the rniddle for the reception ofthe piston rocl.
are similar links D d at the point of the main bcanr,
air pump rocl is attached. There are two rocls d a
the links b d,with the links/g, ancl thcse rocls, as they
continue parallel to the main beam throushout the
called.paralkl,bars. Attached to the end of these two
d arc Iwo other rods o d, of which the ends a!, c B,re
stationary pins, while the ends at d follow the moti
lower onds of the links b d. These rods are called

F i r  t 1

----::::;E;

rre clescribeil aN g, ot, in other wordqthe liire

point g bccomes a straight line instead of a

the air putrp rod. move Yertically as wcll as

air purnp rod is suspend.crl from & cross

thc centre of one of thc links b rZ to the

link, ou thc opposite sicle of thc beam. Now,

tlic central axis of the great beam to tho

thc length of the rod c d, it wiil follow that

link will follorv one arc, ancl thc lower end'

arc. A point in the eentre of the linkt

opposite motions meet, will follow no arc

up ancl clorvn vertically in a straight line.

of thc crank is to obtain a circular motion

motion ?
otrjcct of it, ancl it accomplishes its object

r, as it graclually arrests the velocity of

tlie cncl of the strokc, ancl thus obviates

be an injurious shock upon the mac.hiire.
the lowest part of,its throwr ancl at

l

bars. Now it is obvious that the arc described by the
-with c as a centre, is opposite to the arc describecl by t
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the same time the piston is approaching the top of the
the motion ofthe crank becomes nearly horizontal, or,
r,vords,the piston is only advancecl through a very
tance, for any given disiance rneasured on the circle
by the crank pin. Since, then, the velocity.of rotation
crankis nearly uniform, it will follow that the piston wiJ
very sloin'ly as it approaches.tjre encl of the stroke I ancl
ton is brought to a state of rest by this grad.ually retar

54 ACTION Otr' TIIE tr'LY 
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lion, both at the top and tbe bottom of thc stroke.
109. Q.-'What causes the crank to revolve at a

vclocity ?
,4.-Thc momentum of the machinery moved by the

but more especially of the fly .wheel, which by its o

exerted on the crank shaft by the crank, but this force
maximum when the crank is horizontal. From the
point, where this force is nothins. to the
where it is at its maximum, the force of torsion e
crank shaft is constantly varying; and flre fly wheel by
mentum reclresses these irregularities, and carries t
through that (( dead point,tt as it is termecl, n,here
cannot impart any rotative force.

110. Q.-Are the confguration anil structure of t
engine, as it left the hand of TVatt, materially
those ofmodern ensines ?

.4,-There is not rnuch difi'erence. In modern
engines, the valves for admitting the steam to the cy
condenser, instead of being clack or po{5liiL valvcs
tappets on the air purnp rod, are usually sluice or slir
moved by an eccentric whecl on the crank shaft.
the beam is discardecl altogcther, and rnaileable
largely used in the construction of enEines insteacl of
iron, which formerly oo largcly prevailed. But upon

- " , . : :  I  i , i

OI' THE MAR,II{E ENGINE. 55

the present clay is substantially the engine
perfectly understands the operation of

haye no difrculty in understancling the oper-
numerous yarieties of engines since intro-

TIIE MARINE ENGINE.

describc the principal features of the
employed for the propulsion of vessels ?

are of trvo kincls,-paclclle engines and
the one case the propelling instrument is
in rotation at each sidc of the ship: in the

instrument is a screw, consisting of
vanes, revolving beneath the water at the

engines there are many ahstinctvarieties.
tire principal yaiieties of the paddlc

eide lever engine (fig.26), ancl the oscillat-

Fig. 23.

,,lii
t,
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ing engine (fig. 2?), besicles numerous other forms of
which are less known or employed, such as the trunk
double cylinder (fig.23), annular, Gorgon (fig. 24),
(fig. 25), and many others, The side lever engine,

Fig, 24.

118. Q.-Will you explain thc main distinctive
the side lever engine ?

24.-In all paddle vessels, whatever be their
characteristics, a great shaft of wrought iron, s,
by the engine, has to be carried from side to side of t

/ \

SIDE LEYER ENGINE... 51

fixecl. the paclclle wheels. Tbe paddle

be formecl with Sxed float boards for en-

like the boards of a commoh undershot

b"y *uy be formed witln feathari,ng float

rt€rmed, which is float boards movable on a

by appropriate mechanism that they

water in a near'ly vertical position. The

dial floats,
kind most

Fis. 25.

and they
arms of

ruallea-
fixecl by
on the

usual in
r  two

of which
with

the pacl-
by the

s cn-
a for-

to
ls for-

the same
is 1:ro-

of oars.
temartg

vessels ?

ancl the oscillating engine, are the only kinds ofpadd.le
r-. which have been received with wicle or seneral favor.

th respcct to the siale lever engine, it may

h a modification of the land beam engine

rwill enable it to be got below the cleck of

view, insteacl of a single beam being placetl

r are used, one of which is set on each side

down as possible. Tho cross head whiclt

is rnade somewhat longer than the cliam-

and two great links or rocls proceed one
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from each end of tlc cross head to one of the sicle

beams. A similar closs bar at the other end of tLre
seryes to connect them toqether.and to the
which, proceeding from thence uprvarcls, engages
and thereby turns round the padclle wheels.

115. Q.-Will you further illustrate this general
by an erample ?

z{.-Ilig. 26 is a side elevation of a side ]evcr
reprcsent thc bed,ms or keelsons to which the e
tached, and on which thc boilers rest. The eng5ines

/

ST,TRTING A i!{ARlNE ENGINE' 59

nassils t'hrough the botlour of the vessel'

,^ its n"osition by its weiglrt alotrc' TIle

' 'pump are wolked of  thc s ic le levcrs by

ri.I a cross hca,l. A strong guclgeou, called

;es thrcugh the conclenser at x, the project-

serte to support lthe side levers-or bearn"q'

. shich. lrv *."o* of thc cross heatl and sitle

L thc si,ll lcvcrs or beams, onc of which is

liue x represenig the connecting rocl, to

rtccl by the beams, through ilt 
T:$i:*

r,-liug between the beams, and which by

turns the pactrclle shaft s' The eccentiic

ralvc is plucecl upol the pacldle shaft-

metal enci-rclccl by a hoop, to which a rorl

I tlisc is perforateC with a hole for the shafi'

but ncar- onc edge. When, therefore' ttrr9

q the ccceutric with itr ttrre rod attachecl

i.c.ivcs a rcciprocating motion, just as it

the

r. l

--'---o-

bb
t() ir crrnk iu thc shaft.

tic-qclibc the mocle of starting the engine ?

ion thrt whcn the engine is at rest, tlle

the eccerLtric ancl the slicle valve is broken'

of tho cccentric rocl out of a notch which

stlvc shaft, anil thc valve is at such tinres

ba:rt1 by a bar of iron, appliecl to a prop€r

J f,tr"tirat lurpose' This beilg *o' t\?

,.. ,u *t"ttifr. enginc, first opens a surall

1t, y 6 t r rllt' t: ula e,'w}lich permits **'* . 
t1:1

"n*itio 
ir*ft uruovc aricl bclow the pistont

a.i..t *a air punip' This steanr expels

irrl of thc 
"ogin"r 

and also any rvater

ulrrtcd therc; and rrtrren this has becn

virlve is shut, and a' vacuulll very soon

t,y tttu 
"o"a."sation 

of U* tt:o*.: 
.ll

L*'nt'ov.a by hancl, the steam from the

J * 
"". 

ti,fl of tire fiqton' lvhilr: there is

[ .ia., ancl thc pistod will, t'herefore' be
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moved in.the clesired direction, When tbe piston
end of'the stroke, the valve has to be movecl in the
dircction, when tire piston wiil retuln, arrcl after bciug
thus by hancl, once or twice, the connection of the v
the eccentric is to be restored by allowing the notch
encl ofthe eccentric rod to engage the pin on the val
whe4 the valve will be thereafter movecl by the engile
proper manner. It will, of course, be necessary,
engine begins to move, to open the injectiol cock a
enable water to enter for the condensation of the s
the most recent mat'iue engines, a somewhat different
ism from this is usecl for giving motion to the valves,
mechanism will be afterwarcls described.

11?. Q.-Are all ruarine engines condensing engines
-A.-Nearly all of them are so ; but recently a

gunboats have been constructecl, with high pressure
In gcneral, however, marine engines are low pressure
densing engines.

118. Q.-IMill you now clescribe the chief featu
oscillating paddle marine engine ?

.4.-In the oscillating paclclle marine engine, the
ment of the paddle shaft and. paddlc whcels is thc
the case alreatly clescribed, but the wholc of the sicle
rocls, cross heacl, cross tail, ancl connecting rocl are
The cylinder is set immediately uncler the crank; t
the piston rocl is connectecl immecliately to the crank
to enable the piston rocl to accomrnoclate itself to the.
ofthe crank, the cyliniler is so constructerl as to bc
of vibrating or oscillating upon trvo exter.nal axes or
These trunnions are generally placed about half rvay
sides of the cyiinder; ancl through one of them s
ceived from the boiler, rvhile through the othel
escapes to the conclenser. The air pump is usually
means of il cranh in the shaft, which crank moves the
bucket up anrl down as thc shaft revolves.

119.. @.-WiII you give an example of a paddle
engine ?

---7

OF TI1E HOLYHEAD PACIIETS. O I

u an example the oscillating engines con-
Ravenhill & Salkeil, for the I{olyheacl

a longituclinal sectiou of this vessel, show-
boiler; ancl flg. 28 is a transverse section

showinE also one of the wheels. There
this vessel, and one air pump, which lies in

ancl is workeil bv a crank in the shaft
the cvlinders. ancl which is called" the

A a, is one of the cylindgrs, I s the pis-
crank. o is ihe crank in the intermediate
the air pump n. There are d,oublc eccen-
rhaft, whereby -the movcment of the siide

The purpose of the double eccentrics is to

rrrergcment of valve gear to be employecl,
tlte link onoti,on, and which will be cle-

r are tirc stcam pipes lcading to the steam

ich. ancl on the etluction trunnions con-
x, the cylinders oscillatc,
species of mechanism are the positions of

hering wheels governed ?
suppoltecl by spurs projecting from the
thcy may be moved upon the points of
r arc attachcd by pins, by means of short
tire backs of the floats, ancl conn6o$.ecl to

ancl impart a corresponding motffitrp .",
feathering wheels the proper motion is
Deans of an eccentric on the ship's sid.e.
rheels, whether radial or feathering, will

in the chapter on Steam Navigation.

SCREW DNGINES.

the principai varieties of screw engines ?
for the propulsion of screw vesselg

Fards the centre of the wheei. Tb.u-r,Sp:
bh thesc roc'ls proceed is not concff$i .-',

6e rotls, theleforc, are movcd in anil'but-,.

lil
ll'

; l
: 1 ' l l

l l r
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classes,-geared engines and. direst

each of these classes again has many
the shaft on which the screw is set

s tnuch greater velocity than is required
shaft of a paclclle vessel; and in geared.

velocity of rotation is obtained by the
wLeels,-the engines thenselves moving

of 1:addle engines I whereas in clirect
irecl velocity of rotation is obtained by
of the engines, and. which are connected
n' shaft.
describe some of the priucipal varieties

of the gearecl engines for screw vessgls
nanncr as land engines, with a beam' :

of a connecting rod extencling down-

lo the crank shaft, onwhich are set the cog

ion to pinions on the screw shaft,-the

being generally of woocl ancl the teeth of

Therc arc usuallv several whcels on thc

eral pinions on the screw shaft; but the

mn in the same line, btt aro set a littlc in
'! so as to clivicle the thickness of the

parts as there are inclepenclent wheels or

the wheels'work more smoothlY

ise clo.
dher forrns arc there of gcared screw en-

the cylinders lie on their sides in the
ofa locomotive enqine. In other cases

are empioyed I and in other cases vertical

give an example of a geared. vcrtical oscil-

a gearecl oscillating engine are similar to
(figs. 27 ancl 28), but the engines are

the ship, and insteacl of a paildle wheel



64 ENGTNES oF TrrE GrnEA.T BRrrArN srrrArrpR.

on the main shaft, there is a geared wheel lvhich con
a pinion on the screw shaft. The engines of the Great
are macle off the same patterns as the paclclle engines
by Messrs. John Penn & Son, for H. If. S. Sphinx. The
ter of each cylincler 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 d
at 16 feet clraught of water is 2,9?0 tons. The diameter
screw is 15{ feet, lcngth of screw in the line of the sha
2 inches, and the pitch of the screw, 19 feet.

125. Q.-IVhat clo you mean by the pitc)r of the
,4.-A screw propeller may be supposerl to be a slr

cut of a scre$/ of large diameter li.ke a spiral stair,
pitch of a spiral stair is the vedical height from any gi
'to the step immediately overhead,

126. @.-What is the usual nurnber of arms ?
.4.-Generally a screw has two arms, but someti

three or more. The Great Britain had three arms or
blades resembline the vanes of a rtinclmill. The

the gearing in the Great Blitain is 3 to 1, ancl tlrere
square feet of heating surface in the boiler for each
horse power, The crank shaft being put into motion
engine, carries rouncl with it the great cog wheel, or

tion of cog vrheels, affixed" to its extrernity; ancl
acting on suitable pinious on the screw shaft, cause t
to make three revolutions for evcrv revolution
engine.

12?. Q.-lMhat are the principal varieties of cli
screw engines ?

-rl.-In some cases four engines have been em
of two, and the cylinders have bccn laicl on their
sicle of the screw shaft. This multiplication of e

ever, introduces needless complication, ancl is now

uscd, In other cases two invertccl cylinclers are set

screw shaft on appropriate fi'aming I and con
attached to the encls of thc piston rods turn round
the screw shaft.
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is the kind of clirect acting screw engine

Penl.
tal trunk engine. In this engine a

trunk 1:enetrates the piston, to which it is

in one piece with it; and the trunk also
bottorn of the cylinder, through which

tiglit therein by means of stufing boxes.

b attachecl at one end to a pin fixeil in the

ririle the other encl engages the crank irr

Tte air punp is set within the conclenser,
rcd which is fixecl to the piston ancl de-

r. The air pump is of that sPecies
ting. The piston or bucket is formecl

but an inlct aucl outlet valve is fxed to

thlough the one of which the water is

barrel, ancl through the other ofwhich it

n-ell.

LOCO]IOTI]TD DNGIND,

describe the rnore important features of

t
emplo.r'ccl to clraw carriages upon rail-

rical boilcr fiIlecl with brass tubes,
air passes on its progless from the fur-

attached to the boiler are two horir
pistor-rs, valves, connecting rocls, and
to enable the power excrtecl by the

the cranked axle to which the driving
rc are, therefore, two indepenclent

the composition of a locomotive, the
riglrt angleswith one another, so that

dearl point, thc other crank is in a posi'
r efrcacy, The driving wheels,

crauk shaft and turn rouncl with it,
on the rails by the mere aclhc-

b founcl sufrcient not merelY to move
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the loccmoiive, but to clraw a iolg train of carn
hincl it.

130. Q.-Arc ioconotive engines conclensiug or hi:-
sure elgiilcs.

.A.-Thcy ale invariably higir pressure eugines, anrl i
be irnpossible, or at least highly incoirvenieut, to calrr tl
nccessary fol the pttrposo of colc-'lensation, Tire stcl

forc, after it Jras urgccl t)-re piston trr tlie encl of tLe
cscapes irito tlie atmosphere, In locomotivc engiurs
stenru is always clischargeil into the chimncy throngir r
pipc, and by its rapicl passegc it grcatiy increascs ti..
of the dlaughi in the chimnev, ri'hereby a sr:allcr
sufficcs for tirc corulrustion of tlic fuel, alcl thc cr'
powcl of thc boil.er is ruuclL incicasccl.

131. Q.-Can you give an c^ramplc of a goorl

cngilrc of thc llsual folm ?

A,-To do this I rvjll take thc cxaniple of one of Ii,

Iocomotivc crlgines riith six l{hcols rcplesentecl il iig.

onc of the Dro$t lrrodcril cotrstltictiorr uots il uscr ll"r \

the nrost artiquatcri. lr is tho c,vlinder, n thc connic:

c c thc ecccutrics 1.ry which thc slidc valve is molcd :

stcan pirc by -,,-hicir thc stcar:r is <toucLuctecl 1i'onr I

rlomer of ttre Jroilcr to the cllinclcr. I{car thc surokrr
of tirirr pii;o is a valvc ii or nrgulrr,tor movcil by a irr
thc front of thc boilcr, ancl of r'vhich thc purposo is t,r
t}c aclnrission of tho stearn to tho cr'linclor: /'is a

kcpt closcc'l by springs; lr isr the cduction pipe, or', r.
monly tcrnrcrl in locomotives, thc llast 1tipc, )5

stcaur, cscir,ping from tltc cylin<1cr aftcr thc stroko lrili
formctl, is projected up tlc chilnney n. Thc watcl in
of coulsc covcrs thc tubcs antl also thc top of th,
firc box. It ri'ill be uix1clst,)o{1 thlt thcre tLc ttt,r
cach locomotivc, thouelr, from thc figuro bcirrl4 girc:r
only onc cnginc ctn bc sltorvn. Thc cyiindcrs o1'

rtc cach 14 inches cliarnotcr: tlic lc;rqth of tire ,.i

piston is 91 inches. Tlierc ritc trvo scts of drivilg

l'eet cliametcr. rvith outsiclc coltnrctiols.

r\frloliN's locol{oTryE.

ii

h

t l
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132. Q.-What is the tencler of a locdmotive ?
-A.-It is a carriage attached to the locoinotive, of

pulpose is to contain coke for feecling the furnace,
for repleuishing the boiler.

133. Q.-Can you give examples of modern
1.-The most recent locomotives resemble iu t

features the locomotive represented in fig. 29. I caq
give examples of some of the most powerful engines

Fig .30 .

construction.Fig. 30 represents Gooch's expr.css cng

F i g , 8 1 .

for tho wide gauge of the Gr.eat \yestern Railwa
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€xpress engine, aclapted for the orcli-
railwavs. The cvlinders of Gooch's en-

diameter, and 24 inches strokel the
feet in cliarneter; the fire grate contains
g.and the heating surface ofthe flre box is

are in a1l 305 tubes in the boiler. each
giring a heating sqrface in the tubes of
total hcating surface, therefore, is 1952
states that an eusine of this class will

860 cubic feet of watcr in the hour, antl
tons at a speetl.of 40 miles an hour,
at a speecl of 60-miles an hour. The

aoptf is 31 tons; of the tender 8{ tons;
of the engine when loadetl is 50 tons.

locomotives, the Liverpool, with one set
than thc fig., the cylinclers are of 24

inches stroke; the driving whecls are
fire gratc contains 21] square feet of

of the fire box is 154 scluare feot.
in thc boiler of 2-! inchcs external
in tlie tubes of 2136'scluare feet, antl

of2200 scluarc feet. The rveight of this
tons whcn ready to procecd on a jour-
tlisplayecl at the Great Exhibition in

most por,verful locomotive engines then
such engines is very injurious to tirc ,

and clisturbing the rails, and try-
ilc of the railway works. No doubt,
ributed upon a greater number of

resting on thc driving whccls be much
sumcient bite upon the rails to pro-
g. This, howeyer, is only oncofthe

high rates of speecl has producecl. The
rs it is termcd, the gauge of the rails,

in this kingclom limited to 4 feet
limitation is imposed on the diame-

la its tum restricts the number of the
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tubes which can be employed. As, however, the
a high rate of speed requires much power, and.
much heatine surface in the boiler. and as the
camot be increasecl without red.ucinE their di
become necessary, in the case of powerful engines,
tubes of a small tiirnreter, and of a great length, to
necessary quantity of heating surface I and such tu
a very strong draught in the chimney to make them
Wiih a clrauglrt of the usual intensity thc wholc
will bc absolbecl in the portion of the tube nealcst
leaving that portiou nearest the smoke box nothing
to transmit the smoke; and with long tubcs of small
thcrefore, a very strong draught is indispensablc.
such a draught in locomotives, it is necessary to
mouth of the blast pipe, whereby the wasie steam

Jectecl into the chimney with greater force; but t
tion involves an increase of fhe pressure on the cc:
of the piston, ancl consequently causes a climinuti
power of the engine. Locomotives with small antl
therefore, will requirc more coke to r1o the same
locomotives iD which larger and shorter tubes may

ant by latent heat ?
is meant the heat existing in bocliesi l

CIIAPTER II.

BUSTION, AND STEAM.

IIEAT.

can effect. It is the tenpereture
temperature &oans sotrsible ya.

by th'e touch or by the tliermometer.
gristencg by proclucirg a change of
in the licluefaction of ice, and in the
the temperature does not rise cluring
I absorbed is thercfore saicl to become

t it is hard to see on what ground
when its presence is macle manifest

hat objectionable, as the cfect
of heat has in each case beon made

rg reasonablc to call hot water latent
lhe presenf acceptation of the term,

or vaporization; but to proclucc
as to procluce thc expansion

r tube, which is taken as the


