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ALKACYCL, A Basic Computer Program for the Analysis
of Alkali Metal Rankine Power Cycles

J. C. Moyers

ABSTRACT

ALKACYCL is a computer program that analyzes Rankine power cycles utilizing
an alkali metal as the cycle working fluid. Cycles may have from zero to three
stages of regenerative feed heating. The program is written in BASICA language
and can be used on an IBM-PC or PC-compatible computer with 128 kbytes of
RAM. Output results include mass and energy balance information, cycle effi-
ciency, and sizes and weights for piping and feed heaters. Listing and sample pro-
gram output are included.






1. INTRODUCTION

Space power systems for applications requiring large amounts of electric power for long mission lifetimes
probably will use nuclear reactors as the prime energy source and may utilize Rankine power conversion
subsystems having an alkali metal as the cycle working fluid. Selection of the system temperature levels,
top and bottom, is a critical step in the system design process, with the top temperature influencing the
design and materials of coastruction of the reactor subsystem, the bottom temperature influencing the
design and materials of construction of the heat rejection subsystem, and both temperatures influencing the
power conversion subsystem cycle efficiency and, therefore, the sizing of both the reactor and heat rejection
subsystems.

The computer program ALKACYCL was developed to provide a rapid means for performing mass and
energy balances and determining the cycle efficiency of a Rankine power cycle operating between specified
temperature levels and utilizing one of the alkali metals as the working fluid. Sizes and weights of intercon-
necting piping and of the regenerative feed heaters are estimated by the program also. (Future expansion of
the program to include estimation of the weights of other components is planned.) Application of the pro-
gram is limited to saturated vapor (either dry or of specified quality) entering the turbine. The program is
written in BASICA language and is executable on an IBM-PC or PC-compatible computer having 128
kbytes of RAM.

2. CYCLE DESCRIPTION

An clementary flowsheet for the Rankine power cycle treated by ALKACYCL is shown in Fig. 1.
Prime vapor flows to the main power turbine inlet, with a side stream flowing to the auxiliary turbine that
drives the centrifugal feed pump. The power turbine exhausts to the condenser, from which condensate is
scavenged by a jet pump that is driven by a side strearn taken from the feed pump discharge. This jet
pump provides adequate net positive suction head for the feed pump to prevent cavitation in the feed pump
suction region. The bulk of the feed pump discharge stream progresses through a specified number of
regenerative feed heaters (from zero to three heaters are allowed) to the boiler. The auxiliary turbine driv-
ing the feed pump exhausts to Heater 1 if at least one heater is specified; if no heaters are specified, the
auxiliary turbine exhausts to the condenser.

A moisture separator may be inserted in the turbine following any stage to reduce the moisture content
of the vapor flowing to the next stage. The removed liquid, along with some vapor that inevitably accom-
panies the liquid, is drained to the next-lower-temperature feed heater or, in the absence of a lower-
temperature heater, to the condenser.

As noted previously, from zero to three regenerative feed heaters may be employed in the cycle. In
proceeding from a zero-heater cycle to a three-heater cycle, the order of adding heaters is denoted by the
heater numbers in Fig. 1. Heater 1 receives the exhaust vapor from the auxiliary turbine and drains either
to Heater 3 if in a three-heater cycle or to the condenser if less than three heaters are used. Heater 2
receives vapor either extracted from an early stage of the power turbine, if the stage exit temperature is
high enough to heat the boiler feed stream to the specified temperature level, or from the prime vapor
stream. (Use of prime vapor for feed heating is poor practice, thermodynamically, but may be required if



boiler feed with little subcooling is required for stable boiler operation.) Heater 2 drains to Heater 1.
Heater 3 receives vapor extracted from the lowest stage in the main turbine having an exit temperature high
enough to cause the combined Heaters 1 and 3 to heat the feed stream leaving Heater 1 to its highest

potential temperature (i.c., to the auxiliary turbine exhaust temperature minus the specified heater terminal
temperature difference).
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Fig. I Rankine power cycle flowsheet.




- 3. COMPONENT MODELING

In the following subsections, the model assumed for each of the major cycle components is described
briefly to inform the reader of simplifications built into the computer program and to provide a better
understanding of the meaning of required items of program input data.

3.1 TURBINE

The power turbine has a specified number of stages, with an assumed temperature drop across each
stage equal to the total cycle temperature difference divided by the aumber of stages. Fach stage is
assumed to have an aerodynamic efficiency equal to the input value for dry stage efficiency. The actual
efficiency for the stage is thea assumed to be the aerodynamic efficiency degraded by one percentage point
per percent average stage moisture as determined from an isentropic expansion over the stage temperature
range. Values for efficiency degradation due to moisture content ‘assumed by various investigators in the lit-
erature range from 0.5 (Ref. 1) to 1.0 (Ref. 2) points per percent moisture at the exit of a turbine section.
A value for turbine exhaust loss, due to the last stage leaving velocity, is specified in the input.

3.2 MOISTURE SEPARATORS

Either of two types of moisture separators may be inserted in the turbine expansion path following any
turbine stage. An interstage separator provides means, within the turbine casing, for collecting and draining
off accumulated moisture. An interspool separator is located external to the casing, with the working fluid
stream exiting the casing, flowing through the separator, and reentering the casing prior to the following
stage.

An interstage separator is assumed to remove 25% of the moisture present in the working fluid at the
location of the separator.® An associated penalty with this type of separator is the requirement for the
removal of 0.25 |b of vapor with each pound of moisture removed.*

An interspool separator is assumed to remove 90% of the moisture in the working fluid as it enters the
separator.* Two performance penalties are associated with this type of separator. First, 0.1 Ib of vapor
accompanies each pound of removed moisture. Second, the working fluid undergoes a pressure drop of
approximately two velocity heads (1.5 psi is assumed in ALKACYCL) as it passes through the separator.
In addition, there is a weight penalty associated with an interspool separator. (In Ref. 4, an interspool sepa-
rator was estimated to add 50 Ib to the weight of a 450-kW potassium turbine.)

3.3 REGENERATIVE FEED HEATERS

Each of the feed heaters modeled in ALKACYCL consists of a shell-and-tube heat exchanger with a
condensing section and a drain cooler section. The boiler feed stream flows on the shell side of the
exchanger while the vapor-liquid mixture is condensed and subcooled inside the tubes. This arrangement is
the reverse of normal utility power plant practice and is necessitated to assure management of the vapor-
liguid interface in the zero-gravity environment.



Two items of input information are required from the program user to define feed heater performance.
The terminal temperature diffecence, defined as the difference in temperature between the incoming vapor-
liquid mixture and the leaving boiler feed stream, is specified. In addition, the drain cooler temperature dif-
ference, defined as the temperature difference between the drains leaving the heater and the incoming boiler
feed stream, is required. The specified values of these items are common to all heaters.

4. WORKING FLUID THERMODYNAMIC AND TRANSPORT PROPERTIES

Thermodynamic and transport properties for potassium are provided by subroutines in ALKACYCL.
Replacement subroutines are available for sodium properties, and others for cesium could be developed from
available algorithms if the need arises.

The algorithms contained in the subroutine for potassium properties are from R. L. Graves,’ who also
presented algorithms for the properties of cesium. The replacement subroutines for sodium are based on
algorithms presented by G. H. Golden and J. V. Tokar.®

5. PROGRAM STRUCTURE

A listing of the program, a description of the required input variables, and a sample output are included
in the Appendix. The subroutines included in the listing provide thermodynamic and transport properties
for potassium. Following the main listing is a set of subroutines for sodium, which may be substituted in
the program for cycle analyses using that working fluid. The functions of the various subroutines are as fol-
lows:

6000 - returns saturated thermodynamic properties corresponding to the
supplied temperature

6450 - returns saturated liguid specific volume at the supplied temperature

6500 - returns saturation temperature for the supplied pressure

7000 - returns saturation temperature for the supplied saturated liquid
enthalpy

7200 - returns transport properties for the supplied saturation temperature



Input data are in Lines 7500-7760 and are defined in Table Al in the Appendix. In general, data in
Lines 7500-7530 provide the information required for determination of the turbine expansion line. Data in
Lines 7540-7550 define the remainder of the cycle. System capacity and desired degree of detail in the out-
put are specified in Lines 7560-7570. If piping and feed heater sizing and weight estimates are not desired,
no further input data are required. If this detail is desired, the following data must be provided. Lines
7590-7670 label the various interconnecting piping runs and provide their respective lengths, the physical
state of the working fluid as it flows through the line, and the number of parallel pipes for each run
(reflecting the modularity of the system). Lines 7690-7740 contain data setting design velocities for the
piping and giving the physical properties of the materials of construction. Lines 7750-7760 contain the out-
side diameter and wall thickness of the tubing to be used in the feed heater bundles.
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Table A.1 Input variables for ALKACYCL

Variable Location? Definition
TBOIL 7500-1 Boiler outlet temperature, R
XBOIL 7500-2 Boiler outlet quality, fraction
TCON 7500-3 Turbine outlet temperature, R
NS% 7500-4 Number of turbine stages
GEFF 7500-5 Generator efficiency, fraction
DEFF 7500-6 Dry turbine efficiency (for all stages), fraction
EXLOSS 7500-7 Turbine exhaust loss, Btu/lb
SEP% 7520 Moisture separator index (set of NS% values)

0 = no separator
1 == interstage separator
2 = interspool separator

PTEFF 7540-1 Auxiliary turbine efficiency, fraction

PEFF 7540-2 Feed pump efficiency, fraction

NH% 7540-3 Number of feed heater stages

DELTPT 7540-4 Auxiliary turbine temperature difference, R
JETRAT 7540-5 Condenser scavenging jet pump flow ratio, suction/driving
DELPSYS 7540-6 Total system frictional pressure drop, psi
SCCON 7540-7 Condenser subcooling, R

TTD 7540-8 Feed heater terminal temperature difference, R
DCDT 7540-9 Drain cooler temperature difference, R

BFSC 7540-10 Boiler feed subcooling, R

KwWOUT 7560-1 System electrical output, kW

DETAIL% 7560-2 QOutput detail index

0 = no piping or heaters sizing or weights
1 = full output

The following input data are not needed if DETAIL% = 0. If DETAIL% = 1, then 23 sets of piping run
data (each set consisting of a value for LLBLS, LG, TY, and NUM%) are required in Lines 7600-7670.

LLBLS(n) 7600- Label for pipe run n (up to 16 characters)
7670
LG(n) 7670 Length for pipe run g, ft
TY(n) 7670 Physical state of fluid flowing in pipe run n
1 = vapor
2 = wet mixture
3 = liquid
NUM%(n) 7670 Number of parallel pipes for pipe run n
NPTA% 7700-1 Number of temperature-strength data pairs for high-temperature
alloy
NPTB% 71700-2 Number of temperature-strength data pairs for low-temperature
alloy
TMAT 7700-3 Temperature above which high-temperature alloy is to be used
VELV 7700-4 Design velocity for vapor lines, ft/s

VELM 7700-5 Design velocity for wet mix. lines, ft/s
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VELL 7700-6 Design velocity for liquid lines, ft/s
RHOA 7700-7 Density of high-temperature alloy, 1b/in.’
RHOEB 7700-8 Density of low-temperature alloy, Ib/in.’
KA 7700-9 Thermal conductivity of high-temperature alloy, Btu/ft-h-F
KB 7700-10 Thermal conductivity of low-temperature alloy, Btu/ft-h-F
TSIG(m) 7720-1, Temperatures for which corresponding high-temperature alloy
3,5... strengths are known, R (NPTA% values, input in odd-number locations
in Line 7720)
SIGA(m) 7720-2, Design strength for high-temperature alloy corresponding to
46... TSIG(m), psi (NPTA% values, in even-number locations in Line 7720)
SIGB(m) 7740-1, Design strength for low-temperature alloy corresponding to
2,3.. TSIG(m), psi (NPTB% values, corresponding to first NPTB% values for
TSIG( ))
ODTUBE 7760-1 Outside diameter of tubing used in feed heaters, in.
WALLT 7760-2 Wall thickness of tubing used in feed heaters, in.

2 Location denotes line number and item location within that line (e.g., 7500-3 denotes the third data item
in Line 7500).
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1
8
36
48
a0
&0
78
88
78
168
LL{
118
1268
15a
143
158
160
178
182
178
200
218
228
238
248
258
2608
}=5
279
288
298
388
ilé
328
R
348
353@
is0
37
jga
399
A0
iia
428
4738
445
458
468

s

"PROGRAM #ALKACYCL#* developed by John C. Movers, ORNL
WIDTH "LPT1:",128
LPRINT CHR$(15)

"THIS PROGRAM CALCULATES THE EXPANSION LINE STATE POINTS AND FLOW RATIOS
'FOR A MULTI-STAGE TURBINE WHICH MAY HAVE INTERSTAGE MOISTURE REMOVAL AND/
‘DR INTERSPOOL MOISTURE REMOVAL. A TURBINE CYCLE HEAT BALANCE IS ALSO
"CALCULATEDR, FOR @ 70 I HEATERS. DATA IS LOCATED IN STATEMENTS 7520-7308.
‘THERMOPHYSICAL PROPERTIES OF WORKING FLUID ARE DEFINED IN SUBROUTINES
‘LOCATED IN STATEMENTS 6£060-7499.
CLOCKES$=TIME$:DAY¥=DATES

DIM LLBL${(23),LG23),TY{23) ,NUNY (23}, TL(23) ,PL{23) ,MF(23),CF5(23),1ID{(23),HA
23 ,WT{23) ,516MAL {23}

READ TBOIL,XBOIL,TCON,NSY,GEFF,DEFF,EXLOSS

FOR I%=1 TO NSYL:READ SEPL{I%):NEXT I% '@=NO S5EP;1=INTERSTAGE;2=INTERSPODL
T{B:=TBOIL

DELTS=(T(@)~TCON}/NSY% "UNIFORW STAGE DELTA T

T=T{®)

GOSUB 4008

HiB)=HF+XROIL*HFE:S (@) =GF+XBOIL#SFG:P{B)=14,46946%P 2% (@) =XBOIL

SUV{R) =VF+I{R) ®#(VE-VF):SVL{B)=VF

DELH{2)=@':FLORAT(B)=1"

FOR N%=1 TO NS%

TINLi =T (NZ-1)-DELTS: T=T(NL)

GOSUR &B@d

PiN%Y=14,696%P: HE (N%) =HF

A8=(G{HL~11-8F ) /BFG: HE=HF +XS+HFG

EFF(NZY=DEFF-1 '+ (X (NZ-1)+X8)/2¢ "1% PT LOSS IN EFF/1% AVGE MOISTURE IN STAGE
HINZY=H{NL-1) -~ {H{NZ-1)}-HS) #EFF (NZ) s HE(NZ Y =H(NZL) s XE(NL ) = {(H(N%)} -HF ) /HFG: SE (NY%
F+XE(NZY#SFR:SYVINZY =VF+XE(NXL) # IVE-VFY:BVL(N%I=YF "ELEP FROP'S.

IF N%=NS% THEN H{NYZ)=HINZI+EXLOSS "UEEP ENTHALPY

LANY = (H{NZ)Y~-HF) /HFG "UEER BUALITY

IF NZ=NS% THEN SVV(NL)=VF+X (NL) % (VG-VF)

S{NZI=5F+X (NY%)*#8FG

DELH{MLY=H{NL-1)~H{NL) 'STAGE ENTHALPY CHANGE

FLORAT(N%)=1! "FLOW 70 FOLLOWING STABE/FLOW TO THIS STAGE

ON SEPZ(NZI+1 GOTD 578,350,430

"INTERSTAGE MOISTURE REMOVAL

LGEP{NZ)Y=.25%# (1 '-X{N¥X)) ‘25% OF STAGE EXIT MOISTURE REMOVED
VBEP(NY)=,25%L.SEP(NYX) "1/4 # VAPOR REMOVED PER # LIQUID REMOVED

XANLY = (X (NZ)-VEEF(NLY )Y/ {1 !-YSEF(N%)-LSEP(NZ)) 'NEW BUALITY TO NEXT STAGE
FLORATINZ) =1 '~VSEP(NZL)Y-LSEP(NZL) 'FLOW RATE TO NEXT STAGE/FLOW TO THIS STABE
SINYL)=SF+X (N7) #SFE18VV (NL) =VF+X (NL) # (VG-VF)

H{NZ)={H{N%) -LSEP {NY%) *HF (NZ} -VBEP (NZ) *H(NZL) )} /FLORAT (N%)

G070 57@

“INTERSFOOL MOISTURE REMOVAL

LSEP{NL}=,9% (1! -X{(N%L)}) '98% OF MOISTURE PRESENT IS5 REMOVED

VGEP (N%Z1=. 1 #LSEP(NY) "@.14 VAPDR REMOVED PER % LIRUID REMOVED
TEXIT(HL) =T (N%)

FLORAT (NZ)=1!-VBEP (N%) -LSEP (N®)
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A78 HINZ)=(H(N%)-LSEP (N%) #HF (N%) -VSEP (N%) #H (N%)) /FLORAT (N%)

488 P(NL)=P(NZ)-1.5

498 FP=P(N%)/14.496

588 GOSUB 4500

510 T(N%)=TEMP

520 T=T(N%)

538 GOSUR 6800

S48 X(N%)=(H(N%)~HF) /HFB

SSB S(N%)=SF+X (N%)*§FG3 SYVINL) =VF+X (N%) ¥ (VB-VF) : SVL (N%) =VF

568 DELTS={(T{(N%)-TCON)/{NS%-N%)

578 NEXT N

580 LPRINT "TURBINE EXPANSION LINE CALCULATION";TAB(74)3;CLOCKS$;" ";DAY$:LPRINT

598 LPRINT "THROT. T, R = ";TEBOIL;" COND. T, R = “;TCON

688 LPRINT "NO. OF STABES = ";N§%;" DRY STAGE EFF, % = ";100*DEFF

518 LPRINT "EXHAUST LOSS, BTU/LBM = “;EXLOSS:LPRINT

628 LPRINT "STABE";TAB(12)3"EXIT T";TAB(26);"EXIT P";TAB(39);"EXIT S";TAB(49);"

EXIT H";TAE{43);"EXIT X*;TAB(74);"FLOW RATIO";TAB(84);“DELTA H":LPRINT

53@ FOR N%=B TO NS%

540 LPRINT N%;TAB(12);

650 LFRINT USING "##H#.# nr TN ;

660 LPRINT USING "#8&#%. B¥REE  ";P(NZ),S(N%Y ,H(NL) , X (N%Z) FLORAT (N%) ,DELH{N%)

878 NEXT N

48R FOR N%=1 TO NG

558 IF SEPLINLI>B GODTO 720

780 NEXT N2

718 GOTO 788

728 LPRINT:LPRINT:LPRINT "MDISTURE SEPARATIONS (LIQ. OUT AND VAP. OUT ARE PER

LEM ENTERING STAGE}":LPRINT

738 LPRINT "STABE";TAB(14);"TYPE";TAB(25);°LIQ. OUT";TAB(34);"LI0. H";TAB(49);"

VAF. DUT";TAB(4@);"VAP. H";TAB(73);"VAP. S";TAB(B&);"ELEP X":LPRINT

74@ FOR N%=1 TO NS%

750 IF SEPL(NY)=1 THEN LPRINT N%Z;TAB(12);"INTERSTAGE";:LPRINT USING "#u##.#R#%4
"y LSEP (N%) ,HF (N%} ,VSEP (N%) ,HE (N%) ,SE{N%) , XE (N%)

768 IF SEPZ(N%)=2 THEN LPRINT N%;TAB(12);"INTERSPOOL";:LPRINT USING "S#u#. #¥¥as
s LSEP{N%) ,HF (N%) ,VSEP (N%) ,HE (N%) ,SE (N%) , XE (N%)

778 NEXT W%

788 LPRINT:LPRINT:LPRINT " LAST STABE ELEF: H = ";HE(NS%);" § = ";SE(NS§Y)

i' X = ";XE(NSZ)

79@¢ READ PTEFF,PEFF ,NH%,DELTPT,JETRAT,DELPSYS,SCCON,TTD,DCDT,BFSC

988 READ KWOUT,DETAILY

218 LPRINT CHR$(12):LPRINT "TURBINE CYCLE CALCULATION (PER LB PRIME VAPOR)";TAE

(781 ;CLOCK$;" ";DAY$

820 LPRINT:LPRINT "NO. OF HEATER STAGES = "jNH%;" PUMP TURBINE DELTA T = ";D
ELTPT

83@ LPRINT "JET FUMP FLODW RATID = ";JETRAT;" FUMP TURB. EFF. = ";PTEFF;"
PUME EFF. = ";PEFF;" GEN, EFF. = ";BEFF

§40 LPRINT "SYSTEM PRESSURE DROP = ";DELPSYS;" CONDENSER SUBCOOLING = ";SCCO
N

850 LPRINT "HEATER TERMINAL TEMP. DIFF. = ";TTD;" DRAIN COOLER DELTA T = ";D

ChT
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B4@ LPRINT "BOILER FEED SUBLOOLING = "{BFSC:LPRINT
8708 TOUT=T(@}-DELTPT:TEXT(1)=TOUT: T=TOUT
880 GOSUR &GO
898 PTOUT=14.696%P:X5={S{B)-5F) /SFB:HE=HF +XS*HFG: HHF (1) =HF
88 HOUT=H(@)-(H{(@)-HS) *PTEFF; X0UT=(HOUT-HF) /HFG:50UT=5F+XOUT*5FG: SYVOUT=VF+XDU
T#(YB-VF):SVLOUT=VF "PUMP TURBINE ELEP PROPERTIES
91Q T=TCON-SCCON: THW=T
328 GOSUR 4Q08
G3@ VFHW=VF "HOTWELL LIBUID VF
342 HHW=HF ‘HOTWELL ENTHALPY
958 WORKP={JETRAT+1)/JETRAT*(P(@B)~P(NSZ)+DELPSYS) #144 ' #VFHN "PUMP WORK ,FT.LBS/L
EM BOILER VAPOR
9468 WORKT=WORKP/(PEFF*778) 'TURBINE WORK, ETU/LBM BOILER VAPOR
970 HPUMP=HHW+WORKT:H=HPUMP: T=THHW
988 GOSUR 7008
7@ TPUMP=TEMP
1888 FLOWPT=WORKT/(H{@)-HOUT) 'PUMP TURBINE FLOW, LBM/LBM BOILER VAPOR
1810 FLOW(R)=1'-FLOWPT:WORK=RB':RSEF{B)=0"':0SEF(1)=0':FLOSEP(@)=B':FLOSEP(1)=0"
18628 ‘*%%%¥ IERD DR ONE FEED HEATER
1838 FOR I%=1 TO HSY%
1842 FLOW(I%)=FLOW(IZ-1)%FLORAT(I%-1} 'STAGE FLOW, LBM/LBM PRIME VAFOR
1858 WORKES(IZ)=FLOW(I%)*DELH(I%) 'STAGE WORK, BTU/LBHM PRIME VAFOR
1868 WORK=WORK+WORKS(I%)
1878 IF SEPYL{I%)=8 GOTO 11460
1888 IF T{I%)<TOUT BHOTO 1120
1898 QSEP(1)=0GFEF(1)}+FLOWCTI L $(LSERCT L)Y #HF (I L) +VSEP LI *HELI4))
1190 FLOSEP(1)=FLOSEP(1}+FLOW(IZL) # (LSEP(I%)+VSEP(IL))
111@ 5070 1149
1126 QSEP(B)=QSEP(B)+FLOW(IL Y ® (LSEP (I #HF (I%) +VSEP(IL) *HELIYL))
1130 FLOSEF(B)=FLOSEP(B)+FLOWCIZ) #(LBEP(IZ) +VSEP (1Y)}
11408 NEXT 1%
1158 ON NHZ+1 GOTD 116@,1220,13608,13880
1160 DADD=H(@)-HPUMF "BOILER HEAT ADDED/LBM PRIME VAPOR
1178 BREJ=FLOWPT*HOUT+FLOW(NSYL)®H (NSZ) +QSEP (B +QSEF (1) ~HHW
1188 CYCEFF=WORK/BADD ‘DDES NOT INCLUDE GENERATOR LOBSES
1198 TFW=TPUMF:SVLFW=VFHY
1208 LPRINT "#%% N0 FEED HEATERS ###":LPRINT
1218 ON DETAILZ%Z+1 BOTD 4500,2640
1228 LPRINT "##% ONE FEED HEATER USING PUMP TURBINE EXHAUST x%#%":;LPRINT
1238 TTO{1)=TPUMPIHTO (1) =HPUMP: TDRAIN (1) =TPUMF+DCDT;: T=TDRAIN(1}
1246 GOSUR apon '
1250 HDRAIMN{1)=HF:SVLDRN1=VF
260 HFROM (1) =HTO(1) +FLOWPT*HOUT+QSEP (1) -HDRAIN (1) % (FLOSEF (1) +FLONPT)
1279 T=TTD{1):H=HFROM({1)
1288 BOSUR 70088
129@ TEROM(1)=TEMP:T=TEMP
1300 GOSUE 6458
1318 SVLFRMI=VF
1320 SYLTO1=VFHYW
1330 GADD=H (@) -HFROM(1)



1340
13589
1368
378
1384
1398
1408
1418
1428
1432
1448
1450
14682
1478
1480
1498
15689
1518
152

1538
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QREJ=FLOW(NSYL) #H(NSX)+ (FLOWPT+FLOSEP (1)) #*HDRAIN{(1) +R5EF (2) -HHW
CYCEFF=WORK/EADD

TFH=TFROM(1) : SVLFU=8VIFRH!

ON DETAILY%+1 GOTO 4508,2460

"kkkx#TWO FEED HEATERG*%x#%

TR={T{@)-BFSC+TCON} /2

GOSUB 7288 'T0 OBTAIN SPECIFIC HEAT (CP) OF LIBUID AT AN AVE. TENMP.
TX=T{(d)-BFSC+TTD

FOR 1%=8 TO NS%

IF T{IZ)<TX GOTO 1458

NEXT 1%

TEXTA2)=T(I%-1) s NSEXT2U=14-1sHEXT(2)=H(I¥~-1)

TFROM(21=T(B)-BFGC: T=TFROM{2)

GOSUB 6B0G

HFROM(2) =HF : SVLFRM2=VF: SVLTO1=VFHUW: SYLFW=VF

TORAIN{LY=TPUMP+DCDT: T=TDRAIN(1)

GOSUB L2008

HERAIN(L)Y=HF:TTO(1)=TPUMP:HTO(1)=HPUMP: SVLDRN1=VF

IF NH%Z=3 GOTO 17680
FLOEXT(2)=(HFROK(2) -HPUMP-BSEP (1) -FLOWPT*HOUT+HDRAIN(1) # (FLOSEP (1) +FLOWPT)

) A(HEXT(2)-QSEP (1) /FLOW(B) +HDRAIN (1) «(FLOSEP (1) /FLOW(B)~-1))

1548
1558
}
1368
1578
158@
15399
1608
1618
1620
1638
16448
1658
1650
1670
1688
1690
17ee
1718
1728
1730
1748
758
1760
1778
1788
1798
1gaae
1819

IF FLOEXT{2)Y<=0"! GOTO 2448
HTO(2) = (HFROM(Z2) -FLOEXT {2}« (HEXT(2)-CP*DCDT) )/ (1 -FLOEXT (2)) s HFROM (1) =HTD (2

H=HTO(2): T=T0UT

GOSUE 7808

TTO0(2)=TEMP: TFROM(1)=TENP: T=TEMP: 5OSUB 6458
SVLFRM1I=VF

HDRAIN(2)=HFROM(1)+CP+DCDT: H=HDRAIN(2): T=T0OUT
G5uUB 70602

TDRAINI(2)=TENP: T=TEMP:GOSUR 6458

SVLDRNZ2=VF

BSEP (1) =QSEP{1)* (1! -FLOEXT(Z2)}/FLOW(B))
FLOSER{1)=FLOSEP (1) ®{1'-FLOEXT(2) /FLOW(B))
DSEP(B)=0SEP (@) * (1 ' -FLOEXT(2) /FLOW(B))
FLOSEF(@)=FLOSEP (B} % (1'-FLOEXT(2)/FLOW(D))
IF NSEXT2%-2 GOTO 1758

FLOW(R) =FLDW{@) -FLOEXT(2) : WORK=8"!

FOR I%=1 TO NS

FLOW(IZ) =FLOW(IZ~1)#FLDORAT(IL-1)
WORKS(IZ)=FLOW(IZ)*DELH(IY)
WORE=WORK+WORKS(I%)

NEXT I%

G0TO 1834

WORK=8!

FOR I¥i=1 TO HSL

FLOW(IZ) =FLOW(IA-1) *FLORAT(I%-1)

IF I7=NBEXT2%+1 THEN FLOW(IZ)=FLOW{I%)-FLOEXT(2)
WORKS(IX)=FLOW(IX}#DELH{IX)
WORE=WORK+WORKS{I%}



182@
1838
1848
1850
1848
i87a
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NEXT IV

BALD=H (@) -HFROM(2)

BREJ=FLOW(NSZ) #H(NGL) +(FLOEXT (2)+FLOWPT+FLOSEP (1)) *HDRAIN (1) +QDSEP (@) ~HHW
CYCEFF=WORK/QADD

TFW=TFROM(2) : SVLFH=5VLFRM2

LPRINT "##% TWD FEED HEATERS FED FROM STAGE ";NSEXT2%;" AND FROM FUMP TURB

INE EXHAUST ###":LPRINT

1888
1909
1918
1928
1938
1740
1958
1948
1278
i988@
1998
2880
2B1i@

ON DETAILY+1 BOTO 4500,2668

TFROM{L)=TOUT-TTDa T=TFROM(1): TTOD(2) =T

GOSUR 6080
HFROM{1)}=HF :HTD(2) =HF: BVLFRMI=VF:SVLTO2=VF
TDRAIN(2)=TTO(2) +DCDT: T=TDRAIN(Z)

GOSUB 400D

HDRAIN(2) =HF: SVLDRNZ=VF
FLOEXT(2)={HFROM{2)-HTO(2) )7 (HEXT(2)-HDRAIN(2))
QSEPI=GSEF (1}

HEEF{1)=08EP{1)*% (1'-FLOEXT(2)/FLOW(D))
FLOSEPI=FLOSEP(1)

FLOSEP (1) =FLOSEP(L) * (1 1-FLOEXT (2)/FLOW{B))
HTO{L) ={HFROM {1} ~FLOWPT#HOUT-BSEF (1) ~FLOEXT (2) *HDRAIN(2} + (FLOWPT+FLOSEP (1)

+FLOEXT(2) Y #CP#DUDT)Y /(1 {FLOWPT+FLOBEP (1) +FLOEXT (2)))

2828
2830
2e40
2e5e
2es68
2870
2988
2898
210@
2118
2128
2138
2148
2178

ted

=

g DL B
=

B3 B2 RS TI R ORI BRI OB ORI MY ORY R RS
b B Ced Tod ded el LA G Ged
O m DS S mes

S e A
U B e B e 22 .0 LD

HORAINALY=HTO (1} ¢CP«DCDTY

H=HTO{1): T=TOUT-208!

GOSUE 7060

TTO(1)=TEMP: TFROM(3)=TEMF

TX=TFROM({Z)+TTD

FOR I%=1 70 NSZ%

IF TUIZ)TX GOTO 2110

TEXT (3 =T (I%-1) : NBEXTI4=TA-1: HEXT(3) =H(I%-1)
GOTO 2120

NEXT 1%

IF NSEXTI%=NBL GOTOD 2620

HFROM(3)=HTO (1)

T=TFROM (I} : GOSUR 40@B:SVLFRM3=VFiBVLTO1=VF
TDRAIN(L1Y=TTOCL)+DCDT: T=TDRAIN{1}):B0SUB 4088
SVLDRNI=VF '
BEEP{@)=B!:FLOSEP(B)=0':08EP(2)=0"':FLOSEP ()= ' :FLOW(@B)=1"'-FLOWPT: WORK=B!
TORAIN(Z)=TPUNP+DCDT: T=TDRAIN(Z)

BOSUR AGDR

HDRAIN(Z) =HF : BVLDRN3I=VF

FOR I%=1 TO NSEXT3IY

FLOW(IZ) =FLOW(IZ~1)*FLORAT(TL-1)

IF T%4=NSEXTZ2Y+1 THEN FLOWUIX)=FLOW(IL)-FLOEXT(2)
WORKS(IZ) =FLOW(TZ) #DELH{LYL)

WORK=WORK+WORKS({I®)

IF T(IZ)>=TOUT GOTO 2440
GREFP(3)=QSEP{(3)+FLOW(IA ®* (LSEP(IZ) #*HF (IZ)+VBEP (1LY ®HE (1))
FLOBEP (3} =FLOSEP{3) +FLOW{IL) * (LSEP(TX)+VBEP(1%))
NEXT 1%

HTO {3 =HPUMF
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2468 FLOEXT(3)=(HFROMN(3)-HTO(3) ~QSEF(3) +FLOSEP (3) *HDRAIN(3) - (FLOWPT+FLOEXT(2)+F

LOSEP {1} )2 (HDRAIN(L) ~HDRAIM(3) )}/ CHEXT(3) -HDRAIN(I))

2478 IF FLOEXT(3)<=8! BOTO 2620

2482 FOR I%4=NSEXTI%+1 TO N&%

2498 FLOW{IN) =FLOW(IX-1)*FLORAT(IZ-1)

200@ IF I4=NSEXT3I%+1 THEN FLOW(IZ)=FLOWC(IZ) -FLOEXT{3)

2518 WORES(IZ)=FLOW(IZ)*DELH{I%)

2028 WORK=WORK+WORKES (I}

2538 QSEP(@)=0SEP (M) +FLOWITIZ) # (LSEP(TA) *HF (1%) +VSEP (1L} *HE(IX))

2548 FLOSEP{D)=FLOSEP (@) +FLOW(IL) * (LSEF{IZ)}+VSEF(I%))

2558 NEXT I%

248 BADD=H(@)-HFROM{Z)

578 BREJ=FLOW(NSL) ®*H(NSYX)+ (FLOEXT(2)+FLOWPT+FLOSEP (1) +FLDEXT(3)+FLOSEP (3)) *HDR
AIN(3) +RSEP (@) ~HHU

2588 CYCEFF=WORK/BADD

2558 TFW=TFROM(Z)

2680 LPRINT "#%% THREE FEED HEATERS FED FROM STAGES ";NSEXT2%;" AND "jNSEXT3IU;"
AND FROM PUMF TURBINE EXHAUST *##";LPRINT

261@ ON DETAILYX+1 GOTO 49500,264608

2628 LPRINT "##+ NO ROOM FOR HEATER 3 - - RUN ABORTED ###"
2639 GOTO 802D
2648 LPRINT "s¢xx NO ROOM FOR HEATER 2 - -~ RUN ABORTED #sxx"

2658 GOTO ©249

246@ FACTOR=KWOUT#3412/ (WORK*GEFF*3688) 'LB/SEC

267% HHMAIN=FACTOR

2680 MFLOPT=FACTOR#FLOWPTY

2620 FOR I%=1 TO NSU:MFLOUIW)=FLOWC(IX) *FACTOR:MLSEP(IN)=HFLO(1%) #LSEP(1%) : MVSEP
(I%)=MFLO{I%) #VSEP{IL) o NEXT I%

2788 MEADD=GADDXFACTOR*36BB/3412 "KWI(T)

2718 MOREJ=QREJ*FACTOR*I6@B/3412 "KW(T)

2728 MFLOEXZ2=FLOEXT(2) «FACTOR:MFLOEX3I=FLOEXT(3)¥FACTOR

2778 WFLOSE@=FLOSEP () *FACTOR:MFLOSELI=FLOSEP (1) *FACTOR: MFLOSE3=FLOSEP (3) *FACTOR
2749 WECSEPD=QSEP(R@)+FACTOR:MOSEP1=QBEP (1) *xFACTOR: MESEPI=RSEP {(3) *FACTOR

2758 MFLODRA{Z2)=MFLOEX2

276@ IF NHYL>® THEN MFLODR(1)=WFLOEXZ+MFLOPT+MFLOSEL

2778 IF MNHZ=3 THEN MFLODR(3}=MFLODR{{)+MFLOSEZ+MFLOEX3:HINTO3=(MFLODR(1)*#HDRAIN
{1} +HFLOEX3#HEXT (3} +MESEP3) /MFLODR(3) : I=3:TTO(3)=TPUUMP ELSE I=1

2780 MFLOFP=HHMAIN* (JETRAT+1}/JETRAT

2798 HINTOZ2=HEXT(Z)

2808 IF NHYL:® THEN HINTOI=(MFLOEXZ#HDRAIN{(2)+MFLOPT#HOUT+MBSEPL) /MFLODR (1)

2818 IF NHZ>B THEN HTOCON=(MFLODR(I)*HDRAIN(I)+MFLO(NSZ) #H (NSY%) +MQBEFR) /HMAIN E
SE HTOCON=(HFLO(NSY%) #H (NSX)Y+HOSEF@) /HMMAIN

[

i

2828 IF NH%Z=B GOTO 2970

2838 T=10UT

2840 GOSUB &DGB

2858 XINTO1=(HINTC1-HF)/HFG

2840 VINTOLI=HFLODRUL) #(VF+XINTOL®(VG-VF))
2870 IF NHY<2 THEN 2978

2880 T=TEXT(Z}

2893 GOSUB 60028



2980
2918
2928
2938
740
29589
2950
2978
2980
299@
2000
3018
3820
Je3a
2848
ipsa
3360
)

3R7Q
3086
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AINTD2=(HINTOZ-HF) /HFG

VINTOZ=HFLOEX2* (VF+XINTD2#% (VB~-VF))

IF NHZ{3 THEN 29780

T=TEXT{3)

GOSUER Laen

XINTO3=(HINTO3~-HF) /HFG
VINTOI=MFLODR{3) # {VF+XINTO3*(VG-VF))

T=TCON

GOSUR 6boa

ATOCON=(HTOCON-HF) /HFG

VTOCON=MMAIN® (VF+XTOCONS (VE-VF})

IF NHZ=0 6070 3108

HHF (2} =HF (NSEXT2%) : HHF {3) =HF (NSEXT3%)

HMIX {1 =HINTOLsHMIX (2)=HINTO2; HMIX (3} =HINTOS
FOR I%=1 TO NHZ

BHX{TL) =MMAIN*® (HFROM(IX) -HTO(I®))

TI=TTO(ILY +{TFROMLTIL) ~TTOCIN) Y # ({HHF (I%} -HDRAIN(IX) ) /{HMIX (14} -HDRAIN{I%Z})

LHTDC(IA) =ATZ-TFROM(TAY) FLOGULTEXTCEA) ~TFROMCTIU Y FLTEXTLLAY) -TZ))
LETDDAIE) = {{TEXTIR) -T2 ~{TDRAIN{IAY -TTOLL% ) ) FLOGALTEXT(IX)-TZ) / (TDRAIN(I

Li-TT8{I%) )

38948
zi@e
Jii@
3128
3138
3140
3138
31468
3178
3168
3198
2208
3218
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NEXT 1%

“#%%% PIPING DESIGN #%%# ,
FOR I%=1 TO 23:READ LLEL$(I%) [LB(IZ),TY(I%) ,HUML(IZ) :NEXT 1%
READ NPTAZ,NPTBY,TMAT,VELV,VELM,VELL ,KRHDA,RHOB,KA KB

FOR 1%=1 TO NPTA%:READ TSIG(I%),SIGA(IL):NEXT 1%

FOR I%=1 TO NPTB%:READ SIGE(IZ):NEXT 1%

TL1) =T (@) :PLI1) =P (@) : MF (1) =MMAIN: CFS (1) =MMAIN*SVV (8)
TLU2)=T(B) :PL{2) =P {@) : MF (2) =MFLO(1}:CFS{2) =MF (2) #5VV (D)
TL3)=TCON:PL{3) =P (NS%) s HF (3)=MFLO(NS%) : CFS (3) =MF (3) #SVV {NSY)
TL{4)=TCON: PL{4) =P (NS%) : MF (4} =MMAIN: CFS(4) =VTOCON

TL{S) =THW:PL(S) =P (NS%): MF (5) =MMAIN: CFG (5) =MMAIN#VFHW

TLUA) =THW: PL{&)=PL(5) +10' :MF (&) =MFLOFP: CFS (&) =MF {4) #VFHH
TL{7)=TTO(3) tPL(7) =P (@) +DELPSYS: MF (7)=MF {5) s CFS(7) =MF (7) *VFHW
TLUBI=TTO(1}:PL(B)=PL(7) s HF (B) =MF (5) : CFS(8) =MF (8) *5YLT01
TL(9)=TTO(2) tPL{9)=PL{7) tHF (9)=MF (5) : CF5{9) =MF (9) *SVLFRH1
TLUIBI=TFW:PLU1@) =FL{7) sMF (12) =MF (5) :CFS(1@) =MF (1@) #SVLFW
TLO11) =T (@) tPL{11) =P (@) tMF (11) =MFLOPT:CFS{11)=MF (11) #5VV ()
TL{12)=TOUT:FLU{L2) =PTOUT:HF (127 =HFLOPT: CFS (12} =MF (12) #5YV0UT
TLU13)=TEXT(2):PL{13) =P (NSEXT2%) s HF (13) =MFLOEX2:CFS (13) =MF (13) #5VY (NSEXT2%

TLOI4)=TDRAIN(2) s PLC1IAY=PL(13) s MF (14)=MFLODR(2) :CFS {14} =MF{14)*SVLDRN2
FLAG1Z=@:FLAB2%=0

FOR T%=1 TG WBY

If BEPZ(I%Z1=0 GOTO 3376

IF FLAGL%Z=1 GOTO 3348

IF T{I4) >=TOUT THEN TL{IS)=T(I%):PL(15)=PLI%):CFS{i5)=MFLOSEL* (MVSEP{1%)*5

VY LTZ) +MLSER (TZ) #BYL(I%) )/ (MVYBEP (T4} +MLSEP(IX) ) :FLAGLZ=1:60T0 337@ ELSE GOTO 33

48
33449

IF FLAG2%=1 5OTO 3348



33589
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IF TA{=NSEXT3%L THEN TLUN =TI :PLUII=PLI%):CFS{19)aNFLOSEI* (MVSEP (1) %5

YVLTZAIARLSEP (TAY#8VL(T%)) / (MVSEP{TL) +MLOEP (I%) ) :FLAGR2%=1:50T0 3378 ELSE GOTO 33

&8
3368

TL22y=T{IX) s PL(22) =P {TI%) tLFS(22) =MFLOSE@* (MVSEP (I7) #SVV (1%} +MLSEP(1%) #5VL

(I7)) /7 (MVSEP(IZ)Y+MLSEP(TIY) ) : GOTO 3388

3378
3388
3370
5400
3410
A)

3428
343@
3448
3458
3458
3479
3488
3498
jsea
3018
3520

NEXT I%

MF{19)=MFLOSEL:MF (19)=HFLOSE3:MF (22) =MNFLOSER

TLUEGY=TOUT:PL{16)=PTOUT:HF (16)=MFLODR(1):CFS{16)=VINTOI

TLAI7)=TDRAINCL) s PLL7)=PTOUT:MF(17)=MFLODR(1}:CFE{17)=MF (17) #«SVLDRNI
TL{LB)=TEXT(31:PLULB) =P (NSEXT3Z%) s MF(18)=MFLOEX3:CFS{1B)=MFLDEX3#SVV(NSEXT3

TL(2@)=TEXT(3) :PL(2B)=PL{18) s MF {2B) =MFLODR(3):CFS(28)=VINTO3
TL21)=TDRAIN{Z) s PL(21)=PL(Z2B) s MF (211 =HF (208} :CFS(21)=MF (21) #SVL (NSEXT3%)
TL23)=TPUNPiPL(23)=PL(7) s HF{23}=NF (1) /JETRAT:CFS(23) =MF (23) #*VFHW
DRVOL (1) =CFS(17) :DRVOL{(2)=CF5(14):DRVOL(3)=CF8(21)

TOTHT=B"'

FOR I%4=1 70O 23

ON TY(I%) GOTO 3498,3588,3510

VELD=VELY:50TD 3530

VELD=VELH:GOTO 3538

VELD=VELL

IF NUMA(1%)=@8 GOTD 3838@

ID(IZ) =13, 54%5QR(CFS{IN) Z(VELO=NURA(TIZ)))

IF TLCI%) >THAT GCTO 3470

RHO=RHOE

51G6MA=0!

FOR J%=1 70 NPTBZ

A=5IGE{IY)

d FOR KZ=t TO NPTRZ

IF Ki=J7% GOTO 3420
A=AX{TL(IL) -TSIG(KLY Y/ (TSIG(J%) ~TSIG(KL) )
NEXT KX

SIGMA=51GHA+A

NEXT J%

SIGMAL(IX)=5IGHA

) G070 3780

RHO=RHOA

SIGMA=8

FOR J%=1 TO NPTAZ

A=516A (I

FOR KZ%Z=1 TO NPTAL

IF Ki=J% THEN 3748
A=AX(TL(IZ)-TSIGIKL) Y/ (TSIB (%)Y -TSIG (KAL) )
NEXT KX

SIGHA=SIEMA+A

NEXT J%

SIGHAL(T%)=51GMA
WALL(IZ)=PL{IZ)*ID{I%)/2'/516HA

IF WALL(IZ){.082 THEN WALL({I%)=.82

BTOILY =37, 7«NUMA (T # LG (T%) *RHO*WALL (I # {ID(TZ) +HALL(1%))



Igl@
3820
3830
igse
3850
38686
3378
igoe
3890
3708
ivig
3928
!

393@
3948
3950
39460
3978
3988
3998
4800
4218
4g28
4B38
1848
4G50
4868
4070
1288
4078
ODHYD
41@@
4118
41280
138
4i48@
415@
4148
)

4178
-

e

4188
4198
42@8a
4218
4228
4238
4248
4258
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IF ID{I%)=0"! THEN WT(I%)=8!

TOTHT=TOTWT+WT (I%)

NEXT I%

‘#%4% FEED HEATER DESIGN #%%%

READ ODTUBE,WALLT

VINTO(1)=VINTOL: VINTO(2)=VINTO2: VINTO(3)=VINTO3

PHIX(L)=PL{L1&) :PHIX(2)=PL{13) s PHIX{3)=PL(28)
FINTO(1)=CFS{(B)«FINTO(2)=CFE(9):FINTO(3)=CF5(7)
THIR(1Y=TL(L&) s THIN(2)=TL(13) s THIX (3} =TL(2@)

SIGHAH(1)=SIGHAL (14):SIGHAH(Z)=GIGMAL (13):SI6GHAH(3)=516MAL (20)
ON NHYZ 60TO 3966,3940,3920

TLIG(L = (TLAB)+TL (I} /2 2 TLIG(2 = (TLAS)+TLUI@) ) 72 s TLIB(I) =(TL(7)+TL(B)) /2

G070 3970

TLIG(LY = (TL(BY+TL I /2 e TLIR(2Y =(TL(F)+TL (1B ) /2!

GOTO 3978

TLIR(L)=(TL{(B)+TL(1G)) /2!
IDTURE=(ODTUBE~2*WALLT}/12:0DTUBE=DDTUBE/12

FOR 1%=1 70 3

IF VINTO{IZ)<.@0R1 GOTO 4270
NTUBES=VINTO(IZ) / (NUMZ(2)%VELV*.7B34*IDTUBE~2)
NTUBES{IZ)=CINT{NTURES)

AREASH=FINTO(IZ)/ (NUNZ{(2) *NTUBES(IX)#VELL)
PITCH{I%)=5BR (1. !35%AREASH+, 7869+0DTUEE2)
DHYD=1,1827#PITCH{IX)~2/0DTUBE-ODTUBE

DSHELL (IZ)=PITCH{I%) #SAR(AxNTUBES(I%) /3-1/3)
VEHELL=FINTO{IZ)/ (NUMEL(2)#.7854% (DSHELL(IX)~2-NTUBES(I%)#0DTUBE~2))
TR=TLIB(IZ)

GOsuR 7200

HO(I%)=1h.7+. 8B4 # (DHYD*VSHELL#34DBO*RHOFL*¥CP/K) ~. 793«EXP (41, B*CP#MU/K) ) %K/

TR={TEXT(IL)+TDRATIN{TI®)}/2

G0SUB 7208

V=DRVOL(TZ)#34@0/ (NUMZ{2)*NTUBES(I%)*.7854*IDTUBE"2) “FT/HR IN TUBES
HI{I%) =, 425 (K/IDTUBE} # (IDTURE#V*RHOFL*CP/K) . 4

IF THIX(IX)>THMAT THEW KTUBE=KA ELSE KTUBE=KB

UIC(T%)Y =1/ (IDTUBE+LOG (ODTURE/IDTUBE) /2/KTURE+IDTUBE/HO(I%) /0DTUBE)
UIDOIZy=1/ (1 /HIC(IXL)+IDTUBE*LOG (UDTUBE/IDTUBE) /2/KTUBE+IDTUBE/HO (1) /0DTUBE

BHXC (TX) =8HX (1) * (1~ ((HHF (I7) ~HDRAIN(IZ) )/ (HMIX(IL)-HDRAIN{IX))}) 'BTYU/BE

GHAD (I} =QHX (I ~BRXT(IY) ‘BTU/SEC FOR DRAIN COOLER

LENGTHC=GHXC(IL) #3600/ (NUML (2} %3, 14164 IDTUBE*NTUBES(IL)#UIC(I%) #LHTDC(IX) )
LENGTHD=0HXD(I7) #3600/ (NUMZ(2)#3. 1416« IDTUBE*NTUBES{IZ) #UID{I%) #LMTDR(I%))
LENGTH{I%) =LENGTHC+LENGTHD

WALLSH(T D) =PHIX (1) #DBHELL(IX) /2 /SIGHAHITY)

I[F WALLBH{IZ){.B@14667 THEN WALLSH(IZ)=.001447

IF THIX(1%)>THAT THEN RHO=RHOA ELSE RHO=RHOB

WTHTR(IZ) =1, 1 *RHO* 1728 #LENGTH(IX) %, 7854 ({DSHELL(I%) +2#WALLSH(I%) ) ~2~DSHE

LLOTAy~2+NTUBES (1%} # (ODTUBE~2-IDTUBE"2)) 'INCLUDES 1@% FOR CAPS AND TUBESHEETS
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4268 TOTHTR=TOTHTR+WTHTR{IZ] #NUNZ(2)

42708 NEXT 1%

4586 LPRINT "STAGE";TAB(12);"STAGE FLOW";TAB(24);"5TABE WORK";TABR(3%);"LI1&. SEP
"3 TAB(S1);"VAP., SEP";TAB{&3); "STAGE EFF,"sLPRINT

4519 FOR I%=! TD N5

4528 LPRINT I4;TAB(12);

45390 LPRINT USIHG "#H#3, 8484848 “;FLOWCIZ) JWORKS(IZ) ,FLOW(IZ) *LBEP{IX) ,FLOW(IZ) #
VEEP(IZ) JEFF (1)

4548 NEXT 1%

43590 LPRINT:LPRINT "HEAT ADDED = ";RADD;" HEAT REJECTED = “;@REJ

4560 LPRINT "TOTAL TURBINE WORK = ";WORK;" CYCLE EFFICIENCY = ";CYCEFF;*

PLANT EFF. =";CYCEFF*GEFF:iLPRINT

4578 LPRINT "PUMP TURBINE FLOW = ";FLOWPT;® PUHP TURBINE EXH. ENTHALPY = "3H

out

4588 LPRINT "PUMP TURBINE WORK = "sWORKT;" BOILER FEED TEMPERATURE = ";TFH;"
DEG. R"

459@ LPRINT "EXTRACTION FLOW TO HEATER 2 = "sFLOEXT{(2);" EXTRACTION FLOW TO

HEATER 3 = ";FLOEXT(3)

4608 LFRINT:LFRINT

4419 LPRINT "TEXT(2)="3;TEXT(2);TAB(25); "TOUT=";TOUT; TAB(58) § "TEXT(3)="; TEXT(3)
4620 LPRINT "HEXT(2)=";HEXT(2);TAR(25); "HOUT=";HOUT; TAB (5B} ; "HEXT(3)="; HEXT(3)
4638 LPRINT "FLOEXT(2)=";FLOEXT(2);TAB(25); "FLOWPT="3FLOWPT; TAB(5@8); "FLOEXT(3)=
" FLOEXT ()

464@ LPRINT "TDRAIN(Z)=";TDRAIN(2);TAB(25);"TDRAIN(1)=";TDRAIN(1) ;TAB(5@);"TDRA
IN(3)="; TDRAIN(T)

4458 LPRINT "HDRAIN(2)=";HDRAIN(2);TAE(25); "HDRAIN(1)=";HDRAIN(1);TAB(5@); "HDRA
IN(3) =" 3 HDRAIN(3)

44468 LPRINT "FLODRN(2)="3;FLOEXT(2);TAB(25) ;"FLODRN(1)="3FLOEXT(2) +FLOWPT+FLOSEP
(1) ; TAB{5B) ; "FLODRN(3) =" ;FLOEXT(2) +FLOWPT+FLOSEP (1) +FLDEXT (3) +FLOSEF (3)

4478 LPRINT "BSEF(@)=";BSEF(B);TAB(25); "B5EP(1)=";0SEF(1);TAB(5@); "R5EF (3)=";08
EP (3]

4689 LFRINT "FLOSER(8)=";FLOSEF(@);TAB(25); "FLOSEP(1)=";FLOSEP(1);TAB(5@); "FLOS
EF{3)=";FLOSEP (3)

4590 LPRINT "TFROM(2)=";TFROM(2);TAB(25); "TFROM(1) ="; TFROM (1) ; TAB(58) ; "TFROM(3)
="; TFRON{3)

4708 LPRINT "HFROM(2)=";HFROM(2);TAB(25); "HFROM(1) =" s HFROM (1) ; TAB(S58) ; "HFROM (3)
=" HFROM(3)

471 LPRINT "THW = ";THW; TAB(25);"TPUNP
728 LPRINT "HHW = ";HHW; TAB{25); "HPUMF
473@ IF DETAILZ=8 GOTO B8R0

474@ LPRINT CHR$(12):LPRINT "TURBINE CYCLE SIZED FOR SPECIFIED ELECTRICAL OUTPU
T"; TAB{74);CLOCK$;" ";DAY$

3758 LPRINT:LPRINT "ELECTRICAL DUTPUT = ";KWOUT;" KW(E)"

4760 LPRINT "THERMAL INPUT " MEADD;" KW(T)}"

4778 LPRINT "CONDENSER REJECT "iMBREJ; " KMW(T)"

4780 LPRINT "GENERATDR LOSSES "iKWOUT#*(1/BEFF-1)3* KW(T)":LPRINT

479¢ LPRINT "STAGE";TAB(12);"STABE FLOW";TAB(24);"LI6. SEP";TAB(39);"VAP. SEP";

TAR(51) ; "EXTRACT. ":LPRINT

4800 FOR 1%=1 TO NS%:LPRINT I%;TAB(12);

4810 LPRINT USING "H#WE#H¥. #%8  ";MFLOCIZ) ;MLSER (I%) s HVSEP(I%);

": TPUMP
" HPUME

oW

hou

]
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4820 IF IZ=NSEXT2% THEN EXTR(IZ)=MFLDEX? ELSE 48482

4830 GOTO 4850

4849 IF I%=NSEXT3%Z THEN EXTR(I%)=MFLOEX3

4850 LPRINT USING "#4#4¥%.88% “;EXTR(IZ);:LPRINT * *

4860 NEXT 1%

4878 LPRINT:LPRINT "MAIN VAPOR FLOW = "j;MMAIN;" LB/SEC":LPRINT

4660 AAS="HEEREE. B

4898 LPRINT “HEATER NO.";TAB(S@);"1";TAB(42);"2";TAB(74) ;"3 :LPRINT -

4988 LPRINT TAB(3);"FEED FLOW, LB/SEC";TAB(45);:LPRINT USING AA$;MMAIN,MMAIN,HM
AIN '

491@ LPRINT TAB(3);"FEED TEMP IN, R";TAB(45)3:LPRINT USING AA$;TTO(1),TT0(2),TT
0(3)

492@ LPRINT TAB(3);"FEED ENTHALPY IN, BTU/LB";TAB(45);:LPRINT USING AA$;HTO(1),
HTD(2) HTO(3)

493@ LPRINT TAB(3);"FEED TEMP OUT, R";TAB(45);:LPRINT USING AA$;TFROM(1),TFROM(
2) , TFROM(3)

4949 LPRINT TAB{3);"FEED ENTHALPY OUT, BTU/LB";TAB(45);:LPRINT USING AAS$;HFROM(
1) (HFRONM(2) ,HFROM (3}

4959 LPRINT

4960 LFRINT TAE(3);"VAPOR MIX. FLOW, LB/SEC";TAB(45);:LPRINT USINE AA$;MFLODR(1
) ,MFLODR(2} ,MFLODR{3)

4978 LPRINT TAB(3);"VAPOR MIX. VOL. FLOW, FT"3/SEC";TAB(45);:LPRINT USING AA$;V
INTOL,VINTO2,VINTOS

4988 LPRINT TAB(3);"VAPOR MIX. TEHP, R“;TAB(45);:LPRINT USING AA$;TOUT,TEXT(2),
TEXT{(3)

499@ LPRINT TAE(3);"VAPDR MIX. BUALITY";TAB(45);:LPRINT USING AA$;XINTO1,XINTO2
,XINTO3

Sp@@ LPRINT TAB(3);"VAFOR MIX ENTHALPY, BTU/LB";TAB(45)3:LPRINT USING AA$;HINTO
1, HINTDZ ,HINTO3

5818 LPRINT TAB(3);"DRAINS TEMP, R";TAB(45);:LPRINT USING AA$;TDRAIN(1),TDRAIN(
Z) , TDRAIN(3)

5828 LPRINT TAB(3);"DRAINS ENTHALPY, BTU/LB";TAB(45);:LPRINT USING AA$;HDRAIN(1
) JHDRAIN(2) ,HDRAIN(S)

SBI0 LPRINT

5040 LPRINT TAB(3);"HEAT EXCHANGE (COND.), BTU/SEC";TAB(45);:LPRINT USING AA$:0
HXC (1) ,BHXC (21, BHXC(3)

5850 LPRINT TAB(3);"LDG MEAN TEMP DIF. (COND.)";TAB(45);:LPRINT USING AA$;LMTDC
(1),LMTDE(2) ,LMTDE{3)

5060 LPRINT TAE(3);"HEAT EXCHANBE (D. COOL.), BTU/SEC";TAB{45);:LPRINT USING AA
$:QHXD (1}, HXD{2) ,BHXD ()

5878 LPRINT TAB(3);"LOG MEAN TEMP DIF. (D. COOL.)";TAB(45);:LPRINT USING AA$;LM
TDD {1} ,LMTDD (2} ,LMTDD(3)

SBE@ LPRINT:LPRINT

S@98@ LFRINT "FEED PUMP TURBINE"

S18@ LPRINT TAB(3);"VAPOR FLOW, LB/SEC";TAE(48);:LPRINT USING AA$;MFLOPT

5118 LPRINT TARI3);"ENTHALFY IN, BTU/LB";TAB(4@8);:LPRINT USING AA$;H(2)

5128 LPRINT TAB{3);"ENTHALPY OUT, BTU/LE";TAB(4@);:LPRINT USING AA$;HOUT

5138 LPRINT TAB(3);"FOWER, KW";TAB(48);:LPRINT USING AA$;WORKT*FACTOR*34600/3417
5148 LPRINT

5158 LPRINT *FEED PUMP"
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5148 LPRINT TAE(3);"FEED PUMP FLOW, LB/SEC";TAB(4@);:LPRINT USING AAS$;MFLOFP
S178 LFRINT TAB(3);"FEED PUMP HEAD, PSI";TAB(4@);:LPRINT USING AA$;P(B)-P(NSZ}+
DELPSYS

5188 LPRINT
5192 LPRINT "CONDENSER®
5288 LPRINT TAB(3);"VAPOR MIX. TEMP, R";TAB(4B);:LPRINT USING AA$;TCON

5218 LPRINT TAB(3);"VAPOR MIX. FLOW, LE/SEC";TAB(40);:LPRINT USING AA$;MMAIN
5228 LPRINT TAB(3);"VAPOR MIX. QUALITY";TAB(4@);:LPRINT USING AA$;XTOCON

523@ LPRINT TAB(3);"VAPDR MIX. ENTHALFY, ETU/LE";TAB(48);:LPRINT USING AA$;HTOC
oN
5749 LPRINT TAB(3);"CONDENSATE TEMP, R";TAB(4B);:LPRINT USING AAS$;THW

5258 LPRINT TAE(3);"CONDENSATE ENTHALPY, BTU/LB";TAB(40);:LPRINT USING AA$;HHW
5248 LFRINT CHR$(12):LPRINT TAB(74);CLOCKS$;"  ";DAY$

5270 LPRINT "SCHEDULE OF PIPING RUNS":LPRINT

5288 LPRINT TAB(26);"TEMP";TAB(35); "PRESS"; TAB(45); "FLOW"; TAB{54) ; "FLOW" ; TAB (63
Y5 *NO.";TAB(72) ; "UNIT";TAB(BL);"1.D."; TAB(9@) ; "WALL" ; TAE(98) ; "TOTAL"
5298 LPRINT "NO.";TAR(A);"DESCRIPTION";TAB(26);" R“;TAB(35);"PSIA"; TAB(45); "LE
/S";TAB{54) ;"CF/5"; TAB{A3) j "LINES"; TAB{72) ;"L ,FT"; TAR(B1) ; "INCH"; TAB(90); "INCH"
;TAB(98) ; "LES™

5308 LPRINT
5318 FOR 1%=1 T0 23

322 LPRINT I%;TAB(&);LLBLS(I%);TAB(24);
5330 LPRINT USING "##88.#8% ";TLOIZ)3PLOI%) g MF(I%) CFS(I2) jNUML (1) sL6(I%) 5 ID(I
%) WALL (I jUT(I%)

5348 NEXT 1%
S350 LPRINT:LPRINT TAE(77)3"TOTAL PIPING WEIGHT";:LPRINT USING "H###4. 848" TOTHT
5360 LPRINT:LPRINT:LPRINT "DESIGN CHARACTERISTICS OF FEED HEATERS®:LPRINT " (USI
NG";ODTURE*12;"IN. DD X";WALLT;"IN, WALL TUBING)"
5370 LPRINT:LPRINT TAE(A);"ND.";TAB(14); "PITCH,"; TAR(23); "SHELL"; TAB(32); "WALL"
i TAB(A1) ;"LENBTH " ; TAB{76) 3 "WT/"; TAB(BS) ; "TOTAL"
5388 LPRINT “NO.";TAB(43;"TURES";TAB(14); "IN, ";TAB(23); "DIA, IN"; TAB(32); "IN";TA
BU41); "FT";TAB(S51);"HO " ; TAB(&B) 3 "UIC"; TAB(&B) s "UID"; TAB(74) ; "HTR,LE"; TAB(85) ; "W
T,LE"; TAE(94) ; "SIGMA"
5398 LPRINT
SR8 AAS="REHE.EHE ":BBE=HERARRE.
5418 FOR I%=1 TO NHY
5472@ LPRINT I7Z;TAB(&)sNTUBES(IZ) ;TAB(11);
5438 LPRINT USING AA$;PITCH(I%)*#12;DSHELL (1%} #12;WALLSH(IZ) #12; LENGTH(I%) ;:LPRI
MT USING EB$;HO(IZ);UIC(I%) ;UID(IN);
5440 LPRINT USING AA$;WTHTROIZ) ;WTHTR(I%) #NUM%(2);:LPRINT USING BB$;SIGMAH(IL)
5458 NEXT 1%
S468 LPRINT:LPRINT TAB(42);"TOTAL HEATER WEIGHT ";:LPRINT USING AA$;TOTHTR
5999 GOTO 8200
HPB0G REH ********************SUBRDUTINE KTHERMO X ¥ ¥ % 2 ¥ XA H A XXX XXX XK AXFH
6812 RKEN SUEROUTINE RETURNS THERMODYNAMIC PROPERTIES OF POTASSIUM FROM T
6020 P=EXP(14,18927-18717.2/T-.53299%L06(T)) '[ATMOSPHERES]
LB3B VF=1/(52.768-.8074975% (T-460) -5, 255E-B7# {T-460) ~2+4,98E-11%{T-440)"3) '(FT
“3/LB)
6848 B=-1%ABS (EXP(-8.931+11261.2/T+LOG(T)}}
5850 Bl=-1#ABS(EXP{-8.931+11261.,2/ (2+T)+LOG(2+T)))



5848
4878
4880
6398
41088
4118
6128
4130
6148
£158
5168
5178
6188
£178
6200
£218
6228
L2359
6240
2508
6260
62780
642840
5278
£308
6318
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DBDT=(B1-B) /2!

C=EXP(1.35231+14783.6/7)

C1=EXF{1.35231+14703.6/(T+2))

DCDTX={C1-0) /2!

D=—1#ABS (EXP(3.36B4+18187.1/T))
D1=-1#ABB(EXP(3.3606+1B1087.1/(2+7)))

DDDT=(D1-D} /2!

E=8!

V1=.73#T/P

Ni=8

MUD=P2VL/ (. 73%T)~1-B/¥1-C/V1"2-D/VI"3

Hi=Ni+1

IF WN1»1@ THEN 4330

SLOPE=P/ L. 734TI+B/VL"2+24L/VI*3+32D/ V14

V2=V1-HUD/SLOPE

IF ARBI(VI-V2) (.81 THEN 42480

Vi=Vv2

GOTD 6142

VG=v2 [FT~3/LB~-MOLE]

HFG=2.72%Px (1B717/T-.83299) #{VE/39. 1-VF)

HEE=998. 95+, 127#T+24836 ' #EXP(-39375¢/T)
HG=HBB+1,987%({T/3%. 1) # {{B-T*DEDT) /VE+(C-T#DCDTX/2}/VE 2+ (D~T*#DDDT/2) /VE"3)
HF=HG~HF G :
SFE=HFG/T

S6B=.127+#L0G(T)+.18@75+.7617%EXP(-31124/T7)
S5G=568-(1.987/3%9. 1) #{LOG(P) -LOG(P*VGE/ (. 73#T))+B/VE+T2DBDT/VG+C/ (22YG 21 +T+

DEDTX/ (2%¥VE 21 +D/ (3¥VE 31+ T*DDDT/ (3*VE"3))

6320
633

6348
6358
5458
54460

§F=5G~-SFG6:VG=VG/39,1:60T0 4350

LPRINT "##%##%xxS0LUTION FOR VG WON'T CONVERGE FOR TEMP = ;T i "##Xasstssksexss"
T=T+1:5070 &820

RETURN

REM #XE SR REX XX R R RARNRNRRVUFFROMTH AR KRR AN KRR FRERNERER
VF=1/(52,768-.0B74973%(T~460) -5, 200E~07%(T-460) “2+4.98E-11#(T~-46813) "[FT

A3/LE]

478
4580
6310
4328

938
4548
64558
£568
6578
&580
4558
L6E0
7864
ja1e
7820
7838

RETURN

REM RES AR EEX ARt RN TFRONP R E R R KL XXX BN KRR RRNEXRRER SR

REM CALCULATES SATURATION TEMPERATURE (R} FROM GIVEN PRESSURE (ATH)

Ti=1@@8

E=18717.2/T1+.53299+L0G(T1)~-14.108927+L06(F)
=-18717.2/771°2+.53299/7T1}

T2=Ti~-E/H

IF ABS{T1-T2){.01 THEN 6590

Ti=T2

6070 5530

TEMP=T2

RETURN

"ERXXEFXXFCSUBROUTINE TFROMHx % s ®ex¥i%

"CALCULATES SATURATIDN TEMP (R) FROM HF

GOSUE 4008

Ha=HF: TA=T:RES=HA~H



28

7848 IF ABS(RES)<.1 GOTO 7118

7858 T=T+1@
706@ SOSUE 4280
7078 HE=HF:TB=T
7890 M= (HE-HA) / (TB-TA)

7898 T=TA-RES/M
7188 GOTO 7828
7110 TEMP=TA
7128 RETURN
720@ ‘#%x%% POTASSIUM TRANSPORT PROPERTIES SUBROUTINE *¥¥##
7210 TF=TR-440"

7228 TC=(TR-492)/1.8
7238 IF TR<1158 THEN MU=EXP(1189.98/TR-1.4286) ELSE MU=EXP(14698.156/TR-2.D475)
7240 K=57.82%(.438-,00B222%TC+39.5/(TC+273.2))
7256 CP=.239%(.B4374-3.14BBE-D4%TC+3, 1435E-B7%TC 2)

7240 RHOFL=5Z,768-,0B74975%TF -5, 255E-B7#TF~2+4,98E-11#TF "3

7270 RETURN

7580 DATA 2580.,1.80,1888.,9,.95,.85,5.
7512 ‘TBOIL,XBOIL,TCON,NS%,GEFF,DEFF,EXLOSS
7528 DATA @,0,8,8,2,9, a 1,8
7570 'NS% VALUES FOR SEPY (@=NOD SEP;1=INTERGTAGE SEP;2=INTERSPOOL SEP)

7540 DATA @.7,08.6,3,359.,4.8,115.,10.,10.,20,100.
755@ 'PTEFF,PEFF NHYZ,DELTFT, JETRAT, DELPSYS,SCCON, TTD,GCDT, BFSC
7560 DATA 1@0@,1
757@ KWOUT,DETAILY(B=ND,1=YES)

7588 'THE FOLLOWING DATA IS NOT NEEDED IF [DETAIL] IS (21
7590 'FOLLOWING ARE 23 SETS OF LLBLS (LABEL),LB (LENGTH,FT),TY (TYPE FLOW;1=VAP
OR,2=MIX,3=LIBUIDI, NUM {(NUMBER OF LINES)
7688 DATA "REACTOR OUTLET",&,1,1,"TURBINE INLET",3,1,2,"TURBINE OUTLET",3,1,2
7610 DATA "CONDENSER INLET“,Q, ,2,"CONDENSER OUTLET",3,3,2,“COND.JET GUTLET" 4,
3,2
7679 DATA "HTR 3 FEED",3,3,2,"HTR 1 FEED",2,3,2,"HTR 2 FEED",2,3,2
7618 DATA "BOILER FEED",b.3,1,"F.TURB. INLET®,3.1,2,"F.TURB. DUTLET®,4,1,2
7648 DATA “HTR 2 EXTR.",4,1,2,"HTR 2 DRAIN",4, ,L,“HTR 1 SEPS",4,2,2

7658 DATA "HTR 1 MIX",2,1,2,"HTR 1 DRAIP“,4,Q,L,“HTR 3 OEXTR.",4,1,2

75668 DATA "HTR 3 SEPS" 4,L,2 "HTR 3 MIX",2,2,2,"HTR 3 DRAIN“,4,3,2

7679 DATA "COND. SEPS",Z,L,L,"CDND.JET RECIRC.",4,3,2
7680 ‘FOLLOWING ARE NPTA,NPTH,TMAT,VELV,VELM,VELL,RHOA,RHOB,KA,KB

7698 'ALLOY A 15 HI-TEMF MATL, & IS LO-TEMP, THAT IS5 MATL SWITCH TEMP

778¢ DATA 9,5,7@70,450,100,18,.684,.31,31.0,31.8

771@ 'FOLLOWING ARE NPTA PAIRS OF TEMF AND STRESS FOR HI-TEMP ALLOY

7778 DATA 1859,56560,1960,46418,2059,36240,2168,31330,2259,26830,2360,22638,245
g,198708,2568,15520,2659,1015@
7738 'FOLLOWING ARE NPTB STRESS VALUES FOR LO-TEMP ALLOY THAT B0 WITH FIRST NPT
B TEMPS FROM STATEMENT 7728

7748 DATA 725B,595B,5880,4358,3850

7758 FOLLOWING ARE HEATER TUBE 0D (IN.} AND WALL THICKNESS (IN.)
776@ DATA .25,.820
B@A@ ZZ=TCOM "A DUMMY STATEMENT TO PREVENT CLEARING OUT THE REGISTERS AT END
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SUBRRODUTINES FOR PROPERTIES OF 50DIUM

HBBB XX FHAFREFERRNKAXEXFREXTUBROUTINE NATHERMOA ¥ ¥ X XXX S XX E XX EFREXE X
4810 'CALCULATION OF SATURATION PROPERTIES (BASED ON GOLDEN % TOKAR, ANL-7323)
4820 IF T<=2059.7 GOTO 6838 ELSE G6OTD 4858

HBIB P={l0326460!' /T-.0) #EXP(-23873.3/T) ‘ATMOSPHERES

4040 BOTO 4868

6850 P=(58B1740.28/(T7.61344) )y *EXP(-22981.924/T) 'ATHOSPHERES

APLB HF =, IBY30Z2#T-5.529935E-05¢T~2+1, 137246E~-0B%T7~3-29,.082 ‘BTU/LE
6B780 SF=.3B9344%L0G(T)-1.185857E-84%T+1.704RBE-08«T"2-1,7920824

LHRBE VF=1/(59,5646-.8079504%(7-459.7)~2.872E-07%{T-459.,7)"2+L.B35E-11#(T~459,7)~
3}

LB9B THO=EXF(-9.938B451+146588.3/T7)

5198 FOUR=EXP{-24,.99115+373B9.7/T

118 U=P#THD

128 W={(P"2)#FOUR

6138 X1=.8

6148 X1P=X1

158 X1=X1- (WXL 4+Ux X1 24X -1 /(4 #WeX1 342 %UxX1+1 1)

61460 IF ABRS(X1-X1P)/X1{=.00008] GOTO 4178 ELSE GOTD 414G

6178 X2=uUxX1"2

6188 X4=1'-X1-X2

6198 ABAR=22.991#(X1+21%X2+4'%X4)

L2080 VB=.730229*T/{ABAR*F)

$218 1=22.991/RBAR

6228 DHF1=259808.7-2.21312%T+7.0427BE-04%T 21, 45246E-B7%T*3

L2380 DHFZ=2'+DHF1-183084"

4248 DHF4=4'#DHF1-41478!

L2508 HFE=1.8#(X1%DHF1+X2*DHF2+X4+4DHF4) /ABAR

£26@ HE=HF+HFEG

4278 BG=SF+HFG/T

6275 SFG=5G-5F

L28@ RETURN

HASHE REM A4 XX XX FFE AR EEFFEFRFXXVFROMT SRS X R LR AR FRFERFXXRENEH

54568 VF=1/(59.066-.BB79504%(T-459.7)-2.872E-B7%(T~-45%9,7)"2+46,Q3I5E-114(T-459,7)~
3)

L4780 RETURN

G900 REM X4 ¥ FXFFAEXXRREFRE X FEINATIROMP XX F X FEXRA XX R F XA XL EFEFR

4510 REM CALCULATES SATURATION TEMPERATURE (R} FROM GIVEN PRESSURE (ATM)
6528 T1=25688

6530 E=LBBI74LQ.ZH+EXP(-229B1.94/T13/T1.61344-F

L5480 M=4BRIT6R. 28%EXP (~-22981,.96/T1)#{22981.964%#T1"~2. 613484, A13442T1%~-1.61344)
63568 T2=T1-E/H

4568 IF ABS(TI-T2)<{.B1 THEN 4598

H578 Ti=T2
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6588 6OTO 65358

998 TEMP=TZ

6603 RETURMN

700@ Cxx#xxx¥x¥SUBROUTINE TFROMHxxk2exes%s

7818 'CALCULATES SATURATION TEWP (R) FROM HF

78z@ GOSUB HRB2

7830 HA=HWF:TA=T:RES=HA-H

7848 IF ABS(RES){.1 GOTO 7110

7853 T=T7+1@

7860 GOSUEB 6008

7878 HE=HF:TB=T

7382 M= (HE-HAY/(TB-TA)

7298 T=TA-RES/M

7i@d G070 7828

T11B TEHP=TA

7128 RETURN

7288 "#ex#% SODIUM TRANSPORT PROPERTIES SUBROUTINE xxx#%

7218 TF=TR-468!

7228 TC=(TR-4%21/1.8

7238 MU=EXP(2.3493+914.52/TR-.49253%L0G(TR)Y '(ER. 5.19A,F.58,G0LDEN % TOKAR)
7248 K=04.3056-.01B70#TF+2.DLA4E-B6%TF 2 ‘(EB, 5.9,P.43,G0LDEN % TOKAR)
7258 EP=.3B9352-1.10599E-04#TR+3.4117BE-QB*«TR*2 " (EQ. 5.4,P.48, GOLDEN &% TOKAR

RHOFL=59.566-.BB795084%TF~-2 . 872E~-87«TH 246, B35E-11%TF~3
RETURN

~

r B3

- o
0w
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TURDINE EXPANGION LINE CALCULATIDON 19:28:21  06-21-1985

THROT. T, R = 2508 COND. T, R = {808
NO. OF STABES = 9 DRY STABE EFF, 1 = 85
EXHAUST LOSS, BTU/LBN = 5

5TABE EXIT T EXIT P EXITS  EXITH EXIT X FLOW RATIO BELTA R
B 2588.9 178. 48648 1.21978  1218.79808 1.80080 i.90009 8. a8080
1 2422.2 136.49230 1.82134 1199.3%7100 9.97965 1.08008  19.48625
2 2344, 4 1@7.48040 1.82319  1179.9839 B.95963 109098 19.48045
3 2266.7 328783 1.82538  11468.55988 8.93789 1.00008  19.42444
4 2188.9 63.21457 1.8279%  1141.19280 8.92839 1.00088  19.456054
3 2192.9 45.52976 1.86554 1191.64608 9.99849 B.98217  19.58747
& 0212 33.29497 1.85808 1148,11809 .96524 t.edsde 2352747
7 12531.5 21.7432% 1.87101 1144.72780 8. 94887 1.00088  23.39124
B 1875.7 16, 46483 1.88298  1137.48680 0. 93538 8.97418  23.29480
9 1608.9 1. B4021 1.88984 1117.92828 8.91834 1.80888  19.57825

MOISTURE SEPARATIONS {L1B. OUT AND VAP. OUT ARE PER LBM ENTERING STABE)

STAGE TYPE LIg, oUT  LIR. H VAP, OUT VAP, H VAP, § ELEP X
3 INTERSPODL  8.88893  418.97148 8.80887 1121.59480 1.83891 8.98118
B INTERSTAGE  8.02846  364.39910 B.08516 1121.43288 1.87442 8.91737

LAST STASE ELEP: H = {112,988 5= L.087841 X = .9123422
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TURRINE CYCLE CALCULATION (PER LB PRIME VAPOR)

NO. OF HEATER STAGES = 3
JET PUMP FLOW RATIO = 4
SYSTEM PRESSURE DROP = 113
HEATER TERMINAL TEMP. DIFF. = 1B
BOILER FEED SUBCOOLING = 188

PUHP TURB. EFF. =

#4+ THREE FEED HEATERS FED FROM STAGES 1

PUMP TUREIML DELTA T =
Jd PUMP EFF. = .6
COMDEMSER SURCOOLING = 1@

DRAIN COOLER DELTA T = 28

15:24:21 @6-21-1983

158
GEN. EFF, = .95

AND & AMD FROM PUNP TURRINE EXHAUST #e+

STAGE STAGE FLOW  STARE WORK LIQ. SEP  vaAP, SEP  STABE EFF.
{ 8.96666  1B.73916 8.ed888 2.28800 8.8372¢
? b.90887  17.48452 8. 2a000 @.pacae 8.B1673
3 8.98887  17.49893 B. 0008 §.08088 B.79652
4 B.ogeB7  17.32785 . 00028 @.2age8 8.77654
3 9.98887  17.57393 B.08012 8. 62881 B.75681
& 8.81274  19.12175 0. 260e9 f.20080 8.82474
7 B.78178  1B.2B483 0. 00808 .08800 8.79945
i 8.768178  18.20940 B.014615 0.02424 8.77582
§ 8.76151  14.90984 p.adoaR 8.00008 8.76999

HEAT ADDED = 7508.8924 HEAT REJECTED = 391.3229

TOTAL TURBINE WORK = 159.3693

PUMP TURBINE FLOW = 3.334435E-R2

PUMP TURBINE WORK = 2.52232Z

EXTRACTION FLOW T0 HEATER 2 = 4,578374E-82
TEAT{Z2)= 2422,222 10UT= 2158

HEXT(2i= 1199.351 HOUT= 1143.153
FLOEXT(Z)= 6.578374E-82 FLOWPT= 3.134435E-82
TORAIN{Z)= 2140 TORARIN{L1= 2024, 466

HORAIN(Z) = 428, 4129 HoRAIN{1)= 393.787
FLODRM{2)= 6.378174E-82 FLODRN(1)= 9.912888E-82
ESEF(R)= 10.41174 g5EPin= @

FLOSEP(87= .B201854 FLOSEP{13= 0

TFROM{Z1= 2408 TFROR{L = 2149
HEROM(2)= 447.9051 HFROR(1}= 41b.6741

THi = 1798 TPUMP = 1B@Z.74%

e = 347.4491 HPUMP = 349.9714

CYCLE EFFICIENCY = . 21224

PUMP TURBINE EXH. ENTHALPY =
BOILER FEED TEMPERATURE =
EXTRACTION FLOW TO HEATER 3 =

PLANT EFF, = .2814628

1143.153
2488 DEG. R
3.104579e-82

TEXT(3)= 2827.199
HEXT{3}= 1168.118
FLOEXT{3)= 3.1M4579E-82
TDRAIN(31= 1B22.789
HDRAIM(3}= 333.9194
FLODRN(31= 2183042
GSEP(3)= 41.91243
FLOSEP(3)= B.B13828E-02
TFROH{3)= 2084, 446
HFRON{3}= 309.9223
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TURBINE [YLLE S12ED FOR SPECIFIED ELECTRICAL OUTPUY

EL
TH
o
6E

ST

SR R I R

O o

MA

HE

ECTRICAL QuTPUT
ERNAL INPUT

1900 KW(E)

il

"

NDENSER REJECT = 3986.995 #M(T)
NERATOR LOSSES = 52.63142 KW(T)
AGE STAGE FLON  LIQ. SEP
5,851 2. 000
5,648 0.988
5. 648 N
5,04 0. 900
<. 649 2.582
S.B68 .002
4,893 2,800
4,891 8.181
4.787 .00
IN VAPDR FLOW = »5.26B85! LE/SEC
ATER NO,

FEED FLOW, LB/SEC

FEEL TEMF IN, R

FEED ENTHALPY IN, ETU/LE
FEED TEWP OUT, R

FEED ENTHALPY OUT, BTU/LE

VAPOR MIX, FLOW, LB/SEC

VAPOR MIX, VOL. FLDW, FT°3/SEC
VAPDR WIX. TEMP, R

VAPOR MIY. QUALITY

VAPDR MIX ENTHALFY, BTU/LE
DRAINS TEMF, R

DRAINS ENTHALPY, BTU/LE

HEAT EICHANGE (COND.3, HYU/SEC
LOG MEAN TEMP DIF. (COND.)

HEAT EACHANGE (D. CDDL.», ETU/SEC
LOG MEAN TEMP DIF. (D. COGL.»

FEED PUMP TURBINE

YAFOR FLOW, LB/SEC
ENTHALFY IN, BTU/LE
ENTHALPY DUT, BTU/LB
PONER, k¥

FEEL PUMP

£o

FEED PUMP FLOW, LB/SEC
FEED PUMF HEAD, PSI1

NOENSER

YAPOR MIX. TENP, R

VAPOR MIX. FLOW, LB/SEC
VAFOR WIN. QuaLITY

VAPOR MIX. ENTHALPY, BTU/LE
CCNDENSATE TEMP, R
CONDENSATE ENTHALPY, BTU/LE

4959.629  KW:T}

VAP, SEF

p. 288
8,880
0.028

2.250

" p.peR

2.082 .
8.825

N

t

&
2884
389
2148
44

[/

1
2158
)
a3
82
393

132
7
13

c

2

9.289
1218.798
1133,193

16,668

7.825
278,626

1600. 289
b.268
8,785

938.972

1798, 080

147,449

EXTRALT,

8.412
8.080
a.0a0
0,280
b, bee
9.194
&. 000
B.pee
0. 5d

. 268
Ak
822
.48e
474

WhZ)
B34
.epd
LH3
658
A6
787

243
.54
AL
897

By
IS

6.260
2i40. 908
416,674
480,808
447.985

8.412
1,639
422,722
-8.980
{199.39¢
2163, 000
§20.613

299.428
97.939
21.298
94,895

15:24;

3

6.268
1BD2. 769
349.971
2004. 466
389,922

1.367

3. 6867
2027199
8.178
16,925
1822.768
353,919

194,773
73,994
35,324
12,789

2
rs

1

86-21-1985



SCHEDULE OF PIPING RUMS
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DESCRIPTION

REACTOR QUTLETY
TURBINE INLET
TURBINE QUTLET
COMDENSER INLET
COMDENSER OUTLET
COND.JET DUTLET
HIR 3 FEED

HTR 1 FEED

HTR 2 FEED
BOILER FEED
P.TURE. INLET
P.TURR. OUTLET
HiR 2 EXTR.

HTR 2 DRAIN

HIR 1 SEPS

HTR | MIX

HTR 1 ORAIN

HTR 3 EXTR.

HTR 3 SEPS

HTR 3 KIZ

HTR 3 DRAIN
COND. SEPS
COND.JET RECIRC.

2

Lol Gl R e

TERP
R

2580, 283
2508, bos
1620, 888
1988. agd
1790. 888
1790. 888
1882, 769
2084, 466
2140, 8048
2430.208
2500. 900
2158, 000
2422.222
2158.000

.28
2150, 080
2024, 456
2027.1%9
2182,932
2827.199
1822, 749
1875.733
1BB2.769

PRESS
FSl4

178,684
178.486
11.858
11.968
11,868
21. 048
285.486
285,686
285. 484
285. 684
178.586
4,476
136.492
136,492
.380
54,576
54.4676
33.293
45,539
33.293
33.295
16,463
2B3. 686

DESIGN CHARACTERISTICS OF FEED HEATERS
{USING .23 IN. OD X .32 IN. WALL TUBING)

ND.

[N N

NO.  PITCH,
TUBES  IN.
9 0. 448
8 2.473
17 B.368

SHELL
DI, IN

i TN LN

1,531
1.521
1.781

HALL
IN

g.02e
8.2
8.228

FLDY
LB/S

6,260
5,831
4.747
6.248
6,262
7.825
b.268
6.250
5.260
6.268
8.289
B.289
2.412
B.412
6.a80
B.621
8.621
8.194
8.552
1.347
1.367
e.126
1.545

LENGTH

34

FLOW
CF/8

21,882
20.381
181.517
182.897
8.149
8.186
8.149
8.156
8.161
g.1n
B.788
1,834
1.659
8.811
2.008
1.854
8.816
2.818
8.5748
3.6b67
2.234
8.482
8.837

HO

2294,
1832,
4648,

NO.
LINES

1.0820
2.800
2,929
2.0808
2.088
2,p88
2.000
2,802
2,208
1.088
2,988
2,900
2,588
2.080
2,088
2,003
2,000
2.pa0
2.0e0
2,008
2,000
2.908
2.0800

Uit

2407,
1978.
4349,

T0TAL HEATER WEIGHT

15:

UNIT
L,FT

6.00@
3.580
j.p08
3.008
3.0
4,888
3.288
2,888
2,080
4.000
3.808
4,803
4,808
4.908
4.008
2.000
4.008
4.008
4.008
2.008
4.280
3.008
4,880

24:21  Bb-21-1983
I.D. WALL
INCH INEH
2,925 0.879
2,834 o.ex
6,281  0.028
6.184  B.022
1,169  8.828
1.387  B.0z8
1.18%  B.821
1,196 B.031
1.214  8.0828
17711 b.028
8.378  B.8Z8
B.6lt  8.020
B.581  B.928
B.312  e.p28
8.e80  B.0z8
8.615  B.028
8.377  B.828
8.757 0.h2e
p.723  B.828
1.833  @.820
B.568  @.220
8.7%8  09.228
3.585  8.829

TOTAL PIPING WEIGHT 63.525

W1/ TOTAL

UID  HIR,LE WT,LB  §
1458,  9.93% 19.872 3
1286, 12.850 24.188 2
2122, 2643 5.28b

49,259

16¥A

1756.
9826,
3321,
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