
Computer Simulation and Optimization 
of a Refrigeration System 

GULSHAN RAI SARAF 

DEPARTMENT OF MECHANICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
1979 



COMPUTER SIMULATION AND OPTIMIZATION 

OF A REFRIGERATION SYSTEM 

by 

GULSHAN RAI SARAF 

Mechanical Engineering Department 

Submitted 

in fulfilment of the requirements of the 

degree of Doctor of Philosophy 

to the 

Indian Institute of Technology, Delhi 

September, 1979 



P END I X-9 

II STING- OF  COMPUTER PROGRAMMES 



C OMPON:]:.TT SIMULATION 



PAGE" 1 

SEND TU (SIMULATION 

PkWIRAM(W(16) 
INPUT1=CRU 

UUTRUT2=LPO 

TRADE 
END 

.SMed 

MASER. ANALYSIS OF FLOODED CHILLER 

DIMtNSIUN NTFE(1U),IPASSN(1U) 
REAL NF 
(0(10 

LUMMUNOINT/ 	DU,NF,DF,T1,1C,FEFF,TKT 
LUMMUN/EVP/NE,NPASSE,TUBELE( TUBEWE iNTPE,FFE 

LUMMUN/CUNGT/PIL,(3L 
CUMMUNIBLK6/DI 
cUMMUNIEILK7/STRL 

REAU(1,5)NR 
READ(1,4)NF/VF/T1sTe,FEFF 
REAU(1,3)NPASSE 
REAU(1,1)NE 	,DIoDU,TKT 

REA0(1,4)TUBELE 
REAU(1.4)STRL 
REA0(1,3)(NTRE(1),I=1.NPASSE) 

READ(1,4)DSUbC,TV 

CL=1,0 
DU TUU KK=1,LL 
REA0(1,4)TSE,TWIlE o RMFWbE,FFE 

READ(1,4)FICAPEoRRDE 
1 FURMAT( I0,5FO,O) 

? FURMAT(11U,4FU,U) 
3 FURMAT(1UI0) 
4 FURMAT(1UFU,U) 
5 FURMAT(lU) 

TUEIEWL=TUBELE+e,5 
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DU11I=1,NPASSE 
11 IPASSN(I)=I 

WRIIE(2,4U)NR,NE I TKT,NPASSE F DI,DO,TUBELE I TUNEWE, 
1NP,VF,T1,T2,EFF- ,FFE 

eu FuRmAT(111  s'A. PHYSICAL DATA OFEVAPORATORIPIN t3U(1H-)/ 
11H s'REFRIGEKANT/NR=',I5,2X,'NF 	=',I5,2XOTKT "0rF10o5PZX, 
1 1 NPASSE2",15/1H , 'DI 	=',F10,5,2X0D(? 	=',F10.5.2X, 
e 'TUBELE=',F1U,5,2X,'TUBEWE='►F1U,5,2X,'NF 	='tF14.1,5/1h I 
SIDF 	=',F10.5,2X,'T1 	= 1 .F10,5,2X0T2 	=',F1U.5,4X, 
4/FEFF =',F1U.5,2X ► 'FFE =',F1U,S) 
wRItEc2,21ocipAssN(1),NTPE(1),1=1,NPAssE) 

el FORMATON ,'PASS NUMBER's4X,I1(/5X,'NUMBER OF TU11E51 ,110) 
PIE•4.0*ATAN(1,U) 
6cr.3e0(40.5 
TSubc=u-DSUbc 
GALL SATPRP(NRITV,PD,VFD/VGDOFD,NFlID,HUDISFD,S6D) 
CPRLD:CPL(NR,TD) 
HINE=HFIP"CPRLD*(TD...TSUBL) 
CALL EVAP(NR,TStsTWIlloRMFW6E0HINE,CAPE0PDEfAMRE) 
ERRUAPE=(CAPE-RCAPE)/RCAPE*1UU.0 
ERRPDE=(PDE""RPOE)/RPDE*100.0 
WRI 1 E(2,25)CAPE.RCAPEPERRCAPEPPDEekPDE,ERRPPE 

25 FURMAT(1N ,' 	RESULTS'/1N ,10(1H-)/ 
51N Po5, CAPICITY OF EVAPORATOR IN TONS.t .CALCULATED=I ,F10.5 
be'RATED=',F1U.5, 1 ERRUR=',F10.5/ 
oh ,'(, WATER SIDE PRESSURE DROP 	CALCULATED=,►F1U.5 
do'RATED=',F10,5,'ERROR=',F10.5) 
wRicE(e,e6)AmRE,Kmfwut 

e6 FORMAT(1H ,,MASSFLOW RATE,AMRE=IfF1U 1 5,2XpoWATER FLOW RATE=',F10,5 
1) 

1UU CONTINUE 
STOP. 
END 
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SUBROUTINE LVAP(NR rTS/TWI1oRMFWG,RINEICAPE,PDE,AMR) 

C THIS PRU6RAMME Is USED TU SIMULATE THE PERFORMANCE UF THE EVAPURARUR 
5R16;VAR1AbLt HTL 

S&F1SATPRP,TKI,VISCU,NRAPH,FW1,DFU1,F02,DFUe 
DIMtFISIUN NTPE(1U),IPASSN(10) 

REAL NF 
EXTbRNAL FU1,DFW1,FW,DFOe 
CUMMON/kiLOCK1/V1,VZ 

CUMMON/bLUCKL/P1FP'esQ1/TLP 
CUMMUN/8LUCK3/ANR1rANR2pANR3,ANR4 

CUMMON/FINT/ 	DU,NFIDF/T1ITesFEFF/TKT 
CUMMUN/LVP/NL.NPASSE,TUBLLE,TUBEWLOTPErFFE 

LUMMUN/CONST/PIE,GC 
CUMMUN/BLKODI 
CUMMUN/bLKT/STRL 

DATA TKR/CW/AMUDROW/0.354,1,U,1.45$6.0 
IF(NR,EW.12)PK=596.9 

ir(NR,EQ.ee)pK=([1.9 
CALL SA1PRP(NR,TS,PS/VF/VG/hF,HFU/HUPSF.SG) 

RORL=1/VF 

RORV=1/VG 
TKRL:TKL(NROS) 

1;0;0. VISOU(NR,TS/AMURLFAMURb) 
WRITE(21e0)TKRL'AMURCISTNL/RURL,RUKV,RFG,PS/TS 

et/ FURMAT(1h OLVAPURATUK PERFORMANCE/Oh 030(1R")/ 
11H ,,TKRL mo/F10.5,a,,AMUKL=ofF1o.5taitSTRL =00F105.0s 
41RUMC =',F10.5/1H tyRURV =IfF10,5,0, , HFG =fsF1U.5r2X/ 
3,PS 	m,,F1u.5,e),,Ts 	=,,Flu,5) 
FP=1,U/NF 

AFSAPIE*(DF**e+DU** -C)/4,0 
AFT,PIE*DF*T1 

ASP'PIE*VO*Te/FP 
AP40=PIE*D0 
AF=Ie*AES+AFT)/FP 

9 	AT=AF+ASP 

AI=PIE*DI 

ALF=ASP+FEFF*AF 
WRI1E(2,e1)FP,AFDASP/AT'AI,AEFF,APWF 
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Z1 FURMAT(1H ,'FP 	:'sF10,5seXt'AF 	 = , ,F1o,5,ex, 
efAT 	=',F10.5,ZWAI 	:'/F10,5/ZWAEFF =1,F1U.5teXo 
1'ApWF =',F1U.5) 

RF=V,0OU1*D1/1Z,U 
ATS.TS+4".6( 
AC1*AT/AI 
ACe*AT*A LUG(DO/U1)/(e*PIL*TKT *1e.U) 
51=AEFF/AT 
AFI*AT/APWF 
RP=HS/PK 
Al=liQRT(STRL/(RUHLRURV)) 
ANRI=V,(7*AF1**(...0.114)*RP**(U.088*AF1**(.0,Z5)) 
ANRe=0,(5*AFI**("0,13)*RP**("U.eb) 
ANR3=0,1 
ANR4nU,133 
RNOLDF=( 	 Al/(HFti*AMURL))**ANR1 
FHPHF=(ATS*TKkL/(MFb*AMURL 	 ))**ANiq 
RRF*(RF/A1)**ANH4 
AFIH=AFI**ANR3 
OC=43U,U*TKRL/AL*AFIF*RNULDF*PMPRF*RRF 
B=B1*H2 
WRI11 ( 2,Z3 ) AL1fACesH1tberHeRlosAlsANR1,ANResANR3fANR4 

1,AF1,RF 
C3 FURMAT(111 FIAC1= 	',F1U,5,1H ,'ACZ= 	I I  F10,5/1 H '181 = 	t F1U.S/ 

11H t'132 	= 	'►FlU.5 P1 H f 4 B 	= 	V  PM Y5 11 H , ' RP 	= 	F10.5 t 
C1H Folk!, = ,,F1U,511h vIANR1= 1,F1U,5,1h IPANK1= 
3111 rvANR3= ',F1U,5/1h f 'ANR4= v•F10,5,1H flAF1 = 
41M s'RF = ',F1U.5) 

ALPMAL=1/FFE 
TWI0TWI1 
RMFW=1155,/144,U*RMFW6*RUW 
PDP0U.0 
QU=TUUU,U 
DU 1U I=1,NPASSE 
AMW*RMFW/NTP1(1) 
G=4.*AMW/(Plt*D1**2) 
TLPIITUBLLE/1e.0 
TLWPTUBEWE/14,0 
REF01e.0*6*DI/AMU 
FHP00,0(91/RkF**U.e5 
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Pu=0*6/(bC*ROW*3(511,0)*(FRF*TLW/DI+U,4/14) 
ALPHAW=U.0d3*TKW/DI*(AMU*CW/TKW)**0,4*(01 *G/AMU)**U,6*(1e.0**1 
C1=AC1+AC1*(1/ALPHAL+1/ALPHAW) 
P1=(ANR1-1)*AMW*CW/(ANR1*B*AT)*1e,U 
Pl=U1*AMW*CW/AT *12,U 
V1=1/(C1*B) 
V1= 1,TWI"'TS)/C1 
CALL NRAPH(FQ1,DFQ1,Q1,9U,O,U1,QU) 
Hui=62*Q1**(ANR1) 

Q1=4I 
CALL NRAPH(FW1,DFQ?,QL,5U,U,U1,Q1) 
TWL*TS +QL*C1+QL**(1.., ANR1)/B 
HTCL=B2*11L**(ANR1) 
mrcA=(HlLi+HTcL)/e.0  
wRIIE(2,z4)1 ,Twi,Amw,b,ALPHAL,ALPHAw,c1,1)1 ,Pe.v1 ,ve,QI,QL,TwL,TIP 

1 IPD,HTC1 HTCLr H rt.:A 
24 FURMAT(1H OC. ANALYSIS OF PASS NUMBER= ',I5/ 1H /35(1H—)/ 

11H o' TWI 	=',F1U.5,2X0AMW 	=1 ,F1U,5,d)(0 G 	=IrF1U,5,2X, 
CIALHHAL=',F1U.5,1WALPHAW=IeF1U,5/1H OC1 	=',F1U.5,2)0 1 P1 
3,F114/.5,1X0Pd 	= 1 ,F1U,5,2X0V1 	= , ,F1U,5,4X0Vd 	=1 ,F1D,5/ 
41H ro(, HEAT TRANSFER RATE PER UNIT AREA1/1H ,'AT INLET,QI = P, 
)F1U,5,1H OAT OUILET.WL= ',F10,5/ 
01H .'TWL =',F1U.5,2XOTLP 21'sF1U.5,-dX0PDE = 0 ,F10,5/ 
(1H Oil, HEAT TRANSFER CUFFICIENT'/1H ,'AT INLET,HTCI= 	', 
oF10.5/1H ,'AT UUILETfHTCL= 	#,F10,5,eX,,AVERA(it,HTLA=1,F1Ue5) 

TWI*TWL 
QU=WL 
PDE*PDE+PD 

1U CONFINUE 
QT *RMFW*(TW11—TWL)*CW/6U,U 
AMR*QT/(HG■HINE) 
CAPE=QT/dUD,U 
RETURN 
END 
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SHUNT LIST 

READ FRUM(MTFPROtIRAM t,RMi.PRUG6M12) 

READ FRUM(MT,PRubRAM GRM1,PRO6GM1S) 

READ FRUM(MTIPRu(RAM bRM1,PRU6GM15) 

READ FRUM(mT,PROGRAM bRM1.PROGGM16) 

READ FRUM(mT,PRubRAM bRH1.PRWGGM16) 

READ FRuM(MT,POARAM bRM1,PRIAGMeU) 

READ FRUM(MT,PRUbRAM LIRM,,PRU6()M -Z1) 

FINisH 
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SEND TO (SIMULATION ISM12) 
PROURAM(5116) 
INPOT1sCRO 

UOTMUTV'LPO 
TRADE 

END 

MASPER ANALYSIS OF FLOODED CHILLER 

DIM OSION NTPE(10),IPASSN(10) 

REAL; NE 
C 	5116 

COMMON/TINT/ 	DU I NF I DEpT1iTZJEFF,TXT 
COMMON/EOP/NEI NPASSE,TUBELE,TUBEWE,NTPE#FFE 
COMMON/CONST/PIE/GC 

COMMONOLK6/DI 
COMMON/aLK7/STRL 
CUMMON/RATED/RCAPEoRPDE 

REA6(10)NR 
REA0(104)STRL 
REA6(104)N.F.PF,TitTe/FEFF 

REA0(1,4)DSOOCITD 

1.21, 
LOIA 

DO 100 KIII1,L 
READ(1,5)NPASSE 
REA0(10)(NTPE(1)01:)INPASSE). 

READ(1f1)NE 	,D1,00,TKTITUBELOTOBEWE 

DO 110 KI(10g1ILL 
REA0(1,4)TSED,TWI1E,RMFW5E/FFE 
REA0(1,4)RCAPE,RPDE 

1 FORMAT( 10,5FOIM 
JORMAT(11(400.0) 

3 FORM/VT(10W 
4 FORMAT(100,0) 
5 FORMAT(10) 
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DO1TI=1,NPASSE 
11 IPASSN(I)PI 

WRITE(2,10)NR,NE,TKTOPASSEOI,00,TUBELE.TUREWEeNF,DF,TlfTerFEFF, 
TFFE 

40 FORMAT(1M o 'A. 	PHYSICAL DATA OFEVAPORATOR'/1H tS0(1H..)/ 

118 o'REFRIGERANT,NRm'el5f2WNE 	2'115,ZWTKT 80 ,F10,5oZX, 
1'NPASSE*'/15/1H 	'DI 	w'sF10,5tUtIDO 	21,F141 4.5.4X, 

ITOSELEPI,F10,5,2X,'TUSEWEP",F10.5,ZR,INF 	=',F1015/1H 
SIDF 	g',F10,5,4x,'T1 
41FEliF =',F10.5,ex,,FFE ,0,F10.5) 
wwiE(2,0)(IPAssN(1),NTPE(1).00,NPAssE) 

Z1 FORMAT(1H ,'PASS NUMBERIf4X,110,5X/INUMEIER OF  TUBESit110) 

PIEs4,0*ATAN(1,0) 
SC*12,1(405 
TSURCRTD*DSURC 
CALL SATPRP(NR,TP,PDO/FDDYGDOFDIMF5D,HGBISFD/S(D) 

CPRI4D4CPL(NP.TD) 
HINEOFDIRCPRLD*(TDI.TSUBC) 
CALL EVAP(NR.TSEtTWI1E,RMFWGE,HINE,CAPE,PDE/AMRE) 

110 CONTINUE 
100 CONTINUE 

STUN 
END 

SUBROUTINE EVAP(NR oTS,TWIT,RMFWG,HINE,CAPEtPDEoAMR) 

C THIS PRORAMME IS USED To SIMULATE THE PERFORMANCE OF THE EVApoRAR0R 
C 	6116:CONST HTC FUR INDIVIDUAL PASSES 
C 	s3FiSATPRP,TKL,VIS00,NRAPN I F41 8 DFQ1 

DIMtNSION NTPE(1u),IPASSN(10) 
REAL NF 
COMMON/FtNT/ 	DuI NF,Dp I T1,T2,FEFF I TKT 
GumNON/EVR/NE4 NPASSEI TUBELEI TUREWEi NTPEI FFE 
cummuNicuNsT/PIE.GC 
CummoN/BLK6/01. 
CumNON/B4K7/sTR4 



PAGE- 3 

COMMON/RATED/RCAPE'RPDE 
DATA TKW/CW,AMU'ROW/0.3540.0,4,45,052,4/ 
IF(NR,E0,12)P0096,9 
1F(NR,E0,U)PK:(41,9 
GALLI SATPRP(NR,TS,RS'VFIVG,HFOUG,M6sSFtSG) 
RUR0,11/VF 
RURV=1/VG 
TKROITKL(NR,TS) 
CALM VISCU(NR,TS,AMURL,AMURG) 
WRITE(2140)TKROAMORL'STRIrRORL'RURV'HFGOSiTS 

40 FORMAT(1R ',EVAPORATOR PERFORMANCE'/IH f30(1H.•)/ 
11M it,TKRI. 80,110,5,4X,,AMOROOFF10.5,2XOSTRI = 0 ,F1015,2X, 
41RORL 20/F10.5/1,1 ORORV =trF10,5,4WHFG 
5'PS 	PliF1045,4WTS 	=',F10.5) 

FP=%,0/NF 
AFS*PIE*(DF**4..00**e)/4,0 
AFTINPIE*DF*T1 
ASP*PIE*DO*TZ/FP 
APWRI,PIE*00 
AF$12*AFS+AFT) /FP 

9 	ATO1F+ASP 
A10,141E*DI 
AEFkmASP.FEFF*AF 
wRivE(2•41)Fp,o,AsPIATfAlfAEFF,Apwf 

Z1 FoRmAT(01 ,,FP 	.,,F10,5,exf,Ar 	,I#F10.5,0,,AsP .,,F10,5,ex, 
dIAT 	 .,,F10.5,ex,IAEFF 
IiAPWF molF1o.5) 
fuslo.vool*Divi.0 
ATsATs+459,6( 

AcleAT/A1 
Acz*AT*ALooDu/Dt)/(z*plE*Ticr *lz.o) 
alwAEFF/AT 
AFI*AT/APWF 
RPINNS/P1( 
Al*SQRT(STRWRORO.RORV)) 
ANRUW5*AFI**(00,114)*RP**(008d*AF1**("04Z5)) 
ANRAno,r5*AFI**(-0,13)*Rp**(.0,2a) 
ANR3.O,1 
ANR6010,1,3 
RN040F*( 	AWMFG*AMURL))**ANR1 
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PHPRF=(ATS*TKRU(HFG*AMURL 	 ))**ANR2 
RNF*(RF/AL)**ANR4 
Afj0=AFI**ANR3 
B11.43U,U*TIOL/AL*AFIF*RNOLDF*PHPRF*RRF 
B=BT*B2 

WRITE(2143)AC1,AOZ.01,81/B,HP.AL,A01,ANR2pANR3/ANR4 
1041,0 

es FoRmAr(im 	 , ,F10,5,1m , , Acr= 0,Fl0,),11.1 8 .01 = , ,Fio,s, 
,'B2 = 1 ,F10,5,1H 	= ',F10,5/1H ,'RP = ',F10,5, 

41H. owAL 	= 	I, Flt),5 0 1M ,"ANR1r. 	',F10,5,1H f A N 	= 	',F10,5, 
41H n'ANH511 , ,F10,5/1H ,'ANR4= ',F10,511H •'AFI = 1 ,F10.5. 
41M o'RF = ",F10,5) 

ALPMAL011/FFE 
RMFH=1155,044,0*RMFWG*ROW 
PDV00,0 
TLP*TUBELE/14,0 
TLWITUSEWE/1e,0 

501 TWIITW11 
DO ZO 1741,NPASSE 
AMW =RMFM/NTPE(1) 
4*410*AMW/(Pit*DI**2) 
REF*1e,0*G*DI/AM0 
FRF00,0/91/REF**0,25 
PD*6*4/(GC*ROW*3/5O.0)*(FRF*TLW/DI+0,4/24) 

ALPINAWa0.023*TKW/DI*(AMO*CW/TKW)**(),4*(01*4/AMU)**0145*(12•0**1,8) 
C1**C2+AC1*(1/ALPHAL4,1/ALPHAW) 
EFOLP*AT/(AMW* 0H*1e$0) 
TWIIPTWI"4,0 

506 OTPOMW*C/WIreTWL)*CW 
QuQfP/(AT*TIP)*le0 

U*00/(C1+1,0/(8*(1**ANR1)) 
.TWLI*TS+(TWOmTS)*EXPODU*EF) 
IF(A8S(TWIl"TWL),LT,0,001)60 TO 1000 
TWIA(Tial+TWL)/4,0 
40  VQ 506 

1000 (411 4L=C1 
MTCA*02*4**(ANR1) 
HTO,HTCOIMICA 
WRIVE(2424)I,,TWI,AMW,U,ALPHAL,ALPHAW,O101,V2,01,01,(),TWL TIP 

1fPDPHICIOTCL,HTCA 
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24 FORMAT(1H ,'C, 	ANALYSIS OF PASS NUMBER= if15( 1H ,35(114.-)/ 
11M 01 141 00tF10.5,0WAMW =',F10,5,2X/IG 
d'ALHHALx',F1O,5,0WALPHAW0 1 1F10.5/1H # 1 C1 	=',F10,5,2)0 
3 	 '111 	40,F10 1 5•eXp'Y1 	m' F F10.5/ 
41H 0 1 7, HEAT TRANSFER RATE PER UNIT AREA1/1H ,'AT INLET,QI = 
5F104,5.1H ,'AT OUTLETOIllm 1 ,F10,592X0,AVERAUE,Qx ofF10,5/ 

61M r ,TWL 4 0 /J10,5,eXOTLP mo # F10.5,2x0pDE =1010,5/ 
11 14  011,MEAT TRANSFER COFFICIENT,/iN ,,AT INLETIMTCI* o, 
6F1045/1H f lAT oUTLET,HTCLE: 	v•F10.5•2X,IAVERAGE•HTCA:1 1F10.5) 
TWWWL 
qUitt4t, 
PD141PDE+PD 

10 COMMA 
UT IIRMFW*(TWI1eTWL)*CW/60.0 
AMR*QT/(HG.RNINE) 
CAPtIOT/Z00 1 0 
ERROAPE=(CAPE•RCAPE)/RCAPE*100,0 
ERRMDEm(PDE0RPDE)/RPDE*100.0 
WRIVE(2025)CAPE•RCAPEtERRCAPE,PDE,RPDE •ERRPVE 

15 FORMAT(IH f l 	litsuLTs1/1H f1o(1H-)/ 
5111 *,5, CAPICITY OF EVAPORATOR IN TONS,II CALCULATED*0•F1o.5 
6ORATED:',F10,5,'ERROR:0•F1U.5/ 
(1H 0,7, WATER SIRE PRESSURE DROP, 	CALCULATED:',F10.5 
6f■RATED21,,F10,58'ERROR11,,F10.5) 
WRII4 E(2•46)AMREFRMFWG 

26 FORMAT(114 p•MASSIr, LOW RATt•AMRE = 1,F10,5•ZX,00ATER FLOW  RATE=••F10,5 

RETURN 
END 

SHOUT LIST 

READ FROM(MTrPROOAM GRM1,PROGGM14) 

READ FRUM(MT,PRU(a.RAM GRM1.PROGGM13) 

• 



PAGE" 6 

READ FRUM(MTtPROGRAM CIRM1,PRUGGM15) 

READ FRUM(MT/PRWIRAM 5RM1,PRUGGM16) 

READ FROM(MTsPRO5RAM GRM1,PROGGM18) 

FINISH 
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PROURAM(G414) 
INPUTisCRO 

UOTROT2=4P0 
END 

MASTER CONDENSER ANALYSIS 
DIMENSION NTP(10)9IPASSN(10),TNVR(1O) 
REAU NF 

C 	GR14,6414 
COMMON/FINT/ 	DO I NF,DF,T1 s T2,FEFF,TXT 
COMMONOLOWN1eTNVR0TNVRS,STARL 
COMMON/VTEMR/TV 
COMMON/CND/NC,NPASS,TOBEL,TUBEW,FF 
COMMON/CONST/PIE,GC 
COMMONOLK4/NTP 
COMMON/BLK6/DI 
COMMONOLK9/DPICOPEC 
COMMON/AS/AS1FAS4 

La0 
C 	 AS1=CROSSwSECTION'AREA OF SUBCOOLER DUCTIINoS114 
C 	 DF=DIAMETER OVER THE FINS(IN,)  

C 	 DI=INNER DIAMETER OF TUBE (IN') 
C 	 DPECI0DIAMETER OF PIPE CARRYING COOLANT OUT 

C 	 OF THE CONDENSER(IN) 
C 	 DPERM=SOBCOOLER DUCT PERIMETER(IN.) 
C 	 DPIC=DIAMETER OF PIPE CARRYING COOLANT TO 
C 	 THE CUNDENSER(IN,) 

C 	 DOIROOTER DIAMETER OF TUBE (IN,) 

C 	 FEFFvFIN EFFICIENCY 
C 	 FF=FOULING FACTOR(MR I*FT**2*F/BTU) 
C 	 NoTOTAL NUMBER OF TUBES 

C 	 N1=NUMBER OF TUBES IN THE SUBCOOLER 
C 	 NFmNUMBER OF FINS PER INCH OF TUBE'LENGTW 
C 	 NPASS=NUMBER OF TUBE PASSES 
C 	 NR* REFRIGERANT NUMBER 
C 	 NTP#NOMBER OF TUBES IN A PASS 



PAGE• 2 

C 	 RMFWG*MASS FLOW RATE OF CUOLANT(GPM) 
C 	 RPDC*RATED COOLANT PRESSURE DROP 
C 	 IN THE CONDENSER 
C 	 RTHR* RATED TOTAL HEAT REJECTION 
C 	 IN THE CONDENSER 
C 	 T1=FIN THICK NESS(IN,) 

C 	 T2=FIN SPACING(IN,) 
C 	 TKT*THERMAL CONDUCTIVITY OF TUBE 
C 	 MATERIAL (BTU/HR FT DEGREE F) 
C 	 TNVR=AVERAGE NUMBER OF TUBES IN A VERTICAL 

C 	 ROW OF THE CONDENSER 
INVRS=AVERAtiE NUMBER OF TUBES IN A VERTICAL 

C 	 RUW OF THE SUBCOOLER 
C 	 TS:SATURATION TEMPERATURE CORRESPONDING 
C 	 TO CONDENSER PRESSURE (DEGREE F) 
C 	 TV2TEMPERATURE OF SUPERHEATED VAPOUR 
C 	 ENTERING THE CONDENSER (DEGREE F) 

C 	 TUBEL*TUBE LENGTH USED FOR 
C 	 TWI1=TEMPERATURE OF COOLANT ENTERING THE 
C 	 CUNDENSER(F) 

C 	 HEAT TRANSFER (IN,) 

C 	 TUBEWaTUBE LENGTH (IN,) 

RIE*4,0*ATAN(1,0) 

5CaS2.1(405  
REA0(1,5)NR 
REAB(1,4)CPRL,BTARL 
REA0(1,4)DPIC,DPEC 
READOWON ,NPASSfDI,DU,TKT 
REA0(1.4)(TNVR(1),10.NPASS),TNVRS 
R00(1,4)NF,DF,T1rTz/FEFF 
ME0(1,4)AS1 
DO 100 Ocalft, 

REA0(1,3)(NTP(I).1*10PASS) 
REA0(1,3)N1 
RIA6(1,4)TUBEL 
REA0(1,4)TV,T.S ,TWII,RMFWG,FF,RTHR,RPDC 

FORMAT(1TO.5F0,0) 
FURMAT(11014F0,0) 

3 FURMAT(1010) 
4 FORMAT(IUFO,O) 
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5 FORMAT(10) 
TU8tWuTUSEL+4,5 
DU Z1 Pc1.NPASS 

11 IPASSN(I)*I 
WRI1!E(2.40)NR,N ,YKT,NPASS ,DI,DO,TUSEL ,TUbEW I NFOF,T1,Td.FEFF. 

IFF.NloTNVRS- 
dO FORMAT(1R l'A. PHYSICAL DATA OF CONDENSER'/1H .30(1H.•)/ 
11N 0'REFRIGERANT,NR=',IS,2X,'N 	=,.15.2X.ITKT 
1'NPASS =',I5/1N 	'DI 	l',F10,5t1X0DO 	°I/tF10.5.1 X. 
E ITRBEL elpF10.5.2X./TUBEW :0 ,F10.5.2X.,NF 	s',F10.5/111 
PDF 	N'oF10.5.dX.IT1 	ttlrF10.5.4)(. 1 T2 	=1 ,F10,5.4X. 
41 FENF g'sF10,5pdA.IFF 	xl.F10,5,1)(FIN1 	g1 oI5teXOTNVRS=',F100) 
WRITE(2.41)(IPASSN(I).NTP (I).TNVR(1).1q1.NPASS) 

"d1 FORMAT(1H DIPASS NUMBER1.4X.110.5X.INUMBER OF TUOES',110. 
15)(OJNYR =',F10.5) 
ASPIPIE*DF**d*N1/4,0 
WRITIE(2.30)AS1rAS2 

30 FORMAT(1N loAS1=0.F10.5,5X,0AS2porF10,5) 
CALL TIME(TT1) 
CALU CONDEN(NR.TS.TWIl.RMFWG.THR.PDC/RCONDOSUBC) 
ERR1NR:(THR...RTNR)/RTHR*100.0 
ERRNDCm(PDC...RPDC)/RPDC*ivo,u 
WRI11(20d5)TNR.RTHR,ERRTHR/PDC.RPDC.ERRPDC 

d5 FORMAT(1N .0 	RESULTS1/1M /10(111")/ 
5111 ot5, TOTAL HEAT REJECTION,THR,...,,CALCULATEDm i,F10'5 
450RATE1lgo.F10.5.'ERROR* 0 ,F10,5/ 
11 H 0,, WATER SIPE PRESSURE DROP,..,....sCALCULATEDmooF10•5 
OptRATEDge,F1O,5,1 ERRORxf.F10,5) 
WRIVE(2.62)RCOND,RMFWci/DSUBC 

6z FORMAT(iN foCONDLNSATE FLOW RATE/RCONDs,,F10,5.1X, 
IsWAPER FLOW RATE/RMFW(410F1015/1H ,,DEGREEOFSUBCCOULINGgo.F10.5) 

CAUL. TIME(TTZ) 
WRIFE(20480)TT1.TT2 

480 FORMAT(1N 0A8/1N 100) 
100 OON,INUE 

STOM 
END 

I. g. T. DELHI, 
LIBRA 

*ow 
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SUBNOUTINE CONDEN(NRITS,TWIlfRMFWGETHRIPDORCOND,DSUBC) 

C THIS PROGRAMME IS USED TO SIMULATE THE PERFORMANCE OF THE CONDENStR, 
C CONDENSING THE REFRIGERANT OUTSIDE THE TUBES 

641A;VARIABLE HTC(V.C,) 

DIMENSION NTP(10),IPASSN(10),TNVR(1U) 
REAL NP 

EXTERNAL FA1,DF41,F(14,DFQ2 
cummoN/E1400(101,Vi 
commoN/BLOCIU/P1•P2,41I,TLP 

CuMmON/BLOCK3/ANR1tANR2FANR3FANR4 
coMmON/FINT/ 	DU,NFIDF,T1•T1,FEFF,TKT 
CUMmON/B10(8/N1 iTNVRITNVRS,BTARI 
cUmmON/VTEMP/TV 

CUMMUN/CNO/NC,NPASS,TUBEL,TUBEW,FF 
COMMON/CONSTOIE,GC 
CUMMON/00(4/NTP 
CUMMONOLK9/DPICIDREC 
COMMON/HIM/DI 
cOMMON/BLK5ITLW 
CuMMON/AS/ASI,ASe 

DATA T100(00AMOROW/0.3540,01.43/64,4/ 
THE PROPERTIES OF THE REFRIGERANT ARE FOUND 

CALL) SATPRP(NRITS,PS'VFOG'NF'MFG/H(i'SF'SG) 
RURUs1/VF 
CPRtsCPL(NR.TS) 
TKRt KL(KR,TS) 
CALL VISCO(NR,TS,AMORL'AMORG) 
WRIVE(2,40)TKROAMUROCPRI,RURLITV tHFOIPS0StBTARL 

20 fURMAT(1 11  ',PERFORMANCE 	OF 	CONDENSER'illi 050(114•)/ 
liN 10101, ,0"F1Ue5oeXtrAMURLgi,F10.514)(1,CPRI. 4101F10,5,2X. 
ZIRONL m$,F10.5/1N ,'TV :go F10,5o2X'IMFG motFlOJSiZX, 
5iPS 	0,F10,5.1XotTS 	p,oF10•5,2XPIBTARia,,F10.5) 

C 	 VARIOUS CONSTANTS ARE DETERMINED 
CpxD,135 
FPA4,0/NF 
AFS.PIE*(DF**20,Dp**4)/40). 
AFTsPIE*DF*T1 
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ASPIPPIE*DO*T4/FP 
AFw124,AFS.I.AFT)/FP 
ATsAF+ASP 
Al*HIE*DI 
AEFONASP4FEFF*AF 
NHI1E(2,41)FPFAFFASP,ATiAI/AEFF 

L1 FuRmAT(im ,'FP 	2,1F100,2x, , AF 	al,F10.5,ext.Asp 2,,F10,5,2x, 
0AT 	ofiF10.5,4X0AI 	xv010•514X,IAEFF ml,F18,5) 

ACUDAT/AI 
AC2DAT*ALOG(DO/DI)/(2*PIE*TKT *1.4.0) 

el*AEFF/AT 
ANR14,0110/3,0 
ANR4gANR3,ANR4sO,0 
ALMORAFS/DF 
P=00L5 
ALMIlFsgALMF**P 
HFWIICV*(TV0TS )4,HF6 
PEQUI10.0/((1,3*+FEFF/ALMFF4ASP/00**P)/AEFF)**4 
WRITE(2,42)DEQL 

ez FuRNAT(1M ,.EQUIVALENT DIAMETER,DEQL= tfF1u,5) 
AKKI0TKRO!*3*RORL**2*GC/AMORL 
AK10,689*(AKK*HFOG/DEQL)**P*(60,0*1e,0**P) 

ALPWALEIVFF 
TWIaTWII 
RmFWo1155•/144,0*RMFWG*ROW 
TLWI,TUBEW/14, 

TLP.TUBEL/1e,0 
C 	 THE MASS FLOW RATE OF COOLANT AND ITS 
C 	 PRESSURE DROP IN BOTH THE BRANCHES OF 
C 

	

	 CONDENSER ARE EVALUATED 
CALU BRANCRM(RMFW#RMFwBitRAFW820RDC) 
WRITI(V4ZO)RMFW,RMFwsloRMFVgzIP C 

1e0 FURMATM ,,RMFW allF15,51ZAIIR FWe1ss,F15.510(4 RMFWDZ*IfF15,5 

1O4X,IPDC 	1:014105) 
RMF$411N1*RMFWOZ/NTP(4) 
RMFW4eRMFWB2410 RMFS 
WRI'PE(2,901)RMFS,RMFW4 

9U1 FORMAT(IN eiRMFS *,,F10,5,2X,,RMFW4411,,F1O,5) 
CK14NRMFS*CW/60$0 
CK1toCK12/CPRL 
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CK24=12,0*60.0*CK14/(AT*TLP*N1) 
DEQ$810,99639*DFY4,0 
DROmU=300,0*DEQS+ROR L/AmUR L  
PRNMsAmURL*CPRI/TKRI 
PTOP040e)*TKRL*PKNR**0.43/OBIS*1/.0 
VEUR=3,54166 

RELNRIgpROMU*YELR 
01TCHIPPTD*REINR**0,6 
00=2000,0 
1=1 

C 	 THE HEAT TRANSFER IN EACH PASS IS COMPUTED 
110 TREPS 

AK*AK1/TNVR(1)**P 
04=A1(**(1..ANR1)*01**(•ANN1) 
B=EIT*112 
WRIVE(2143)AC1fAU2,01,AK 

43 FORMAT(1H f lAC1= gpF10,6,1H slAC4= 1 1 F10,).11.1 OB1 = ',F10.5s 
11N ,'AK m ',F10,5) 
IF(J.LE 13)AMW=RMFWe1/NTP(I) 
IF(I,Ge s 4)AMWPRMFWE2/NTP(1) 

e6 41144*ARWPIE*DI**2) 
ALPNAW$0.°23*TKW/D1*(AMU*CW/TKW)**0,4*(DI*G/AMO)**0 8*(1.2•0**1,8) 
C1itAC2,0AC1*(1/ALPHAL41/ALPHAW) 
P1m4ANR1•1)*AMW*CW/(ANR1*B*AT)*12.0 
PesUI*AMW*CW/AT *12,0 
V1st/(C1.8) 

e9 V4wITR=TWI)/C1 
CA04 NRAPN(F(4 1,DFQ1 ,(4 105001010(4 0) 
FITC18216 411**(ANRI) 
01=NI 
CAtA NRAPH(F42,0F02,41.,50,0,01,01) 
TWt*TR.(41.*C1eQL**(10.ANR1)/8 
HTCW0132*Q1.** ( ANH1)  
HTCA14(ATC1+HTCL)/2,U 
WRIIIE(2024)1,TWI,AMW,(3,ALPNAL,ALPHAW,C1p 	THL,TtP 

11HT0IsHTCLOTCA,TD 
e4 FoRmAT11H ,'C, ANALYSIS OF PASS NUMBER* #.15/ 1N f35(1H•)/ 
11$ OTWI 110 ,F10,5,eX0AMW gt,,F10,5,2X0G 	=',F14,5,2X, 
OALMNAL* ,F10,5,4WALPHAwall,F10.5/114 ,'Cl 	30,F10,5/ 
61N FITA, =',F10.514WILP :',F10,5/ 
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(1H 011,HEAT TRANSFER COFFICIENT 0 /1H OAT INLET,IITCIP ', 
ISF1045,1H ,'AT ouTLET,HTcL= 	1,F10,5,4WAVERAGEOTCA:0 1F10,5/ 
91K OTD 	ml,F10,5) 
GO 110 (10,10,e2,,228,10,300)1 

10 igirti 
00m4L 
Twww. 
40 I0 110 

C 	 THE RATE OF CONDENSATE IS DETERMINED FOR 
C 	 THE BRANCH 6ITHOUT SOBCOOLER 
417 QT1*RMFW01*Cw*(TwLoTWI1)/60,0 

RcOgliD1pta1/HFGG 
RCOND4.RCOND1 
(01•1000,0 
TwOPTWI1 
Gu 10 10 

C 	 ASSUMING INITIALLY THE SAME RATE OF 
CONDENSATE IN BOTH THE BRANCHES, THE HEAT 

C 	 TRANSFER IN THE SUBOWLER AND HENCE THE 
C 	 TEMPERATURE OF COOLANT AT THE INLET OF 
C 	 SUCCESSIVE PASS ARE DETERMINED, 
C 	 THEN THE RA E OF CONDENSATE IN THE SECOND 
C 	 BRANCH IS OBT/IINED AND COMPARED WITH ITS 
C 	 ASSUMED VAL E ILL THE TWO ARE NOT 
C 	 DEVIATED BY MORE THAN 0,1 PERCENT 

446 IF(N1.01 -0 )0) TO 10 
Twt,44TWL 
mR4mmFw4*cw*(TwL4.1411),6u0 
RcoND=RcoND1oRcoND2 
wRive(200o)RcoNviRcoNolfRcoNn 

500 FORMAT(1H 4,RCOND gofF10.5,2(poRCOND1mleF10.5 .4X,'RCOND2g 0,F10•5) 
HT0up1,0/ (C1+1,0/(81*HTcR)) 
0K1ocK11/RCOND 
CK4oCK24/mTCU 
ACK*EXPitCK1.1 0)/CKZ) 
OCK.CWACK 
BCKm1nBCK-1 1 0 
CCKe(ACKI•1,0)/BCKM1 
DC00(0000, ACK)IBCKmi 
TwOmCCKOTS.00K*TWI1 
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RRIsso(14*(TWISINTW11) 
TWM1(411184HR4)=60.0/(RMFWB2*CW)+TWI1 
TW10=TWL 
40 PO 10 

100 4111,RM04$2*00*(TWoTW15)/60,0+HR4 

RCONDNNOTZ/MFGG 
IF(A8S(RCONDN•RCUND4),LT,0,001*RCUND4)40 TO 30 

RCOND2m(RCONDN.RCOND2)/2.0 
1=4 
40 TO 249 

30 QTRINT1.01T2+HRIS 
TRRINTR/400,0 

TWLI0QTR*60,0/(RMFW*C044W11 
DS00C=HR1S/(RCONP*CPRI) 
TS00C=TS,OSUBC 

DTsPS,.TWI1 
WRITE(202)DT.T141. 

54 FORMATON ,'DT 	s,/F10,5 /4X,,TWI mtfF10,5] 

RETURN 
END 

SNORT LIST 

READ FROM(MT,PRUbRAM 4RM1.PROGGM14) 

READ FROM(MT•PRObRAM 6RM1,PROGGM13) 

READ FROM(MTtPRO4RAM GRM1.PRO46M15) 

READ FROM(MT PR04RAM GRMi.PROGGM16) 

READ FRUM(MTcPRORAM ORM1.PROSSM18) 

READ FROM(MTAPRO4RAM (iRM1,PROGGM20) 

READ FROM(MTrPR0URAM GRM1,PROGGMZ1) 

READ FROM(MT#PRU4RAM GRM1,PROGGM34) 
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MASK 
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