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LISTING OF COMPUTER PROGRAMMES




COMPONZIT SIMJLATION




(VP VY

SeENp TO (SIMULATION «SMyg )
PRUULRAMIGRY 6)

INPUTT=CRY
VUTRUTZ2=LPVY
TRAUE

END

MASTER ANALYSIS UF FLUUDED CHILLER

DIMENSTUN NTPE(TU) IPASSN(IV)
REAL NF

GR10

CUMMUN/FINT/ DU,NF,DF,T7,1¢,FEFF,TKT
CUMMUN/ EVP/ NE,NPASSE, TUBELE, TUBEWE ,NTPE, FFE
CUMMUN/CUNST/PIELG(
CUMMUN/BLKG/ DI
CUMMUN/BLEKZ/STRL

READ (1,5 )R

REABC(T ,4INFDF 11 ,T2sHEFF
READ (1 ,5)MPASSE

REARC(T ,TINE (DI sDUPTKT
READ (7 ,4)TUBELE

REAB (] ,4) STRL

READ (1 ,3)(NTPECL1),1=7+NPASSE)
READ (7 ,4)DSUBC,TD

LL=10

PU 10U KK=1,LL

REABC(T, %) TSE, TWITE, RMFWGE, FFE
REAB(1,4) RCAPE RPDE '
FURMAT( 10,5F0, )
FURMAT(1i0,4F0,0)

FURMAT (1010)

FORMAT(TU0FQ, V)

FURMAT (1V)

TUBEWE=TUBELE+Z,D
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DUTTI=1,NPASSE

IPASSN(I) =1
WRIITE(2,¢U)NR,NE, TKT,NPASSE, DI, DO, TUBELE, TUBEWE,
INFL,OF , T1,T2,FEFF,FFE

FORMAT(1H ,*A, PHYSICAL DATA OFEVAPURATUR'/1H ¢30C1H=)/
TTH +*REFRIGERANT/NRE" 1 15+2ZXs " NE 2V, 05402X00TKT =2 9F10,5:2Xy
T'NPASSE=",15/1H «+ 'D1 S',F10,5¢2Xe'DO =Y, F10.5:4X,
¢ "TUBELE=® s E10,5¢ X "TUBEWE=" 4 F10,55¢X, ' NF =Yy F1U+5/1H
S'DF =" F10.5,4X,'T1 B'L,F10,5¢2X0'T2 =*L,F1VU.59,2X,
GYFEFRF =", FT0.5,¢X,"FFE  =',F10,9) :
WRIFVECZ2927) CIPASSNCI)  NTPECI) 121 ,NPASSE)

FORMAT(TH ,'"PASS NUMBEK® +4Xs 170 /5X,*NUMBER UF TUBES' ,110)
PLE®S4L  O*ATAN(QT ,U)

6L=3¢2,1740U5

TSUBC=TD=DSUBC

CALL SATPRP(NR,TDPD/VFDIVGD)HFDIHFOLD,HGD I SFD,SUD)
CPRLD=CPL(NR,TD)

HINE=HFD=CPRLD*CTD=TSURC)

CALL EVAP(NR,TSE/TWITE/KMFWGE/HINE 1 CAPE+PDE/AMRE)
ERRUAPE=(CAPE=RUCAPE)Y /RCAPE®*IUD,0

ERRHDEz (PDE=RPDE)/RPDE*T1U0. 0
WRITE(Z2/¢5)CAPEIRCAPEIJERRCAFE /PDE,KPDE ,ERRPDE

¢5 FURMAT(1H ,° RESULTSY/TH 410CTH=)/

£6 FURMAT (1H

97K sey, CAPICITY OF EVAPURATUR IN TUNS,,,CALCULATED=s,F10.5
64 "RATED="/F10U,5/"ERRUR="/FIU.S5/

FiN sv¢, WATER SIDE PRESSURE DPROP,.,,..,ss CALCULATED=v,F70.5
By "RATED="+F10,5,"ERRURE" /F10.5)

WRIVE(Z2/26)AMRE s RMFWGE

1)

TUU0 CONTINUE

STOW
END

¢ YMASSELUW RATESAMRE="  F10,5,¢X /' WATER FLUW RATE='/F10.5
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C THIS PRUGRAMME 1S USgp TO SIMULATE THp PgRpURMANCE U THg gVAPURAROR

C
C

SUBMUUTINE EVAP(NR ,TS,TWIT ,RMFWG,HINE ,CAPE/PDEIAMR)

GRT10:VARIABLE HTL
SEFESATPRP,TKL,VISCU,NRAPH,FQ1,DFQ1,FQ2,DFQ¢
DIMENSIUN NTPECIU),IPASSNCI0)

REAL NF

EXTERNAL FQ1,DFWY,FQ2,DFOZ
CUMMON/BLUCKT V1 ,V2
CUMMUN/BLUCKZ/P1 P21 Q1,TLP
COMMUON/BLUCKS/ANRT ,ANRZ2,ANRS,ANRSG
CUMMUON/FINT/ DUSNFJDFsT19T2sFEFF,TKT
CUMMUN/EVP/NEJNPASSE,TUBELE, TUBEWE ' NTPESFFE
CUMMUN/CUNST/PIE,GC

COMMON/BLKG/ DI

CUMMUN/BLK/Z/STRL

DATA TKW,CWsiAMUIROW/ 035641 ,Ur2.65162,4/
JF(NRLEW,.T12)PK=DY6,Y

IP(NR,EW.22)PK=/2Y,Y

CALL SATPRP(NR, TS, PS,VFyVGrHF+HFGsHG,SFeSG)
RORL=1/VF

RUORV=1/VG

TKRL=TKL(NR,TS)

LALL VISCU(NR,TS,AMURL,AMURG)

WRIFTEC2r¢0) TKRLIAMURL STRL,RURL,RORV/HFG,PS,TS

20 FURMAT(IH ,*EVAPURATUR PERFURMANCE' /1H 39 (TH=){

11H 7o TKRL 2v s F10e512Xr 0 AMURLzy 1 F1Qe212Xe s STRL =0 s F1Q0e5+ 2K
CYROBL =9, F10.5/1H 1 vRURV =0y F1(Qs512XstHFG =, F104502Xy
SPS ='0F1U-b:dXv'T$ ='IF1UU5)

FP=%,U/NF

AFS®PIE*X(DF**2eDUNNZ) /4, VU

AFT®PIE*DE %T1

ASP®PIE*DUXTZ/FP

APWESPIE*DOQ

AF=L2*AFS+ALT) /P

AT=RF+ASP

Al=FIE*D]

AEFP=ASPHFEFF *AF

WRITEC2+21)FP/AFIASP/AT AL AEFF,APWE

PAGE=
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21 FURMAT(1H ,'FP S F10,5,2X 'AF SVLETUL912Xs"ASP =", F10,9,2Xs
VAT =P R10.5,4X, "A] EVLFT0,59,8X0"AEFF =7, FT10.5.2K,
TTAPWHF =',F10.))

RFSU,0001%D1/12,U

ATs®Ts+42Y 6/

ACI®AT /Al

ACZBAT*ALOG(DO/DI) /(2¥plE*TKT %12,0)

B1=AEFF/AT '

AFI®AT/APWEF

RP=HS/PK

AL=3QRT(STRL/ (RURL=RORV))

ANRT=0, FO*AFL*% (=0, T14) *RP** (0, 088*AFlwx(=(0,25))

ANRZSQ,/O*AF 1 %% (=0 15) ¥RPe*k (=0, 28)

ANRS=0,1

ANR4=0,155

RNOLDF=( AL/ (HFG*AMURL) ) *#*ANKT
PHPRFE=(ATS*TKRL/ (HFG*AMURL J)*WpANRY

RRF®(RF/AL)**ANRG

AFIP=AF I *¥*ANR3

BZ=d30,U¥TKRL/AL*AFIF*RNULDF*PHPRF*RRF

B=BI*B2

WRIVE (2/25)ACT /AC2,BT1,B2rBsRPIALIANRT »ANRZ/ANRSFANRG
TeAF L, RF

25 FURMAT(TH ,YACYI= ", F10,5,1H ,vACZ= v, F10,5¢1H +'B1 = 1 ,F10.59

T1H »'B2 = ", F10.5+1H ,*B = YyF10,5/1H ¢'RP = ', 105
C1H #rAL = 4 F1U,521h 2ANRT= v 4F10,501H srANRZ= v, F10.59
S1TH r*ANRS= ' ,F1U0,5/1H ,*ANR4= ", F1U,5+1H s'AF) = ' ,F10.5
@TH #'RF = ",F10,5)

ALPMAL=1/FFE

TWI®TW]1

RMFWST955, /144 ,U*RMFWG¥RUW

PDE®U,0

QU=TUV0,V

PU 10 I=1,NPASSE

AMWERMFW/NTPE(])

024 . ¥AMW/ (PIE*DI*%2)

TLP®TUBELE/12.0

TLW®TUBEWE/1¢Z,0

REF®72,U%G0*DI/AMU

FRF®0,0/Y1/REF**0,25



PAGE®"

PD=U*G/ (OU*RUW*s/50, U) % (FRE*TLW/DE+V,4/24)

ALPHAWSU , UZS*TKW/DI*(AMUNCW/TKWI**U , 4* (DIWG/AMU)I *# %0y ¥ (12, ,0%*7 ,§4)
C1=ACL+ACT*(1/ALPHAL*1/ALPHAW)
P1=LANRT=T1) *AMW*(W/ CANRTI*B*AT) %12, 0

PL=UY*AMU*CW/AT *12,0

v1=1/(C1*B)

VE=LTWI=TS)/7C1

CALL NRAPH(FQ1,DFQT,Ql,Y0,0,017,Q0)

HIC1=B2*xQIxx(ANRT)

Q1=4]

CALL NRAPH(FWZ DFQZ,QL,50,0,01,Q1)

TWL®TS +QL*xC1+QLxx(1=ANRKT)/B

HTCL=B2*QL**(ANRT)

HTCAS(HTCLI+HTCL)/2,V

WRIVEC29264) 1 e TWI AMW O ALPHALIALPHAWSCY 2P o P2oVTaV20QI, QL TWL,TLP
T+PDeHTCI HTCL,HTCA

24 FURMAT(1H ,'C, ANALYS]S OF PASS NUMBER= 1515/ 1H +35(1H=)/

TTH ' TWL =% s FIU 5, 2Xs"AMW =0 ,F10 242X G =V F10,5,2X
CVYALEBHAL=' s FT1U. 5/ Z&X, *ALPHAWSY s F10.5/71K 4 (1 =V 1F10e502X, P t
SeF1V.D,Z2Xs P2 2 F10,502Ke V] =V F10,9:,4X,0 V¢ = ,F10.5/

414 +7¢, HEAT TRANSFER RATE PER UNIT AREAV/1H ,tAT INLET,QI = 1,
SF10.5¢1H ,*AT QUILET,uL= ' F10,5/
OTH +*TWL =", FT0.9,2Xs"TLP =% ,FTU.5+2Xs'PDE =7 ,F10,5/

(1H +"11,HEAT TRANSFER CUFFICIENT?/1H , AT INLET,HTCI= v,

BF10 «5/1H AT QUTLET,HTCL=  * yFJU +512Xev AVERAGE sHTCA= 1 s F1045)
TWIsTWL

Qu=uL

PDE®PDE+PD

10 CUNVINUE

QT SRMFW*(TWIT=TWL) *CW/60U U

AMR®QT/(HG=HINE)

CAPE=QT/ 200,V

RETURN

END
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SHOHT 1ST
KEAB FRUM(MT,PRUGRAM
REAU FRUM(MT,PRUGRAM
REAB FRUM(MT,;PRUGRAM

READ FRUM(MT,PRUGRAM

REAB FRUM(MT/,PRUGRAM
REAR FRUM(MT,PRUGRAM
READ FRUM(MT,PRUGRAM

FINISH

GRM1 ,PRUGGMTZ)
OGRM7,PRUGGMT 3)
GRM1,PRUGGMT )

LKMT ,PROGGMIG)

GRM1 ,PROGGMTE)
GRMT, PRUGGMZUY)

OGRMY ,PRUGGMZY)

PAGE =
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SENR TO (SIMULATION SMZ2)
PROURAM(G6116)

INPUTT=CRO

QUTRUTZ2=(LPO

TRAVE

END

MASPER ANALYSIS UF FLUODED CHILLER

DIMtNSIQN NTPE(10)01PASSN(1U)
REAU NF
6116
COMMUN/FINT/ DU, NF,DF,T1,T2,FEFF, TKT
COMMON/EVP/NE,NPASSE, TUBELE, TUBEWE ,NTPE,FFE
COMMON/CONST/PIE,GC
COMMON/BLK6/DI
COMMON/BLK?7/STRL
CUMNON/RATED/RCAPE,RPDE
REAB(1,5)NR
REAV(q,4)STRYL
REABCA ¢ @INFeDF T T2/ FEFF
REAB(4,4)DSUBC,TD
L=qv
Li=s#
PO 100 K= L
REAB(1,3INPASSE
REARCT,)3)(NTPE(}),I=7,NPASSE).
REAB(7¢1)NE yDI1+DOCTKT/TUBELE +TUBEWE
DO 710 KKK=1sLL
REABCT &) TSELTWITE RMFWGE/FFE
READ(1,4)RCAPE RPDE
FORNAT( 10,5F0,0)
"FORMAT (110,450,002
FORMAT(I010)
FORNAT(10FOQ, 1)
FORMAT(10)

PAGE=
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11

20

21

119
100

PAGE=

PUOTTI=1,NPASSE

IPASSN(1) =]

WRIPEC2+2O)NR/NE/TKT/NPASSEsDIsDU/TUBELE/ TUBEWEINF¢DFiT1,T2rFEFF,
TFFE

FURNAT(IW ,'A, PHYSICAL DATA OFEVAPORATOR'/1H +30(1H=)/
T1H #"REFRIGERANT/NRE'+I5,2X,"NE TV ,1592X,"TKT ='4F10,5.2X,
T'NPASSE=',[5/1H ¢+ 'D] BTLF10,5:2X,'00 sV, F10,5.4X,
2 YTUBELE=",F10,5,2X¢'TUBEWE=",F10,5,¢X, "NF 2" F10,3/1H ,
S'DF 2',F10,5,¢x,'T1 3Y,F10,5,2x,'T2  =',F10,5,2x,
&'FERF =", F10,5,2X,"'FFE =',F10,5)
WRIFEC2¢21) (IPASSN(I) /NTPE(1)I21,NPASSE)

FURMAT(1H , *PASS NUMBER'/4Xs[1099X,'NUMBER UF TUBES',I10)
PIE®4 ,Q*ATANCT, V)

GC382,17405

TSUBC=TD=DSUBC

GALU SATPRP(NR,TD,PD,VFD,VGD,HFD ,HFGD ,HGD,SFD,SGD)
CPRUDSCPL(NR,TD) ‘
HINEaHFD=CPRLD*(TD=TSUBC)

CALYU EVAP(NR,TSE, TWITE,RMFWGE,HINE,CAPE,PDE+AMRE)

CONTINUE

CUNTPINUE

STON

END

SUBMOUTINE EVAP(NR TS, TWIq/RMFWG/HINE CAPE/PDEIAMR)

C THIS pRyYGRAMME Is USED Tg SIMULATE THE pERFORMANCE (F THE EVApPORAROR

C
¢

G110;CONST HTC FUR INDIyIDyUAL PASSES
SxF$SATPRP,TKL,VISCO,NRAPH,FQ1,DFG1
DIMENSION NTPE 10y, IPASSN(10,

REAU NF

CUMMON/FINT/ DU, NF,DF,T1,T2,FEFF, TKT
CUMMON/ EVP/ NE, NPASSE, TUBELE, TUBEWE, NTPE, FFE
CUMMUN/ CONST/P1E,GC

CUMNON/BLKS/DI

COMNON/BLK7/STRL

4
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CUMMUN/RATED/RCAPE,RPDE
DATA TKW,CW,AMU,ROW/0,354,1,0,2,65,62,4/
IF(NR,EQ,12)PK=dY6,Y

IF(NR,EQ,22)PK=/21,Y

CALU SATPRP(NR,TS,PS,VF ,VG,HF,HFG,HG,5FSG)
RORUmT/VF

RURV=1/VG

TKRUBTKL(NR,TS)

CALU VISCOC(NR,TS,AMURL/,AMURG)

WRITE(2+20) TKRL/AMURL ) STRLRUORL,RURV/ HFG,PSsTS

20 FURMAT(1H ,vEVAPURATOR PERFORMANCE® /1H ,30(1H=)/

11H v TKRL mt s FT05 22X AMURLSY sF10942XevSTRL ="' ¢F10,4,5.2X)
ZVRORL =2, F10,5/1H ,'RORV =", E10,5/2X,"HFG =',F10+5¢2X,
S'PS B8YrF1025¢2K0 TS S F10,.%)

FPsX,0/NF

RESUPIEX(DF**2mDU*2)/ 4 ()

AFTRPIE*DF*T

ASPSPIE*DOWT2/FP

APWhePIE#*D(

AFR12*«AFS*AFT) /FP

AT=AF+ASP

AImRIE®D]

AEFHBASPHFEFFHAF

WRIPE(2/29)FP,AF+ASPIAT Al AEFF,APUWF
21 FURNAT(qH , FP st Frgeb 12X AF gll“'()lS'ZXllAsp =1 FpgeSi2X%e
VAT w' P Fq0+512%K11A1 v P Fr0e5r2X 0t AEFF 12 FqgeSe2Xy
T1APWF 3v1F10.5)

RFab,0000%D1/12,0

ATSeTS+459 ,6/

ACT1®AT/AYL

ACZBAT*ALOGCDOU/DI)/ (2*PIE*TKT %12.0)

B1=AEFF/AT

AF I ®AT/APWF

RPRRS/PK

AL®SQRTC(EBTRL/ (RORL=ROQRV))

ANRIwQo PONAF [ *#(m q14)%RP**((, 88 AF]#w(™(,25))

ANRARQ , 7O%AF[e*(m( 13)*RP**(mp, 28)

ANR3mO,1

ANRB®O 133

RNOUDF=( - AL/ CHFG* AMURL) ) #*ANRY



PAGEe 4

PHPRF=(ATS*TKRL/ (HFGWAMURL JI)*¥ANRZ
RRFE®(RF/AL)**ANRS

AFIRSARI#*ANRS

BZmdS0 UNTKRL/ALYAFIF*RNU|DF*PHPRF#RRF

B3BIwB?
WRIPE(2+23)ACT,ACZ,B1,BR)B/RPsAL/ANRT,ANR2/ANR3/ANRS
TrAFL,RF
€5 FORMAT(IH ,'AC1=  ',F10,5,1H ,*ACZ= ',F10,>,1H ,*B1 = ',§10,5,
11K &'B2 = ',F10,5,1H ,*B = ',F10,5/1H ,'RP = ',F10,5,
C1W (1AL 3 1, F10,5,1H [ TANRI= ', F10,5,1H ,VANRZ= ' F10,5,
S1H p"ANRS= ', F10,5/1H ,'ANR4= ', F10,5,1H ,'AFY = ',£10,5,

ATH ,'RF = ', F10,5)
ALPRAL=1/FFE
RMFW=aT1155,/1644,0¥RMFWGAROW
PDE®=D,0
TLPSTUBELE/12,0
TLW=TUBEWE/1¢,0
507 TWISTW]1
DU T0 171 ,NPASSE
AMWSRMEW/NTPEC(L)
G646 *AMW/ (PIE*DI¥**2)
REF®1Z2,U¥GwDI/AMU
FRF®),0/91/REFw*Y,25
POmO®G/(GCHRUWNS/50,0)*»(FRF*TLW/DI®U,4/24)
ALPNAWZU.Q23*TKW/DI* CAMUNCN/ TKW) *#%w( 4 *(DI*G/AMUI *¥( , 8% (12,0%*1,8)
CIoAC2+ACT* (1/ALPHAL*1/ALPHAW)
EFgPLP*AT/ (AMW*CUW*q2,0)
TWL®TWI™2,0
506 QTPRAMW* (TWImTWL)*CW
QsQPP/ (ATRTLPI* 2,0
Ugqiég/ (Ca¥q,0/ (B*QA**ANRq))
TWLTnTSH(TWISTS)*EXP(=U%EF)
lF(ABS<TWL1'TWL)-LT-O-OU1)GU T0 900
TWLe (TWLY +TWL) /2 .0
GO 70 s¢6
1000 Q1,%L=Q
HTCARB24Qwa (ANRT)
MTCH,HTCLSHTCA
WRIPE(2,24)1,TWI,AMW,G,ALPHAL, ALPHAW,C1,V1,V2,GQ},QL,Q, TWL, TLP
T¢PO#HTCE/HTCL,HTLA ‘



PAGE=

264 FORMAT(TH ,'C, ANALYSIS OF PASS NUMBER= '4I5/ 1H 1 35(1H=)/

10

2>

26 FURMAT(1H ,+MASSFLOW RATE,AMREZ1/+Fq095,2X, 1WATER FLOW RATEzvsFq0.5

TIH p'TWI l':F'lO.S,Zx,'AHw ="F10.502x,'6 5'.;10.5(2x,
CYALRHAL=Y , F10,5,¢X,"ALPHAWS"',F10,5/1H ,'CH 2V, F10,5,2X%,

s ' 'v1 .I',F10.5,£X,'V2 ='IF10.5/
41H wv7, HEAT TRANSFER RATE PER UNIT AREA' /1M ,'AT INLET,Ql = A
SF10+5¢1H AT OUTLET,QLs v, F10,5:2X,VAVERAGE, Q= *,F10,5/
61N ,YTUWL =V oFT0.5,2Xs'TLP =9 ,F10,5,2X,'PDE  =1,F10,5/

/1" #1191 HEAT TRANSFER COFFICIENTs/qH , AT INLET,HTCIs =,
8F19#S5/1H ,vAT QUTLET,HTCL= CyF10e502X e VAVERAGEYHTCASY JF1049)
TWiaTW|

QUaH{

PDE®PDE+PD

CONTINUE

QT ®RMFWNF (TWITaTWL)*CW/ 60,0

AMR®QY/ (HG=HINE)

CAPERQT/200,0

ERRUAPE=(CAPE~RCAPE) /RCAPE*100,0

ERRRDE=C(PDE*RPDE)/RPDE*100,0
WRIPEC2:25)CAPE«RCAPEERRCAPE.PDE,RPDE,ERRPDE

FORMAT(3H ,1 RESULTS/1H ,10C1H~)/

51H #+15, CAPICITY OF EVAPURATUR IN TOUNS,, ,CALCULATED=¢,F90,5
&, 'RATED=* ,F10,5,"ERROR=Y ,F10.5/

AN y17, WATER SIDE PRESSURE DROP,.,,,,,s,CALCULATED=",F1¢0,5
By 'RATED=E' ,F10,5, "ERROR="/F10,5)

HRIVE(Z,gb)AHREcRMFNG

1’

RETURN
END

SHOBT LIST

Rea FROM(MT (PROGRAM GRM1,PROGGM1Z)

REAB FRUM(MT,PRUGRAM GRM1,PROGGM13)

5



PAGE= 6

REAR FRUM(MT,PRUGRAM GRM1,PROGGMIS)
REAY FRUM(MT,PRUGRAM GRM7,PRUGGM16)
REA® FRUM(MT,PRUGRAM GRM1,PRUGGM1IE)

FINISH
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PROYRAM(G6414)
INPUTT2CRO
VUTHUTZ2=LPO
END

PAGE=

MASTER CONDENSER ANALYSIS
DIMENSIUN NTP(10),1PASSN(I0) TNVR(T1D)

REAU NF
GR148,G414

CUMMON/FINT/ DY, NF,DF,T1,T2,FEFF,TKT
CUMMON/BLKS/N1,TNVR) TNVRS, BTARL

CUMMON/VTEMP/ TV

CUMMON/CND/NC,NPASS, TUBEL,TUBEW,FF

CUMMON/CONST/PIE,GC
CUMMUN/BLKG/NTP
CUMMON/BLKG/DI
CUMMON/BLK9/DPIC,DPEC
CUMMON /AS/AS1,ASZ
L=2>

AS13CROSS»SECTION AREA OF SUBCOOLER DUCT(IN,SWQ,}

DF=DIAMETER OVER THE FINS IN ,
DI=INNER DIAMETER OF TUusE (IN,
DPECSDIAMETER OF PIPE CARRYING COOLANT OUT
UF THE CONDENSER(IN,)

DPERM=SUBCUGLER pUCT PERIMETERCIN,)
DPICsDIAMETER OF PIPE CARRYING COOLANT TO
THE CONDENSER(IN,)

DU=QUTER DIAMETER OF TUBE CIN,)

FEFFsFIN EFFICIENCY

FFafOULING FACTOR(HR, #FTH*#2%f/8TU,

N=TOTAL NUMBER OF TUBES

N1=NUMBER UF TUBES IN THE SUBCOOLER
NF=NUMBER OF FINS PER INCH OF TUBE LENGTHM
NPASS=NUMBER OF TUBE PASSES

NR= REFRIGERANT NUMBER

NTPsNUMBER OF TUBES IN A PASS

1
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4

PIE®4 O*ATAN(1,V0)
0Cm32,17405
REAB(1,5)NR
REAB(T,4)CPRL,BTARL
REAB(7,4)DPIC,DPEC

PAGE=

RMFWGEMASS FLOW RATE OF COOLANT(GPM)
RPDC=RATED CUOOLANT PKRESSURE DROP
IN THE CONDENSER
RTHR2 RATED TOTAL HEAT REJECTION
IN THE CONDENSER
T1=FIN THICK NESSCIN,)
Te=FIN SPACING(IN,)
TKT=THERMAL CONDUCTIVITY OF TUBE
MATERIAL (BTU/HR FT DEGREE F)
TNVR=AVERAGE NUMBER UF TUBES IN A VERTICAL
RUW OF THE CUNDENSER
TNVRS=AVERAGE NUMBER OF TUBES IN A VERTICAL
RUW OF THE SUBCOOLER
TSzSATURATION TEMPERATURE CORRESPONDING
TO CONDENSER PRESSURE (DEGREE F)
TV=TEMPERATURE OF SUPERHEATED VAPOUR
ENTERING THE CONDENSER (DEGREE F)
TUBELSTUBE LENGTH USED FOR
TWITSTEMPERATURE OF COOLANT ENTERING THE
CONDENSER(F)
HEAT TRANSFER (IN,)
TUBEWSTUBE LENGTH (IN,)

REABC(q,9N (NPASS DI/ DU, TKT
REAB(q¢4) CTNVRCI) ¢ 19 /NPASS) ¢ TNVRS

ﬂtA3(1,a’NF'DF:T1cTZJFEFF

REAR (7 14)AS,
PO 190 K=qrl

REAR(T,5) (NTP(1) 121 ,NPASS,

REAQ(1.5)N1
REAB (7 ,4) TUBEL

REAB(T,4) TV, TS ¢ TWIY ,RMFWG,FF,RTHR,RPDC

1 FURMAT(210,5F0,0)
FORMAT(110,4F0,0)

3 FURMAT(1010)

4 FURMAT(10F0,V)
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S FORMAT(IV)
TUBEWaTUBEL+Z, S
DU 271 I=1,NPASS
11 IPASSN(l)=]
WRITE(2,20)NR,N ,TKT,NPASS ,DI1,DO,TUBEL ,TUBEW ,NF,DF,T9,T2,FEFF,
TFF N1 TNVRS
20 FURMAT(TH ,%A, PHYSICAL DATA UF CUNDENSER'/1TH +30(TH=)/
11H #'REFRIGERANT/NR=",15,2XKs'N =V, 195,2X,'TKT =" 9F10,5+2Xs
TINPASS =',I5/1H + "DI  B',F10,5,2X,'00  =',F10,5,2X,
¢ YTUBEL ®',F10,5¢2Xs'"TUBEW =',F10.572X, 'NF 2V F1005/1H
5'DF B'F10.5,2X, T B F10,5)2X01T2 2V F10,502X,
GYFERF 3'3F10.5,¢X,'FF 21, F10,5,2X "N 2V, 050¢Xe"TNVRSS' ) F1049)
WRITEC2:21) CIPASSNCI) ¢NTP (1),TNVRCI) 121 ,NPASS)
21 FORMATC(IH +1PASS NUMBER' 14X 110s5X,*NUMBER UF TUBES'» 110+
15X, *TNVR =%, F10,5)
AS2®PLIE*DF¥*2%N1/4,0
WRITPE(2)30)AS1/,AS2
50 FURMAT(IH ,1AS)=v,F10.5/9X71AS2=1,F10,5)
CALU TIME(TTY)
CALU CONDENCNR, TS, TWIq,RMFWG, THR,PDC,RCOND,DSUBC)
ERRFPHRz (THR™RTHR) /RTHR*100,0
ERRRDCa (PDC~RPDC)/RPDC*100,0
WRITE(2+25)THR,RTHRyERRTHR,PDC,RPDC,ERRPDC
25 FURMAT(1H ,1  RESULTSe/qH 4q0CiH=)/
9 H n.e. TOTAL HEAT REJECTION,THR,.,,,,CALCULATED 1 /Fq0.5
6/*RATED=" ,F10, 5, "ERROR=",F10,5/
rqH ko7, WATER SIDE PRESSURE DROP,.,,.,..,CALCULATED=|'F1Q'~5
8, *RATED=' ,F10,5¢"ERRORs 1 ,F10,5)
WRIVE(2462)RCONDI RMFWG,DSUBC
62 FURMAT(1M , 1 CUNDENSATE FLOW RATE,RCUNDz?;Flu+5¢2Xs
TeWATER FLOW RATE/RMFWGgr ¢F1045/1H 2+ DEGREEOFSUBGCOOLINGZv,F1Q,5)
CALL TIMEC(TT) ,
WRIVEC2+280)TT14TT2
480 FURMAT(TH »AB/1H +AB)
100 GUNWINUE
STOR
END

BT T.DELHI.]
T LIBRAF Y
. #ee. Neo.. 'l r:’..qu :
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SUBMOUTINE CUNDENCNR,TS,TWI1,RMFWG,THR,PDC/RCOND,DSURBC)

C THIS PRYGRAMME IS USED TO SIMULATE THE PERFORMANCE OF THE CONDENSER,
C CONPENSING THE REFRIGERANT QUTSIDE THE TURES
C G414 VAR]JABLE NTC(V.C')
DIMENSION NTP(10) ¢ JPASSN(10) s TNVR(1V)
REAL NF ,
EXTERNAL FQ1,DFQ1, FQeZ, DFQ2
CUMMUN;BLOCKT/V1/V2
COMMON/BLOCKZ/PT +P2,Q1,TLP
CUMMON/BLOCK3S/ANRT ,ANR2 ,ANR3 (ANRY
CUMMON/FINT/ DUNFDFeT1 T2 FEFF, TKT
CUMMON/BLK8/N7 s TNVR, TNVRS,BTARL
COMMON/VTEMP/TY
COMMUN/CND/NC ,NPASS,TUBEL,TUBEW,FF
CUMMON/CONST/P1E,GC
COMMON/BLK4/NTP
CUMMON/BLK9/DP1C,DPEC
CUMMON/BLKe/B]
COMMON/BLKS/TLW
CUMMON/AS/ASY,AS?
DATA TKW CWrAMUIROW/ 04354114072, 6300244/7

o THE PROPERTIES OF THe REFRIGERANT ARE FOUND
CALYU SATPRP(NR,TS ,PS,VF,VG,HF,HFG/HG,SF,56)
RURU®Y/VF
CPRUSCPLINR,TS)

TKRUaTKLENR,TS)

CALU VISCO(NR/TSsAMURL/,AMURG)

WRIPEC2r20) TKRLPAMURLICPRLIRORL TV s HEGIPS1TSegTARL

20 FURMAT(qH ,+ PERFURMANCE OF CONDENSERy /qH ,39CqH=)/
TIH FaTKRL 20 e FrQe512Xe v AMURLG v v F1Qe 512X e s CPRL 290 Fy045.2X,
CYROBL v, F10,.5/10 ,rTV 2% F10,5:,2X'HFG 8y, FI0i52X,
51PS sV tFA0e59¢Xis TS B IF10e512X01BTARLY ¢F1¢+5)
C , VARIOUS CONSTANTS ARE DETERMINED

Cvew,133

FPm¥, U/ NF

AFS®PIE*(DFew2eDOs¥2) /4, V.

AFT®PIEYDF+T1
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ASPOPIE®*DOXT2/FP

AFSL2*AFS+AFT)/FP

ATsAF+ASP

AlsRIEwD]

AEFWSASPHFEFF*AF

WRIPEC2/21)FP,AFsASP/AT AT+ AEFF

FORMAT (1M ,vFP 20 F10,9512X0 v AF 21 F10:512X1*ASP =21, F1003:2X»
VAT w¥iF10,5:2X, %A1 2V F10,5:2X  VAEFF =1,F10,5)
AC1®AT/A]

AC2®AT#ALOGC(DO/DI) 7 (2*PIE*TKT +12,0)

B1sAREFF/AT

ANRT==1,0/3,0

ANR4 ,ANRS ,ANR4=V, 0

ALMRSAFS/DF

P=Q+¢2d

ALMEFSALMF2**P

HFGUBSCV*(TV=TS )*HFG
DEQH!1.0/((1.S*AF'FEFF/ALMFf#ASPIDO**P)/AEFF)**A
WRIVE(2,22)DEQL

FURMAT(TH ,, EQUIVALENT DIAMETER,DEQLz v ,Fq¢,5)
AKKSTKRL¥«3#RORL®»2*G( /AMURL

AK1® 68Y% (AKKWHFGG/DEQL)**P*(60,0%1¢,0uwP)

ALPYALm1/FF

TWIsTWI1

RMENRT 155, /144 OYRMFWG*ROW

TLWeTUBEW/12.

T TUBEL/q2.

LPalTBELTA2:0 THE MASS FLOW RATE OF CUOLANT AND ITS
PRESSURE pROP IN 8OTH THE BRANCHES OF
CUNDENSER ARE EVALUATED

CALU BRANCHM (RMFW,RMEWR, rRMEWB2,PDC)

WRI# ¥y RMpW, RMFW RMEWR P

FORNATS1 B0 TRMEU  mt F 150y 2Ke tRREWB1 a1 1 F1S05 s 2Ke tRMFWBZa "1 F15,5
$12XevPpC 2 1F10.5)

RMFImNT*RMEWBZ/NTP(4)

RMEN4LgRMFWB 2®RMFS

WRITECZ2¢901)RMES RMFW4

FORMATCIH ,'RMFS 211 F10,2:2Xp"RMFWL=Y 1 F10,2)
CK)AmRMFS*CW/ 60,0

CK1378CK12/CPRL

5



1190

¢3

26

29

24

PAGE=

CKEem12, 0% 0, URCKI2/ (ATHTLR#NT)
DEQIRU,99439%pF /2,0
DROMU=3IVO,0*DEQS*ROR | /AMUR
PRNEBAMURL¥CPRL/TKRL .
PrO®0, 0D Wy KRL#PRNR*+U, 43/DEUQSw12,0
VEUR=3, 541006

RELNREDRUMU*VELR
HTCKEZPTD*RELNRw*Q 4

Q=1000,0

1=1

THE HEAT TRANSFER IN EACH PASS IS COMPUTED

TR=ES

AK®AKT/TNVR(I)**pP
BLBAK*# (T =ANRT) *Blw#(=ANRY)

B=By*B2
WRIPE(2,23)ACT,AL2,BY,AK
FURMAT(IH ,'ACTs= *3F10,5,1H ,vAQZ= 'y F10,2¢1TH ,28T1 = ' F10.5

TIH «TAK B ' ,F10,5)

1F(1,LE,3) AMWSRMFWBT /NTP(])

IF(Y,GE,4)AMYBRMFWBZ/NTP(])

GBLewAMKW/ (PIERXD] % 2)

ALPNAWRU, 023%TKW/DI* (AMUNCW/TKW)*% () b (DI¥G/AMU) **(,B*(12,0%*1,8)

CieAC2+ACI*(1/ALPHAL®1/ALPHAW)

P14 ANRI=1) *AMW*CW/ CANRI*B"AT)I"12.0

P2eUY"AMW*CW/AT *92,¢0

Vist/(£L1%8)

VZeliTReTWI)/C

CALU NRAPH(FQq,DFQ1¢QI,5%¢rQeptrQg)

HTCduB2¥QI**(ANRq)

Qreh]

CALU NRAPH(FQ2, DFQ2,QL,50,0,01,Q1)

TWLSTR, GL«C1.QL*w (1.ANRT) /B

HTCUBB2¥QLw* ANRT,

HTCAm(HTCI+HTCL)/2,V

WRIVEC(2024) 1 TWI AMW,G,ALPHAL,ALPHAW,Cq TWL, TUP
TeHTUT, HTCL,HTCA,TD

FURMAT(TH ,'C, ANALYSIS OF PASS NUMBER= '"/15/ 1H +35¢1H=)/
118 »?'TWi = L F10,5,2X,VAMW B8Y ,F10,242X416 = F1d (52X,
CYALRHAL®? y F10,5¢4X,; "ALPHAWE? , F10,5/1H ,t(C1 ' F10,5/
6TH F'TWL =", F1U.5,2X,'TLP =',F10,%/

6
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(1K 7'11,HEAT TRANSFER COFFICIENT'/1H ,'AT INLET,HT(CI= ',
BF10+5,1H VAT OUTLET,HTCL= YeF10,5:2X  "AVERAGE ¢HTCA=' ,F10,5/

Y1H «'TD 2',F10,5)

GO 70 (10,10,227,228,10,300)1

1=[#1
Qo=
Twis Tyl
G0 ¥0 110 |
THE RATE OF CONDENSATE 1S DETERMINED FOR
THE BRANCH 6ITHOUTY SUBCOULER
QT1'RHFHB1*C“*(TNLnTNI1)/60,0

RCONDI®QTI/HFGG

RCONDZmRCOUNDY

QL=T000,0

TWLOTWI

GL %0 10
ASSUMING INITIALLY THE SAME RATE OF
CONDENSATE IN BOTH THE BRANCMES, THE HEAT
TRANSFER IN THE SUBCUUOLER AND HENCE THE
TEMPERATURE OF COOLANT AT THE INLET OF
SUCCESSIVE PASS ARE DETERMINED,
THEN THE RA E OF CONDENSATE IN THE SECOND
BRANCH IS UBTE&INED AND COMPARED WITH ITS
ASSUMED VAL E TLL THE TWO ARE NOT
DEVIATED BY MORE THAN (.9 PERCENT

TFENY,EQR.QIGLU TU 19

TWLgg TWL

HR4ORMFWA®CW® (TWLLTWIT) /60,0

RCOND=RCONDI*RCOUND?

WRIPEC2¢(500)RCOND,RCONDI/RCUND2

FORMATCIH 2 *RCOND 2+ F10¢9¢2Xs3RCUNDYI=1¢F1009:,2XKe*RCOND25"/F1Q¢5)

HTCYa1,0/ CC1¥1,¢/ CBI¥HTCR))

CK1®CK11/RCOND

CK2®CK22/HTCU

ACKSEXPC(CKI®=1,0)/CK2)

BCKeCKq*ACK

BCKM1ABCK=1,0

CCK®(ACK®=1,0)/BCKM

DCK®(BCKmACK ) /BCKMY

TWLSHCCKWTS*DCK*TW]

4
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HRESECKIZ* (TWLS=TWIT)
TWL®(HRIS*HR4)*60 , 0/ (RMFWBZ*CW)Y*+TWII

TWIoaTWY

60 YO 10

QT2ORMFWB2*CHW*(TWL=TWIS) /60, U+HRA
RCONDNaQTZ2/HFGG

- JTF(ABS(RUOUNDN=RCUNDZ?,LT,0,V01*RCUNDZIGDU TU 30
RCONDZ2u(RCONDN+RCONDZ2) /2,0

I=4

60 70 249

QTRO®QT1+QT2+HRIS

THR®QTR/&00,0

TWLOQTR*G0, 0/ (RMFWACW) +TWI

DSUBC=HRIS/ (RCOND*CPRL)

TSUEBC=TS=DSUBC
DT=pS=TWIN
WRIFE(2,92)DT,TWL
FURMAT(IN ,eDT
RETURN

END

300

30

52 S'IF10.§ s Xt TWL =|’F10|5)

SHORT LIST

REA®
READ
REAR
RE AN
REAB
READ
REAB

REAY

FROM(MT ¢ PRUGRAM
FROM(MT/PRUGRAM
FROM(MT y PRUGRAM
FROM(MT ,PRUGRAM
FRUM(MT 1 pRUGRAM
FROM(MT ,PRUGRAM
FROM(MT » PRUGRAM

FROM (MT 4PRUGRAM

GRM1.,PRUGGMT )
GRM7,PRUGGMY 3)
GRM1,PRUGGMTS)
GRM1q,PRUGGM6)
GprM1,pROGGMTY)
GRM1,PRUGGM2y)
GRM1,PRUGGMZT)

GRM1,PROGGM34)
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