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The contlgued |Pcrease in steam conditions for central ~comparative marin team pans havmg dlfferent steam con I-
station and In us&rla rPower ants ? S urlr the marine  tions. eference %ve some_ Information on the
Indystry to conf er t 1e goss Ities ar advances n] r]crease cost 0 er ste m conditions for stationary power
mar ne power gans correspon |g vances In naval plant
mac }nery Serv va uable ackgrouna“of operating experi- In_the course ?]f their Hormal worlé dunng the pas f(%ur
ence for c?mmﬁrma operat orf ears, 1|he autt]ors ave m e such stu }es n eF dentz or

How far the commerca ﬁraw{ should go |s prlmarll artlc ar_ applications.  These were {at er 1; J)
aﬂ economh ues og wit irst 8osts and carrytJ ue o e rap|[1 chan?e nbthe relation .of mac merY d[

arges to elghe agamst e expected reduction In der

a F cost, as Illustrated 9. 1 it was cons
agvisahle to Undertake a_new aﬁd more comPre ens|!]ve Series
0 ﬁu les. AI IS the purpose of this a er tﬂ]p ?

The sojution . of . the
these stydies in s ch"a manner,

or an partlcular S nit eresu fs
f‘uent suPEe
ok of Rt

P@e nrm rperwssw q{the Society of Naval Architects and
UMbers M hrackets

requires a determination oproﬁle I cons tion and mp
Initial cost of varjous steam Intso ede5|re OWer, tu entary Iinformation, that the results may read
reviously have, been mad e pa e ste yce mt uture for a change In the basic price ratl
n5|dera le mfor at u ishe nc u5|ve mach |nery
mecgon II0erma me exp ect

atma E anmi
steam ere has been comparat |ve

W
|nformat|on presenteg T i [8], concerning the |n|t|al ost o% indicate feferences listed at the end of the paper.

Fig. 1—Increase in cost of machinery and fuel
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er essential features of tne varrous Q/pes of veﬁsels the hrghet ressur stH ies to optain g better divigjon of tem-
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F. fort argest ered vess esign E."as'shown In Taple 2. holler e rcrenC}/ an a wance auxrlrétry steam
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to an optimum sea-water temperafure of about eqrees requirements. No a owancg s made Tor ship’s heating, as the
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rom egreefs 8ss ater. shown J” |ge t?e note at a se rate urve h
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formul t'[?t
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ry de ewrven othomo Prevrou “) Ished. information, 1% nt L
reco Ized as symila orm t Proxrmate of due to the main units, as ma Io% ~which
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unc 1on 8 um er of heaters. In this e q ssion the The explanation Tor ghaBe of the fuel rte curves Irea
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This carrection results in"a"choice of feed temperatures which  steam conditions should be limited'to a top figure 0 pounds

Table 1—Characteristics of Ships Used for Economic Studies.

Design identificaion A B C D E
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(@ Included with air conditioning units.

Table 2—Steam Conditions Used for Economic Studies.

Condition 1 2 3 4 5 6 7
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Fig. 2—Per cent gain in ship fuel rate over 450 pounds per
square Inch gauge, 750 degrees F.
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Fig. 3—Per cent gain in main unit_fuel rate over 450 pounds
per square inch gauge, 750 degrees F.
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High Pressure Steam Second Stage Bled Steam
Feed and Condensate Third Stage Bled Steam
Desuperheated Steam ~  ---—-—--—- Fourth Stage Bled Steam
First Stage Bled Steam Drains and Vents
J Turbo
Generators
| 400 KW each
li
Stage Auxiliary
RB5IA Condensers
|£347F NVOLIT/
Main Feed Pump .Main Air Ejector and
IGland Vapor Condensen]
j jMain Condensate Pumpl
] N
i , Air Ejec+orand
ADt:;?nS %t]:r:‘ll(c VajrorCondenser® ]

Fig. s— ochematic flow diagram: -~ study, 12,500 shaft horsepower, 875 pounds per square inch gauge, 900 degrees F.
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Table 3.—Percentage Increase in Cost of Principal ltems.

Stearﬂ conditions at superheater

e BB R

8 rgrrJnes """"""""""""""""""""" 8
Eeeg fellt L Flé'e'dé'r"p’r‘pih'g"” o Mo 840 (
Iping and msuF g8 1 25(-

g 6 Ok rrritr S EEnHeS thien 7 e A

%unTQﬁtﬁ“i%ﬁ%fef L date e
el S

The prrces received from the hoiler afnufacturers Wer r]
substantia agreement and were avera e‘T or] ﬁe in the
tf or the higher pressure

Etu Ies. . Th] ercentlage rn%reasern co
oilers is shown In
Erection costs ae hrghehr for the hrp ressure hrgt
inperahture boilers, t] e mcre%sed timg" necessar
t g gavier tubes m(]ot Icker tube sheets and, in some ases
or WElding In tube en

Prices and steam rate information for turbo-generator set
were[ 886 \ned rom the manufacturers for sets rang) 8 rom

watts with various Inlet steam condi Here

a arn veral manuractusers have their own stan ar ‘hoo
Ished” prices wit prrce changes occur ertar

orn e endjng upon Stea rt ns. n tey q
oints do not coincide t ose use e main
tur rn agrear units, as the ocZ%ur%t s

tr)ve“ 5 I%%rat%“%at '[He steapt r taers] fo%r0 1thesgreses ﬁ] fs
not r lect the same gains or essure

r R 4080
tem erature that are obtained with the units.  There
or each size, the ec no ICS ﬁf turpo generator}steam condrtrons
and prices wer SHJ on the same basis as the main economic
analysis, described [ater.

In most.cases it was fo ng bhat turpo eneratorsets havin
ste n rtrons rn excesso poun sp r square Inch, apuge

rees F. do not. hat 1s, the reduction i

cost rst am 88” san %wer stearp rate will not
com nsat or t e a ona fixed charges. This di erence
IS T t? ronounced, an will more tha com ensate for the
cost. 0 e addrtro esu er eatrn% afn pr ssure-re ucrng
o[u ipment. p[evrousx described.  Therefore, the arn pric
estimates rn9 ude rog erafor sets’ ha In steam co |ons n t
exceedin F pouNas per. squarg ean rees
An 8xa e of an economic study fo nerat
con itlons 15 shown in Table e, an Y
rin reas In prrﬁze and decreas rnﬁstea rate tw eno
%21( or both. low and hrg ciency units are shown or
e3 owatt Size.

The mah price estimates include the average co b(pf turb

feed- umgs ving steam copditions not exceedin P Houn%

AT R o
H uqm Drices IS aﬁso snown In Pa[ﬁ 5

rncrearse In tufbaI o 2ol
exhausteprgsssareoog 1% On) lheso n%lezrec cr§nm§rsrs§?r E ; ro?nr tﬁ
ecgnornr é xhaust Ipressure escrl e ater.  The cpst
reduction due” to the smaller condenser plants requrred or

16

Average Load *0.85* Rating
15 L=Load Factor
-S=Standby Factor

2 Sets Running, IStandby S=15 psig
| Set Running, IStandby S*2.0 o 435
600

n a
alJsso
5 Joco
k 13 + 1200

80 120 160
Relative Cost Per Kilowatt

various steam conditions

E
140
825

800
900

940

240

Fig. 7— Turho-generator sets: relative cost and steam rate for

naoner steam on itions 1s aPout equal to he increase for the

mrc

%Sab
pos

173

ns an
numper orL (i
own IH prca .economic stud

ressure of 4
ound oarbon

85 are used. t%
WOUr’ ermit USIn(r]

g]fO
o

t
|

owe
since the.Incre s cﬁ]s
In carr n char es

main a enerator steam, and fee

hemagessures and temperature
e L e,
encgo 9ornt to revrew
Wages, %ue? P rrCc(asttrSn V\rl)r ICwatnewrI mfac r|

%rlnaﬁrrr]rtenapce aagr rep arr It rsr estler/eesdatr?
ere?at veqy una ectgd% the seIIectrgn 0 stea

srnce t e num er require

pressure ee heaters.
?/arrou aIteJnatrve studrgs were made fo
g rtro(pshrn order t% arrive at tﬁ
ee eaters and bleeders, wit

e7 an

oun
nds at the s
rprnp es an

on |n steam

trn |n ana eCla

o

no savrn o eratr
as a out th
e perce taqe chang

ECONOMIC FACTORS

The study so far hafsueattempted f0 H sbnt v

e reduction in consump tr%
1S result
the r?rstrnc Ve Hact?(s 'ﬂ Fgélt aéeW L

hy the selection o he steam €

YCIES COH the Ccrew cost

fin
I'CEN ce increase IS sno
o psrhttﬁterrffr gl L
§§ ree prprn IS iS main
gteq‘t ?‘ Ciheale Pﬂ% eets r|
SUre 1o 4

(éumoun atgon [p]ref In
Ig os& saving, artrguw %r
valves oW stangar 0 ever a o

oun ressuean /50-degree F
1Sep o rtan er des nwr an 80 er cent
as coempare to 4

%Iue
tainabl

QN rnﬁrease in

ile these ma

tt a ear

N

hould not

he av rage re uctron IS shown In
a number of
e most

a S

?COHO
glectign

i

nt
piping is’s own i

o

SS t an the
X becal a
?UII’ES §

stan

andpvaE/es

nce car 8
nomrc Stu

dl%actor

ard

pounds,

me as th reductron

b §

iﬂ- usin
rst co
tt%rp
Ight be rn%

g afected include clrew
ery stores and supp ies

g
Ions ror
the pay scaIe 0 not deper¥d

for the



Economic Steam Conditions for Merchant Ships

upon the steam conditions. The cycles compared for any on However, in the selectlon of com onents it was necessary
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Fig. 10— Weight variation with steam conditions
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Table 6.—Comparison of Turbo-Generator Set Steam Conditions

(Using Fig. 7).
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umber heaters, ... Ve ddy\g p%ryear ..... p ................... 2%
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(@) For hasic conditions, see Table 4. () Allows for increased fuel and stores.

Table 8.—Comparison of Motor and Turbine D riven Centrifugal Feed Pumps.

Ship D E

12,§§ 20,
: 0-73 (a) :

e 6200 829?7;% ® 5000
90 G )

denotes |oss,
coﬁl)) Turho-feed pump is assumed to be in operation 25 per cent of sea time to compensate for increased electrical hotel load under certain

(]

itions.
Based on Fig. s and Table 4. L — 0-9 for tanker.

¢ Inc uges cna e (n cost [or one motor-pump, contro|, andI increment for increasing size of generator plant.
Includes change In cost for one motor-pump, control. cable, panel. etc.

e) Pump charged” with pro rata cost per kilowatt of genrator plant.

177



Economic Steam Conditions for Merchant Ships

n_on the investment for
h ab aIso mdrcates
u on the selection o

The annual savrI s and the refurn
various deerns are shown ||n Tab Iea
the. vayiatiofis in th results depen |n
basrri act s. As ectron ma P de ro te ta or
f rta es agr reare oroter uso fue cost
actor or edr rae The result 0 aregirctron oJ
ﬁ? E | ar e rate |s shown In Ta
e noted at t e annual savin s s wn or t |s
%ctron correspond to.the savings that Ehow
ah per oent reduction in Initial cost but usrngt asic fixed
charge rate
gGr hs surih as. Fig. 9maﬁ/J he used to obtain a irect indi-
cation.of annua savrngad ron mves(sment erncreasg
In Iitial cost warrant&d for an}/ set of conditions is determine
from Fig. 8, and used to entef Fig. 9.
Similar econamic studies were preHared 0r varigus cqm
o ents, as mentroan revros Tables e, 7, an
cate tarr results r Hr o enerators number
ters, a motor rven B[Fo will be note that7a

g/;r o%ﬁner tr%a sgveecrtlror; mgyl indicated rect%m{ﬁlrgns IQIV(fﬂ’
ted rve

e 4 except as note ost economrca set IS
t on ang/ ere e tan ent is the same
ES the bre% even slope se ecte part cu ar condifion
ein consr ered. A comparison usmg this met od IS given
able .
The otordrrven feed pér gresults in ncrease in first
epend

gost, which to, a large extent s upan w ther an Ancre se
m the size of the] gene ator st 'ﬁ IS not require or Fig. 12—Ta érker annual sav
ow normal generator load relative fo cargo carried 10,000 miles

T :
msta ed capacity, In order to provide Tor variation |n the ah
conditionin ad due to weather con Hrons m of t
steam can trons considered, |t Wou gossr e {0 use a
8tor riven pump wit ouéc an mg the Psner for s|ze, Pr - ﬁ
vr Ing_one pu BlS motor rve one (5 e Ive weight
that estea nit rpa}/ be used during nosér 'é] arr
congifigning of other ﬁsr gns s? an
would be necessa Vg ?] mcr ase t e[srze 0 th ener tor set
on enser nt switchb
able s, a aP ears t at t e gar shown represent a poor  tion.
return on the Investment,

G)QJ

Table 10—Tanker : Effect of Weight and Various Steam Conditions.

istance carr 0 8argrcet%rm|_rtes

SF terPre““retd?S'gr S ——— o
stm ue CDS?I
ce duc 1on 1n |9: 36
@al Anvestn me Wa]rraned shp ig. 8 (a 10;
e :::::::::::::::::::::::::::::::::::::::::: ....... i
”ﬂ’ EthQ Se dathtt 0) :::::::::::::::::::::::::::::::::::: ......................... 111?5
Wg ha'%
rerﬂ oreaie Fag ! ge arre'l"("c") """""""""""""""""""""" %3
Bl Tor €X racar orf BEYRAr e 11,000
T o requction, cents rbarrel 2-26
ol eﬁuc e" IS
ek sving per hear per L. |
I= 250: C=
@ g(t]c0 Cgrrrrslsgr aetrr r?acrost «1:011fg8gcents Der barrel.

178

1 2 3 4
f=Unit Fuel Cost, Dollars Per Barrel
;gs f8
ight)

ight be
dﬂeg to ig
F gg%results are’s
ical resu ts ares own in  as des af

It wi
unimportant, and would have

3 !

o1}

rioys ?te m congtlttrop

(inc

uaes cre

ected there IS a chan e in_machjnery
ssures and

een ngl t% t(? increase in boller Welths
{ ata were not as co

10

o%p

re

Eeamdramantaenamam
il rhe notedﬁ that an es are reIatrvef1
icance except as the

th

ﬁnYé gnrf

i

i

6-7

vy

10,110
100

!

2-17
2-0

28{)29

eratures, anH the
Increase



Economic Steam Conditions for Merchant Ships

4.0
O 6,000 SHP
3.0 t T
T \ +20,000 SHP
*2.0
OH-
v 80-«-Se
N\ Temperature-
10) I\

.1 16 20 2.4 2:8 3.2
Economical ExhauSt Pressire, Inchés Mercury Absolute
Fig. 15

might affect the economics of a deadweight carrie
gtt ue sav Jﬂ mcreaseg rﬁrei]%strje andr temperature
0a

uce drrect' tire nker require or aqiv a
carrr et?rereby resu Y In an mcreasga| pay tfor g dpeart/wgg
Jr order to assess the effects of the two ite sHust men-
tioned, we have ass%me a tan er desrg norma aracteris-
Fig. 13—Tanker: effect of weight détnd distance, ?arn for 6(11 tics as qiven In 1 have (Pmate the Increase in

oUnds per square.in egrees F 450 pounds
P pgr sq(ﬂtare mc?t 8au8e 750 ees F.’ ? g8p r?s ?ROZC norﬁltgr J] %Oc%rﬂgsrs Lr%”es%%rrtecen"tvﬁtctje'%%”fﬁsp?y”%’A%
ﬂtaton of the increase in pay load plus eredE

EIOH in ?ue? cost otttaane wit tﬁas? gr}er steam con tAOﬂS

as
yprca results 5h ssue tan

er

een .investigat
are rvnrn anle 12 and able 10 compares
mper of. stea tindrtr ﬁat one |stance whrc IS a
gro able maximum and therefore Jn |cates the maximum
aving to he credited to weight reduction ré; 2 indicates
thee ecto unrt ue coston e sayIngs obtain dw&thv rious
ean} cond }' ns at axrmum Istance. . Icates
the effect % |stance dp% e savings w en the néts V\)oehr
squ%re Inch gauge an degrees F. design Is compare t

4 _ 28 32

Economical Exhaust Pressure,Inches Mercury Absolute

Fig. 16

0.6 10 14 18 22 26
Absolute Pressure-Inches Mercury

Fig. 14—Economical vacuum, 20,000 shaft horsepower, 70
degrees F. sea femperafure

179



With. a grven
also on the. vafcuum Bro

onsumptron IS a

main unit, an

urers’ stan ard b p €S are pase on 2 aust FESSUres !J t|Vet

erent esign vacua.
ad vrsa le tQ Invest
mrne t e optrmum design cond

investi atron COVGI‘Ed afran

ECIOF circu atr

h varratron in turbi

ormanoe Was
effrcrency data presente

wn th reon wee
rcate the range 0

a stationary power plant are indi
Appendrx 3 presents suffr

ar(H ere Tl

rn rcates he efect 0
se 0 esrgn con itions.
ondenser desrgn con
n con rtrons s
_ Alsg, these stu res
S 1N sea- water temperatu pon e Se
economrca exhaus

ar will resut I

water temperature
CONCLUSIONS

clusrons are Indicateq:

Economic Steam Conditions for Merchant Ships

EXHAUST PRESSURE Increase in steam I'ESSUI'G In this ¢ nnexro

throttle steam conditions, the steam out { t%te m conditions e §
Hucedh e Hlas ot Fggrrt?ﬁrf raarepo <§t ;

3/ f)heT% an ?Nler} he§r fue (r)rrce&1 arl}< ; 8?&?
Uit gl bl
cost.” The turpine manu?a% Wer h %arnst the Pro ag?e risk.

fecéed

INCrease

ercur anso utensa efe Oré,  fhut the risk also may

t

a?ronarn t FI CO { orfaqge coné)en

Therefore, It has
ate e resslirg o deter- This rwould not have
tions )to ?tlspen F he steam P raémn él)ﬁs remmanu acturers 0

€ greater

i

ressures fro representatives; s mers
ex aust_ steam ﬁ% rom 3 d%to B bcoc dVY 0X om alnP/
I unit rou 6.000 Shaft kava team T.Urbing
orsepowe g COStS os ér Wheeler Corporation, G
ortr ns o co densr epants Were rrscom Russe om any
m iitial cosA ?on enser, ern E(Lu'f tCom an
motor an conI]r s, electric anx estrnh Electric
d f r prr?rn Installation, over- D an
ar 85 0 ]I er cent were usgd
no. alloWanc ern%rp
vestment srncg no ris mn olved
etermined fr

er the use of
how_appreci

h)e temrtaerature

een ACKNOWLEDGMENT

e T tte i
rge of seabem eratérres frﬁ achnow?(? errgHag fo rtrelsns(trmt t|0oIIowr

eneerEalneo ric om an

or oratron and Wor
d M chrnery orporation.

REFERENCES
om the an]d ‘A 1200-Pound Reheat Mari

pendix 2. Fo m Trnﬂeg Transactro
Ia s was a series of nine plots of  ArC IteCtS and Marfé Engineers,
Iu Qr e opt ?mum |nts r%m the 211mH| gh-Pressure te m for Marrne Pro

hen lotted to give Figs. 15 and_16,
eco omrca(rjl exfiaust pressure. Th and-|
a]rrance Wrt(fni

Marl e Ineers,

Archrtects and Marine Engineers,
lent rnformat}gn rr;orarre &a] L 0

et thherarraceoét tt?”ati oY B, Fjpces

ditogs gg. which, these studie Therhtszll EE&%‘ﬁgrast'gPsNoAgfﬁCthe%

X 3. These & haist PIESSUTE  Pressures’ ® Finnlecone

he economical s ectroB COn-  Mechanica] Efgineers 194}) a6 1

cn e Wt Veloci, fube leng A odorn Niar

e aﬁgt on Usyal Veles ectegT Hrrla[te ppia Section g 0 SO

electron oL Marne "Engineers, Qecember
optimum _design

dm desigh obtained at te average onoWon Consi era%ons Goyernin

S In sing Tur
gevrew December % J

&evrew Vqum
Based on the results presented, the following general con- % Jﬁ The Possrbrlrtres of A

of 450 pounds

d be selelgt norPnaI
shaft h orsepow
er square |nc

0f R&JJJ ount?s

tt}e INce tl e IS 0t gr at even wnen consl

e selecte
combrnatr n_ships. Vf

m Lan PowEr an(tor

r Isqdare |nct] ﬂ ort OEa

or. Insta

g

au eeraené
ering thg probability

?eat 3JclesA T ergtal StUdehgrrc son

nsactions merican Societ
Jronuonrdr?aﬁer I:qu re |noh gau g g %aper No. eFéA § oogs
[ ueI rces ] “Marine Engrneerrng Sewar
ar es are use than shown rr%mF | 12] “Marine Engineering”,

In any case there seems tO be

TESSUFE sh OWS a sl t |m TOV
F?I’SIOGWOI t?h
ttle incentive to a further

180

Transactrons o The Society of Nava

cfte(fem lpraotrce ] The re Carrrer 'S.S. Vengre”

eference  and Worthen, Transactrons Socrety of Nav

nL4 “Improvem nts in Thermal Effrcrenc
Stea Pressures an 8 mperatures in Nop-
|n85 Institution 0 Mec anic

ne Po er PI
i Arch]rtrects and

il ua jon In sea tem- ”Farg 19q8 and Marine Engrneerrng and S |pp|ng Revre

(N] Power Plants for Postwar Vessels b
mmrin Marine Engrneerrng

ons 'Coast Institution of
ge'mé)eotéemﬁm ders Januay i

d VqumeI Cha
d, Volume 11, C

Itl [13] “Marine Engineering”, Seward, Volume 11, Chapter



Economic Steam Conditions for Merchant Ships

[ “New Dia ram for Determmmg QT Most Economi- [16 “Heat Pow rEnglneerl % Part% XN Barpard,

cal Sze of Condens the Most Eavo r? e Cooling Water enwoo an Hirshield, Jo iley and" Sons,
uan |&¥ 0& ensm eam Turbine Plants”, The Brown thlrd |Qn 35

eV|ew u bl

iC

over| Stea Turbme Re enerative CcIe—An
8 —1050 F— kOO F. R?heat Cgcle Anal}

T roac [Bg alishury, Trans ctmr?/ of The
at T e h| 'ﬁ orn nd Twin Branch ‘Steam E Btrlc h% Ame |ety o chamca En Ingers, A

tions” ||(§) Rorn paloer presented at Dﬁcem ? 1 Pr%ss %Tem Mre T rbing-

annual meet| f The American Society of Mechanical Engin- ect |c teams an r%( Lester M. Gol sml!3
eers eAmencan o |ety ofMecha caI Engmeers Decemter 19

APPENDIX 1
FUEL RATE CALCULATIONS

?e basis for the majonw of the fuel rate calculiuons ti gle%tmn of fe(?d tem ratu e usm formula (1) of the
?] or I?HS s1]udy IS the “short form™ shown in Table 1I ﬂble area)r/ sbeP I?Cu(i{ e nex step 1 to a\culs
with typical results the energy Tequire eating as given by formula <a

Table 11—“Short Form” Heat Balance Calculations

Units Symbol For Curves
""" 'ré§'s'U'rr'§t'l'J}'e"""".'.'.'.'.'.'.'.'.'.'.'.'.'.'. Eig‘ Em 1250 1250
et en a?py v tlu/Ib 1,49Sg
atuarF'""""'".'.'.'.'.'.'.'.'.'.'.'.'.' ............. J '\
. e | 148
?rature 0 -
Eﬁétﬂ"éﬁb’ﬁ'éhﬂwa Y
én r[ sa - HO
as%?aing
Ienser 0 uf - Ho
Orﬂt}ﬁre ...... o &
%{n qklﬂe“é'XFlé“ Tirottle) lﬁ? |j'H (
r%xetracvogcc u/_ 1r hf
erI ﬂwro?ﬁe ﬁow5 3 .. Bulb §B
iligfigs™
,,,,,,,,,,,,,,,,,,,,,,,,,,, bisto-hr - B
: ﬁo g TS F ) /th.
ati (6) - o — §é
nn.jgg%' I
ver 450 psig 750°F a on
e E[u/l -
t435"p'éi'g','740F 285, - -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - eST
igleﬁg cotecion Vr?nsj)uerreatureIZZIZZZIZZZIZZ - - o Wl E e e e
|C|enc G R — - — 016 -200 158 +13 4198 425
Formulae
0) H6- Ho = - 0-05) {Hf- HO).
@ hf= (1t 0 [{H6- Ho)- (60t 1 (S6- SOJ.
@ %:_ 2el-z{1m1 5@ X (a + a {H H6)/eBhu
(5) = 2544 S (1+])
o Re = X(He-Z +5s Ho) XTTa- (*at600° ShP = 1°°4; *2°°0= °" 5*2°00° = °'973)

() |e = |VRe.

(8 Al Ze77iir0-92.
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Short Form Method w
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Superheater Pressure psig

Fig. 19—Allowance for auxiliaries “A” versus pressure for
various steam temperatures
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Fig. 20— Per cent moisture in exhaust
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APPENDIX 3

EXHAUST PRESSURE
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The Rump Jessure IS th% sum 8f the pressure [0sses in
e condenger pres ure 0S5 Wa

ondenser - a p|
Sl M e Bl Sl By
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Fig. 28—Circulating pump: power required for various designs

The power required Is shown by Fig. 28, for the ran
1000 Btu Per Sq. Ft. 9es ns uééd in t%eqstud?es % bre}éks ecaUSf B ﬁgs%ﬁt
R %8°é“fef£re%%‘33V¥r?“tLe Bsic %V.aaég"%%%{e?nt
7—Condepser performance. Basis: velocity, 65 feet per
seconé tubes, 70-30 gopger itk el Fihch % lPée cleanﬁmgss assumed.

The fuel cost per year due to the circulating pump power
factor, 85 per cent two- pass requirements mae/uelF {oﬁ J Idrom th e?f g pumpp

oW
cost per year = 28KW P?_
The circulatin ?ter (iuant#y, for the give coPdenser where

esign conditions, 15 a function of tube length~and surface, as KW = (ifference in power between hase design (15 inches
goﬁ J absofuteé ndpan %[é]eb Fﬁegotrger Hactﬂrs
GPI - o e i el e e

length @ét\%ﬂ tlj%% §H££?, ft. steam rate and approprlgte steam co%dj tlons.
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