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INTRODUCTION.

N making a comparison between Nature’s perfect
I engine gan tﬁe F%team en eof to- Jag t\n)/lrl be
necessary to come to some n|te nder 1and
t0 what we exactl mean w en spea
call_the “ steam enera stea
en ing Consists. o erent ad |ons o r an
ﬁ 8 o nectin ro and cra e various

eds o e ma| e en meer the mJIIer t e ma
acture e trave er, Its Lunction re ams
same rough Its vanousf S, VIZ to dot at whic

Y%]B P mee acc%mtpsts“me yéman]%arseorwggl %

meafulraett)twtneer m)wtgrtse)eoutngyb anh| en rOB”atay
hich eprorme anmer 0[SES, an
oo asteunto er the wor erorme y one
rse ence the te m 0ISe-pouer. ot need to
tell u t at t e en ine is as, mcapable o work as a
ead” horse, an we requjre, not only our bolle
enera o aer Ut ’ eorge\r/b%I ca?tmco unréttdor
e iy
atters ngty tl a}ﬁ) ¥teat IS got.or ¢ mmeu?ttcaate to
e water, so long as it 1S communicated.

As we apﬂlg more and more heat to the bgtl I, tt]
nater ets’ hotter, unti] at a temtperature eftntteN)é
|xeg the res?]ure It asse? nto steam.
urthe anreae te supp eat more steam s
ormed, but 1t will be no ottert an the water. Let

us take a practical exampe of gettm stean} at a
certain pressure. The pressure 1S an | ﬁ a?'[Ol'

ortant
ou_can Pave as much steam a5 you %
ressur unctton IS not surficient 'to move gtston
t1s.0f no use for our Eur%%st B ssure
re(r]uned In this exam S, an t e tempera-
ture of the water sup Iy be (50°. ' We apply heat energy
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to the water WhICh will get hotter ang hotter Hntrl it
arrrves aht 366°. Now af] this expendit re of heat in
raisl tetemp rature of the water Is stijl heat. enehgay
transterred to tewatFr and no trans rmatro
et taken phace and 50 long as ourexRen itur e I]eat
ains af eaf In th evY]atrour engl use £ss
%n unable to deal wit tﬁ more heat,
nfever the water gets RO hotter as g heat we are
apg ISap ears as at: steam |s formed, our
P ton be |nst mov Weo serve tour eng ﬁ
slnowe g with ossr ||t ca
53 that or a definite a ount eat V\Fg)he We%
efinite amounﬁ of steam orme‘)l S
en t at wh et eat rergarnert1 s heat |n e
waerr Was. of no Use, a neit erwaste ﬁtrn
testeam which was no hotter than the wa[fer there-
ore rt must. have been the .heat Wh#ch 1sappeared
which has given to oHr engrne its first impulse to
movement. “Let Hs endeavolr to see at ha]s cwe
ver t IS heat which we, say h ? |saét re
now at w en nergy in ‘one form (suc P
Rears It een converted into so eother orm.
e ave a reat man |nstr ments for meafunng
eneroz ‘t |ts various_forms—thermometers, galvano-
eters, electrometers, &¢.  Let us tr[y our | rume f
nhasurrn energy in the woqu orm, an We sha
that it isthe one required for this case.

Our engine it eI is the rnsérument and *t can
mea?Hre some o e work, an %re it perrect It
Wou o]r \go[] For t Fatamount
of heaﬁ drsap eare e en |newou grrve out aﬂ
etw rga ent a ?un enerHY ern ctice ca
0 more IX |nto f1 escrr mo
Nature(f p rect ngine; tr wrs ou to ea
In mind where the “transfo |on of ener E e
version of heat into wor too lace. 0 g
vy] en thﬁ water paned |Hto steam n t e oilg
the ‘work was supplied |rect to t |ston] in t
steam nd our engine merely rans itted the wor
plie to |t Nowthe en |ne| ave eens ea rn
dy ither esrnecomoud rrp% aru
and the point T Wish to nrae that teener
contained |n the steam supplied to the piston Is ener



in the work form. ~ The piston, piston rod, connectin
rod, crank, and shaft cgn thnl p y transmit tchrs worg
Ui i il st e
rY %aft Beann SW ﬁh uide tH? Ht to [th
Ier on the oher—t are oth means whe etéy
med |um containing the work enerqy IS app
en we desire to measure the work our en rn?
ormrn we can elther measure the steam Bvle
0 the rs on, Bans of S?1ur Indicator, or the

eaving our en the There' 15 alwa
er |5P?gsrmanl |I ustraterr?ybmtr%%ee fﬁ%rt]r\(/)ﬁ i et %}Ng,t\}' an

Passm roug esemgﬂe an the_ shart
evoly ﬂ In IS bearings—In bot easesthe transforma
fion s the same, viz. t e conversion of work energy
Into heat energy.

Furher than thr fact—t trans ission of ener
In both Cases—we now no 0. assert qecuf

”agsm'n%“sa o s | ee?e?%m 2 e of s

0 Bo va ue whatever now, cf nat
matter, %sawags associated with matter.  An
Instructive r! not educative to lo kat the coHdes ensro
o our modem scientists. In ea In wrt

New: n Watt, Carnot, &c., w re ar

manifestat ons of ener orm |m on era
matter w en these Y screntrsts thems ves em
an unknown and .almast |com rel ensr .

%tterto bnng their varioys t eor es into | | n
ave now clearl eancrate m vrewo th e stea
Fn Ine, and state at 1 consl er to e Its s
ction, vr to transtt the work su
steam. also en evoue

COHVE SIOﬂ 0 Yreat Into wor ? [t)? ﬁe in theab oiler,
? é ehexact qua“trtY that Is s trans-
r%rm?atemnh at you wi all reeognrse under the name

I shaII no (che thermodynamists staafe their case,
a]n trX rom their ste{te ents and laws where
the co versron of heat into work takes place.
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EXTRACTS FROM PROFESSOR COTTERILL’s BOOK ON
“ THE STEAM ENGINE.”

The obj ect of %h% hook bein to study the Rrocess
[ the con rsion. of heat Into work in stéam e gtne
q ?fsttons rel ttn to st am b0| ers, or tﬂt e str 9
an e |C|eng lh ant or'to the a agtaé Jt

of the enc[nn to the Wor as to do, are excl
ortan as_ these %uestton? are, the are une
|ndepﬁn ent of the efft ten% of the ‘eng| e considered

as a heat en Ing, that IS 10, say, a mac ine for the
conversion of heat into work.
“A first important step is made by showing that no
iant sico i3 ads by showing

bett%r resultw e obtajne e’use of ? other
chinery than the or |naly |st?n and c der, or
usin rBansyc inglers nﬁead one, e that
the stea upplied with heat in the sa eway

n the temperatyre of a body remains ¢ nst nt
Itnnrg h gplltcatPon olt eat, t%atyheat IS sat
t) heat 'was  supp osectq
atertal su stance such an expressio the Iaten
eato steam ’ wa stric o rtaé but if use
It musf istinctly. understood that a part o
Ee heat IS late t not In the steam, but |n ter
od es In the tgec an cal ener n t |s
Pe term WI Qn %Uﬁ I the pirase aten
eat 0 eve‘porattnn as the w understoo
conventional meaning de |ned in Art.

EXTRACTS FROM DR. THURSTON’S BOOK ON
“ HEAT AS A FORM OF ENERGY.

steam enging has been seen to be sim
machine tnv% feorteh urpose of. anverttnE

ttsnng PRl Yol ! o

“ Knowi g the cgr}?tttutlon of, the annus forms of
tter an thetr erences of mo ecu ar _relation,
n nowin rtnctp s of termo namic fr ns

matton aﬁ?< [\Jprt em to. the cge In whi
su stance of known" constitution is made the wor |ng
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fIth of a heat en%me we can readily trace the chanﬂes
Ich .occur wh e latter and percelve us(ti

operation o e leads to the roduction o
Fweran mwatast g g In the
orm of t\eat IS dt%trtbuted an W ?Pottton
15, avallable for suc ttrpﬂses and ttst e efticiency
oft |deaI engine ‘of the prescribed form.

stea E) tt |en povvehreaot]c }theer engtne i3 neOtstIen e
E ] 'ﬁ ne veI |cqne n?t ?n tﬁt ecufes ofltttetafj?tta
DAL I of DG, force, 25 e, 1T IVSIC s

tﬁell’ mtnute oroits ; I’Igt In matter, %U'[ n tﬁe motion
of matter.”

“In later forms .of engine th% t]eam IS mtroduceg
|nto the first cylinder at so hi ressure a

er ture t at hree successive e q5| ns %% rofit-

a opted, and, |n SOME Cases, even four tever

e orm of en He however, the powe{ of its mowH
Ptsto S IS due elto the ener y, 0f impact of t

ess ey mICFOS(C{i)gft g1n0|6[%l” IOﬂS (}Pebp(l)vv(\)ls Ilﬁg lul]

strikin
retreatg% ur?ace B#St%" and thus surrendering,
at each Tontact, a part of their moving power.

tk power of the st eﬁm en?me is derived dtrectly
fromt e Steam boAIer e boifer of the steam e ﬂtne
Ls an ap Bargtus e5|?n d for éhe production of eat
the. ¢ ustton of fuel and .its LEecegtton as In a
[ESErVOIr, or util |sat|on at]er in. team engine,
the steam being mmpH ECI lent . and stdra ﬂ
mecnantsm nd the vehicle o asmtsrston to t
pggeme In° which transformation ana appli

“ Thus the ri{eratton of heat %tt}agﬁ in the bmle

cation took

consists of the transfer ofagart 0 eat das ?en3|

eat, unchan%e |ts cl]ar cfer an mett}o mani-
estation, and Tlargely, also, In the trans ormﬁtton of
eat |nt? \g/or and |ts torage as e#ent eat, as
It 1s calle |thout gro ucing any effect upon 'the
temperature’ of the mass
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“The dy anmlcal effects .of heat are, in cases of
transfer and of transformation—

“1 Varletlon of temperatu[e L.e., of sensible heat
energy, or of the energy ‘of molecular vibrations.”

“2.P rf rmance Ofl emalwo k—.e @, molecular
work, w |c enera on5| ﬁd to anlude the
refedmg tramo c%ar done r¥

olecula e5|v or ote Orces o attractio
0) |nte{atom| work, or similar work done within. the
olecules and against the forces of chemical affinity.’

“3. External work—ie, woBk done against forces
acting upon the mass from without.

s mE'ées%fJe“ of 0004, feel eneroy L ?é‘ytﬁ%bs%%ar”%e
nd of trans or ation mt

enr "0 terest eatste o toa her

te p rature, and It expan St a am nternal forces

? nqa,nst extema pressures : Irst_being a case

transfer w O{hout al]teratlon of method or
motlon t e Sﬁcond an em% cases o trimsfor

ation’ into the, potential Fuge so-called atent(
eat, t]we tr nsformat\on oﬁ Tat ener% Into wor
Interna externa rst act

Increasing Intensit agit t|on of moPecui Onethmt
ﬁrs aré o Hasomeywhats% iiarn urgto thatoser ea

m the ex ansmn of the ﬁteam hehin |ston o

s am en Ing, om wor yconveramn o one orm
mto % first produces aceelaration
es of vibra

Hmn o e Co stlﬁuent Eartlc es

WI'[ o t c ange of relatjve mtramo ecu rodi tancef

the others ca ?e segaratlon of particle from 861
ercomm molecu rrfe3|stances to separafion, without

ectmg elr rateﬁ Vi ratm The Tirst Is a case

ﬁasm acfua ener of molecules : th othe]rs
e conversion 0

fxre t f qer% y_Into, work.

st rodLrJ]cSeso ncreaEe 0 ens} mcear}e the et S[ﬁ are
(UE) a%(iack “heat ecomm% atentQ ﬂ1eprea nat %
8 atent heat caH now be r %? ¥]seen and the
Istinction between that and “sensi eatappremated
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When heat hecomes ‘latent,” it no lon er exrsts as
Black aH his contemprirarres suépéaose %t "but
concealed, to reappear later as n?]r eat A
nas actually ceased to be heat : as been onverte
nto some orm otentla ener%g 3/ ﬁ er ormag g
o ork illustrates the cd dsusrﬁen%
t wh rc rts escent to th% ?roun ¥ 8
to re ener?y wh rc ormerly carrie
econsr era of such changesas these
herr ef ects rcatron to varro S Rur P0SES
useu or o Hrutes the grqu ce and
purpose oft e scrence of thermodynamics

“The vehjcle of transfer o Jthe en(ergly of heat from
gornt to pornt% rom n( ? S Ys when
ctual contacht oesrc] F ace, the rferous
et er: ang rs wonderful me t%m IS as essentra to
t e operation of the ﬁteam or of the gas engrne as
ﬁ r} workings, of the solar and steII [ systems, 10
the functions of the universe. It 15 alw s on fhis
extraor Inar mas ervadrn aII matter tendrn
\rou ghout th evrsrb vers ttecease
esslrn cl cuIatrng st eams a clyc ra lant enev\gey
c we” rely for a or powWer
for Ife, and every act ﬂn 0 trans er of heat rln

t e heat- engrne epeBd This masg of Imponderah
gnd Immeasurable SL% stance, ﬁxten rng1 Info 1 trnrtx
nt needing. no 08 ining wall :"a. mass rsoa
space and rvrn% Hrn s and margin 1o erhaps
Inute gorP fin rnrtg asoIv tfort nrverse
el s A
ﬂt For ﬁ ravna 1on an ’ty tiest la ﬁ ﬁ

W
solar il the” stellar aggreigatrons Ihat the felescop ¢
of space of absolute vacyity acrgs
Aoss, i bl ?neat nor tH
or t uman. min
grander infinity according to Tl of whic

can etect ?r the min man concer e rsofat%
neces aril not cq- ﬁtensrve with G W%r
whic ver
iRt & aant Tay, ot & beem, of feet 1o
{0 th ﬁenses %r tng ?tsrcalr(‘pe/sts %? the(itumpa%?t 3
e evn cangfs %Ie Infini
sphere separatrn teouter space from thr 1de 1slan
universe, . and. t blentgon s course. in t reater an
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ipe.ipg. ol man fas neife ks'té’ 'SFe ; ”‘tro%t”%e 1o;
ec anrsm tangible an t eat engines
the seam Ine n |ts r ted trans orm s of
ener of the mechanism o the unrverse
mre of sunlight, accordip r Wi |a
T omson roonveyds to"us ﬁ Psut %%V egooooé erunds 0
ene t?% 0ne ea Bragg space com regrt/en(?ett
wrt n the omar e [uminjferous ether thus stores
Jn Inity .of ener some sma part of Avnich, S0
Initesima of hich, only; 1S frans ormed or
t e Use an reservatron of mankind

“ Clays Aus makﬁs use, in the Series of papers which
followed duri gsuccee H; gar, 0 oprrncr es,
on whrﬁ ased a very la art |s a1tt| es.
SOmew at o treatmp esu £ec(s R Irs
IS srmptrN t] the equivalenc eat f an|ca
enem ich 1S, now nrversalyt en as the first law
of t odg/namrcs e secon t statement that a
Feversr t[nne o UCﬁS as |g iclency as cana
orm P heat endine whatever,” wor qu tr\rveen t
same limits of te geratore a oPCI IC |s ofte
rtrrven as. a second law .of . ther hase
s roof upon tF |rlncr le adopte y arnot an
d% ﬂ]rv n, on an mg th e thod to make | dt
a ree the latef doctrifie of e urvaﬁnceo eat
echanical eger% e starfs with the axrom
|t IS IMp oss ra self- actrng machine, unaid
externa ehncry to conve eat[ om an¥n o t
dtl}era a hl tem eratue his . stat
omson ‘It 1S |m ossr
n}eans P inanimate materr e oderrY mec l
t eectte mE” t”Ve 0 “O e co tte e Isn rrounerOW
ll)}neotsmp ]ﬂte second aw t?termo namrcs |
etimes taken as srm the e ressron
H]rrncrg of a s%lute tg r tures. But 1t 15 0 vrou
aw of thermodypamics 1 pot a statement 0
|hmﬁ act, must be one of the re gtans 0
E omena, an that the second law shou e the

ent of the second mast impartant principle In-
Vtﬁve in the construction o? the Ecrence SucHJa law

i
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was first state bg Rankine, who makes the seco?d law

0 be, rn ubstance, that the tota action o

9uantr eaf In %ausrnge transtormatio o]f eone

ormlo enero Into the other Is the sum of the effects
Irtso s, and, In another orm, the enuncathon

asserts tha eah as energy, 1S homogeneous, an

ever one of. the Infinite nu ber 0 ebcLuaA arté rnto

Y qrv n qhuantrt It ma
ave precisely the s meac jonand th esame ef ect, under
8“/ N con It ns as, Wil everxpother Thréestatement

nder whatever form rA may iS evi eyatrH
(sjtate ent of law, an f anking in
evelopment o hegenera equatronJ ermodynamics
together wit the st law, It nta eta en as gro er
XPressi al second la ermo

rt SﬁOUP l?e gafﬁ I’ﬁ owever, t d”at a ?argte] proggrtron

ater writers on the subject follow the dther usage

tryst you are satisfied with the selection of
thermoH a rc evidence WBICh have &resented 0]

t ou recognise In It the type of Instryction
trv(hrch Iq ures o rte>9t hoo sof t0- rﬁ) jr H R
traverseafe HO nts in.which | d r fer from t ?
ccepted teﬁ ? ﬁ eave to you the task o
ecr n e the conc US]J S arrjve at are more In

Haqhn ﬁ fyrews of the thermodynamists or
with the' teachings of your experience.

Frrst ; The stearﬂ en erﬁa machine fqr trans-
formi P t Into_wor gE e steam engine IS a
mac rn or transmitting wor

Second, 2' The steam boiler s the vessel in whrch

water and iniferous ether increase the . rate
motion. gb nh team boiler Is the vesseF in whrcqh
steam 1S ¢ erated rom water.

Third, F The furnace is where the fnel increases
its rate of motion In cg tact with Iumr}n erous. et F
andw eret e In mﬁra e concussions 0 the mo ecF es
Bro uce e urnace rs where the fuel Is

urned, burnrng transtorms Its energy Into

heat.
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Fourth, () The ans ission of heat t w%ter isan
mcreasm o the molecu rytbratto[t 5 T etras
mlsslon heat to water is simply a raising of t
temperaure

Fifth, ; The heat dtsap earlnlg in water IS an
mgence ner al WOék —molecular motion of various
H eat disappearing in water converts

the water nto steam

Sixth, . The passin of water into steam s
change m con titutio ater, viz., Into sma
Eartl les. rg assgrkg o water mto steam 1S
imply a tra ormatt n of heat into work.

Seventh M The mount of steam fo Jmed Is the
um er. of ter mo ecu s in motion %op led tg
the engi |st? bg &tmo nt o stea orme

IS the a ou t of work supplied to the engine piston.

The. wogkm(rq materjal mpIo ed by the thermo
namists. [] ”Sm'F'”% eeeo om the fue to
t eptston ISt mb erous ether mixed with mo ecu es
?n atoms As the Doiler recejved the energ X Jt
orm of material movm maiter in _motion,”and i

|
arned emt rough the ﬁerentm terials as motion n%
avesthe steam’ engine ﬁa as. motipn,

the s
to ether to make out agy Hans orm |on 0 ﬁ n%/
the state ents and’ theories of the ther
gfnamt s we? Ft at. these Cfare mereI}/c an es of
rate apd directlon of motio a transmission Of the
same form of energy throug

n conudeHn[g the st tements | have made, you

observet non o them are ew they “are
mere stafements ot . your every ex erence
ding the tra sm|55\ and natar erbr Y
tex ec that would ahve som teor all

a &t at.| know nothi

?estatt NS In various rorms in thg p?tysma? WOTB§ ménk-

Whep I soeak of energHt any form, I. mean that
it maH sts Itself in some”bo I%/or material in a manner
to which we give various names, according to the
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character of the manifestation, such as heat energy or
wor5< energa/ 3 d’ |s with these two ?orms tﬂyt I
wish parti IarIy 10 deal to- -night.

Heat energy, like all other forms of energy, is
%m&aratrve %a Jetect It [)3/ Its trans ?s)sron
w IS a?comp |s ntwo ways, Viz.: yﬁ
duction, as from or}e en %meta bar fo the'other:
or gra lation, as from one body to anot er of Iower

heat shal ¢ fo i ?tsrtttt%b el %/n)e Ve'?r”as %fst%aﬁ n
dsrsaﬁﬁegr? B orm t t en gy, takes wh e

ems that
%wever prefer to theorise a

matter rather than the att m tto ch what (fl

Is. Th etran?]for ation hhat] ace when a ho P’
ea

ecomes, as We say, aten
q com parative measuremens of e masses
f material ener IS t ese arle % Pro

eem mostrn nee % 50 utroH he the namists,

Pt the nature 0 ener%r/

SILIS njtamaterra su st%ce hut } g

mot n 0 material substance, and when they Tin I%
can ﬁansmr te TOUg space entrrey gvold 0
matter they Invent a spe

ally- ons [ucted med(um for
Its tran mission—a medium the tﬁl Ities of
ma ter, utw?trc weaenot eertte to call matter

sl T ki e rrrrerenttfat

eatJa rom what 1S ca

on r
%odrrgs&o& the eartﬁT ?rve out * i aI thj} tzla:]mm% ltnm

sun sugp |ea us with fumiuous eat an hst \(can
gna e)f arrange. in the spectrum as they pleas
ur |tmustbe ain thattn seoerathonsaesrmrf
trans ormatron enerey epo ts. then, | specia
asrse a tes at ho
en owe w eat ner
)assa feat

are ca aﬁ é
?rvrn B atto ot % t?drs an %y
tq.another 1S the fransmission 0 ener%f
2) W rsar‘J ears an Fomes atent as
gen trans orme into some other form of energy.

We, may define h k for
That formy o(t enerarrr]et[,apablr'en olf t?ernvgrOtrransomrtterf1 by
matter .In- motion.
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It is the only form of energy which is transmitted by
the movement ofmaterial.

Wom ener n onlglge tr nsmltted b the motion of
hodies. ? N with wg energy must
transmit anygvenp rtion 0 |ts energy by its movements,

The orl]y material known to tra smlf) the work ener%
¥Vlt which it ?]en owea IS recognisable by our senses, a
orms part of the earth's mass.

_ Iﬁ IS COE #uswe proof that the energy of steam IS
the work torm fwa 1n transmit t energ fam
? our machines for dea mg with wor
rom experience that in order to . get the steam ac
{0 water we mufst e|t er tran ]l the work orm
In some s engine, Plfw %ve will not
tranam} aI tewo wes Ist|I ave Jremamg
In the form of steam. N0 Process iscavere
c?nw C anﬁe steam |nto atﬁ xceﬁth transmlsslon

R work, or Ry transforming the work back again into
eat energy.

ra moment, let us take the water stored y
m’\#e m| d% h ossesses eﬁ mit, ertalﬁ

et ] e Y
s

i émﬁne{ﬁm SRR

e quantit Waler, I.€., gress g and tne V0 UmF
IS’ we xpen |Iure and. would

T A e R e B

Now when vY<e use steam in oHr enging, we Stlu
qhsure the work_ trans |tted by the sarie m%ansa
n the same manner, 8n ﬁo I statement LO resu ts

nwor units or. in gate orse rquer rom

0regoing, comparison o urs%eame gine, workin WI'[
water ynder essurg ?1 with Steam under [ess re |t

IS eVi enht at In both cases t e ener[)(] ovmg e(

piston Is the same, and is expressed by “the product o
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ressure and volume Thereforg, | conclude that thg
%ner In hoth cases is energlln t e. same form, an
nﬁeratlons In both ca

are |d ntical, VIZ a
transmyssion qf ener nteeaseo e water, t e
expen |ture o en r%s ast e volume a yessureo
th wate I|e case of the Steam A
easure({ he amo nt 0 eat that |sadppeare
ecame [at rom

t when. t e sJeam was ?rme
ater, In {he e |C|en%( %ms e? {y ave
therefore used this quantity as tne actual efficiency.

The work su f all stea |ne us necessari
be burdened v@ﬁp(b e expen |tur fsr& eat su
rhcessary to raise } e temperature e water

the tem;l)erature of .the exhaust; comp oun
engines this expenditure may be re uce to a very
small amount.



STEAM  ENGINE EFFICIENCY.

|rROM an extensive segres f ex errmgnts earnedf
tona aég r]um ero ound engines o
he tr| e and quadruple Q/J) urrngwrc the water
ensatro Wasr}] ured and bhe tegw eratures
care t] he information S0 0 tarnf das cow
ared with the ‘indicated horse- ower eveoe e
esu“s arrrved a orhted out dm portant fac t at
in all engines o grven tYlpe and work mg Wit
same. pr ssures te uantities of steam Used Wre
%ctrﬁ éientrca ovided they were steam- olt
n e valves were so Set as to et the
ene |t of t e s&e m. gressure on th? [%rsto [t was
asy to make a (efinite com arrsono Eerformﬁnces
com arrn the heat use mrnut MN
wer Yr PEd and st trng the. resu tsr e usua
orm 0 I]J-In use Hmnute er In |catﬁ
orse- H tabulate and gjven you i
result o tose vaﬁrous experyments, . su fr atron
Wou ﬂubt ave enrnterestlrngntoalo
but eondt |s | am afraid, it could have served r]
urgose but, on the contrarr{ woqu ro 3/
ave rted our attention from hﬁ a JF
% aper to ssues | have,. therefore, s ected,
or the ur oseo | ustra(sron a typical casfe wh ere the
ﬁrperr W carrie t one 0 Lﬂse VES,
ar?/mgg chie meer of the ss,
n order to rende explanation” of

n rarﬂag
IE ods | am now aboyit fo proose as ce?ras
ossile, 1 occurred t FO ress, 0 thﬁ

anestr atro s tha h mga au“r?rﬁJ resul |g
advant rnto a tabujate orm e
uantitigs mvolve ern arranged as nearly-as possr e
| accordance Wit err tua sequence.
emonstration  then takes orm a mrnu
escription and explanation on the uantities cor#arhe

In each Pne anft corumn aclcom nrerﬁ 3/ surricient
numerical examples of the working' out of edch step.
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The information which i |st£he otject of this Pa er
f0 convey to yo% IS not? #X reat’ scientific Interest
In dtsef hut’what 1s 0 Lmoe conse%uence {0 H
an li ‘hgo ers— -owners—It 15 of mic
BFac caly % N I venture to hoBe Ieaq B £ss

the valyable ener%y stored up In our coal being
wasted in the steam engine.

The first line contains the pressures of ste m in .th
boilers Jurln ﬁ trials, P ether with é? |n|tﬁ
greasures on evarloHs pls% S, as measured from the
ards then ta A ten The ifference between the hoiler

ressure and the '”L“al ressure on the ﬁlp el)ressu
ston ﬂopeare to ne very small, s tat or he sake
simplicit o treatmené e}/ are'ta ?ﬁ) elng %u
e boiler pressure stﬁ emame ? ate

t enrst case than In the sécond. The |n|t| ressure
n the migd-pressure [Snston was the san%e Cases
“hat on t low-pressure plgton W Ibs. ess in the
rst case than in the. s pressyres in_ the

on
e el e R,

the secqnd I| e is shown the exhaust pressur
ItW|II en tICeéi at the gv& hL?between H1 h

Bressure % Ipressure e g%mei 15 3 Ibs., and t at
|56tiN ent emld -pressure and the low-pressureengines

Lipe
g? erencesb v%reﬁsth\%’orr]lﬁmber eh/ “ar?e gbmfnﬁ 5
ut, being |mportant actors |1n the calcul on?”%g

one |hto |ater on, they are here placed on a
emselves.

t h d from
LH the( %ua%hhes oiq ne 8COe;]ré'71 ”ga cfjalatea rop
i

H hs contains the rangelshof pressure throuEh

y

e !
difterent d| tripution 0 er |ven out b %
E.%”e‘p? 16, Enqie, 2 he%h” e“ar}ne oh"wai%s g oh
ut the discussion g% t(hls connecho is deferreé #ort e
present. I

€
€
S
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ine (9) contaips the pripcipal temperatures whose
val'ues arﬂe requwett] In thepcapcu ations. P

Line 5102 shows the ranges of temperature in the
resPectlv 3/ H ers.  Thesg quantities, . when . viewed
in relation td those on ling 3 are not without mtereft
We come now {0 some important |tﬁms In our tab
Lin 11% contalns that portion e en rg su Rsy
}otee nsan con epser WIC n tra
ﬁ z% Into work.  The en%me b means of
which this transform thon IS br? gn out, I
ormati

th Water

T em?or porélon of t etran on ta}<es ce |n
te ailer : “and for each tematerla \P

Aressure . engine, eat t%nlts e heen

I
ﬁfﬁwt@tﬁ%ﬁﬁmﬁﬁ%dt
IS T I L s

cont accoh (o]tf eFX grcttl%%sto fd?t?es\emex endltulrreg—%hzg
e e L U
F 9 QP arye hl? Borne In min a ent n fne
er: not ont estea Steam sup |e |er
|st esame In, ty whatever, thee en |tureo eat
provi e pressure is the Same. ~ Again It
s eI to remem ert tab0|Ier to use the term”in the
imied seise In which It s ungereoog  1n. commor
Q am(ts enerate orrttg t[t)eat ngine (water, to w |ech
allysion has already. heen made.” always warks. when
and where the congitions are favourale. It is this
rmmpe which enables .us fo write down an ener
x endjture to the credit of each individual en |ne
series, whether the trapsiormation from water fo
f%%ﬁmmwywwmm
tNérlou% helcen Ine ateergare cons?Een?ts ® éon HS
o e Rt e
efore an o this trmaterla | coul ut'int
5e7 orm of steam, hdeat units In't eflrsé ase, an
37 In the second, e fransmitted as pure



heat, from the Furnm fuel in the furnace to _ the
wdedter in the boiler e common ac Ice th erhls {0
these two uanéltles—the atent an sen3|b eats
ﬁste are terme H the sum as t F
t] the fteam from the tem erature fee pg
zﬂat e temperature of evaporation.  That |s to" Sa

[, = 858 + 145 — 1003 heat units in the first
case, and

Hj = 858 + 237 = 1095 heat units in the second.
This leads at once to the C?PSlderatIO? of an
important_question mhel¥ the effi |en&/ a steam
en |n mem erm F ever% r of a_com-
o engine_is a rpEe engine " (see the writer’s
get on “ Terres rta ||JI consl1 era )Ig/
impli act w e

tﬁ atters to ul egb ft
amini ojnt at ssue.,  For exam
conside erformance and treatment ¢ t |
essur | e In the two cases given |
nitia “restt't‘ee.ﬁetﬂ g ase, ‘ttst‘éav. en‘trtﬂﬁt
ﬂt amouﬁt 0% work . w |c one_pound 0? Re stea
Il transmit to the |s on uring. |ts ssa e th rou
t IS engipe must b same.in 565, Q
Ings being equal. Calln this transmltted viof
eatunits perI we have the

Efficiency of high-pressure engine =

N

the first case, and = jovtjg >m

the second _
On comp %lrl g.. thes tv¥o efficiencies of the same
engine, we that the first one 1s

1003 _ 1095 = 1-09172 times
w1003
1095

reater than the second ; and yet the efficiency of the
gngtne, as a mac?tme for trattsmtttmg work,,yls tn
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me | oth cases, because. it tr?nsmlts equar quantities

wor r m equal guantms of steam.  This_consJ-
eran?n cearlé/ Indicates tEat the e%;pressmn that, IS
use enting the e a sfeam en me

[ f |chency 0
IS a_highly”elastic one; and that oraglvn% |tg/
0f steam, ‘worked thrﬂugh a gIven ranﬁe of pressur
In a |ven engine, .the expression Is fiot, as |s com
rﬂon gose amn] ut a com ﬂ n]d one. Itis

the ot twgneagtl%sl so%e ({/ana fgn 0untSttnt
|dea cgm best [Je EXthIt(i(E, In tr hrst instance at
y means of general symbols

east,

Let Lj stand for the I tern heart of the s}eam at
the teméerat re, % ) stand r
temperat feed sug Iy to the. botle

re o exha’s a
respectively; then, as tbe{g)re we W ethe

Efficiency = Li+ (ti_T3)
But this is exactly the same thing as saying that the

Efficiency= (L ) XjLi+ (T|—

where. tge first factor IS cons ant and the ec nd one
variabl nder the conditions assume he first
actor cannot be Ingerfered with, but the other one

may. The factor, .~ >is the effmency proper of the

englne asa transmlttellof work; and the other factor,

oo @? IS what is put down on the table as
end L{

re Efficiency” Ilnte % Now, since
|on 0 II m endine ef|C|ec turns not
much of the eneﬁy in the Stl am_ IS frans-
|tte t l#]Oﬂ how mn ﬁald or tge stea
rom WhIC t Portlo work has been astralcte

It necessarily _follows that improvement. can on
effecte% ?/alsmg tne expenditure etefn Iciency.

In no case can the expenditure . effluencx of ang
actual . en rge approach unlt}/k rsmce each engin

muyst, i order t0 perform Worfk, receive Ifs ste
Lnlgher pressure tan that at which I exﬁausts
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“ Terrestrial En But for everY 5|mpl engine
ee |s a 053| mmHm expenditure e %le%y
if this Tattame other t mgs considered,  tffe
en | e |s as_efficient as It can To attain 't

ater myst be returne at the temperat re

|ts e aust (J restrlal nergy?1 lb
general case, aIrea considered; ” the p035| le
maximum expenditure efficiency = T K (B”{ 2;
and this is greater than e _----f@),
s0 long as T3is less than T2

If we eLild |nProve our engf(ne then, ﬁ‘?e as 1o

economise fu ust aim at m n% the 'differences
bet Fen the >1 aust and feed-water temperatures as
small as poss|

hen we c now to vdew the compound e\%
the i ht o gs knowle ﬂ]e we see at once

e poss ||t|es of the sYse en . we. th HJ
take a rational .vie ? q that H IS simp
Ewo 0 more simple F glnes inke to ether, we. se
ow the definition o com[%ouda me as ﬁlv n
In oré odox . treatises (in ther namits H]gai)
extended a little, to include. more than t e threadhare
stateme t that * comBoun meqatleSrSIm Ig/ |r§gen|ous

thCG o Ci‘ \)gqugtlon O% gtI'ESSQS rar;]g Bé) ﬂnSIOH

now w ecomoun ngine ¢ emaemre
economical than eNe wor mg throuH

same range 0 res can now exte our
stat ment as tot ee CIenCYne a sl &ae steam eng IH

to,that of monegg mg} 1;ast

efflclenc the “wnole s u on, the efficiencies,

T Its 3“8 so must the efficiency of tne comp %u

%stem epend upon the efi uen? s of t AndIVI ua

e Ines ¢ mgom % It, S0 h we, wold ?rove
whole we must begin by improving its part

sh |I now see wha actlce has, to say to t |

Pd ort pur se es I again refer to the ta

Ines 11
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Take the second case first Here all the engmes
Teturn thelr ﬁ watTer to the boiler at the Same
tem erature t F hg ?ndenser h conse-
Ic1tue ce 15, that for each steam su ple o t
gh pressure en |ne 95 eat mtsder%éj

Now, | dénote . y

utva ents 0 th wor trans Itted bg e re pe ttve

|ne f# the mehtert assin trou
n te efficiency of -pressure € gtne |s

Had this en? worked uOPder the s me cond||
tions as It wou é’ itave worked as an |so ated Sim e
enging, it w ezgggve ret UJne |ts feed vKaer a

il piarc o s o 48 aga S0 R4

ture woe\d then
nits would have transmitte

n
the same amount o? woﬂ< ?rom the same quantity od!
steam, but with an efftmency- W g against

which sho s that the @ Bthty of reducmg
\Be e€<p |ture b % feat_units pe
steam supply, thus ralsmg the efficiency of

the engtne by X 100 = 157|.
see here, %s hefore, ihat mmovemeﬂt can onlly

% T R U

(?ttur ICIGHG&S—
these bers ng

t gqtgﬁntttles onﬁlng Q Bagl(ho%onqme Z%/ )d—lvstkdn

gotng we cansiaerin
n er tne IthﬂS GCU lar. o t N CSE

onVYesh%é)?E t%”%oren B d§ iat oft

Ine w en subject to the conditions im I|e
t?te r} st case. J P

The naxt the forconsjderatlon is the mid- paessure

rsecon 0 teserle . m% egﬁmerlescgaﬂeg

exhaust steam h
cy(hn(fero which, together with the receiver |scharge



ﬂ to all mtepts and puTﬁ;]ose; #he function of a borIer t?
escon u%rne Ifference between the |Hrtra
eexha étem eratyres experienced In the nigh-
ressure cylinder, and te co se uent rducH n. of
Bessur _exhaust, su atena Hg
out the. con tron avou e to the Workrngr
Hengrne wat In_ effe ctrn a re ransformation
eat "into . work. T IS, pro esrsh nown as re-
%vagoratron in the ey |nder e recerver then
ecomes the steam space ﬁm which the scod
engine draws Its %ug The temper ure o
ste m SUliJ led o t Cﬂand naine rs
the Tatent heat of 1 |s- t
water IS reurne atatem er ture |n frrst
case ﬂ)n In the secon at t e tota heat
1 §Sﬂstean§3§supp%%m t e two cases IS
— =1 %eat nit
rr)lectrv 2/ The numbers ﬂrven n] the tagL\ ?93?'0
d 59—Iine ]f3 as the t?ta tures for
F grne are, 0 ne?esarty ess than  those d“St
cacu ated, 0 accounto the energy which SI
transmrtte rom th e st a |n the Rrevrous cylinder.
rox ate metho cac ating th ? antitie
n I| vinll be fuII?/ >hparned and illustrate
exam ater on . In the meantime, we sha
t em wrthout troublrn% ourselves as to how the
re 0 For erlua quantities, of steam Pssrn
sure, engine, the, wor

herotlrjgrﬁs ta{ mldf Fﬁﬁm# does” naf ? fer mughh

two cases (the small difference arising from th | ht
greatr r An the. seggn ﬁ an In. t
ut t e ex ityre |s t Units in the rst
5 n the second ort IS Same trt
crency of t eeng n3e6rt ese t
crrcumstances would be

early, higher. in the. first case t the reason for
rh Wr heI effrcltenc |s|o he so u tE' j%ct

int
at t e ex endrtu |C|enc EI 1%
far the low-pressure engine, the condrtron under
whrcsh It returns p|ts ufreeg vgater are practrca ly t Oh

In the one case, and only 0-83234 |n the other



e in oth cses a ?Fen on the eﬁpeBdrture
cren rhe W renﬁe strp ut.on
err t rst case drfference arises
rom ac t at t e range ﬁf pressu[] s reater
srnt second casgﬂbsrnt ,1 te

rtlrtral ressures ernq 24 and abs. u]r %
ex ausc Eres ure 1S the same In The €
then, 0 SI this en

g V\m)grn% s &rne with steam at amﬁ

Pres? 8 temperature and
ts feed-water []eman te same, 15.to make 1t less
efficlent : and the eement of Ineffic Fnc INCreases as
the jﬂrtral pressure Increases. We snall, however, ret rn

rn again, after we. have rnvestrgate
meth g r obtaining .an approximate measure” of the
work done by steam”in an' engine.

The next |quantrt W come to in the table IIF Ahe
ener uppy to. the condenser : but as. a u IS-
CussI it rnvolves much A at follows, it will more
natura Iy come, in for consideration at a ater starlr

[n the”. meanthme we dismiss 1t with the remark,
that it is muc re?ter In the secon case t an n
the first, and rls therefore, so much more her thrown
awny as s also the opportunity for utr ISING it.

Seern% that this method of examinin he credrt
acco ntof a comﬁg und engine, altho ur%h sﬁrct Jogica
eﬁs sorewhat fro tt erto

%aractg

tau el)n [)efre ore, be new to, most o

rt X efore passing. ? ntUSt to re ace
r st t)e and see’ what”inforntation we have
tarne ther

e have aeen that when the s¥stem is worked as
the second case, the low- ressue or last %nﬁrne
rou IS the on one ruo ahny A

rmm nit from the evils rn ent N ectrve

rran ement. . It IS rctrca as ef cret as 1t can
ar as | s exp en ifure r oncern because rt
rs workrn h rcon itions gs avoura ? eatx

S0, as It ave done had jt een su |t

stéam at the same pre sure drrecty from a baile

rnstear]t of trom tthe C rnéte Rrevrous engine.

But this freedom from the defects of the arrangement,
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it 'f evident, .is more tge resuI of necessity than of
Inte Irgent esrn The efectso Pch]an arrhan ement
arevayapaent In the cases o ét

pressure. e ?rnes These engines re sa dI d
wrt aburdenof inerficiency wnich would e rctrca?/
a vanrs in ouantrt}/ were they 1solated are
made to syffe ~on account of therr cog
nection with a system w rc , When ﬁro erl ungerstoo
t n the absence of
rrreac In vrdh en rne to ret rn

unqer ? east, Y]our
y enjoyed by

IS Seen to he a'h
acrftres ?or a(! ow?/
rts own ate
conditions as tnose accidental
pressure engine.

[n the fhrst case dtabulated we find traces of the
fact tha(ti e orthodox cour%e of matteﬁs has heen
rHterfere Wrt the result. being, there sowrl1
at the mid-pressure en rne |s pace on.a muc

ett r ootrng in this. res Inciden allal S0 1S
pressure at t |? step, thodgh not

ngine
urte gX austrnq t ﬁ possr IJ’FGSC'[?OH {?ﬁv mentaae

? oty gt By 8 Sk e
rne ﬁat UIerlne are rom r
rm esownta e of resuls whi sttos on t

umns re the results o roug vr in out
e tot s 10 t e res ective en proportion
err s are 0 aI trans work e tota
ow that or eac In rcate orse power iven out
8 comgound end 252'8 heat unts of ag

%gen iture are requiréd per minute in éhe Irst, an
b in the seoond case.” In other. words rarstng
e Expen diture e filgncy, of the mi pressur engru

ur
engrne

brid zérran eme

the, hig
y 80§7Q‘eqllh agtual effrcqrency gf the conqepsoung
engine is raised (2--7-3-- 2-5-2--Ei X 100 =

dp Irne the ex en |ture or drted in §
indl vdua |st hce as . value lin

1S re uce to, unity r]] contains t a ac ro
of the expenditure Whrc as undergone trans ormatron
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fﬁom the heat into the w rk form. Line (16) confains

he remarhnrng Eortr no the ex enditure as. cre rted

ut whic rmp s0 much heat tranﬁ htte

unr gndrture 0°the water from whic st am
orm and, there ore grvesa ea ure o te

on the r ective. e Is, of cours
errca rdentrca th Irne 172< but to prevent

conusron of Ideas, ang also to, ekhibit cea X tg
Ltant roportions the quantities on lines (1

1 ear ne another and to the whole, an extra

ne is added

Up trII now. we have treated one haseNonIh/a

the ro IerH of steam enqrne eff rcren
exantprned % %uestron ure E Even iture one
wit trtu r 8 ourse es as to the behaviour. of the

steam In the engines. Durin Ih oregorn rnvestr

ation, however,we have see at th H estion

team 'engine ef‘frcrene)/ IS not, * % wor B
got out o %en exep rture ?_a

that ré ?aturally re oIvea rtse W rpuc

IS pai %rteseér g muc of the

work In the steam does the engr transmrt

Now nothrng can be more obvious than that the
eﬁdcrenc a_steam eg Ine (to u?e the term I rts
ri sena gg on %wo elements which
irbso ut yrr} endent of each other. Q, o use
anguage .o te mathemafician, e e rcrenc¥ B
te me ?BF Efunctrono two in ep naent va ia
eevar rnogctoe ans ers ot uestions

? An rnJ so Lrnertheb
of engines unec omrca

e r%l e may
waste “for more than IS’ save by a minimised e
penditure.

We have att %mPted t %Vv an answer to the first
ﬂuestron or rather, to sho ow man nsw?{s ma
e given to It, arr] have roquy tr cri Cfs 0

ne econo the enﬁ e_shall now take uR
the secon qaestron a try 10 furnrsh at least, a
approximate answer to It also:
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If we take the usual expression for the efficiency
of an engine,
W

Where t%)—the tnermal £ utvalent dtr the work dorhe;
the latent heat at]te tper ture, F f
te énoesreaéurg s% ttlrr)]e ex ﬁ emglecrtr]atuoer Lgf P resePeeé
Ly tu@errtraea"r@'neaa Sl
taﬁen at 1 the ‘work done wit out ex ansron

= J44 X er of
volume, Yr] cubit ?eet |vrd|ngf by 77 to re uce
it to heat units, we get

W 144xT

n | pecome very small, and ma ere-
]r %e neg%ected |£r4iomparrson wit IWQR/

The su |xe?: are ssed as they are o Io ger
reﬁrwre orm i erfectl enera 1S
|ency |th |on ran re sure

ern ume atent eat lb of
t esteam corr spon ing tot at pressure,

ggrn dragrams er be found he
I

%nder these frrBumstances tQhe ﬂrfference between

On th ac?om
val ueso ressures rorn1 fOI
P uare Inc (ia ri X aYe been calcu ate(i
ort purpos ac trng th tion of ra]ctr
emsntewr one’h stemrntec

er
e

it i i

ﬁt’e?’vera W Pferences for one " are ?\}e%r ggv%hcgtseg
L r

roximate value for £ at any pressure may

On line (18) of the tahle are given th vaIues of

E corresgg é 3 to the jnitial Pregsures ote the steam
as supplied to the respective englnes
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ow . these factors are to he a Ired to practical
caIHuIatrons will now he ex g hned pp t tﬁe samg

thme it wil Pe nﬁcessa show u on w at grou
Ero 054 ?r the application resg and |n orger
to ren ? air c? ar|son possible between tg
errtso the srrn ple formula now to % proposed. a
tnose of the well-known expressio

eto use
sy?n sglrre purpose, recourse must %e h J {o generai

Letpl — initial pressure of steam (abs.).
Pi —final wom
p = any rnteEmedrate pressure *between p,

an
LetYj = vqurE)etpToftl Ib. of steam at px (in

V2and Y \%dmeese orresponding to p2 and
"~ respect ey, Ponaing K0P P

Alsp, let d v stand for an rnfrnrteﬁrmall small
variation of volume, at a_point on the e%ansrorl
curye whose co- ord;f tes are and Idea

Indicator diagram of the work one of steam
worlgg hetween the res ulres yand rYZlbe drawn, we
get a figure somewnhat as foll
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he rectangle, D E G II, being work done against
Jwe back Pes ure, PZ IS dPscogn (? the r? mdinder

g area, then, represents the wor actually trans-
tr}r]weltte to the piston. Calling W the work done,

V = area AB

Now,  aree A oCE LIERNE
= ¥xx (Pi—P2),

and, area B H C= Ifh'—joj dY.
vV,
Or, since j»2 is constant—

area BH C= FpraV —p3X (Y2=YX.

vV,
W=Ytx Pi- p2+ \Fpdy—p3x (veey,)1.
LVi
or W=VXx (Pt- p.)+J (p—p) dY s (B)

V
|t |s evident from . msRect*on of the fiqure

En aso from th con3| eratlo P03| ions of
; Sorgl oetel Fi% rams corres Oantdlt area e cut-
IS awagﬁome actlon o? H rea AB CD. ae%
F the 1gproportlon may be taken as varymg
Anyone Possess r]g the ost elementar knowled
of arithmetic IS a ca cu aIe lh Irs }\erm mb
Ve expression A the a ea

ut the sam cann%t be sald . a ou# e oth er term
area B The Inte ra%Jon of the area B

as exercised the ngenuity o K\/o most emlnent
rltﬁrs on tg éqer odynamics of t ? stea enqine,
ankine an ausIus, mdependent% apout
the same time, succeeded in effecting the |ntegrat|on
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gBrotha ely. rﬂa ﬁ of some mteres][ to those, of
¥ ‘] trb ﬁt Qt%rtunlty% examlnlna
[t” yr?tttseat%%\; ﬁavettt e amancs i mathem ana
S Lt e e D o

sofutlon ggtﬁtsnperc%ssary to make in order to obtain a

Both Itanklne and Clausms assume, tt\e truth of
te converfton of ener Te pa ticular case . of
ﬁ eneral principle h re ers to t g convert |I|t
a]tlnto wor |sc éllalan Ine t e Flrst a

ermo namics: u5|1 First Matn
nnC| le, (i seem to ﬁ i e necessjty 1o
t anot er e mzi\nu acture 0 one

e enc
e sl Lol St
ts tee Ct 0 tose r en5| causm

| ua
work to_he done | esame He calls this the Seco
aw of Thermo Clausius . goes about the
smess more scie t| |c econce es the eX|stence
bstance which.ne callsa Perfect. Gas: writes
m‘ setﬁsarvttt e tt‘t"”%n?bo I|Sn sypstance
\nf nciple; anX rvelsmn Haractgﬁvtégg alnalytf]caf
abels It. t cong R/Ia?n Pnnc” astly ttotﬂ
erters impli |t assume, alt ou 0 n t seem
to attac muc tance to |s asu tton that the
matena o wh |c ton is made
can Pae or co e |s a perfect non-

con uctoro eat
Setting out whth tpe assumption tnat the stea
rhgtne as a machine for tra ormln eat Into wor
t 15 a .heat en me} the Lt” fter conﬁtructln
their equations, in conformity with that wen e resu
t0 be Tather a heterogeneous mixiure ressureﬁ
volumes, latent neats, “an temperat]ures 8 resut
as, course that no solution d he obtatneld
tre apsence of more expe |menta afa or more
e former wero not at and 0 a law was created..
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r?él means of a cor [lar

to IPIS law, the ressures
vol umes were e Iminat ? ro

the e uato s arlld
en 250 utlon ecame oss ersu mg :i
as Very 3 themi namit sc oo
ecavse |t eex resse tirely fn terms o L
absolute temperatures etween which the engine works,

The formula thus deduced for calculating. the area
'sA\eaBm%l [%ro ﬂ1e l|J§eale chagram IS ?or tm‘%any ér

W—=T12x|Lj+Tj—=T2—T2.  +log.£") J.
This is the form in which it was given by Ilankine.
Clausius, however, toor the more general case, qy

su poiép]%gtphaem& eat V\}e)\tZrto tget f’] Ine_to be gart

B f terigl
e made U Is. of steam and (I—x) lhs. of water ;
then the equation hecomes

W=772x {"xLj-j-Tj—Ts—T, X -1

When the difference betweean and T, is not great,
the hyperbolic logarithm of " 1 is usually replaced,

2 Xn (T ) -I.Q)o

by an approxiMate expression,

Maklng this substitution and reducing, we get

liankine’s formula—

W=T772% JTX-T, + Li| X(TI=T3 s (1)
Treating that of Clausius in the same way, we have

W= 1772 X - 0 IX(TX=Ta) e (2)

P rm\ﬁvlramrg F/\(/)er get t”% \%lrl#ren o]le?t7 Wel{ ﬁnoTw]r'? t

marine engineers, name —

W= 772 x AT X (T=T2w(3)
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Formula (3), although the one most commonl
lésed it (()1 gg)ted fog the alcufatlrg of the wor

S not a
one h ﬁe Sa uantlty O ma erl passin
cesswef roug ll 0 0r more Cﬁ INGETS, ai :h

m or tr| €-expansion  engines, UﬂeSS
i et Bl Sl i

IS sure to give equaIIy erroneous results

If. however, it be desired fo C?Iculatie work
done b hhe sespa%ate en mes the rmu gs the
ne whic e use X |s
nowu to begm with may cu a or th
Irst ﬁ 9me rom th value of etermme
with t e tota heat” s t t |s engine,

tog

feor the se%on en Ing may oun 0 on
The process t Brll ated 1S ra(tiher conu)llcaﬁ and
rivo ves con3| erable labour, and more of
.algebraical o eatlons than mos ractlca eers
PI S6SS. ave BO wish elt I 1o occu &]r

rlwn %ngrmgurveer rK| 1 ersmcztel!eu lions iven o
ﬁ]g com %n In ta% rQut we, have care?‘i;gworkeg
qhut gwe necessar ﬁlc llations Mst mentioned usmg
the ﬁ |ver\ ith the seco caﬁe on the tab%
where the “whole quantit asses th rou%

%ter%
each engine dn succession. ollowing are t
results arrived at—

For the first, or high-pressure engme—
Work calculated b% formula
Work transmitted by engine ~

For the second, or mid-pressure engine—
Work calculated b% formula A
Work transmitted by engine

For the third, or low-pressure engine—

Work calculated b% formula ~ . _
Work transmitted by engine =

These results sufficjently speak for themselves. No
wonder t % ?1 * Bl

engine, Wlt |ts J)er ?rr arﬁmo eran ( nargase eam
orgsteel piston, should Par] s¥10rt of amat 0? the i ear]
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“ heat en ine,” ||th h pﬁton and .cylinder con-
struct% ateria rch 0 eﬁrs ence outside

thermodynamic m{n ?reover
Eh%'vﬁ%% . e creatron of a specra Iaw to' explain Its

SInCﬁ the time when that f?rmula first saw light,
there have been man car full carned out? erl-
ments on ste nginés an muc valuable In

tion a ere No m%tter how ¢ ntradrctorz
?ome o t e resuIt % tam he, there. 1S

act more or less established rhd that is,

there IS more steam assO, t rou%h e en%me t an
IS ac ount]ed or on the. Indic toB cards. Recent writers
n( e thermo Ramrcs 0 % éeam engine have
faken Botrce of this; |th Iscovered in their
works by the name of the “missing quantity.”

In no instance ? ﬁ frnd any of those writers
attem trng to modi ormufa so as to come
neare t{uth or in apy ¥ attemp ta r[r to make
Hse of the arge mass 0 ex efimental” data now Ft
and to construct another one, at least ar) roxrnﬁte
?curate and moderately simple; ane t \(rjyo be
some service to éh ftctrca elr |neer an ﬁ ﬁ
sa e time, not too t to apply.. What alt H

ru fu?mpmtche rnost %I ai Ilet fnsrmsn a% ethanen me r
gossesse? are elmp#nca r]exam le, Regrault’s
rmP ormu or the latent heat In Ste PQ: the
Wneer tle use qf a t ermometer, an y|nf
cgnms aow ue Suennelrn arsr rrrrn ?tUC °€§m‘e I)E]ar% F
i i et Aol ot
athem ttr}7 rovrge the enqrneer w& simp | meth oﬂ

outsrge 0 WH]a thWItetl nTOIQHt ﬁlrf mr% i m ormaHon

nheter and. the a% ication 0 ﬁﬂteoraarlrntﬂ etic,
to arn}r(e ﬁ(ea agnroxrmate estimate of somé

thrngs he wou

Anot]her fact which comes out very striki mglﬁ/ more
especially In marine engine practice aone
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%oncerns us) If that tB actual indicator dlagrehm
o) e et O
hut as It has some flttr]e onnection” with wﬁﬂa folﬁows

It 15 well to mention It here.

If we reProduce here, for t e sa (f reference
and comparfson, the formulas,

Tietg T, IXT=T2n(2)

we have theP two ex%ressmns for thfe area,

the “ideal dia ?m rstong

%ves the va]ue of W In terms ot the uantljtles with
hich trle engineer is most ramiliar,  But P

can apply 1t the second term must be eva uated

This.is effected b that the equation of th
expar{gi\llseecu?\(}eeon ¥hasséjea, 0g agraam |es %? ﬁl%ro ‘

p Y" = aconstant.
The mte t|o |s then a com lished b ex ressm%g

In terms ans e uad
gone anX a |Itte re UCtIOﬂ ﬁl Je equatlon
ecomes

Vv

he term in the lar ebrackets still repre the aea
E %and]aswe S|ysen |san excpdﬁ [IS

com
eeeaee“mfeersewe'w e e ﬁee

not so. Whpen the I‘HEFF F efo nIs rom
equapon wm]t e morassulmrptlons
tls oynd not o&ey to va |t eac artlcu% Case,
utto aeap entv oreac nt on the samé

rve, and differs accor Ing to the w tn ss or dr nesa
? the steam. Man }/meal val u85 have Deen propose
or the index n, varying from 08 to 1'135. ~ Zéuner
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as e amlned a large number of cases, an c?ncludes
therefrom tfl /%lry approximate value for n i
given by the formula

n=103%+ 9,

h th ht of t Ib. of th
%lﬁ%ﬁsuﬁﬁlyewelg of “dry” steam per Ib. of the

But even admlttmq &}nowledge of the trye value of
n, we have seen that hef ormula;as it stan s 08s not

H I)(Jt en?]ee ﬁ%’ﬁg?% acts. |t ap%ears FQ cme nearer

ressures., but t IS I
['ICE onl £ reaf I?‘E&SOH SI In the ? Ppt at

ﬁ re%ure steam is much more e?fu:l t as a moti e
than an. examma#on of te ua would
one to ant}urpate then, 15 10

e o an the re(ﬂ Arements o E)

Y gdr}eer

ther ereconslgruc or conmderg y moali

In_effecting the necessar ﬁatlon the
can, . at thé same time, be simplitied

WI justify the means.”

otha?nV%d Dl ycaetil, a?a'ZB'ér.n?EmE“&chmJSﬁqm%E}RH
marlne eﬂPmes alrea % om en(if
ment of t B er, 1t1S.found t atf wor oretlca
?me ¥6)§a slorwg {ngrattlec%regst con ensa|
|deai indic toryc&agvram to re ent thetot|-| t%eoretleal
amount 0 hich eou eobtamecﬁ rom 1 b
ste m_worked exg ste etwegn the pressures
{s%nttheog e, %a'” T 8%'?%'0@
SU%W%) ag rt1 dlesngvg{nohs neut aPﬁe b}/ Ioeﬁes g nC| aﬂ]
e?m tlﬂ:ht an Suvaa\ve et. S0 as to malrgtam tR

?T steam pressure rlng %mIS%IOH the one bECOfTIES
most an exact measure Of the other

This, theE provides ua not onlg/ n a Clue to
Pe nature, but also with t emea?ur ? t correctlon
ﬁ]ls neces ar to render ormu (t r?fo
trfut ful sy mb statemen of the quantitative effect

steam wor |n a metal cy |n er.
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Quantitatively spﬁakinlg, then, we have

(=0, and
therefore, W =V, x (px—p2) (D).

This virtually amounts to the ame th|n a3 sa |n
that the area )hta the actu |cator cait A éua
eoretic

toutltat?reecy eakln th|s re ft rea een
ghaowe ortp tﬁg gro(nos?tlfo 6hear‘an nte

eject on ﬁ errestria

substan “of those Prnﬁosn ons Is.that o

gortton of the steam ente Syln er 0 an
Ine is showrh on thg| Indicgtor car hat wt]

IS sciwn on the cards ﬁlhr or s the teo etlca

ossinle amount of work. e di erence

e tota %uantn enter e engine

afcounte g e s is pro otlona
ference of thé .Initia ex aﬁst tem erature
taken |n c njunction w%h the wel stea use

Bﬁ]l' H ime, and t 8 extent Of the surrace to
Ich the steam is EXpose

For a Ltr]rlven ranPe of tem eratue and a |ve
area_ of surface, It ?wden hatt ercent
Bond nsatlo? arisin é e a strac |on o at
the surface expose vary Inversel a?]
ei qhsteam admltted Iven ell to
stea Prcen ge of con ensa ion WI vahg
(c“%om ¥v the area of ﬁuracee 0sed, an
renceé of tem erﬂtures et eo contact emg
consl eﬁed unit HPS u(e or Instanc
when t ehvarla 1ons hee cuss areh those occurlng
urtng the_passage of steam thrqugh a _ compoun
nol THe re evaporatlon ur,( exh ust IS a
sormatlon] e h J the water
ep 5|ted on t emgta of the cylin e}rdurlngadamswn

IS .1 ne, an gat’In the met
mtttaf coritlensation, [ the sPurce ?rom vy]hlc that

eat engine S ItS Su gine
ﬂ e % Worw for son%) Ylme a(pattalneg ItS
norma conditions, the re- evaporatlons IS a fair measure
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of tge previous condensation. But this is not all the-
on ensation that fa es(PIace in the cglmde& h
the steam expands fransmits it
WSt n, an amount cop ensatlon equjvalent to t
done, must take Face ?ce IT We  supp se
Fre to he no externa surﬁp)(n t we see t (5
the. enerqy in the stea | FS the ‘trans
k, JS (ne ecHng the small effects of con uctlon
radiation sted as latent heat.

We see, ther(] why it is that, IP a multiple-cyUnder

en lng where decre 5'?5’ ranges of pressure’ are ‘accom-

g mcreasmtﬂ Is 0 terp perature, and where
|m|n| hing quanijt

9 g o actu ste% 1S ei< os llo
an mcFeasm ri a urface, the resut should
I i e e el e
V\iso w% ¥ IS tﬁat t ? (?lfferen es SKOUT(? get Wlé]er
as we escend the scale
We have no intention of pr oundl any theor
?xg ain these henomen pY;Pe SIM gacc ttH{
£ g el ke by B0 1
een aecomphs%ed with the reqsult 8 a ready stated
It 0 J remains now t lIIustr te the. agpllca n of
e de ction to the soﬁltlon 0 gr ctical po
r th % fur ose we siiall fake the data an resuts
Lr mple’s tests, l}]lven on the accomganh/
table the Eress res are per sq%al c

BliFty e% au(ﬁ?(’ e =2
p| 144 x V,

“mx L
Substituting, we get

W3 7E7 2XX Ej XX L{) B I?ee}t JYEIE |bS

o CEan be obtaln from. ed|a rams
and the con |t| ns ro em wil p-
remﬁmln acto ormu as It staﬂgis st »
wor

nsmltted by the en ine per steam
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ssin mto |t Since this transmrssronc n onI
ae the ener mthestemte
| |n ependent wh t as een at or it (t
e get, Ividin out c
|crency of the engrne as a transmitter of wor

A= B XAPX=DD (F).
If it be required to knog Evha fraction of ,tne work

t”ntnht? 250t B ra”ir“f“”e baled. ?'”dEonQQ e
en as ar ady €

th the price Pﬂard or It | ine
%s exgressron t. be multip ,1 xp n(?irture
e, t eresp |st e ordinary

efficien s
express| n usede ntor the ef?rcrency o an engine—

i

ua

LIxL+T—T3 —Lj +TJ -1V
when T3 is the temperature of the feed-water.

This Itormula |§ of little Lﬁe to the en meer who,
wJ nly that in ormatron W |cn he obtal ? from tné

In |cator an % {nometer as not j“ iclent data
to [% To he able to do so, It WouI h necessar
tﬂ sure the feed-water accratel a/ o kno

the state of the steam as.to. |t? fness.” But, as
Wwas state ﬁ the outset, it is found that all en ines

work mg under the same conditions as to g ure
c practica g use t e same quantrtres of ste
then,” we consid arrovv

rteorua( not in the
sense as .t e efficjency n |ne on S
re r se trn that Trac o ner

n ine tran mrts an consr
su ﬁt 0il e? ajtmt evteenerat reeeo Wt ter l)st\%J P
tr aI the materials rFrPr sovvrn roE ems wrthout

Hou u% ourf Vs aLout the. sta?e of t’te steam,. or

It 1S passing into the engines. Th |s
rﬂethg& enab gs us tr? arscgunt aILconsrn%ratrons
etransmrssron of energ%I arbe ein real va

he prlactrfa engineer ex ne as

an earoré ?sr [y In thee es that oI
t]esc d case first™ 1t 1s ra er srmpler to

wrtht an t eother
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On line (18) we have the efficiency withqut expan-
sr gnrch(w)e sthlan VF way derlrcgr PFWIS ?orll of
ﬂr erence at 15 Hs abs ?the initial " pressure ‘in the
Igh-pressure cylinder)—

E=0-000609.
The range of pressure (pt—p.,), (line 3), is 91.

Hence the work—
E x ¢st—r=) = 0-000609 x 91 —0-05542.

In the same wag the vaIues of Ex( g —,2) for the
mr pressure and the |ow-pre sure e ines ‘are cel
cu ahed and ﬂrven on |!< 19), nerrIr y s
rste ine IS taken sunrt ota 4
stan S % t_engine’s share 0o lle trﬁnsmrtte
Work; and t erefore the energy supply to the secon

engrne- &— 4885
From this the s:ecg-éi §g§rr)r(e g:brh[lngéts a portion
The work supply ot i

from which it transm
er

OO o

0
yg?ggr UZ?Ste_d dnotggthge condenser
tr
t

itt th
S R

s0 that the energ

The total worl§
IS the sum se quantitles ca
separate engines,

e
; 8?(5)2% + 0-05025 + 0-05849,

The numbeis on linei ve t uanft materral

Tne results. thus calculg ted are %II (irrven on the table
Pnassr % t roF the en; , Y% L as It
partly” water. rs unrty for each engine in
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this case, as the who quantl a55€S throu |1 each | H
successmn Ine |ves worik {0 eac
engmg Ine 2b3 eportlon of the "total trans-
mitted by eac an

A S

eat units equivalent to
= 42°~5 per minute; but if only a fraction of

%hIS ener%y be transmitted, we must d|V|%g 42-75 b¥ the
racH NI order to arrive at the expenditure per indi
cated horse-power, thus—

orI-I_eat units per minute per indicated horse-power is
High-pressure engine==771-39 .
. . *
Mid-pressure engine = 5:@55@5:850*74.
Low-pressure engine 04321 7130*89.
Compound engine = 0%2(?6: A

hese results areh?lven on line 343 ;and.on line (35)
the measured values are given for comparison,

il] be seen that the calculated results differ
sli ‘1t !r t P measurement: %u i

0S¢ optaine tth 5
ﬁrm Jg tr(]nrreﬂ darl s in the distribution o
Stea ring the periods Admission

The a Fre ate result obtamed_bg %s rement was
213-6 he% li IS p er}mm%te er indicate %rse-power.
Hence calculation” dif measurement by

ine 53% contalns hese results ex;t) %ed in terms
% e st use urfer Indicate e-DOWer,
hey_ are %a culat on t ssum[ptlon that the ste(?rg
supplied from the b0|Ier contains no  suspende



39

moisture. The_total expenditure per Ib. will in tha
case Vre = 109 eat frerts 80 tﬁat the compounct

engine will requrre ----- 695‘ 142 Ibs. 01 steam

Perhog Eer rn%cate horse-power By measurement
{ use ﬁ* ine 3 7 The 0 g tduantrtre
Iven on this lrne have [pro ortrone t to th
e}speeacC Ve engines accor mg 0 the power given out

\‘Ve shall now take up the other case given on the

01 ling égggbunder the high-pressure engine, we
I

have E= 0

From line (3 gl p3 = 92 Ibs. Hence, wheE
Enetay supply is ken ‘as unity, th éransmrtted wor
by thé liigh pressure engine = % X92

The work supply to tire ser305n5

- (oM
tighot%t end (18) we o gp-xotﬁ?ss 1) SS
r

5engrne is, therefore,

1

) resre eng |n herefore t
rrrrts 9

doex%au\sltg rthe r ?rger5 9

s

tI thjs sb t%e of thfe mperatrorrs part of the steam
su W IS, abstracted ro ressure FeceIver,
s e ntrt ér tefee water eturnin
rom t e co ense us allow the mr ressur
rt]qrne t% return Its ee rtte earer the tem er
ts exhaust than fo mer The femp erdtuhr
eater or

atrcomrn rom th enser (t Tee
e o O G

res e

on eavr teeeﬂ ater was observe

The. tem erature of the stea the ow pressure
receiver

in
=233c F., aud |tsmlatent heat=950 units,
per Ib.
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Let 1 star] for the eight of steam thus abstracted
frﬁm each Pp e the low-pressure. rece|ver.
The remainder asses Into the low-
reSﬁure engine, thenc |nto 'the condenser and pack
0 fhe heatgr, w ere |t% temper ture Ls rrsg rg

ils |It§1 unlrts et Fheeaatrn 1I?%80r am a(t
A W i fog, DI, Peatolly & 7% 2th8 beh
un fs., refore, on the' assumntto that, t

eat on the one’ nand IS eﬂua ain on t

other we get the following equation for ?rn%tng n—
965 x m= §2x(1—n)
=00 — 92 x«,
o, 1057x«=

n— 100 0-08704 Ibs.

the |§JW pr8 8% ejngine IS therefore

The work supply t &

from which it transmit

L

m

(2]
QD

D U100
S>3 %mo

Ort N
208046

nser (t)h85remainder,

C)O
Py
= S

o OO

and exhausts to the ¢

1 IID_II IIDIII —
OC)O

o

e
(g e w)
W=

=
Do

Addrn ths re ror dthe total fractro of work
trans }/ ?omp engine from t e energy
supply rom (h

0% 75+ 0-05275+ 0-05054,
ne (22) of the table.

CD.—o-
o('D
(e, =

as given on i

The immediate effect, then,. of fallowr the mid-
Pressure eng |h]e to réturn its

eed a ahhr het

el el oo Il
an dI |tleenra)/sunyromt

er%g unit en the ee§ ater |% Hgglre {0
It mvélvrnp an expenditure=1095 heat u |ts
|t] IS evident that for t e same Sfp% i deat
%er rueat 18§n|nstea fo w%er I rﬂle
00

and only requi |n
0 heat units o eat aud evaporate % {q t tg
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the energy supply will be increased in the ratio
U™ T09172= 1+ the increment.

In the form rcas?1 we had unity su pl}q of meﬁerlal
Fassmﬁ through eac eng”]ne In stccessio thence
nto the cond nser. IS case, before ta |n Into
account th e ahov mcr(snent It 1S unjty to t h(I]h
ﬁressure and to the mi preasure engines, and to th
eater, but 1— 0-09704="0-91296 t 0 the Iow ressur
en Ing an to the copdenser To e |ncr men
ntt % materia the increm nta wor sup
also the mcrementa transmitted work, it Is n

lame O
gﬁejgl% % 518?10 it ? g \%lzegget%ie gaﬁggpve&é

It will be seen that the work now transmitted by

each engin
860%6 by the hlﬂn ressure en |ne
E " ressure endi
ow ressure en ne
The total for the compoun engine_bemng

= 8?9%?2 0-05760 + 0-05518,

he fraction actually transmitted by the engine was
16910.

oo
S
—oD,

00

n—

0-
_Expressed in heat units per minute, the calculation

4%
6 193642246 19 Per indicated horse-power.

Be act E’i aouantlty used w gs h|n this case, fonn]
e

er m?n:ate rse-power,

(ﬁ]éfree onrfé'e_ t}glee-eg c% félon and measurement s,

heat unl‘[? per minute par indicated

h(i]rse gnwer or about 3" of the me?sure uantit
f F then, on the ecHnomfyg the ¢ g und

enging, of introducing another feed-heater int
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system, is to raise the general efficiency
[ 213% ~2528" A iQ0= 76| on its former actual

performance and t -2-§-q-4}60 4646 19> 1A

n its former gerformance as deduced hy .calculation.
onsrderrng the Im ortar]ce of the foredoing Investi-
ations an expen enta resulﬁ s ac ntr ution to
e su #necf qf st am eng ne e rcrencr( there an]pears
to he a ejustr rcatron or pushing the examination
one step ar ther,

We have, all along, laid great stress on the fact
that eacﬁ I?nd r o? a com gouné |S e IS a srrp f
engine.  We srB now e{?mrne aq w erfect
on Jhe eneral e of a owrn ?h ressure,

Cl
m ore sure, anré F gy ressrn Ines ork as
simple engiries of ordinary efficiency.

befoe Iet the uantrt of energy? Igwhrch
is o tar en e pen |tur]e 0 t unhts
wenteeewate ntot oerattg
temperature 0 e conde ser e taken as. unit

sup ose e condi trons to be those given in case first

Work transmrttedb % rjes?ure engrne =0-05575
Energy eéxhauste 094912C 575

The feed-water returnrn 'H the mrd es ure
engine Is at the ter%rera t e

BF sure J' ceiver = i)te%m tOt at
o E BI'GSSUI'E I'ECGIVGI’ =

ate
Eg%nrreg ] eaht ’fltmr(rgta 0orf taleatgrerﬁgrtnofs%team

904 x nx=65x (1 —n)
nx= -7 ----=0-06708 Ibs,

Ogrfognal (Ha Q) to the mid-pressure

The. weri;ht f
engine %
-93292
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and the wé é% g pIy (‘jﬁe or latent heat)

: mid-pressure engine
6x0p8§6 J
1—
]

4

4
from

Work transmttted t g
and energy exhau §te ;
3
again taken away to he% the

B
ne

0-04954,

95
d%%o
he
L ressure en Ine rom

atent ”|s t0e ugn ?vtg%%gjﬁ)f water
)

Sufficient tea IS
returnm ee ft

returntng tromt COﬂ enser=(] — nl—«2
—»

Hence, n2 mustb such that

950 x »2= 6QJ3X 931%%— n,),

Or lé: _____________
The quantity of ztorloa% tc%f tltlt)g low-pressure engine
s, therefore, =0-91: %%—0-09444 P g

9

th
and the energ_y s%ngz 35083737

from which thts_eon%m§ %t%%(nosrg btilazquanttty

The feed- water now enters the hoil rat 298° |nsteag
o 1%§ Inv vmg e_lxepen |t]ure 3 units msrtea
5 as formetly. ce the energy supply from

an expenditure of 1095 will=-i", = 1-18634.
he work transmltted by the comgound 1%ng ine is

t en_l1 ﬁggﬂ 6 8%5 004954+0 0441
-17724

The en%m will, therefore, transmit work at the

rate of yy24,=241-19 beat units of expenditure
per minute per indicated horse-power.
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Th oughout the foregom |nvest| tlons tgere |
one act which s hee a|r verifie
at IS .that th et t e r sure betheeTJP WhIC
een Ines Work, et e|r actual efficiencies
as traffsmitters o wor hen, hree numbers,
Pcand C, c?n he ﬁbt med sucht at

f res engine : efficiency of
%eml ress%re eng nep efsflmency %f the low- presgure

It ngS ewdent thétt the most ?conomlcal arranﬁemend
OL & the ﬁtrl ution . 0 gower IS Cofcern

WI|| e that which most nearly approaches the

proportion—

Indlg hed horse- ower of hl%h Bressure engine ;. indi-

ﬁate orse- p(%vrro mid-pressure enagm% Indicated
orse-power of low-pressure engine :

But |n ord r to get values for a, b, an? C. some
eﬁt com arlﬁon IS necessary. It is not

clent to know only how much o the energy In
Ee steam 1S tr nsmttted any one of the engines;
ut we m st know a?o ow ‘much 1ronld be Yrans-
mttte ¥Idt e most per ect en |ne wor mg under the
% conditions a Ol tpress . hos then

the forme B atter tluanttttes for the several

engines Wi ropor |ona , ? n
erformance Nature’s

rrestria Ener
g o Mgl T e St
c?{tttnuous S §em otN ?ee t?eatm ehr(tpex end ture
C nca/ also a transmts |on e Icle %y
eua‘é urhy enditure in |ts oiler |s
atent heat att

3] yrs tempeﬁture of evapora-
ion é rt d Its exhaust IS Zero e en [ne works
greetwc%n ect 51 bf) Eten teemgaetr%tht ree eegn aagV\e IS
of that ¥he the e( uweﬂent oP ttEe worE

ransm tte Eetwen tt} two temperatures is tg
atent heat, Lx: but te eration were st? ﬁ
at some. temperature h| he Ean 0, some of the
ehner%/ !( he stean] e ex austed, so that

ork cdone would neces artlx be less 't thtn X
Let T0= the temperature 0 aust, and the
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Wﬁrﬁﬁ eﬂaa 0 grveﬂr%nT(rhethﬁggereplﬁsC{ Mwﬂ

r™)L o+ (TI-T ).

Dividing by Lu the expenditure, we get the
Perfect engine efficiency, = "
_(L1+T_Ir_)JT1-T 0

This is the . ener?l eﬂuatron of the c}%rrves of Nature’s
Her ect engi % fficiency given on the accomggng ﬁ
1 rams N these rams the ﬁ“ In
¥ rve Is the Bressure corres onding tot emPerature
the exhalst: ordhnates Prve e. rnrtr? ?essurs
d abscrssae grve the perfect engine efticlency for
Yv rans d etwen those t\o pressures On
P teta are given the v uesoftese
rcre es, due to te rang efs rhrou which E
\)ogcgve eng Hes work these rﬂuantrtres
into “the cor[espondrn quaptities. on IrHe
% the actua comloar Ive f iclencies of t
ngrnes ich ratios are glven on line (31).

| we suppose the totgxl indicated horse- Eower
gevelope the compound engine to ere re n%ed
Xeeunuﬁrn t?r %trrtctron a}nvvevr chS"enor?o me
iiookerf1 orgrn the rstrrbuton o power g/ %strn
matters so as to get the ar\ﬂest roportr n

out of tha hest eH Ing, and evr rvr rn
actual Indicated horse- power 0 each engine b we

total power given out mpound” enging,
get th% numtglers given ox line %g P Y

Thus in frrst case rgrven the total rndrfated horse-
Power- 211 , so that the proportional indicated
lorse-power of—
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The high-pressure engine = rrjyg = 0-33094,
mid-pressure

low-pressure

compound
In the se&o d cafse the total mdrcateét horse- Rower
p_o%vle‘r8o and therefore, proportional Indicated horse-

The high-pressure engine = = 0.32029.
mid-pressure
|low-pressure

compound

e take the ¢ om arative efficiencies (line 31
an agvd hga P ( )

sum 65?3+ 0- 31490
9f0rt Irst case an

36
4% for the seconrf Case.

Now dr\f]rdrﬂ ch number by the sum, as Wﬁ have
done wit t tua ower? et the following
propo&tr3 6num ersf I the first cas
1-058p9 0-35700 for high- pressure engine.

?8?328 0-34555 , mid-pressure

?(3)51);3128 0-29745 , low-pressure

10569
105869 100000

Iy
=
1-
d g

D D
OO O
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For the second case the numbers are—

1:66572=0""94 f°r high-pressure engine.

1-064?1= N35545 , mid-pressure
0-30942  AonAei
1-06472=

[OW-rressure »

106472
-06472-i"£L0

T e rattos ust calculated. ma be taken as the values

8 V\f Writin pfrogortlons
measure and calculated, we ave m te irst case—
ndicated horse-power  of the ht ressure engine:
tcate orse- ower of t essure engine:
|c%§ W or er ow pressure — engino

Whereas if the mdtpated ho se J)ower of eact -engine
were 8 ?g%rttonal to Its actual comparative efficiency,
we should have—

ndicated horse- ower he h| (hppressure engine :

e e v T
(7300 "0 Ge5RBuer. § 29?

In the second case, the] measured Eowers are—

gate{ norse ower o[ the giﬁ wﬁrea ure enalne:

in
n

|]ate orse-power of the ressure engine :
6%& or0S 8%&” 838%8 pressure  engine

And the calculated— In icated horse-power oTJ‘ tRe
gpr%%?u%eeneét Ien i |n a{tets horhgrseﬁ) Wet he Iotwe
pres ure enging” :: 0-35394 " 0-35545 089661

Collecting these re%ults |r}to ahform more suitable
for examination, we have, for the first case— .

In
In
In
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Meas red i.h.p. of h.p. engine = 0-33994 ratio =

feuligeg " O e ENOIMEZ 3 8521
easrlr m.p. = 0-32153  ralg =
e A e
I L i

For thesecond case—

Measyred i.h.p. of h.p. engine = 0_-32029 'rerti =
i R
- BAEH N
Glelaed 7 P = 8%802? 464

rmer arran ement of er approaches the
falcufateg proportiofs mare ngar\iV %pp 06s tE

Ire effect of this ether approxjmation to t
ieoretrca rf

portians, energl. econom
ev?de%?mQOLqu%t (irngsmg%ne eogre %frcrently ar?e

[t must be ecrglecteﬁ that when an en rne1 in the
?erres IS r ter eB wit this res nt r
erence arfects both terms of the rtros or al

egnes In the series : and If the nitial gF sr?urf f

gh pressure and the exhaust pressure of the low-
Presa e engrnes remarn constant, ‘the rnterferenge If
n the direttion we ave een consid errn tends. to
re uce the ne%ua rtly In these terms.  Still’ the ratroi

mh calcylate nX lven sateh of matters, will
alwafrndrcat the dire t'( P C rmProve nft 1S
Possr e ntecasesﬁ or straton the first
S rat er better than the secg ut still ere IS
TQom for rmErovemenI g/et and In'the same direction.
he low-pressure engrn haﬁ more than. Its [e L trmate
are 0 e o er the other two. dengrnes e, ess
nor]on -pressure, and mi essurﬁ rer
ut t ress re enﬁrne alsp, were zio

WOI' SOT(?&PI’ Sim Ine ener ICIEN
b o

f each, onse
ralsed, an f ro ortro
rne ou ke a S'[I

o;?m%?rrje]rd | %tﬁ”éuW £ac
rg ahat duced by calculation.

closer approximation to t
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Durrn the readrnr;rNof the fore% rngo1 when
f the orrgrna roo re che uth ors e
t emainl eId a read a
cIu y ma |ng the oI owrng remar

I shaII not thlOIt]tqcrrehy remarks further, as I have

ste
con-

ready taken up su t of your time, and the con-
cuqrng qbtron fo tn [i)er rsyof sucﬂW ature t?tat rt
could ﬂt e wel ﬁe on a mere aﬁ wrs
to say, ovvever that all standards of effcl

ISO {0 e Sraarrea grge/OyU %mprri]rr]:a ouarn#ancls aRH Iteg

the m l“P Iers. rF ted on the mar In.as equal to
.. I1Nel sRecra armi) our alttentr HIS hat the
coincl ewht actual resylts more closely than those ét%
In use. [ney are, besides, simpler, an car] he yse g
an oneater ﬂorn over a numerical example. Prtnt

es are nowIn. course. of preparatiop, and will
sent 0 members of the Institute on completion

mathematrclal arg n}ents n. whic they
oun ed are e trrgg/ apart from their useunes
re not suit ed or discussion In public meeting su
hrs of our Instityte. Any ¢ mmunrca“o

ow er addresse tom rther ersonally or t roug
ﬁ ﬁretar ave est attention,
Iave

feart?tas Been & rather royurartptf1 tr,!oﬂrtppggtrelg Su l}e\c/\t at



STEAM ENGINE EFFICIENCY,

Adjourned Discussion, Mr. A, Beldam, Presiding.

The Honorary Secretary.

Prevrous to enterrn? upon the fr.irther iscussion
of rWerr aer a%/ tomaeafew
comments, an t% ref 0t 8 ral suggestions
and criticisms w dCh ave been offered for tg uthor’s
consideration, and to which we have received his reply.

The various rtaornts and (r]uestro s introduced into
thefﬁa per and pactrﬁ considerations ta

tJ C?IVGS [Sg avey natura X [r%reoovrrlaee adc’\t/a%OO

ticism In res
the Autllror Wh? p?\/Iem ers mag dhfer wrdeg
omMr. w eir IN re erence. to some Of the vews

as advanced, it rs our g,rvrleﬁ% to do so, while

man?/ ma as divid €IS, Pass in E enaent
0 In ong % LU gmgnt on. wnat LS at varrang Wl{h

acce te0 X For es arnv wnat ma " re considere
%\]egnpsevetrax grarrP 01? 08d Eraftr%a?ogndwrfrhntag
care ul grusa Ot e

Lt?catron o this, or an r% t?teerln titute,
es no an ac £ tan e o lews or theories
v nce m ers are rnvrte tﬁ
rea n an rscuss aII ers and
arsmaeuinonte ri

tnougﬁt {0 ISCf¥ﬂ B te, an gdlgg acco? Ingly,

what’is most profitanle to retarn
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Referngg tWo the suggestions and criticism, Mr. G ray
conmdere that the osnton Mr. W eir ocgupied
In the foremost ranr mod er mProv rs of th&
maHne engine, entit ed im t Istened to as an

LT %td o Ell

% his th very |n|telg the dtst%nce
eJe was between t y acc pte teac

i
%sae thtffe)rgnceg in Yh t werge justtete

Passm over su este aIteratt%ns in forms of
pr& . aboyt w ch there. mi pected to
If erences | rptn%s arisin rom d| erences r}
Aatnmgd It eld. that the m|33| n o a cop Q
F ndn |eator da rams, L|E F (f( erl-
ment] flons lta een cg ated, detracte ery
muc from the value of the Paper.

[t was gomt%d out that the ratto] of the latent
eat at th st tgm erature I8 the expen-
rt re of heat a ogé %e X endtture

chenﬁ apgear to he a arétflua Istortion of
1o acecpte raflo. State g Vipus

Pa e as " Efficien that no and ufficient

?n was gtven or creat dnﬂt erence between

|C|encY ai Q re Efficiency,” term

wich could only suggest the same Iidea to the min
of any engineer,

The calculaftton of the efftmenc of each enatne, iH

rtes WEre not 0 a SEries, appeare
t0 ead tO C erSIOH OP thOU ?OI' I Etanc
a 0, Where t e |n0{ease |C|ency was made

out to e 15% instead of 18'6".

tt Was Sﬁld that hardIX CO#Jld it be acceﬁted as a
de ecA in the arr% g r(}te t % the senes engine, as
§tae on p moeﬁ that each engine anrsecntot

grro&i a| hoder mstesett%agt tarom ?hes%rtrl]ﬁnﬁeersot! a prewoug
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P o

xtend [
cP ramical equwaelent was, substantia Wy

14V dt
"L = Tdp

It was ﬁontended that ip this form F could at once
agnitude of the “arbitrary fundame units e
n]ﬂ%ed that, “ ?flmenc% ymus][% IQ/vas a urenl]oy

&u de
It was remarg E LWeir Was mi mg
ex ression gegtote was—the Carnot functdon for ﬁ
this expresswn was not apparent.
expansion cu ve 1S of the form
fre uent |nvest| ated in Its develo men%
had been

he seen that E was mae to be a unﬁtlon of the
erlca ratio, Ind nf the  magnitudes
undamepta y] S emf oyed In ascertaininy
| n.his expressions, term
Htpat musYb eld to %e %lte dlstlnctp hat the (a
ﬁ perature for tne cﬁclg etween r and r— w ﬁttl
ressure 1S In poUnds per Square Inch.  The
utthtE/
e 32, there was an expression gjven for the
work rg tte engine ?n tﬁg assump%on that tn
PVn = a constant.
It waﬁ alsp pointed out that thls e uatlfn had been
?ev ral q our rg neqs and the value 0
requently stated to b

xpr]esswn which coulci scarcelty be quked poP

as of the exceedm om ature complaine %
empers were remt t t IS eq atlon WOH

ound_ several times 0t H ompresse Alr

ation (c) the term v x (p,—

mitted, and e remainder, the com ex aart as
ain Ett simple form' give mft

Eae nere u? red to IQ\noteper mﬁeculary occurred on
page 34, wttere the Author marlk J that to render

nd the. discussion on t, Was eas |r¥
awenved from g;'te equatlon o con |t g\ﬁentoL
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a more truthful statemeqt of thg quantitative effec
steam worked on a meta nder, we. must re at
these ema ing. terms=.nothiqg, That is to, say,

t gva ue o w”in equation (c), the terms éPg{ht t2

€ error In the nte ration, and

ﬁe Wre the rest of the ferms make UR
thi % that the conclusion reached In eﬂuatro
c that in any steam engine te work done
der any con tron as awa¥s ste ual. to ot In

as the V r (Pj—p2) had no ? ein e
ﬁs there re no reasonvy]xrts ould Clopea rn ),
ich was (¢) with the nothifg part wiped out

That on na e 45 there was another exBressron rver]

for the wor ne This was state e the genera

equatio e curves of atures Perfec ngine

upon wr p cta or dra? ams ha eﬁn

nstructe (f) ot In hmate that ef

mean thr to be urte rffere? rom the er%uatronso
t

ausrus an rng and tat 0 te arine. Engineers
inaccordance . with the last, whig

understood a proxrmatroq t0 the, trerfs It ou ﬁt 0
rea% wrrtmi It In a form suitable for comparison
with the Author’s expressions :—

instead of  TI= (Lj+TJ] —

A numerical example was given thus:—
TJ= (861+822 « x f-7~2) =2879
U= (861 + 822) x 484-9,

The first case being according to .previous teaching,
oemaeconrs Iane In gaccor ancg with the Autn rgs
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Copies, of these comrnents arhd objections wer drstrrthed
alon With Cproo opies of t er, ang. havin
esired to congider ese in trme r the discuss| trs
ecening, Hr. TTeir's reply is as follows :—

In answer to the fr st.remark, | Jnfax hat it was
nrtg unnecessar ring more itely before rn
the drata ce there”™ 1S etween the en ra
accepted stan BPrn and my. own. ne |s
aware of theegn f than m seIf and a ennercerptron
would ave abe an e% ecrse
agon uoting the st Jementso r esaors Cottenl
rston was In qrder to show the distance that
exrste etwe% our views:. and m gurpose In thr%
Bager as not een to re on%remy VIews with thosFI
essrirs CPtteP and Thurston, o s ow
Eractrca results whrch they are una ? acc%nt
atls actonlg can be easily and correctly explaine
any engineer.’

2. 0npage 14 re lven m reasons for not puttin
|n the nPrﬁg %grams ) he enér)rnes offﬂr

ma o were r as a particul rcase to
how plication o a re’s rams
0re ro t e mdicator agrams mr tse t0
alrymple’s xperrmen |ch In no

Sclslon OH
Way affect the paper.

3. A fo.the the term ffrcrenc and xpend- .
|t%rr% frcrenvy thin tatamﬁe carefu eru al
the g Il's owajust and sufficient reason or
the distinction made
4. 1f the percentage take ex eption to in this n
(ol Jercentas (ken excep "

E)%re’gﬂtaees nrven In the paBE‘P areq“c'thu(i%té% on he

e?rnﬁgngrrtur%lp Tﬁps Ign en%lgdeS ”?t’t crent{nucpear wgth0

5. The opinion expressed here is the resuls of a total
tnarsmaﬁpcrﬁ r? r?e?ers ? (h Pe of hat part ot the paper
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, |£ h(JSSE?fHYe n}]aglt Pt KOKT further comment, as indeed

In. the proof copies of the Paper which have heen
dlstrlbuteder ngr has s?nce eF aYrV]edp tha certaem

grrat appeareq, ? ome 0 Remarks were
aseqd . upon d; ormula mvoved these are here
specially note to prevent misconceptions.

Page 32 Equation C. should read.n— !

Page 34 Eirst Equation should read:—
n—1



STEAM ENGINE EFFICIENCY.

Supplementary Paper Read at Cardiff'

n.important subject such as that of thig paﬁer
consr elrrng the Rrrncrpes involved and the eﬁrrn
these maodern physics, have thou t rt
necessar%/ 3 e.a separation rnto two djstinct.

r one e

tions, v aIrn\g ith matter ofa purely em r ca
rtr)ature the other rt statements avr enera
earin £ Scl nceo e.stea me ce e
th th t t
ra ﬁ]rrncr Taking t e ter rst we
enu erate us —

t may be

T I Tl e Al o B tempera-

su e eated but 1t"cannot
fure due to the pressure.

2. As much work ca Ogot from exhgust steam
Ssee dt as from steam taken direct from a boiler, pro-
Ided the pressure 15 the same.

3. The value of steam is in direct proportion to its
pressure

Heat in the ?rne unless under the form of
inec anical ener @ ent heat %fsteam IS not only a
0, but Is the exact measure of the loss

5. The hoIe anttg/of steﬁ (sho ebg/the mdr

haé?Q it ”“S uantrtgl ‘ttS%'?amt IR
of the steamt enter

the cyIrnrsers
Thrs drfJerence IS dug tn condensation: but con-
ensa 10 two dsrnc cause Q to, wor
one: ? to contatwt meta . g 1S a
sourge of [oss, forw% ave a%)g arrnrq see4 urrn
condensation, and[ ernrﬁ r ex aust

re-evaporation.  Th unt conde sedr al to th

ame(u t absorbed, us the equiva ent of tansmrtte
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partion between the total quantity of steam
%dfnnttedﬁ fnﬁ t(nat sho n on the cardqd ent/ts on tah
erence of initial 3 exhaust temperatures, and t
WEI% to steam used per minute taken In relation to

the Surface exposed.

8. The effn:lenf of every en me depends on I%;ettm%

th etmtla or boilér ressue 0 Iston as fear a

” and returnin eedw ter as near the
aust'temperature as 0s3| le.

9, Every cylinder of a compound engine is a simple
engine. vy P ! d

10. Every steam engme to perform or tr nsmlhwork
must receive steam at % rRessure than that at

h|c t exhausts an Hgme ust eﬁ<
ust or Ond/ P/ ﬂrtlon oft
steam can be used, whatever'the pressure an expanslon

may be.

ldl All the Feat put into the boilers, from hhe fuel
vS/ra atjon and condu tion wasteexcep t/v ess that ebat
|ch as IS equiva ent n transmitte must
exhausted as the' energy (latent heat) o steam

worl%' The steam engine is a machine for transmitting

13. Heat d pearmg in water % nverts the water
into steam an a transformation of heat ener Into
ork eners The eng | e tha % erf orm rans
ormation {5 the water; an the e |encyo t|s engine

IS absolutely perfect,
e practical application of the fore inciples
t0 tpe psteam |Fr)t 119 3 rorm orgg dﬁnmpthf
gre ent state o eh wle ée ¢an only gmca
soff aIItedatao Ich we are In possessmn is derived

ely from experience.
The empirical assumption may be enunciated thus :



58

The atetual work transmrtted ordrnﬁry s[eam
engine . bears a co stant ratlo t e initia
;Ijltr lig the difference between the rnrtra an

st pressures.
[n the ex mrnles as tabula ed Cist tableg asli tIrber
? een ta Viz,, Instead o ﬁ king e nitil
vo m mu#tr IPhI g1t erenceo pressure
owrnH (? trans |te work, E has egn
% Pr rom t ragrams and the allowance then made
or the transmitted " work

Ihere IS dtrII another srm le ap |ICﬁtI0n L., tot
E from the la ram and aeno " eraIIowanc
F]ansmrtte . n ma rnqﬁ oorce between t ese

three wa ys Tor app lication and com aisgn ith [ g
actual ¢ o Ve ta en t stén%1 ave le
someéot ik Tor ta emprrrc doptin
500N

100 Hrea '

|th est rom truth, hecause 1t akes
owance for tr]ansmrte work,
surplis alowar]ce would soon have shown up. w en
Fractrﬁ rt Ean ave. led to.an |nve t%atI
to t aueo ThIS. IS a P ?rnt shou
Iscussed by scieptists, as 1t is ope of the points

0
as some scientific bearrng on tne SUb#]eCP It 18, OW
ever, 01 no practrca use to’the marine ¢ gIneer.

Afer |vrn the erits of the fhrst careful consid ra
scar |t |n t

tIt?vo atg §mg]§to#3tron 0 eanlrc etaﬁ E0

srm no, fur era wance of tranﬁmrtte
wor hEat already ta en Into account in the con-
structron o

Thrs ourse, | helheve will not interfere. w*th the
eneral Sarrng the assumption, and will form"a
xed standard fcomparrson

When ap t e transmrtted work formed in this
ann I, to eat units used permr ute, and the
s o se m use pe our per indicate horse- powe]r
the . t ta eat ex rl]e 0 pro(?u e the steam at t
rtrﬁ pre%sure IS 1o, be _meastre [] (s e temperature
the ‘exhaust.  The feed-water should be at the same
emperature as the exhaust.
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The following are some.simple numerical examples
illustrative o rhge methoH]Sjust IE|)nd|cate§ P

when worked In asmgeen ne down to

To cal(wlgte the eff|0|enegv of steam at 40 I s abs
Itial pressure on piston = 40 s as
Fn T P 3

Range of ,, 37 Ibs.

At 40 Ibs. abs, E = 0-0020081,
Efficiency = % %8687x37

the% \C/\%ﬂétleetlzltelnthaeegr];]fb%lﬁHayengflnsete(?cr)nwrgj1 tt04§a2 IB B

When the otaI ﬁa g ofHJressure and the numbpe
of Imders rou Ich t ef steam 1S to he WOH(
are own e portion. of that total ranﬁe whic
shou be £ &l otte to each 5|mﬁle ep%ne in the series

terw mea e curves in the
|a rams as fol ows— dp Eect engine eff |C|eney
en. tota

correspanding_to the giv ange o resrel
read (Pf t?w ngta ramsq this num[)(ig?s t { A

vide
EIO as many par S as there, aredpylln ers In the system ;

ese part ropogfioned “in the same ratios. as
e d Elre efﬁugncp es 0# the steam In the respective

inders. _The_ ranges. of ressur? correspondi R 0
these eons}]tuent pertect engine efficiencies are those
satistying the required conditrons.

If, however, it be defslgred tha% the steam shall have
hs maximum’ total efficiency for the |ven S stﬁms
en o#vmou atersmust he Ef(d Justed s e
efficiences’ !'] esteam wor in each Ividua

P rflﬁme In the series. . To secure th f ePer ec
%ng uencg corresponding to the tota range must
i \élrtsied INt0 as many equal parts as there are

This | tte[)metho will be z}dtﬁ)ted in what follows,
s it.1s the gs? erformance 0 # steam in each case
that is wanted for the purpose of comparison.
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Perfect engine efficiency corresponding to range of
pressure }romg40 lbs. to 3 Ybs absE é’ !

Ran%es corresponding to perfect engine efficiencies
=0'154 are
48 lbs. to 125 Ibs. abs., gnd

1 the
|nltl?| pressure 5on igh- pressureplston 4(% Ibs. abs.
Final ™, \ ) w =129

Range of " . =215 Ibs.

I E=0'0 06 1,
énE?rBeCPScr)] a:%g stezagwlgg bs %s worked in a simple
: OaOOZOG8YXZ7 5

IIEnitiaI pressure on Iow pressure plston 12 Ibs. abs.

Range of ,, ) ’ = 9% Ibs

At 12-5 Ihs. ah E=0
|.E |2c£|-)8nbcS %fsste b125I%s gbs worked in a simple

engine down to 3
995774

iciency of 40 | K
AT A

To calﬁylate the eff|C|enc¥] of steam %t 40 | s abs

when worked In a triple engime down to 3 Ibs. abs
Ranges of p pigssure corresponding to a perfect engine
efficlency = £2%0= {103 are

40 |bs. to 12 Ihs. abs.,
» 3. 5 therefore
E‘ml pre”ssure 0[11 %lgh-p”ressure ”plston;41% Ibs. abs.
Range of ,, . . » =21 1bs,



E??lcllbsn abgf s{ ams

0.0

Igs abs. worked in a simple
engine down to "
04

%2687X21

essure piston=19 Ibs. abs.

1 ||m'—*||

oS
0
w

Q_

[nitial pressure on mi
Flnail p” " "

Range of , i K 1T

At 19 |bs. ab E = 0004039
|.E ?c!g%ca ts)f ste aa Qbs abs. worked in a simple

engine down to 8
881?40394x11

itial pressure on low pressure piston=§ Ibs. abs.
A pressure. piston §

Eanglebof : 000 . =5 s,
engl?ﬁlec%g% r?ot];) sge rrsfg . I%s abs. worked in a simple
= 0_%912339%5

He i Pet%ln gelfrﬁleman\%/n %tﬁ% abt 40 Ihs. abs. worked
= 1433} +0-04444+0-0442

Cp e S LA

In a S|mple eoglne total efficiency= 007§§
1
1 R 5

To Jlnd the efficiency 0 Jsteam hbs abs. when
worke |na5| een OWN 10 3 ?
,nltl Bressueon piston = 8 Ths. abs

1 1

Eange of ,, ” =77 Is
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bs. abs. E =0-0011158, .
AE? cllenc of ste% a 80? albs. worked in a simple
engine down to 3 | a_s0 001LL58x77

= (-0859.

To find the efficiency of. steam at 80 [bs. abs. when
workeo{nm a compouncf %nglne aown to 3Ilbs a%

Perfect engine efficiency corresponding to range of
pressure %romQSO |bs. to3Ybs a[)s : 0415q .

Ranges of pressure corresponding to perfect engine
efficiency="* " ° = 0'208 are

Ibs. to 20 Ibs. abs., and

_ therefore
IFnlltlei pressure on high-pressufe piston= go Ibs. abs.
Range of , :,’ . =60 Ibs”

At 80 Ibs. abs., = 0-001115
?Imsenc steam a 80 Is abs. worked in a

simple engirte down o Ibs. as
& 58x60

an pressure on low-pressure piston= 2% lbs. abs.

" 1 " "

Range of ,, " " . =17 Ibs.

At Qs ds, = 00038606
smpe'ghegnlce (?owStea”g it 2% 5. abs. worked in a
88&68 051x7

| eff f I k
meg%%raop%unJe'ﬁ'srnce/&W%e%"aﬂ} i 5 v

g 00656

T he. effi f | h
worked 4 i 'Sheg“l% Soar s s 2 e
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Ranges of pressure corresponding to perfect engine
efficiency= - "=0-138 are

§g Ibs. to %% |bs. abs.,

. 11 . 3., therefore
L”lhté?' pressure on high-pressure pIS'[OﬂE%O ibs abs.
Range of =48 Ibs. ”

At80 lbs abs., E-= 0’00111?
fficienc f steam_at 80 [bs. abs. worked in a
simple engirte own to 32 Is. abs,
= 0- ]51158x48

Lnltl pressure on mid- pressure plston 32 lbs. abs.

Range of 3 " " -21 lbs.

At? Clll%sncslbs J steam at %518 " abs. worked in a
simple engfhe down to 11 Ibs, abs.
0 %3 92x21

|niti pressure on Jow-pressure piston= II lbs. abs.

Ran eof . 8—%

t 11 Ibs. ab E = 0-0066226
E%flcqgnca of sa(eﬁbm a 11%83 abs. worked in a simple

engine do 0 22648
I

e pt]%tghgelfgleu g V\}IH sate%m abt 80 Ibs. abs. worked
%38 +0-0533+0-0533

Cﬂ arlnrthe efé %enmes of steam at. 80 Ips. abs.
\g/ vgo g erent types of engines down to

E
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In a smﬂ)le enogme total efﬁmencyg 8
= 0%

) trlp

d the. efficiency of steam at 60I s abs. -when
worked’ n|n a simple en ¥ne down to 3

Ian?I pressu”re on piston= ]6% Ibs abs

Range of =157 hhs

f glé%%Ka%j steam £ ) ?8§ Fbs abs. worked in a
simple engine down to gg 06?066x157
= 0-095

d the efficiency of steam at 160 Ibs. abs. when
workedI r}n a complobncf %ngmse gown to 3 Ihs. ahs.

Perfect engine efficiency corresponding, to range of
pressure From9160?bs 0 ?I %p 396 J

Ranges corresponding to perfect engine efficiency
0330 0268 are

gg lbs to 3% Ibs. abs., ah
erefore
IEnm?I pressure on hlgh pressure plston 16% Ibs. abs.

1 1 "

Range of L =125 1.

" %fo s, 205 00088 ?bs abs. worked in a

icienc J steam g
simpleengine down to 8§§50%066x125

[nitigl pressure on low-pressure piston=35 Ibs.
Fmaﬁ P d P

" " 1 i3]

Range of " ’ . =32 Ibs,

»
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At ?5 Ibs. abs. E=0-002332 %
ficiency of stelabm ag Ibs. abs. worked in a simple
engine down to 3 Ihs. a

= 0%%8325x32

,—rl‘egcced mtog%(?fefmr]]gydg{lv r%t?am3 t516 |bs. abs. worked
PO € e g+ 00Tl

To find the efficiency of steam at 160 Ibs. abs. when
worked in a triple eng|¥1e down to 3 I%s abs.

Ranges of pressure corresponding to perfect engine
efficiency = —g== 0-179 are

160 Ibs. to 53 Ibs. ab
s”o1 s”as d

therefore
Initial h- 160 Ibs. ab
Enlhtgﬁ\ press,lljre on t’),lg pres”sure pIS,t,OH 0 s. abs.
Range of , , , . -105Tb_.

AL 160 Ibs. abs,,  E = 0'0006066,
11 6|SC|ency of steam at 160 ?bs abs. worked in a
simple engine down to 55 Ibs, abs

8860076A066X105

[nitial pressure on mid-pressure piston=55 Ibs. abs.
Flnail d P P »

1 1 bl ”

Range of " " , = 40Ths.
At Isabs E = 0"0015584,
%5 bnv% to i%amsat 55 [bs. abs. worked in a simple

engie o 0.0015584 x 40
=yt

an pressure on low-pressure plston 153 lbs. abs.

Range of " " 10T



ft h Ibs. abs, E

T s g
f

Hence, otaI effmenc 0
matnpeengtne 0 nt8

049993,
S?bs abs. worked in a simple

049993x12
600.

steiagm at 160 Ibs. abs. worked
3077 h623+0-0600
-1860.

om aring. the efficiencies of steam at 160 [bs. abs,
Q t<egd Pn gtfferent types of engines (! wn to

In a5|m Iee&nne total efficiency=0'09
ﬁgoun " = (-1
" " =0'1660.

. tnp

gut these results into a concrete form it | ﬂnlay
neces [ ber that the ex[ﬁ) |tur e t
mut ecacuate I eac S|m Ily
be measure rom he In t|a an ex aust
ﬂ]res%ute nge expen F]ture IS, therg ore, made up 0
grence tween t ﬁlnl'[lal and exhaust tempera-
res a ded to the atent eat the|n|t|aI erature
the m n| e aﬁ but if the actual
ex en |ture whic agts r%reater |s known,
n it must be taken Jnstead inl H
énhnlm%m exg ture between 40 1bs. "abs. and

Steam required by ple engine working through
thiSrange oW 5%52 gé%z%/ 32 lbs.  per
hoyr per indicated. horse-power,

Heat ¢ rP ?rateo expenH?ture
= 010765 558'8 Aiea” units per minute pei indi-
cated horse-power.

For comgoltﬂ)nd enging . workin 40 1Ihs. abs.

1q abs. ‘minimum eH § gres are:—99h
ort |ng rPressure engine, an or the low-
pressuree gine



67
Steam regglréed by hlgh pressu(ge engine

0:0568xW 5= W 5=" 3 lbs' per W per

ingicated horse-powe
Rate o? 6%ndlture F%or hEgh pressure engine
~ (-0565=752'6 heat units per minute per indi-

Stean%atr%gur}?ésgeﬁ])? \%w Bres§ure engine

‘00565 1082 58" 4i' 2 Ibs* Per hour Per
indicate orse
Rate 0 %(9(%”‘1“”6 or ow pressure engine.

2= ~MN'"M heat units per minute per indi-
cated horse oweJ
Hence, stezam requiy gy compound engine

= 46:5+ 58= 114"5 " Per ur Per 1
cated horse-power.,

Total heat efficiency="Q~"= 0-1088.
Rate of exgenditure for compound engine

088~393 heat units per minute per indi-

cated horse-power.
For %ail F ang?rip e. working from 40 Ibs. abs. down to
E 5., minimum expen |tur§§are —

PJWEpressure enging = 8 units per Ib.
, ressure = woom
Steam reqmrgﬁd |gh ressure engine

ressure =1028 .y

=0- 043 1)68= 42'“ L1 Ihs' Per [lOur Per
in |cate }orse

Rateo %?gn |ture or |gh pressure engine

4=985 heat URits per minute per indi-

cated horse-power
Steam requlrgg y mid- gresssure engine

(?U444 997=44-26="""1Ibs" Per llOur I)er
in |cated 0rse-power,
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Rate of expenditure for mid-pressure engine

~ ("g" |= 962 teat units per minute per indi-

cated horse-power.
Steam requhlred bpy ow- prg(s%ure engine

=(; 0442XI628 458 =7 ] Tbs' Per hour Per
m?lcated norse- pOWfr
Rate of expenditure for low-pressure engine

(%42-967 heat units per minute per indi-
cated horse oweJ
Hence, steam rgé)(u)lre by trlple58ng|ne

-42+44-26+45-44 = 131-7="19% Ihs* Per hour
per indicated horse-power.

Total heat efficiency= 1052 —0'1251.
Rate of expenditure for triple engine
=0~2"=341-7 heat units per minute per indi-

cated horse-power
Collectin results for st t 40 Ib ;
lged?}n englenes of dQ ffereenatnt]yp%s éown %o 3aﬁ)s

Steam re uired per hour per indicated horse-power—
%/sm Pe en |nep(40 03 ? g Bﬁ) P

” Corfgoun ” ”

Heat efficien " _194 "

orsn% le engine (40 t03 =0-076

" nf;oun % llgg%
Rate 8f eerxpeﬁ iture per mlnute per indicated horse-
& For simple engine (40 to3 ggg unlts
. confgoun " =3

%IsnI-mMéS%Xé)aetngﬁﬁlfgepet]reiween 83 Ibs. abs. and 3 Ibs.
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Steam re%é%d by sirggé%en%ié]e ”

.""3.—0858 1065“ 91-48- = bs' per hour Per
indicated horse- power
Rate 0 or simple engine

jg&@ﬂdlture
9= 497*6 heat units per minute per indi-

cated horse- P]ower

For comp%un ging,.working from 80 Ibs. abs. down
minimum expendjtures are:—

or pressureenglnes 9}8 units per Ib.

pressyre
Steam’ requwed% l1ng|h pressure engine”

0‘J6I)X978 65-42=39'2 |hs' Per hoiir Per
ingicated horse Qowg
Rateo or high-pressure engine

x%gdlture

™39 heat units per minute per indi-
ted 0rSe-po

Steam requhlred Idpy %w pr5essure engine

H) 656v 1040= 6772 = 3L6 Ibs- Per hour Per
|cate horse- ow
g[%ndlture for OW-pressure engine

3= 651'6 "heat units per minute per indi-

in
Rate 0

Henc%atggegﬁze 88%“55 b2\{56cgmpound engine

(9542+68"22 1337= 17 Ths* 2er hour Per
indicated horse-power.

Total heat efficiency= "*."=04254.
Rate of ex%nditure for compound engine
754= 3409 heat units per minute per mdil-

cate NOISE-POwer.
5 BF ngire. worklngxbet een 80 Ibs. abs. and
Ls ans., minimum expenditures are .—

For PJW ressure engine = ¥2heat units per Ib.

” [n ressure = 992 ”

»  lOW- S?essure »oz1030 ) "
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‘Stoam re%lred by hlgb pressure engine
50030x653° ? =503 1lbs. per hour per

indicate ﬁorse Ower. '
Rate og ex%en Iture ?or high-pressure engine.
52799 heat units per minute per indi-

cated 0rse-power
Steam requhlrgd hpy Vr\{]eld gr%ssure engine

i{F0038x992 62-87= — 1K Per hour Per
indieated horse- ﬁgower
Rate of expenditure Tor mid-pressure engine.

=007 1=802 heat units per minute per indi-
cated horse-poyer,
Steam requggg y low- BEesgure engine

;0538“031 5V64=469 lbs" Per llour Per
ingicated horse- powTr
Rate of expenditure per low-pressure engine

=0.0530="06 heat units per minute per indi-
eated horse-power.
Hence, steam ﬁgé)glred by trl%% engme
SR skt AL 18 T per
hour per indicated horse-power,
Total heat efficiency= =0'1488.
Rate ofdfﬁgnditure for triple engine
i48g=287 3 heat units per minute per
indicated horse-power.

Collecting resylts,for steam at 80 Ihs. ahs. worked in
eng?l%es o? élﬁferent types down to 3'Tbs. abs.

Steam rggluggﬁ]d |%e(rmhongp [ |nd|c)ated8rbo Eower—
§ Sk
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Heat effrcrerrc —
For simple engine (80 to 3)
" CO oun "

Rate of expe)ndrture per minte
power—
For simple engine (80 to 3)
. 0 goun ,
” t”p ” ”

0-0

(@]
S
do)

[>Neoo &y
oS¢

1
—-l—‘H
= B

cated horse-
units.

er
4

TN IES=NIRINL
O,

oo
—=

oo

rS rmirm eﬁgendrturse %etw)een 160 Ibs. abs. and 3 Ibs.
? Steam requrre&l Eg |

} rir%e en%gggworkrng through
this range= - "

Per
hour per indicated horse -power.
Rate of expenditure for simple engine

= ("Qj*)=449=heat units per minute per indi-

cated horse power.

For comPnound engine wgrkrn% from 160 lbs. to 3 Ibs.
as te Inimum“expenditures are—
orov\g ressure ngrne- 9gheatunrts per Ib.

[.Steam re)qﬁ??géeby high- pressure engine

075§x962- -13 =35" Ibs” per hour per
ndicated horse-power.

Rate of expenditure for high-pressure engine
==0"-0y58=564 heat units per minute per indicated

horse-power. _
Steam requri %ry Iow- esgure engine

=(- 0748 1050= 78B=IEl Ibs* Per hour per
indicated horse-power,

Rate of _%ndrture for low-pressure engine

=01746=573 heat units per minute per indi-
cated horse-power.



Hence, ste5am requizrggsby compound engine

'73’“)7" 15T -3 Per 111 Per m(k"
cated horse-power.

Total heat efficiency=T é[ 10=0 +1400.
Rate of %xl?gndlture for compound engine

~ 0 1400="5 A beat units per minute per indi-
cated horse-power.

For tngle enr%me working. between 160 Ibs. and 3 lbs.
a?: minimum expenditures ar
or hlptrgprressure engine= 83:4 heat units per Ib.

., ln essure , . .
, low-pressure . =1036 "

! Steam re%lrgd by hlgh pressure engine

d00637X934 505=431 Ibs* ?er hour Per
indicated horse-power,

Rate of eg(%%ndlture for high-pressure engine
G37~671 heat units per minute per indicated
horse-power.
Steam require% by mid-%reésure engine
8062 X986=6T42=4117 Ibs’ Per bour Fer
indicated horse-power.

Rate of 4e%<_2§nd|ture for mid-pressure engine
=0-

3= 686 bea™ un”s Per minu’e Per indicated
horse-power.

Steam requiigg by Iow-ergggure engine

=0;0600x.1036=62T6=4" Ibs- Per hour Per
indicated horse-power.

Rate of expenditure for low-pressure engine
= (K)M0= 712-5 heat units per minute per indi-
cated horse-power.
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Hence, steam rgggli_jred by triple engine

I83'[B= LI Ibs
four per Ber Indicated. Notse: PO = T

Total heat efficiency= P&gé 01695.
Rate of t?%? nditure for triple engine
0=252'2 heat units per minute per indi-
Collef?attﬁd hrggslﬁ Eo%r steam at, 160 |bs, aB \A{)orked in
ITterent UyB S. a

es of engines down to 3
Steam requwe er our?er In |§ated rsgpower—

ho
60 to 3)=25'0
" e (0L

Heat effic gnc " - <169
For stlmp% eggtne (160 to 3) :8 ?
" con]poun , = i

Rate of exgtendtture per minute _per
For3| le engine (160 t03:44 '), units.
. Gnpnc”, g
n rlp n n :252-2' n

If, in the case fth |pe en |ne wor betwe
the re sures ee -Water

Et%a ? the ol er ftgmlothf con uensee ahe% e

ex enditure O]T eat In % Li wﬁf emtncreased from

0to 1080+ (1419 1080+51- 131 units per

Is will"in no way affect the steam

0
éZttc.en%eaanJ It 80thplement—th% steam reﬁt red per
| padik

our ép cate dr ower—hut %t Wi lmInISh
heat efficl ncg da alse the rar expenditure to
an extent whic et 0 o

ermtned as follows :—
Heat efficiency=jjg"x 0-1695= 0-1618.

Rate of expenditure:o%ﬁzzm-z heat units per
minute per indicated horse-power.
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If, togNther with thls state of matters, a heater were
et to hetwe nhe mid-pressure an Ilow pressure
9|nes rom w ich the ? was suppg to the
ler this uction of

cause a re
—90°- 2 L*nlts In t e expen |tLire Neces arP/
groduce lib. of stea hn the boiler, so EF
xpenditure of 1131, whic formery produced 1
will now produce ( I+ _ = (1+jg99) Ibs.
of steam.

The increment of work done by the high pressure
engin & x5950= 719 units, and
increment done fy the mid-pressure engine

= 1009 X61'42=T7"42 units.
Hence, total work %ransmlﬁted bgmthe respective

en%]%% 1peir ag exgg% Iture o 1]h3 ts, IS—

units éwessure englne

147+ ) ressure
B IR 2 O L
Total=197"69 triple

‘Heat efficiency = B9 018
Rate of expenditure= g . 244'5 heat units per
minute per indicated horse-power.

Total therma equ valent of work fransmltted hy triple
engine per 11b. 0 steam from oile

1131 X 197-69= 176-36 units.

.Steam from hoiler= AQQ?-Gég: 1454 lbs. per hour per
indicated horse-power.

ressure "

|f. the heater be Iaced betwqhen the ngh rssure and
mid-pressure en ns t[]ou hic t ? watg
Fass s.on Its way from t ot¥ve to t0 boiler, an

0ing S0, hecomes heate 90° F. ,



"

et e, eyl e PR

thJ erinite ItWI cess r t the indicato
plge cannection %t e sl e VaVﬁ casmq H

tot ceiver. Into which the engine exhausts

cas the high-pressure and  miid-pressyre engines,

eng| ntg the con enser In the case of the low-préssure

The m%matorcar%s will have the i |t|aI and exn
ressure N ass$ ownJ P the cards. . On thT1
re sure draw the boller ?ressure line on't etf
on t e hottom_ draw a Pe to regresent R
aust pressure. T f range 0 ﬁ r h w |c
%IS enﬁnhe orlis Wi (?prese ¥ e dist
etwee f der I|ne ap the exhau ﬁ he
mean |n|rt|a exhaust lines ahe treate |nt e same
manner for the otherenglnes as shown, thIS means

we shall not onl roper Injtial. and exha st
rfa [I qsonbﬁpable to fin aKe

[Fssures ut we sﬁta]
owance for errors _hetween t e Indicators, as eac In-
icator draws th]o ines which show the sanhe pre sure
1z., tne atmo ere Ine 1n common L#]S
ine of the |rt en ne |s the same as t |n|t|a i
next. engine. Eomt 0 futo on t e car
contlnue the e an |on curye untl It cuts the |ndt|a
ressure line. rﬁg % Bres ure car W
ave a space b(itween t |n|t| ﬁr 8$ ne Ine and the
?Iﬁrpess re line teareaﬁ Is will be a me sthe
the 'loss X resistance In the st am g| ne; and t
space betwee |n|t|al ressur |ne ng the toq of
|a ram ansml _WOrK) II gelve the
5|e ave urln%1 mlsswn an a%e
3 een the card and the ex aust Ine eoyv
and
th in |catqr

ethe 0ss during e ust The injti
exhau t lines |n tln tlher cqa{(fsa
will Tikewise show the losses romt e sl evave
scarce necess yto oint out t e |H1 ortance of t
information t(i e en nee dtes Ipowner. ItWI
show |st|nchg and ru }Y V ve arra
ment from a bad one. ‘go ner | ena
{0 see what osEes are ta |ng e and owt

mmostcases ¢ made e85 ol fo the enginee |tw}/l
point the way to improve his engine.
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EXAMPLE...

Full area of high-pressure card (measured from casin
pressure) D 5915 square%nch%s. ’

Full area of high-sggessure card (measured from boiler
pressure) = 5% square Inches.
Actual area of high-pressure card = 480 square inches,
Full card &cas,mgf _ 513 0022
Full card (boiler) = 0'56 = - "
Loss due to main steam pipe = 78"

Actual card 480 _ p.ngg
Full card (casing) = 5'13 —
Loss due to high-pressure slide valve, steam ports, &c.
(e
Actual card 480  Q.q03
Full card (boiler) = 556

v Total loss (measured from boillear %r\essure)

Full area of mid-pressure card = 5'05 square inches.
Actua‘ . P —490 |

" 1 "

Actual card 490
Full card = 505~ R

Loss due to mid-pressure slide, valve, &c.

Full area of low-pressure card = 4‘69 square inches.
hitydfeaf low-p -

n " - " n

Actual card  4‘11 0-876.

Full card 469
Loss due to low-pressure slide valve, &c.
d Vel

, Boiler pressure =
High pressure mean exhaust™ =

1% Ibs. abs.
, range of . 102
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At 175 Ibs. a =70-0005605.
T eoretlcaigf Euen of steam at 175 Ibs. abs., worked

own to 73 Ibs,
= 0-0005605 x 102 = 0-0572.
Actual efficiency = 0-%639 x 0-0572.

Total heah rhl |b. of steam at 175 Ibs. abs, (measured
from hign-pressure ex aust pressure) -918 units.

YT %%éﬁ?éeé‘ﬁ??ﬁew-‘”% BBt 73
hleat unlts per I, 0

steam supply.
|nXI|t_IIa pressure on mid-pressure p@?o% = 73 lbs. abs.
Ilange of » =53,

At 73 Ibs. abs, E = 0-00121
Theorettl)galaesffb?%ncy o(% steam at 73 Ibs. abs. worked

d

o0 203502831 ¢ 53 = 0062
Actual effi = 0970 x 00642,
ctual efficiency = 80623X

Total heat in 11lb. of ste t7 I; ahs. (measured
from mid-pressure ex aus 9 units.

Y Thermal equjvalent of work transmitted to mig-
pressure C1ston = 08623 X 977 = 60-86 heat units
per Ib. of steam supply.

Enxltlal pressure on low-pressure plston = 2% |bs. abs

Ran GOf " " __I7 " ”

t 20 Ibs. abs., E = 00038605
%eor%t?wcrel 0e |f|en% of steam at 20 Ibs. abs. worked
= 00038605 x 17 = Q-Q656.

Actual efficiency = 0-876 x 88&?2

Total heatI in L lb. of steﬁ at 20 b bs (measured
from low-pressure exhaust) = 1040 units

F
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V Thermal equivalent of work t ransmit;ed to, low-
pressure piston = 0'0574 x 1040 = 59'69 heatunits

per Ib. of steam supply.

V Work transmitted per Ib. of steam supply, by the
respectﬁre engtrneses PRYY, Dy

4 4unrtsb high-pressure engine

68%6 Y 9 ressure g

5969 ow-pressure
Total =165'89  ,  triple "

V' Steam supply from boiler = ﬁ?g?ag — 1546 Is. per

hour per indicated horse-power.
Mrnrmumpexpen Iture possible in- this case = 1082

heat units per Ib. of steam.
This gives a maximum—

Heat effictency = 16589 - 453
And a minimum—
Rate of expenditure = 279 heat units per
minute per indicated horse-power.
A paint of much |mﬁortance in._connecti nwrtp the

drscu sion. of st am engine effcre 15 the relation
t(thehen the back-pressure ont o ressure éston

€ pressure In the condgnser t e condens-
B may o k%o?dn A o ratﬁte rr e P
oot oy At BUL T the Gbja B 16 ok 1

engrne e nomrrélally tfrrs IS not a Jondrtron ofVYrrngs t0
bo-aimed at.

ol e oack Rressureregsnurteh?n lﬂre %rgﬁ?r‘érn%er's °He "S%
INCreases and ceas DI on see
ihings equal. owo ste me
mtr]o rt rt:ronr%Ie\rrser was rzot hin ere b Ir%“xrr]manm
0teeof0 |Sscng eengHFr?ab Set?aPn de when thee €%fererlrl g
els was equal to 58 per cent

0T those pressu Tb
pressure on the low-pressure prston the verocrtyo Iow
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would be a maximum. . It is evident, tren that in this
Ideal state 0 hlﬂ(IJS it would not on bﬁ useless, but
orset an useless o have a ébres?ure the condenser
wer than t |s acttc a free flow bﬁtween the
c?/ inder a ens as no ﬁXISte ce. The circum-
stances un erw |cht eac&ual oW tgKes p a?e are such
as to necessitate some modifiation o the re é ns Just
ﬁated The amo nt and natu %of the modi |ca lon,
owever, can on e determine % fs vatlon From
%tua observatto together with careful measure
those guant]ttles off indicator dla% ams, U on
the necessary lines were rawn an aHeob ¥ 3/
same Instrument, | Hwou a garg t the facts of t
ake are fgtrl well re resg the ttter centages e
h en at er cen Per cen [espec Ive
ence, What er the a pressu nthe low- pres e
Ptston maa/ g, t found .that no app reé
eduction of 1t will ge ectedb mcreasm% e differ-
nce etween 1t and the con enseﬁ Ereﬁ ure beyond
0 per cept, of the orme t ? uch an increase
as no e ect on dthe effici |enﬁy e. steam, it has a
Irect effect In reducing t Fate |cnfnc\H \ncreas-
Hpst[t]tgmexpendtture simple’ example will “illustrate

eac e where the |st0ns dma be at the
a 0 revolutions at one time, t noth
wers eed, the back- res ure
n enser pressu ul t an be about
ercento 4 1bs.—0'7 x s. abs.

mat ol e T
Ibs ab In the conaense e
m ysu fICI and more than this wi omor
oo erature correspondt
f 13F Now Stot reta(tﬁrrtsg ?(gjvlvne tore sure |n te
c dens'er ile the h| her pressure ou?d be just as
effective, will nvolve g ecessary Inctease,of ex-

eveanedrtture 162—139=23 Heat units “per B of teed-
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Summary,—The steam effrcrenc or a\rarl ble work
Ig 1\steam IS a smpe c nstant ratio d&) tﬁ
va

yont gress re an type o en ine, &Jr er
e 0sses due to seam an VES,
H ractice there aways w some su |osses,

owever may ﬁ measu Jed byt e indicator, as
already explained and illustrate

Tr]e steam per haur er indicated horse-power f(o
srm e engine, Trtsasrmpe constant quantrt;Pdepen in
e steam efficiency

oracomrn ound enr%r |t IS a om ound uantrt
depe}ndrn the stg iciency o SIm engr
sntesstem aﬂ whent edrs eat %

to“er exhaust besides that o the ow- Rressure engin

§ quantity assumes a more complex character

[t m st be carefull borne in mind that, in all the
cass ta It means so muc steam leaving t
boller our er |n Icate horse ower. The’h
efficien |s a an ty whic mrs 0 consr era
variation. It d son the efficie cond ens
rng oaratus s as, for exa B eefrcgencga&t

t The mamrmum Va EOSSI

?\?\?a %rtgres %an t ee an emupch trce thteert/f
ern the effl renc te engin er
t rea een made parn In what has

gone eore

The heat units rmrnuteI er mdrcated Porse ower
%rat%ofex nditure) is.simply anoth erwayo exor ssng

eate clency; trs time 1n a form’more familia
to engineers.



TABLE II.

SMI'LI Compound Triple Engine.
Range of Engme Engmk
Pressure. um Minimum Feed Temp bt eater Heater Both
Expendnure Expendlture Expenditure etwgeln.;n.p heswgenqh P Heaters on.
40 t}o> 3 bs. abs. Bteam efficiency * 00765  0-1130 01320 — - _

g '““'fﬂb‘e? TG
! ! Tl - owe (b.t.u.) 55%%%88 3%%888 Mggg

80 to 3 Ibs. abs. Steam effi

NI -
0 R SERY 0w om0 o ol
1 8 B A s A 1

00 3053000 252-2000 264-2000 244-5000 249-5600 240-0000

ﬁ > eat e uenc

) - 49
160 to 3 Ibs. abs. team eﬁl%lencryper 0 d| t ? 6
i i» eate C|en 8
9-0

O
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“Iron” September 18tli, 1891,

The opening meeting of the Autumr\ Session of the
[nstitute of Marine En%rneers was held in the hall of
JESHRAL Bl e SR oy
Mr. JamesWeP (ofGIasgow was read. Y 0

The meeting was presided over by Mr. G. \W. Man
past ?resrdeﬁg ﬁ jwe Introd cyr ortion QH
?p he aut rl.]gote rom t ewrrtn s and opinion

Sev al standard authors on, thﬁ ste men |Be an

Procee ornt out wherein .he great % Iffere
rom thelr en rally acce te theories. en en n
crated his gwn vie srnr ference to t eeco orng

en rn% point IH r‘t the _losses. an dowrpg

qbrf ssible r medy, 1l ustraﬁrng this by means o

table co structed rom ‘data supplied by experiments.

acfarlane Gray objected to the way in whic
{ormu ae Were mtrodly ng trr] Per ar¥ ornteg
?utt e?rnconsrstencres an wla OFC Imination mani-

Ofst eru author in th Y ?dﬂ IS OWH JeNn errng

g i, Vel b Bl
trrey at variance with known an zécceﬁte teaching,
and quite wrong In the position he had taken up.

Profe orEIIro spoke warmly of t servrces rend
r eir to the en neerrngwr dicate
course of his remarks that'he hi ad en |m
ea t0 consider he str bro orwar
err uite recent reed to con

nl eranse eret n% Vgth vgr rem? a Ie servc

rendpe dqb erar in ontrrHutrn suc perag

the scussion on a question whic

) tﬁ tepamveen gtnnee a very important one in refere ce

frdn“?e ey a{}ré e f A 4 e

or o ty pa%er afterw |c

!\/‘OH i lgalt’g é thanke
essor Eel\rot or their comments an courtea remarks by
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corresporMience which should have hrfs hest attention a d

re ay then gave a brre descri tron 0

ncrple offe he trn discovered and ac

r. Welr m heater, r}ovrn%1 that fe

rse nom is not Bssqm ave attempte
Ing eter t0 pay Pau

gd%eatrné

to prove,

“The Mechanical W orld” Sept. 18th, 1891,
THE THEORY OF THE STEAM ENGINE.
On the 8th rnstant sginewhat remarkable nPaBer b
aS Stea In

James Werr, 0 ,
Effrcrencry was read befor Ee I strt(ut of Magrne
En rnee

epager ag een looked

intelcst, 35t was understood!

Wl attac some of the generally accepte
of thermo-dynamics.

Confrdence |n the tneo({a/rof thﬁ tleam e qune hasb -

ﬁ;elhleer ng]”ﬁteah LS OpONMon hert dooe
{
C

(5 (iVIW&I'

prrncrpFes

8P 1; erto pears to
ave ﬁontene to P nt out defects In.t e preﬁ
eory, without su%%estng a better substrtu
arge, however, ca ? helaid Mr Wer rtnte
Introductory portrorg IS pa er e not on rstrnct
Bontrovehrtsmanyo t tenet f the t erm namist,
ut at the same” time ﬁrves at, rom hIS experi-
ments and 0 servatrhns belleves to e t e ore
rational ex oi\tr% acts From Iowrnﬁ
contrasts It e seent ? Welr %doBts a
ore common-sense view of the chan es ht about
uring the corr]versron of heat |nto rk in the steam
en IP t an the modern views of termo namics
?ow B(Jovrr we g rv(e] ﬂgara e ﬁou niNthe
e]de hlbgtcr('rﬁ?te views, ‘and those whic elr

fo# aTh?osrtﬁt%Wen ine. rsamachrne E hee tre%rrgnesn rnelrs %n&
ﬁt ?nq bor? rrs(the vessel g%htlhe teﬁm hol ergrs h
hrch water an Itrmrn erorrs vessel in ‘wh %e&ar}t QNener

ether Increase thelr rates o rom water.
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@Thefurnace{swherethe fuel (ﬁ) Ee furpace  is where the
asgs its rafe. of motion In con-  fue and when burn-
Wlﬁ uminirer ns ether, and hga trans ormé Its, energy Into
e the Innumerable ¢ ncuésmns

1
8 oIecu es produce
g} g transmission oteéneat to w 4) The transmission .of heat

risan mcreasmg of the mole- ater is S|mpya raising 0
ol o

e
?r“ts ¢ M dpeing 1 ”t dsenpering I

o= OESS

iork molecular motion of various

ste Tshae Cﬁgasmgmofthvevactgrsmao stegl6
no otjwater v?z Into smaﬁ par- tion ofneat | t3/wor

(35 The a oun]tof?team tn> The  amount of , stea
enum e& mecues formed is the amaunt of wor
|gn mot mn an applied to the en- suppli ed fo the engine p|ston

T et o e

Lthe foreFom statements, tne first, sixth, and seventh
PtOSt Prtan t will he seen that Mr. Weir

refuses to ecogmset seam en me asamac Ine
or onvertmg heat Tnto.work, ceord m ]JS V|ew
the en d transmits wor w IC

g t mFt ex ence e conver |on %’ ter
mto ste m. E 0 t at
team a wor rom W chon

r. Welr regards
e ol s el
resistanc (? over<iome Ph‘t/es tg action o

éustlfled In making I
t |tht e frans-
?me the ch an e of water Into steﬁC emr

? §¥InItI0nWt}IC gstnct nfn at moti
?ace the Tace.o e fall to see that
e|r e swee m(\;Nassertlont at
en ratmr}] steam |s oncomitant
m(n rg arga Int o work. We are much more in-
frans ormatlgn of eatl \(l}/%r enery
eir, later n in Pa er, emesa that form of
energx capable of be transmitted” by matter in

WIth energ WhIC ower

owor throu eseme Ine,
ere are man er om(s rrt\ﬂ Bir’s |ng|3 t|on
W |ct? Invite discussion, and to w |ch we hope t

ona tuture occasion.

Accogi 0 th¢h S view, water s t?the a ﬁatlon of

return
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SIR. GEO. CLEGHORN.

(Member).

[n this pa er we ave an abundance, of m tter for
rscussron pﬂg %ecause I\? % elr’s met 0ds 0
ealing wit rss bject are new, hut hecause some 0
IS conclusjons. h ave ﬁ“ agP ﬂrance of being out o
armony with the teaching of the day.

We ma st assured .that a an |n r. Weir’s
ositign wau f commit himself t IC expres-
trono odprrtntronsw rc are nsrua n]nness nwa \Ere aretd
deriveran e{harh P TEgsonng anc I e e 0
re red 10 ex 0 it that Im |aI consjderation
wrr%ersr(r)grentwc; Vleenwa le us to see he matter from the

\g ave been told to tthat efore a oun
reads this paper eshou 0.U or exam atr
et a lice Fe In this sug g tion, h rlr
atme t.of steam-engine ave. examp

con Itions o? thought wh eh]c)have exrstetr In aﬁ
genera lons.

Men think . Iin advance or Wron ) .and
assert th Ir right o drawr |r own co cusronls
5 other eJr with ever good Intention wo

t gsrtwere put on the

Wledecessadysrn thelr way,

Er ebavang houh
oth sides are userr<
a to ether Increase our kno eparate tru

rom error.

In the introduction to this ga er Mr, Welr has
commented or]dr at curious subst (? the Iumgnr eroua
ether. Itwou have peen to our advan 8

|ver\ us |shvre1s n this pornt Instea srng |t Fsa
Issile a% eads of thermo- namrsﬁ [ will be
otrce that Mr. Werr 06es n?t de \%t

the ether, he onl Qhrl)es out o %/
that “some. of ters wh are fu est In terr
condem atr n I Back a hose of Nis conterp
raries w the theory o calorrc have themselves,

ge an

e existenc
éo remrn(i
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in common. with others, adopted the idea of the ether in
order to bring their ideas into line.

Now, nf]htlst Mr. Weir | |s doubtless correct in what he

ﬁs In sconnectton s remarks o not convey to
mtn etmpo tant acew Ich el er occ% IS

|n the cono nat r The ether as not peen

nve te X eas into line: | 3 existence
een gra rought to our knowledge.

We can ca(ll to mtnd how ﬁheép anet Negéune made
Its exntgnce P ﬁ fect It h on |ts
surroun %g t |s effect ast Irst ste n e dis-
cover% of a world, it.1s the. same with t t er we

are only bec mtqu FIV? to its eX|ste ce. Mr
Weir’s remar |l call qut so eh ormaton nt
|m ortants ect one thing must e al owe

at the et gf IS Some %orm 0T matter.

Passmg from thds We come t? hat Mr.. Weir seems
have tonstituted . the fionto IS p 05|f<|on hat Is,
t atte steam-engine only transmits i T atte
transformation of Neat Int wor fa es(})acevi% t]
wate( asses Into fteam aﬁnear% that this
conclusion.Is quite ?(III'[I ate, although 1t hasan appear-
ance of being out of touch.

ght be said, that so Long a5 We are §at|sf|ed that
Eome\tv re In our sglstem ther i a transtormation o
eat Info WOL IS a matter of little practical impor-
tance at which point the transformation ‘takes place.

Mr. V¥etr seems to have ¢ n?tdered the question to
Fe one of first 1m ortance we take It te en its
east value ||t m| be sai to be a questio some
Interest and Ikely to repay us for any consi eratton we
may give to It.

as been asumed an enerally accepted. tha
all Eogtes are bU|t ug ndfa gtteq m¥tu Pgrtlcles ot
matter w |Fh have been called mo ecu tveH
specimen Q matte emass of t Ane mo ec ets a IXe
uantity, To ﬁvm urt er Intro ctlo %e er, |

ay explain, that in using the wor mo ecule the Image
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I desrre Ui crgtvef)( to your minds, is that of a smaII hut
F t islan OFt n-an environment of %
tsot at a mo ecue in its motro causeSﬁdrstur ance
the ether, similar in maH no%m a 3 ects, t
?or% turbance set up in the air when a bo passes

Heat s t]he evrdﬁnce of a continual movement. of
these. molecules W en matter h s been set In motjon
It 15 in such a condition that we esc e it as avm%
omeritu | would defi eheat S emF Fevr enc
olecula mentum %fo the particular motion
r f‘ mo ecue recelve StIts underdt epower
e laws o Inter- moecu ar gtgactrons and whic
a retain ater It has.passed peyond %contro
t %aws em erature is an indication o temtensg
t 1S molecu ar momentum and as the mass of a
mo ecule s const nt, emp%raure may be taken as a
measure 0 teve ocity 0 tron rchamoledpule
receives whilst under the control o the laws referre

Active ener (f atter in_motion, ﬁr momentum,
and | have ou Eat the laws t ?t control. ts
commumcatron row e ody to anq er also conhrol Its
communication as heat from one molecule to another

Potential energy, may. be defined as being matter
brou ?tt In (t suc %con rtAon thateb ft ?atron of
any natural law we can endow It wit mom ntum.

Pressure, | would.define as 3 latent omrfntum
when we impart motrontonaW% or a molecule, orwne

rt %a e hateyer m°u?8rk‘herta
overcomrn Inertr by utilisin aval ab
u p energ efinitions are ressrons
ecelve fr omeo teco mo worsuse
Werr, ang by their aid it m showp t at he rs qurte
correct w he says, t e tr nsformation of heat rntg

ork t ace e Water passes Into steam, an
vﬁwoﬁtat takes piNce aflter this rs%rmpfy a transmission
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Take a manne entanne for example At one end of

our s stem we B furnace, at the other end the

WOP ler, the one is to pump stream of

aft or orwar s we rrh rt(esrre é £ energ

ewar of a ote tr form : by ta g vgnta&r
aw o che rca frndal we” co ne orrﬁr

work _continue, n% wor g

hut, here IS t IS drstrnctron that up to t ﬁorntb

the' water passes into seam our work has heen a

transmission of heat, or molecular momentum.

ep a molecule fwater asses |nt steam it has
asse rmthecon ofther rmolecuar ttractions,
ecaue at control has for the time b '”ﬂ] een over-
come ower of a new law, and t ecuIe ha
ecomeasep rate ody In space ; py th eex en tureo
eat It ha ecejved arr.accession 0 mpment

ue {0 a
motion of translation similar to that of a projectile.

hrs is the tran for atron of heat |nto work. TB
rﬂo ecule 1S now en owe f V\potentra ener y, P
t Iperatron of ar]atura aw we can util rs Its t
ower and It is this [atent momentum or prﬁssure not
eat that Is transmitted to the water at the ster

e Ship.
This, | apprehend ex lains Mr. Werrfremarks about

hea ener %at e erPy IS molecu { (pment
ene P“S the latent momentum of independent
mo ecules Of bodies.

Leavrn the introduction and com(p% th
Wo er w ave on eve Ipa% an evjde c dr
must err a long
thrmto et er or us an(p deserves OHr est
an sfor aving taken such a duty upon himse

One cannot enter at once y on an inv str%tron of his

rp]et ods, the err qurres tl or st conf ess

ﬁes N 0 not u ers anci1 elr
manz oft e poipts upon whrc tou ches, and can on
ventCre upona tew general remarks
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There is not th? sloghtes dou ttheht it can be shown
that an engﬂn itted wit eater as in the
examp I| have ahl%her e ciency than the same
englne wou d have without a heater,

In the tab ed results of trials with the heater at
work and wn er shu § we have In each case
the th rmal e wor

ne set In companso(q
with t terma nlurde e]lr has a ogte
a com |cate met ed ct these result It

n

ees 0 me that a s mt \%/ ave been to
? the therma vapg of t?te ta? wo} terom the
comb|nd und eé each con Ition and compare 1t
with t ethermal expenditure.

In this mﬂance owing to an apﬁearance of error in
b {neban e ectwgogref sure 0 Istons we. ¢
eater notlce at wit

educe, f]ne reﬁa lve vaﬁue of tﬁn
Itia g ssure 1S h t eteeateeoatt th rtlttto
tHe Initia (i ressure 1591§bs a?sot at th% ?]c ressnhre
upon the H. P. |so e same .In bot 1%)
ean Pressure L@ 1ston 1s. glventa(f o an
; h

espectively, we may take it u
?s thepcut off was not%ltered ané hrotg

tri
va?ve as OEJGH {01 Eme extent. Under [;t Se €O
thOﬂ%l we take the mean pressure

eater as at wor

h a mean pre sure it
e expecte %n the heater wa ut of

5{; considerable Ingrease. IH etherma va ueo
ork done when working without the heater.

Ewdentky Mr. Wehr has, ado ted this athod of
ﬁ 9eac en ne%ft e Series arate;i1 euglnﬂ
eeﬂu%nc t he (flgWOF up to eao

ne.w %eac cylindér in_ the serhes would return
|ts eed at the tetmojerature of the exnhauct, this point
may be worthy of our consideration.

Tpe arran emen%of N en | IhIS description we
t expect to se merorsepafrg

en Ine In the series o haye an orator an

pump separate from the others, the evaporator for the
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H. P would be the b?lle]r the other two eva orators

would % sw [?se] the descri uon made

Welr they wou ave] to he en r In 5|e
hgust aeam rom the H. P. Iym er wou

condensed In the | evaBorato

expan t
?regtest art 0 |hs heﬁt in e aporatlng stg Lﬁ for the
eexhaust the 1. P exhaust would be
Eemperatureo P. ex P. steam wo
arr ngement would seem to meet Mr Welrs requwe
take It for raEte t

Inder, when the H. P. stea eencn
densed |t woful he returnﬁd 0] tﬂ]e hoiler at the
tempe éatur
trea the same wa '(? evaporator and the
con ensed ste? returned to the I P evaporator at t 8
e sent to the onéenser ang t%e feer%7 returned fo ‘h
evaporator at tue] temperature of of-wel
rﬂents C I|n ers were B rtioned to
the ste?m at t e %essuB gwen r. Werr, an

ere are Po Iosses of heat e dpelg)
in_dol g |r teeluecr the system would be
e%%n rmal Units turned into work per thermal unit

WAl S Gesna em%"%?fa%&%‘@fﬁ S
lhnl'[? turnea ﬁto wor Iperg ema un|t expendeg W|ﬂ1
eed at a temperatu

A feed heater does not owe Its | ortance to. the
mount It mclreases th e ICI %yo %n Ine, it is
poss g, e, U, of M ol
Lene iciafi an s%oumpe flttede to evermeFer

Anothe pomt [ai ed in thls %erls tqat an Indlcator
|a ram oes H ow th e a '[IIX steam that IS
Fas mgt rou A e engine. dicator Is ro&erl
tted and ap It seems to me thatt |s IS o ﬂ
It can s ut we cannot exggcl | %
ntlt o eamt at is evaRorat Hte f this
erence IS ue to the conde sation t tta es ace in
e system, arhd an i |Bator cannot ex1p cted to
sHow w ter that gng}éh rom the

b dI
cylinder to th i c?rrle e

aust, Tor Instance.



93

If the feed Y]vater is measyred, it will |nvar|abl R
Qund reatert an the uant of steamsowno t
wgra so t|fe %gme | ﬁs respect th e|nd| ator 1S

most u the” wel ass rou

eac cyilnHer of a_seriese ca cu atn& II)I W’LP he fo ﬂg
to vary In each cylinder aa arule sTlowmtI;t e conden-
satjon, re-eva or%tlon and any Teakage that may be

going on internally

MR. J. H. THOMSON

(Member of Council),

Seeing that. the sub Jt lheen so fully ?ISC ssed
from g theoretical om ) ont 0T U§ have
to 100 ﬁt matter |n a ractlca]e agt conuﬁ%r We

now ought to try and se vanta ea-
méq t?teg ee(; Yer are 0 tatne g] Etbvbat Ints
can get for |mprovement
resent there eseveral ethods for heatln the
fe%&ter one of w |ch IS bgrtr otbln the low re sure

r of about %nth X %eo steam,
54 mixin %7 eb feed, a considerable economy
eed 1S 0 tame ereby.

Another arranﬂe ent, |sb kmg steam r@1<|re fJ%

Eu? Ste?teatprt%;t 1 e o v‘3§§ oty 1 X

oilers LIS has been terme some
eterto a s far s can arn, tpls(arranlﬁ
R |0g\naly es gnﬁ et over the diffic t}ﬁ
t ea ilers, “due td't Hne a‘ exgansmn cause
e ter entelnn gt llers at a low tem-
atur e5| art is that after many care-

tr|a roved there Is a gpod percentage
savmg |n ueB ptmg this met%gc? d ’

Another mean%of he tlnH has peen tried with success
whtch ne,ther [ Ehg ? (essure cyltnders

the urngcaeced(?ortaechgbtberrt%qﬂtteg Ehartoet?g tte% Pt ge



Ieed water i passd anijl where there are fwo ormore
urnaces In a b er a high temperature 1S obtarne
n rm ortant eature |n tnrs arran e0 t'ht l%orl

P/ a] ?onnectron with the bottom
r:rf ﬁtro the water commences as sogn s t h
B Iegr te zirnd an even temperature k% ptt rouPhoutt
oil ile steam is being raised, there peventrhg
unequa Ei( ansion an fs 0uS %trarns there is als
consrdera economy in fuel by this system,
It is, | thrn oved that by adoptin ean
I]e tin tew wafer tﬁereﬁs a avn‘?g ? 8
he Ife of the bor er IS lengthene

thIne thse ghrr?rtet alsne I vKrerBenrrEd to, | tprn it shor\évs erg
cgﬁrrnderor thF c?enser g{herte rop ortronéD ?lh
ceB/tSr or c§ m(g?e/ra%rje at fault L Jc\{\h ar totoe r%me rrtrrargg
8(\%/etr gag‘”ﬁ low, nh godorvg hrowrn ﬁrah is

ater. e sec

e crrc lati
metho roves that we are ettrn
power o steam N assr rou een | e
other S stem Wu | rsrnoq W her
wrs pasrntot ebstokeh| d, sto ‘fﬁft estoke r}
? grt cgn e easl yunde stood how a saving o
uel is effecte

Q\revgr thag t eerrgeaeflrlen maann scuse/rgn ﬁts ne gt
made in the steam engl ne)herorgtch 'ﬂﬁ| power o? h)
steam Is converted Into

| think trhere is still argrdéel field for th ounﬁ

MR. J. HAWTHORN
(Member).
H readin throucTrh Mr. Weir's paper ong is str%ﬁk

wit ”2? Fnathematlcs It contains. e
theoretrcal efficiency of an engine is very neatly ex-
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thelrirt A L=1oga) hegt,of evaporaton,

A rgpresents the absolute te rt)erat re of the steam
solute te ﬁerature of the fee watﬁr, and

-t e unrts of neat furned into w?{ —13 rn
8ount of thg 0SSES |r} eeng*ne itselr, that IS
lation, condensation, friction 8f machine, &c.—

Then Mr. Gray puts

LT )
as before b in he absolute temperature of the

enterrn % Inder,
té %bsolut)e temperature of the steam leaving
ecy n er

Then H = theoretical efficiency.

Now this effrchencY IS a maximum when all the
fteam enters at the temperature A, and all the steam
eaves at a temperature B (Rankin).

That feed heating is economical, practical results
show.

Let us éak an example, say, of a triple exp ansrg)n
engine, and fake one- ten% {tbestean]
va&e box, the ressure s e. say, 100

of th
e
ﬁ E otwe 0° Fahr. wrto feed eatrt

. Gray’s. notation or ormula I
totant Xa oF eva oyratron In this case=roughly 107%
units, and U= gunrts—

H- 10763: 219 as the efficiency.

Let us a%sume that one-tenth of the heat that IS in
the steam when rejected from the Intermediate cy rnder
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t a pressure say, L51b or 301bs. absolute
e sent to he LyP {0 ?1ea¥ the feed 1beun?ts of
eat turne Intg work now up to the moment it enters
the L. P. valve boy, Is %% the above f%rmula—w%r$ng

Ea‘t“'éoﬁ%%exv'é“ e i $8 [Brey So e nstead G
sl v e
h 236—22 114\(Lb tw/e eatln the unlts
rne mto ) t oeenane IS 224
L(ijts ﬁ |— an coure the L ork |s
iminished py 12 unlts tere elr&]g noYv only 1
“'(55 turned ‘into work in the Inde
eed water ecofm S enr| hed not. e/gﬂs 1%un|ts ut
Stent of t etota heat r Je fe at the temt?
aure 50° Fahr. or 5 units, sot instead of “robbi

t
etertow Paul” we rob Peter 01él 12 units of heat ang
pay Paul 95 units.

S he, total heat t th
S SO B

re 1073 units.  So that'in co;n&?n %
m tm with the ame engme without e Eatln
the InCrease 0 ef iciency 15 In favour of feed eatlna

LY 224 7%
7H," R o8 1077 4T
219
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NOTE. —ON TRANSFORMATION DUE TO
MECHANICAL DETAILS IN TIE STEAM
ENGINE.

The unavoidable losses due to th mechaP c}al detalls
mtestﬁam eHgtne such as the friction o ese
gass(ﬁn[ge e pIpes, valves, ¢ |n er ssa es

ot e to atan fo matlo Into ht?
orou 1g |s act s necesBary before
t]e |r§tp|n<:|pes 0 the steam engine can be compre-

form| ven, also a statement, viz.: — By no process
ered cay, we angB steam mto ate[] except

o@ 12 the definition of. energy in the work
et disc

Iytransmls lon of wor ﬁ ytransformln tewo
%tent heat) again Into heat enerlgySa or e ?|$

RUI’ Stea englne IS at WO[)OI|er oM toge

| seam s from the
ﬁte P? tﬁ worﬁ nf t

roeP I stea enehrgg[)J h e steam IS USE
ph amount of this wor

J) (\{alves &c
enera% sed ends

the velo eyof the steam, thi dependtn on t
sizes of the pipes and passages.

i o caretully examine the, te Of e seam Junie
1.6, be?ore |trtef Wﬁ)mler ﬂ ngthe hol rLer ql
the' energfy in the scteam could be measure

ressure. function, an 50 long as the steam remamea

t rest in the %m er, its quantit uality wou
%e constant, an would rehqaln so}toreverq y

The Eroger d%jlgnatl n for steam at rest would thus

be work (energy).”In the potential state, ie, a state
capme 01( Hang itting eneng
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[t must be uite apparent to all that he work
6 F |9 }/ no means yet concewe eave the
F ousde ressureJe ta]s e ua to t e insi e

qually clear it" myst ould not
tewor e y outo t ebo ler exce t estea
and |t CHU ﬂe out If out e re sure Wfl
an side one. [t WI

e eas
t]ansmltted from. th

!

great%at {0 ohhtguh work (ener
oﬁ] %/ Ich carries It 1S a

er trf the engine, the venic
ater bstance. and to Ve that sHbstanc

HwO Wor must Re expenae RW the wor
xpended 1n moving the mﬁss 15 still wo rgenerg 3

In the metlc state,"and, when apro Jecte ﬁ feam
engine cylinder, ag ears as heat ave us oyr
orfginal “‘amount energy n two |st|nct orms th Ir
relative uantlhes depending ? Ve op% the
steam al sages T e efect of this in a
steam enq is readily Seen for, when we Increase the
velocity ress e on the _piston i Ie?s than we
Prevmus he hoiler. 1S 1S S|mR graw-
ation problem, the resere representl [gr Vit

However, the mass move ot constant as ‘it
depends on the pressure.

Mr. W. H. NORTHCOTT
(Vice-President).

\{)\/ Ber is, 1..think, chleflg vaIuaRIe for
o s S, '
R ? o much lHtsere anc %%w%/\rlseeenp the CX c ate

gL nltyo stean per n0igatéd
douebt easurent] qpuantltﬁ( Som FanchVY i tmﬂ

g Eattlt?neﬁt A KJI% ecu r¥hteglt1%n& hg(alté ;hssttlshle wh
axweishouf\g nusua ﬁf provLi E
mteIIectua nergy 0 en yet met WI'[

er
non-conayctin glm er or & erject as.. But
tehe practlcali engine rwﬂo doubts the use uInegs of these
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conceptjons will probabl aIterhso inions if |] atte

to stﬁo[ therm%LP/ ntltcs WI out th Ir a| rﬁg
conce tJons ave %estlona Isle enntneers |nto
overestimating the vantageso Hsm h%h Eate of
exg nsion under usual conditions, t]tt he 'f In
a n éleast as much the fault of the misledas o
the misleaders

ve ture to believe that the discrepancy between
the Y Aa ractice re? [re E VJO rycan\g

an without discre |t|n et c % rea
It P ynamists, ang the re thcacuad |ca
ormu

e'as, simple_almost as the empirical o aso
proper?y admtrep eby I Weiii. P

el 0 s subed e o o bt%r[%Ca[\{‘teth
an to_eluclaate

new meantn ten $ 10 confusF rat ert
g[e eir sgeCta a3|ses I?]VIe

that %les re endowe with %rg B ﬁ
are ?a |V|n out heat to ot er nodies, Iu
sure oes n |nta|n that a tco sur-
Loun %ua ot |s n ten Ith
tener ess osto |an Ine
Im.. nor |1 t e t a namlstg

Iuea/\rlgefwnh tPte remainder of his spema‘ye phasise

The definitions on pages 11 and .12 are as easy to un
tang Edﬁshawpi?utluclﬁl 2notnce%s

erstan them eir’s % mufae con?use arty
erature heat,” art om this they main
erve to 0 s ur “the’ su ec | understan
\\n/\//o?(itg correctly, his views mayhe expresse

1—No steam engine in CPafcttce can he ma to
(Levelo n;alrﬁ g\r/ﬁr ger pound of steam generated than

In Very 1e ew

—The heat used per pound of steam is less when
the feedwater s ratsed[to th% temperature of the exhaust
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than when the feed is sent to the boiler at a lower tem-
perature.

. 3.—Th% economy of sta?e ex anﬂon engines i
mcreaseﬂ Hsm? W eir’s Teedwater heater In” connec-
tion with each cylinder

No thermogdynamist will gainsay th ond enuncia-
tlon ?1 Pp(men \fy |g y ? aﬁeaters IS t00
ell esta |se to vﬁp guestlon and | have no
ouht st?ge heatin conduce to economy, M.
Weir’s d|st gro 081 t| however [chlres a dea oi
ﬁroof an Pe eW| glveusmfu e experimenta
ata that have led him to”such a conclusion.



