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$dRCEM!: A ULGITAL COMPUTER PROGRAM FOR SATLTRA.!I'ED AID LOW 

S U P m a T  STFdDI TURBINE CYCLE ANALYSIS 

H. I. Bowers 

The program w i l l  perform full-load, des ign  p o i n t  calcu- 
l a t i o n s  f o r  steam t u r b i n e  cyc1.t:~ su.pplied with t h r o t t l e  steam 
c h a r a c t e r i s t i c  of conteniporary w a - t e r  r e a c t o r  power p l a n t s  and 
w i l l  handJ_e both condensing and back-pressure t u r b i n e  exhaust  
arrangements - Turbine performance c a l c u l a t i o n s  are based on 
t h e  General E l e c t r i c  Company method f o r  l a r g e  steam t u r b i n e -  
gene ra to r s  operatirig wi th  satura-Led and ].ow superhea t  t h r o t t l e  
steam. Outpul; i nc ludes  a l l  in format ion  normally shown on a 
. turbine cyc le  h e a t  ba lance  diagram. The program i s  w r i t t e n  
i n  F o r t r a n  IV f o r  $he IBM 360/75 computer a t  Oak Ridge 
Nat iona l  Laboratory 

Keywords: AEC Sponsored i- Coupling -t Dual-pu-qose P l a n t  
+ Feedwater Heating -k Flowsheets 3- H e a t  Balance t- Nuclear 
Desa l ina t ion  -t Single-purpose P l a n t s  + Programs (computers 1 
c S t e m  Cycle -t ~ u ~ ~ b i ~ i e - ~ ~ ~ i e r a t o r s  

(~RCEIW prepared s p e c i f i c a l l y  t o  provide  steam tu rb ine  cyc le  

performance data f o r  use  in eva2.uation:; conducted by t h e  Nuclear 

Desa l ina t ion  Program a t  Oak R i d g e  Nat iona l  Laboratory.  Spec ia l  a t t e n t i o n  

has been giver1 t o  s i m p l i f i c a t i o n  o f  i n p u t  daba requirements  f o r  both 

s ingle-problem calcu. la t ions and parame-tvic s t u d i e s .  The program i E 

w r i t t e n  i n  F o r t r a n  IV f o r  t h e  JBIvI :360/~75 d i g i t a l  computer a t  Oak Ridge 

IVational Laboratory,  Turbine performance c a l c u l a t i o n s  are based on the 

method p resen ted  by tlrie General ELects ic  Company f o r  p r e d i c t i n g  t h e  

pexf'orrnance of l a r g e  s t e a m  tu rb ine -gene ra to r s  ope ra t ing  wi th  s a t u r a t e d  

and low superhea t  - t h r o t t l e  steam cond i t ions  .' 
paper  i s  e s s e n t i a l  f o r  apply ing  and understanding t h e  program- 

Reference t o  Lhis GE 

IF. G. Bai ly ,  K. C .  Cotton, and R 
fomnance of Lsrge Steam Turbi  ne-Generators Operating wi th  Sa tu ra t ed  arid 
Low Supe-rlieat Steam Conditionb, " General mectric Company, GEE-2454A, 
Armrican Power Conference, Chicago, I l l i n o i s ,  April. 25-27, 196y. 

C .  Spencer, "P red ic t ing  t h e  Per- 



2 

The program w i l l  pe r f  o m  f u l l - l o a d ,  design p o i n t  c a l c u l a t i o n s  f o r  

a wid .e  range of i npu t  parameters .  P a r t  l o a d  calcida ' i ions,  off-design 

t h r o t t l e  and exhaust steam condl t ions ,  and hea ter -out -of -serv ice  calcul-a- 

tlions cannot 'oe handled.  In most cases i nQut  parameters outsidc m e  

ra.nges s p e c i f i e d  can be handled; however, warning messages may be 

pr.i.nted. out  and the r e su l . t s  should be viewed with some suspic ion .  A 

rcasoiiable t u r b i n e  and cyc le  t y p i c a l  of contemporary p r a c t i c e s  musi; be 

spec i f i ed ;  otherwise,  unreasonable r e s u l t s  may be produced. Typica! 

cyc le s  are shown on Figures  1, 2, and 3. Input  parameters  are d iscussed  

'klelo~d. 

1. T h r o t t l e  steam temperature:  0 t o  -200°F above sa tura t , ion  

temperature .  

2 .  Throttle steam pres su re :  -200 t o  -2000 p s i s .  

3.  Generator :  100 t o  l 5 O O  Mva.; conductor cooled o r  convent ional ly  

cooled; r a t e d  hydrogen p res su re  o r  reduced hydrogen p res su re .  

4 .  number of t u r b i n e  s e c t i o n s  i n  ser ies :  I, 2, o r  3 (tandem 

arrangement o n l y ) .  

p re s su re  s e c t i o n  only .  A 2-sec t ion  machine c o n s i s t s  of a 

h igh-pressure  s e c t i o n  foliowed by a cross-over  system and a 

low-pressure s e c t i o n .  A 3-sec t ion  machine cons j - s t s  of a 

h igh-pressure  see-Lion followed by a cross-over  system, an  

i n t e n e d i a t e - p r e s s u r e  sec t ion ,  a second c r o s s  -over sysLeiii, and 

a low-pressure s e c t i o n .  I n  each in s t ame  t h e  i n i t i a l  tu rb l i ie  

s e c t i o n  i s  made up of a L--row governing s t a g e  and a non- 

governing stage group. The number of p a r a l l e l  steam flow 

pabhs i n  each t u r b i n e  s e c t i o n  mus-i be  s p e c i f i e d .  P res su re  

losses  f o r  cross-over  systems are c a l c u l a t e d  as descr ibed  in 

Table I11 (2nd r e v i s i o n )  GER-2454A. 

A I.-sect,ion machine c o n s i s t s  of a l o v -  

5 .  Turbine speed: 1800 o r  3600 rpn. Other speeds can be handled, 

b u t  'ihere Frobably wLlL be mirioi: e r r o r s  i n  c o n d e n s i q  group 

exhaust  l o s s  and genera tor  l o s s  c a l c u l a t i o n s .  For example, 

if a 3000-rpm machine is spec i f i ed ,  l o s s e s  f o r  3600 rpm will 

be s e l e c t e d  by t h e  program; i f  a 1500-rpm machine i s  spec i f i ed ,  

losses f o r  1.890 rprn w i l l  be s e l e c t e d .  
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6. Ex te rna l  mois ture  sepa ra to r :  Opt ior id ;  must be l o c a t e d  immedi- 

a t e l y  fo l lowing  the in te rmedia te -pressure  s e c t i o n  of a 3 - sec t ion  

Inachine o r  irnmediately f ollotring the h igh-pressure  section of 

a 2-sec t ion  machine. The moisture  s e p a r a t o r  can drain t o  a 

feedwater heater f e d  from t h e  exhaust  of t he  preceding turbine 

sec t ion ,  , t o  any lower pressure feedmter hea te r ,  or t o  Yne 

condenser.  

'7. Live steam reheater: Optional ;  1 o r  2 s t a g e s  l o c a t e d  immediateely 

preceding the low-pressure section of a 2 - s e c t i o r ~  machine o r  

immediately preceding the intejrmedjate-Fressure s e c t i o n  of' i3. 

3-sec t ion  machine. R 1-s t age  reheat;er or t h e  second stage of 

a 2-stage r e h e a t e r  i s  f e d  trii;h t h r o t t l e  stem and d r a i n s  t o  

the h i g h e s t  p re s su re  feedwater  h e a t e r  shell.. 

of  a 2-s tage r e h e a t e r  i s  fed from the h i g h e s t  p re s su re  feedxater 

h e a t e r  e x t r a c t i o n  p o i n t  and d r a i n s  t o  the next h i g h e s t  prec... ,ure 

feedwater h e a t e r  s h e l l .  For a. 2-stage r e h e a t  cyc le  t h e  h i g h e s t  

p re s su re  f'eedwater h e a t e r  e x t r a c t i o n  p o i n t  nust be ir? the high-  

p r e s s u r e  s e c t i o n  of the machine. 

The f i rs t  s t a g e  

8 - Externa l ly-hea ted  reheater : OptLoml; 1 s t a g e  l o c a t e d  immediately 

preceding the law-pressure sec t io i i  of a %-sect ion.  machine o r  

imediatelj7 preceding Yne intennedia%e--pres sure s e c t i o n  of a 

3 - sec t ion  machine. 

9. Turbine exhaust :  Condensing o r  back-pressure.  I f  %he exhaust 

pressu.re is I.ess than 3 paia, eondensing t u r b i n e  ca,lcLCt.ations 

w i l l  be perf 'omed and it i s  nec.:essa.q t o  speeiYy ,the las t  s t a g e  

bucket  l e n g t h  and p i t c h  diameter .  Combinations of' Last stage 

bucket l e n g t h  and p i tch  diameter noirnally speci.fied by General 

E l e c t r i c  are l i s t e d  on Figures  16 and 17 of 6EEh-2454A. 
addi t ion ,  the program can accept; a 52- i r ia  bucket  with a l 52 - in .  

p i t c h  diameter .  Other combinations of bucket  l eng th  and p i t c h  

diameter can a l s o  be  llandled, but; t h e s e  will be e r r o r s  i n  exhaust 

Loss ca.l.cdations I) For back -pressu.re turbines (exhaust  pressure 

> P 3 psia) exhaust  losses axe cal.cula.ted fo r  non-condensing s t a g e  

groups? and l a s t  stage bucket  l e n g t h  and p i t c h  d i m e t e r  are not  

recpired. Back-presswe t u r b i n e s  axe assumed t o  be 1% less 

effi.cien.t; than condensing t u r b i n e s .  

In 



10. Moisture removal s t ages :  0 t o  5 i n  t n e  low-pressure sect,j.on 

Each moisture  removal p o i n t  will d r a i n  t o  t h e  same o r  only.  

t o  t h e  next  lower p re s su re  feedwater h e a t e r  s h e l l  o r  w i l l  d r a i n  

t o  t h e  condenser if tilere are no in t e rven ing  feedwater  h e a t e r s .  

11. Feedwater h e a t e r s :  0 t o  12; op t iona l  d r a i n  coo le r  section; 

op t iona l  pumped o r  f l a shed  d ra ins ;  one h e a t e r  can be a d i r e c t -  

con tac t  t ype .  

e x t r a c t i o n  s t a g e  and t h e  s h e l l  of t h e  feedwater h e a t e r  except  

t h a t  5% i s  asswned When t h e  h e a t e r  is f e d  from the  h igh-pressure  

o r  in te rmedia te -pressure  exhaust .  

An 8% pres su re  drop i s  assumed between t h e  

12. Feedwater pump: Can be l o c a t e d  a t  any p o i n t  i n  t h e  feedwater 

cyc le ;  op t iona l  motor d r i v e  or steam t u r b i n e  drive. For a 

2 - sec t ion  o r  3 - sec t ion  machine t h e  feedwater  purrip t u r b i n e  i s  

f e d  from t h e  c ~ w - o v e r  j u s t  ahead of t h e  low-pressure s e c t i o n  

o r  in te rmedia te -pressure  sectioil ,  r e s p e c t i v e l y .  For a 1-see-Lion 

machine t n e  feedwater pump t u r b i n e  i s  f e d  from t‘ne main t h r o t t l e  

steam supply.  

a t  t h e  same p res su re  as the main t u r b i n e  and t h e  condensate i s  

r e tu rned  t o  t h e  main condenser hotwell . .  

I n  all. cases  tile feedwater pump t u r b i n e  exhausts  

1-3. Makeup : Optional..: suppl ied  t o  the condenser ho twel l .  

14 .  Thro’c.tle va lve  stern and s h a f t  packi.ng leakage c a l c u l a t i o n s  : 

Optional .  If t h e s e  calculations a r e  omitted,  t h e  calciAlated 

tinrioine cyc le  h e a t  ra te  ~2.1.1- be about 0.5% ,low and t h e  generra’tior 

ou tput  will be abou-L 0.5% high.  

15. Governing s t a g e  pritch diameter :  In t h e  absence of s p e c i f i c  

information 66 i n .  should be used fop  1800-rpm machines and 

41 i n .  f o r  36OO-rpm mnachines. Small v a r i a t i o n s  i n  this diameter  

w i l l  have only a mj-nor e f f e c t  on o v e r a l l  performance. 





ORLL-DWG 68-9874 

Figure 2 .  Typical P'dR Cycle 
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INPUT 

The inpu t  data f o r  a problem a r e  en te red  on cards  as Shown on 

Figure I ! .  and as descr ibed  below. 

be a comment card  conta in ing  any d e s i r e d  a&kB-numeric i.nformation 5-n 

Colurins I-72. 

Subsequent cards  are read  with tile format s ta tement ,  

8X). 
which is used -to identify t h e  data i n  Colimns 3-72. 

be used for i d e n t i f i c a t j - o n  by -the program user ;  they  a r e  not  read by 

t h e  program. 

'rhe f i r s t  card. of t he  d a t a  deck must 

The information on t h i s  ca rd  i s  used t o  label  t h e  output .  

(12, Dl0.0, 5Dl2.0, 

Columns 1 and 2 a r e  reserved  f o r  an  i n t e g e r  va r i ab le ,  IFLAG, 
Columns 73-80 may 

D a t a  card  v a r i a b l e s  are d.efined below. 

1. JFLAG = 1 

TT = t h r o t t l e  steam tem;perature, OF 

PT r- t h r o t t l e  steam pressure ,  p s i a  

m"1' = t h r o t t l e  steam moisture,  % 
2. I F L A G = 2  

411' = es t imated  t 'n ro t t le  s t e a m  flow, lbIn/hr  

PCPII! = feedwater makeup rate, $J 

QCH = condensate f l o w  by-passed -to s t em generator ,  lbm/hr  

3. I.FZAG = 3 

WRATE = gross  e l e c t r i c a l  output ,  Wde 

GC .== genera tor  capab i l i t y ,  Mva 

PF = genera tor  power f a c t o r  

Lf JCC = 0, genera tor  i s  conductor cool-ed 

If I C C  = 1, genera tor  i s  convent ional ly  cooled 

I f  IHZ = 0, genera tor  opera tes  with ra-Led hydrogen p res su re  

I f  IHZ = I, genera tor  opera tes  with red-uced. hydrogen p res su re  

18 7- r o t a t i o n a l  speed of turbine-generator ,  rpm 

IFLAG = 4 (This ca rd  i s  not  used and should no t  be included i n  4. 
t h e  d a t a  deck . )  

5.  I F W c r = 5  

PlXS = pitch diameter of  governing s tage ,  i n .  

6 .  IFLAG = 6 

NSKAET = number of t u r b i n e  s e c t i o n s  i.n series 

IFLAG = 7 ( T h i s  ca rd  i s  no'c. r equ i r ed  rif NSHAE'T = 1.) 

NILE' = number of p a r a l l e l  high-pressure turbine sec t io i i  f l o w  paths 

' 7 .  
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8 .  1FLA.G = 8 (This card is not required if NSHAFT < 3.) 
NIP = number of parallel intermediate-pressure turbine section 

flow paths 

P B D  = bowl pressure of intermediate-pressure turbine, psia 

9. 1 m = 9  
N U  = number of paral le l  low-pressure turbine section flow paths 

PBLP = bowl. pressure of low-pressure turbine, psia (leave 

blank if NSHAFT = 1) 

PXLPI = exhaust pressure of low-pressure turbine, in. HgA 

PXZP = exhaust pressure of low-pressure turbine, psia (must be 

preceded by a minus sign) 

PDLS = pitch ciiamter of last stage, in. (leave lolank if 

P m  > - 3 psla) 

= lerigth of last stage buckets, in. (leave blank if PXLP 

> - 3 psia) 

PCI = condenser pressure, in. BgP- 

PC = condenser pressure, psia (must be preceded by a. minus sign) 

10. IFLAG = 10 

MH = number of moisture removal stages in low-pressure turbine 

m<_ 5) 
PMR(L) = moisture removal stage pressure, psia (L = I,MR 

:,tartLng €ram bowl end. of low-pressure turbine; leave 

blank if MR = 0) 

IF'LAG = LZ 

If MS = 0, there is 20 cxterna.1 moisture separator 

If MS = N, the extcr-rial moisture separator drains to Fcedwater 

Heater fib. N 

If MS =1 NF -t 1, the exteriial moisture separator dra ins  to the 

condenser 

D!lS = moisture separator ef€ectiveness, $I (leave bla-nk if MS = 0) 

12- IFLAG = 12 

If NIRN: = 0, there I s  no reheater 

If NRH > 0, there is either a 1-stage 01' a %-stage Live steam 
reheater, and 

XRH = number of stages of reheat 

-. . . . . . . 
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QE’;RHI = es t imated  hea t ing  steam flow t o  t h e  f i rs t  s tage ,  l b  / h r  
m 

TTI>lIKL = teiminal. temperature  d i f f e r e n c e  of t h e  f irst  s tage ,  OF 

(leave blank i f  NRH < 1) 

( l eave  b lank  i f  KRH = 0) 

QERH2 = estimated. hea t ing  steam flow t o  the second s tage ,  1-b / h r  
m 

TTDRHZ = t e rmina l  temperature  d i f f e rence  of t h e  second s tage ,  

( l eave  b lank  i f  l!WY < 2 )  

O F  ( l eave  b lank  i f  rJRH < 2) 
1:’ NRH = -1, t h e r e  i s  a I - s t a g e  exteri?al..ly-hea-i;ed r ehea te r ,  and 

TTDRHl = temperature  of ste3.m l eav ing  rehea ter ,  OF 

13. IFLAG ::= 13 
NF = t o t a l  number of feedwater  h e a t e r s  (NF < 1.2; J!JF = NFGS + - 

NFH t- WI + NFL) 
WGS = number of feedwater  h e a t e r s  Ped from t h e  governing s t a g e  

e d i a u s t  (NES 5 1) 

UFH := number of feedwater h e a t e r s  f e d  from high-pressure  tur’oine 

( l eave  b lank  i f  M S W T  := 1) 

W I  = number 07 feedwater heater;.; f e d  from in te rmedia te -pressure  

t u r b i n e  ( l eave  b lank  ri.f N S W T  < 3 )  

= number ol” feedwater  heaters f e d  from low-pressure t u r b i n e  

Ik. IFLAG = 14 (one ca rd  r equ i r ed  f o r  each Beedwater h e a t e r )  

N = feedwater  h e a t e r  number ( N  = l ,NF s t a r t i n g  Trom high-pressure  

end) 

gE(T\I) = extZaCti0i-l s h g e  PreSsllSe, psis ( l eave  b l a &  j.f feedwater 

heater i s  f e d  from governing s t a g e  exhaust,  h igh-pressure  

t u r b i n e  exhaust,  o r  inter-mediate-pressure tu rb Ine  exhaus t )  

TTD( N) ::: feedwater hea-her t e rmina l  temperature  d i f f e rence ,  OF 

(a d i r e c t  con tac t  feedwater  h e a t e r  can be  s p e c i f i e d  by 

l e t t i n g  ri.rD(iY) = 0 and ND(N) = 1) 

If ND(N) = 0, the f e e d - w a t e r  heater d r a i n  is f l a s h e d  ‘co the next  

lower pressure feedwater  h e a t e r  s h e l l ,  o r  t o  t h e  condenser 

ho twe l l  when N :I; NF 

I f  ND(N) = 1, the  f e e d w a h r  heater.  d r a i n  i s  pumped forward t o  

t h e  feedwater d i scharge  from Feedwa.ter Heater No. N 

If NDC(N) = 0, t h e  feedwater  h e a t e r  i s  not  provided with a 

d r a i n  coo le r  
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If NDC(N) = 1, t h e  feedwater h e a t e r  i s  provided with a d r a i n  

cooler  

TDCA(PJ) = d r a i n  coo le r  approach temperature, OF ( leave  blank 

i f  NJ)C(N) -- 0) 
15. IFLAC = 15 

If I2 = 0, t he  feedwater pump i s  loca ted  at t he  o u t l e t  of 

Feedwater Heater No. 1 

If IP = N, t he  feedwater p w p  i s  loca ted  a t  the  i n l e t  of 

Feedwater Heater No. N 

If' IFPT = 0, t h e  feedwater p m p  i s  motor dr iven 

I f  IFFT = 1, t h e  feedwater pump i s  tu rb ine  dr iven and steam flow, 

bowl steam erzthalpy, arid exhaust steam enthalpy w i l l  be 

ca l cu la t ed  by t h e  program 

If' IFPT = -1, the  feedwater purap i s  tu rb ine  dr iven and steam 

flow, boss1 steam enl'nalpy, and exhaust steam enthalpy must 

be inpii t  

QFPT = s t e m  flow t o  feedwater pwnp turbine,  l b  /hr ( leave  
m 

blank i f  IFPT > -1) 

KBFPT = bowl steam enthalpy- t o  feedwater pump turbine,  Btu/lbm 

(Leave blank i f  IFPT > -1) 

HXFPT = exhaust steam enthalpy from feedwater pump turb ine ,  

Btu/ lb  ( leave  blank i f '  IFPT > -1) m 
16. IFLAG = 16 

QAE = steuii flow to steam j e t  a i r  e j e c t o r ,  Ibm/llr (leaTJe blank 

or e n t e r  zero i f  .tliere i s  no s t e m  j e t  a i r  e j e c t o r )  

17. IFLAG = 17 

I f  LK = 0, t h r o t t l e  valve stem and tu rb ine  s h a f t  leakages w i l l  

n o t  be calculated. 

If LK = 1, t h r o t t l e  valve s t e m  and tu rb ine  s h a f t  leakages w i l l  

be ca l cu la t ed  

The last, da t a  ca.rd for. a problelu niust e i t h e r  be blank o r  have a 

zero i n  Column 2 which will temninate reading of input  da t a .  

w i l l  be printed and con t ro l  w i l l  be re turned  t o  t h e  main program where 

5he ca l cu la t ions  w i l l  be s t a r t e d .  

Input  da t a  
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After t n e  c a l c u l a t i o n s  are f i n i s h e d  and t h e  r e s u l t s  pr in ted ,  t h e  

program i s  ready t o  read a new se t  o f  i n p u t  d a t a .  A new comment ca rd  

i s  r equ i r ed .  If a paramet r ic  s tudy  i s  be ing  made, it i s  necessary,  i n  

a d d i t i o n  t o  t he  comment card: t o  read  only those  d a t a  ca rds  on which 

the p a r m e t e r s  be ing  changed a r e  en tered .  



1 3 

13 2425 3637 
MR PMR(1) PMR(2) PMR(3) COMMENTS (up to 72 oipha-numeric ctlarccters) ca 4849 6061 7 2 7 3  80 

PMRl4l PMR(5) 

Figure 4. .Data Cards 



OIJTPUT 

Output f'rom t h e  program include:; all information iioimally sh0w.n OLI 

'Xhe inpu t  d a t a  are p r i n t e d  a steam tur l i ine cyc le  h e a t  ba lance  diagram. 

f irsL by s i ibrout ine  DATAIN before  control- i s  r e tu rned  t o  the main program 

and before the c a l c u l a t i o n s  are performed. I f  ? ' . tera-t ion limits are 

exceeded o r  independent va r i ab le  l i m i t s  f o r  t h e  t u r b i n e  performance 

func t ions  are exceeded, warrriing messages w i l l  be pri.nt,ed next. Resu3. t s  

o r  t he  calcul .a , t ions are p r i u t e d  by subrout ine  RESULT and arv swnmari-zed. 

i n  t e n  t a b l e s ,  each neaded by t i le iriformati.on read  from t h e  comment ca rd .  





ORNL-DWG 68-9873 

JMD TURBINE 
FROM NUCLEAR 965 psla 
STEAV SUPPLY 0 4% MOISTL4E 

i, a 10,500 Ib/hr 

I 

T O  
STE-.  .," 

TO CONTROL ROD DRIVE 
'OF D R A l h  COOLER 

780.000 k w  AT 2 0  in HgA AND 0% MAKEUP 
TC4r, 4 3 - ~ n  LSB, 1800 R P M  
GE'UERA-OR 956,000 KVA AT 60 psig H2 A U 3  085 PF 

Figure 5. Turbine Cycle for Saxple Problen: 
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1-3. SLEAKL, SLEAK:?, and SLEAx3 - cal.culate t h r o t t l e  va lve  s t e m  

packing and t u r b i n e  s h a f t  packing leakage flows and ent i ia lp ies  

(Table 1.1, GEII-21154-A) . 
111.. SSRE - c a l c u l a t e s  steam s e a l  regiu1ai;or flows and e n t h a l p i e s  

('I'aiole 11, GEl?-2451!.A) . 
XLpSS - c a l c u l a t e s  exhaus-'i. l o s s  and used. eriergy end-point f o r  

low -pre s su re  c onde ns ri. ng '~urk  i ne . 
1.5. 

16. XSEP - performs heat and mass balance c a l c u l a t i o n s  f o r  e x t e r n a l  

moisture  separa- tor .  

The f'oll-owing 24 subprograms perform the c a l c u l a t i o n s  r equ i r ed  

t o  determine t u r b i n e  e f f i c i e n c i e s  and losses (Appendi-jc IV, 

1.7. 

~m-21454~). 

FIG1 FIG8 ~ 1 ~ 1 3  

FIG2 FIG10 FIG2 0 

FIG3 F I G 1 2 A  FIG21 

FIGl+ FIG12B li'lG2 2 

FIG5 P'I GI 4 U&IP@L 

E'IGGA ~1~1.67 RA%FUN 

FIG6 ~ 1 ~ 1 5  B I  VP@L 

 FIG^ ~ 1 ~ 1 8  LAGRAM 

18. !Eie fo.li_l..owing 1 [ subprograms c a l c u l a t e  pi-oper'Gies of water and 

s Learn. 

TL1Q.H VVlW TSAT 

HCPN TVAPII PSAT 

rcp14 TVAPS P R ~ P H S  

LINT2 IlLI Q PR@PPI€ 

HVAF SLIQ PR,dPF S 

SVAP UQ 
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