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APPERDIX A

THERMOPHYSICAL PROPERTIES OF REFRIGERANTS

Presented here are curve fits and computer progtaﬁs for producing
thermophysical p:bperties of refrigérants 12, 22, and 502 from basiﬁ
equations, Program listings_are given at the gnd of;tﬁis section.

Plots of viscosity, thermal conductivity, and specific heat for
' refrigerants 12 and 22 are given in Figures _é:l__ghrough é;g_}’z.
Curvg fits for the above ptoperties'in both the 11quid and vapor states
are indicated on thé figurgé.. |

The following thermndyn&n;c properties subroutiﬁes have been
modified from Kartsounes & Erth, 'Camputef Calculation of the Thermo-
dynamic Properties of Refrigerants 12, 22 and 502'3.' The programs
produce values of enthalpy, entropy, specific volume,rspecific heat,
sonic ve10city,_pre$sure, and temperature, ThevKartsounés & Erth

programs have been checked and were found to be highly accurate, with

the exception of a possible convergence probleﬁ near the critical point.

Subroutine TABLES

| TABLES is a simple program which, when called upon by the other
thermodynamic'properties programs, delivers (into common) the constants
necessary to calculate thermodynamic properties from basic equations.
See comments in the listing for details.

Subroutine TSAT

TSAT is a program which produces the saturation temperature of
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a refrigerant correspoending to a given saturation pressure. See
comments in the listing for details,

Subroutine SPVOL

SPVOL is a program which calculates specific volume of the
vapor phase, given temperature and pressure. See comments in the
listing for details.

Subroutine SATPRP

SATPRP is a program which, given saturation temperature, determineé
the corresponding saturation properties:

PSAT

saturation pressure

VF - specific volume of saturated liquid
vG - specific volume of saturated vapor
HF - enthalpy of saturated liquid

HFG - latent enthalpy of vaporization

HG - enthalpy of saturated vapor

SF - entropy of saturateé lquid

SG - entropy of saturated vapor

'~ See comments in the listing for more details.

Subroutine VAPOR

VAPOR is a program which determines specific volume, enthalpy,
and entropy of superheated vapor, given the temperature and pressure.

See comments in the listing for details.
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Subroutine SPFHT

SPFHT is a program which, given tempetatu:e and pressure,
determines the following:
cv - specific heat at constént volume-
(044 - specific heat at constant pressure
GAMMA - specific heat ratio CP/CV
SONIC - sonic velocity

Subroutine TRIAL

TRIAL is a program which, given pressure and one other property
(temperature, specific volume, enthalpy or entropy), determines the
remaining superheated vapor properties. See comments in the listing

for more details.

REFERENCES

1. ASHRAE HANDBOOK OF FUNDAMENTALS (New York: American Soc. of Heat,
' Refg., & Air-Cond.Eng., Inc., 1972). .

2., THERMOPHYSICAL PROPERTIES OF REFRIGERANTS (New York: American
Soc. of Heat, Refg. & Air-Cond. Eng., Inc., 1973),

3. Kartsounes, G. T., and Erth, R. A., "Computer Calculation of the
Thermodynamic Properties of Refrigerants 12, 22, and 502", ASHRAE
Transactions, Vol., 77, Part II, 1971.
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£ = saturated liquid

VvV = saturated vapor

- Cc, = (.000482)P + .153
3
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SUBROULTINE TABLES(NR,I)

FURFCSE
TC PRCVIDE CCRRECT VALLES FCR CONSTANTS IN THE
TRERMCCYNAMIC FROPERTIES SyBPRCGRAMS, CORRESPONDING
TC THE CESIR:C REFRIGERANT (12,22, CR S@2)

CESCRIPTICN CF FARAMETERS
INFLT
NR = REFRICERANT NUMBER (12,22, OR 502)
CLTFUT
aLL CF Tre CCNSTANTS hELD IN COMMON BLGCCKS
TrE REFRICGERANT INCICATCR o1
REAL KsLEl1@siLllF)u

OO0 OO 0N N0

CESCRIPTICN CF CCANSTANTS

VAPCR FRESSURE CONSTANTS
CCMMCN/SAT/AVF  avF CVP,,LVP,EVP,FVP

CRITICAL FCINT PROFERTIES TCs PC, VC

INITIAL AFFRCXIMATION CCNSTANTS A, B
MISCELLANECLS CCNSTANTS T¢R» LELC

COMMCN/SLFPER/ TCaPCsVCahsBrTFR,LELD

OO0 00 o0 00

OO0

EGLATICN CF STATE CCNSTANTS
CCMMCN/STATEL/R,B1,A2s8E,022A83,83,C3,A4,B4%,C4,A5,B5,
1CS,A¢6sB6sC69KsA FFRALCFR

SFECIFIC +EAYT AT CCNSTANT yOLULME CLNSTANTS

ACVsBCV,CCV,rCV,ECVYLFCY

ENTRALFY ANC ENTRCPY OF VAPOR CONSTANTS X» Y

MISCELLANECLE CONSTANTS L1ZEs J
COF?CN/CTPER/ACVJECV)CCV 2CCV,ECVIFCV)XaYsLIGES Y
IWRITE = &

OO0 NonO

OO0

SET REFRIGERANT INCICATCR 'I!
I =¢ ‘
IF(NROEG12) =y
IF(NReEGeZ2) l=p
IF(NReEGC*E@2) I3
IF(I¢EGeL}) GC T 999
¢ B 188(%3
LICE = 434254
LE1& = E3g2%885
GO TC(ic€secs3€) » 1
C CONSTANTS FCh REFRIGERANT g2
1@ LVF = 329883&17

BVF = =3438¢£3228
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CVP = =1Z+471522
CVF = 4+73C44CE=€3
EVF = ZQE

FVF = E.Q

TC = £53e3

PC = Bc¢sS

VvC = +cz87¢

A = 12Q.C

B = 3126

TFR = 45547

R = 028873“

Bl = 6¢CLS38CEwpS
AZ ® =3e4¢S727

B2 ® 1ebS454xEeps
C2 = =S6e762767

A3 = GelLC3S4HCEwyE
E3 s =1e¥75961%Leld
C3 = 131133965

Ah B =Debr737¢balk
B4 = Kol

Cé = el

AS =& e

cS = Je4€sBI4bmyS
CS ® =2+5435¢7E=¢S
At = Lo

86 = Zey

Cé =3 Ko

K = Be478

ALPHA = €.¢

CPR = €o¢ _
ACV = 8.0945c=Cq
EBCV = 3e326bcE=r 4
CCV & =2e4138S¢€p=C7
CCVv = 6+472363E=11
cCVv = ¢

FCV = Z.€

X 3 39556551

Y m wlegE53734Emp2
KETURN

C CONSTANTS

ce

FCh REFRIGERANT 22

AVF = 250357545
BVF = 38459133152
CVP = = 7.861¢31
CVP & 2¢15293SE.¢€3
EVF = +445747

FVF = €861

TC = 6€4rs

PC = 721506

vl =

e€35k325

A = lazcc
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B = 388.¢
TFR = 455,69

R = ¢124KC8

Bl = eclcC

A2 = w4 ,353547
BZ = 2e4272ECEwp3
C2 & w44 66868

A3 = mogl7464

B3 = 7e6c78St"Cs
C3 & 1ee23763

AY = 2e3lClbce=p3
84 m =3ecZ5723E06
Cé ® o '

AS = =3+/24C44E a5
ES = Se35546%5E"¢H
CS = 1 424SL 1ElH
Ae = 1e35€3387t8%
Ee = =let7264CEpE
Cé = €0

K = 42

ALFRA s E4ge?

CPR & £e¢

ACV = Ze81283€Ewl?
BCV & ZecEB4LBEQlH
CCV = =geE¢SEX7F=0
CCV s Lok :
ECV = Q&

FCv ® 257341
X m» g2ebk(CS
Y = «ahe533355E=2>
RETURN
C CONSTANTS FCR REFRIRERANTY §@2

38 AVP = 12644555
EVF = ®3€71+123813
CVF a = e 36583k
CVP = =1e7463525=£3
EVF ® e81€114
FVF = 6544¢i

TC = §33+56
PC = BS1e¢Z
VC = +@€z82371
A = 117.C

B & 27S+K
TFR = 45%.67
K s e€39clcHS

tl = egilce7

A2 = ®w3.26£1334

B2 ® ce(lE762SE=¢3
C2 = @2402487S

A3 = 3Je486675Ewp2
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E3 ® we&E7S513Ewpt
C3 = 2332748

Ah = =wE4ST765€8ELLY
B4 = 7eCE4LESEE=y7
Cé = 2echlc3i7E=gc
AS = ReEZexnSTE=76
B5 = =7¢S168(5EeLS
CS ® =5e7167Cc3Ewds
A6 = =3.,E253738¢7
B6 = SeCEL16USELL
Cé = 1837832k 2Z4

K s 4eo

ALFRA = €ELSei

CPR = 7ebw=ig?

ACV = 2e¢419E=27
BCV = CeSSeglctelh
COV = =jeq3l4e3r=?
CCV = EoElZOélE-ll
ECV = (¥

FCV = €49¢52511

X = 35e«3¢x

Y = e«el7444

RETURN

PRINT ERRCR MES<AGE IF

*NR

CCEE NOT ErLAL 1Z2s22, OR sC€2

wRITE(InRITE,1Qp2)

FCRMAT (!

RETURN

ENC

sexnv exennwsERRCR IN SUBRCUTINE

«TABLES="')
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FUNCTICN TSAT(NR,PSAT)

PURPCSE )
TC EVALUATE THE SATURATICN TEFMPERATURE
CF REFRIGERANT 12,228s CR Sg2
GIVEM THE SATLRATICN PRESSURE

CESCRIPTICN CF FARAMETERS
INPLT
NR = REFRICERANT NUMBER (1E,22, OF S5€2)
PSAT = SATULRATION PRESSURE (FSIA)
CLTPLT .
TSAT = SATULRATICN TEMFERATURE (F)
REMARKS
SLBRCLTINE TAELES CALLEC By TrHIS FUNCTICN
REAL LE1¢

CCASTANTS

VAPCR FRESSLRE CCNSTANTS
CCMMCN/SAT/AVP,RrVP,CVF,0VP,EVR,FVP

CRITICaAL FCINT PRCFERTIES TC, PC, vC
INITIAL APPRCXIMATION CONSTANTS A, B
MISCELLANECLS CCNSTANTS TFRs, LE1O
COMMCN/SUFER/ TrsPCaVCsA,ENTFR,LELR
IRRITE = 3

CBTAIN VALLES CF THE CCNSTANTS FCR TKE
CESIREC REFRIGERANT FRCM SLBRCQUTINE 'TABLES!
(THRRCUGKE CUMMCN,

CALL TABLES(NR,T)

CHECK 'FSAT!
IF(PSATebLEeLek) GC TC 999

CCrPLTE INITIAL ESTIMATE CF 'TSAT!' FRCM
LINEAR AFFROXIMATICN

PLCG = ALCCG1U(PgGAT)

TR=AsPLCE + &

ITEr = 2

ITERATE TC WITPFIN «21 USING NeWTCN ITERATION
TRC = TR

ITER = ITER « | :

IF(ITER.CGT. 32) GO YO 998

C & ALCGlZ(AES(pVP « TRO))

FRaAVFeBYP/TRC+CyP*ALCG12(TRC)«OCVP*TRO+EVPR( (FVP=TRC)/

1TRG)»C=FLLCG
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FPxmpVF/TRCw*Z+4-VP/(LE16sTRO)+CVPeEVP(1e/(LEL1G*TRC)*
1FVFsC/TRCes2)

TR=TRO=F/FP ,

IF(acS(TReTRC)erTeel) GC TO 4

TSAT=TRaTFR

RETLRN

PRINT ERRCR MEScAGE IF
FSAT IS LESS THaN CR EGLAL TO ZERO
NLMBER OF ITFRATIGAS IS GREATER THAN 3¢
TSAT=TReTFR
WRITE(IwhITESL1CPQ)
RETURN
TSAT=¢
WRITE(IWKITE, 1€0Q)
FCRMAT(1EX, 'ERKCR IN CALLING SUBROUTINE =TSAT= ')
RETURN
ENC
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FUNCTICN SPVCL(NR,TF»PPSIA)

PLEPCSE ‘ }
TC EVALUATE trE SPECIFIC vgLUMFE CF THE vAPCR PHASE
CF REFRIGERANT 12,22+ CR S5g2
"GIVEN TRE PReSSLRE AND TEMPERATURE

CESCRIFTICN CF pARAMETERS
INPLT
NR « KEFRTGERANT NUMBER (12,22, OR 502)
TF » TENMFERATURE (F)
FPSIA= PRESSLRE (PSIA)
CLTPUT
SFVCOLe SFECTFIC VOLUME (Cu FT/LBM)

REMARKS A
FUNCTICN SUBPRCGRAM TSAT CALLEC BY TKIS FUNCTICN
SLBERCLTINE TAELES CALLED By THIS SUBROUTIANE

REAL KsLElEQ

CCANSTANTS

CRITICAL PCINT PRCPERTIES TC, PCs» VC

INITIAL AFFRCXIMATION CCNSTANTS A, B

MISCELLANECLS CCNSTANTS TFRy, LE:O
CCMMCN/SLFER/ TrsPCavCah,EaTFR,LELE

EGLATICN CF STATE CCNSTANTS

CCrMCN/STATEG/R, 81;Aca8£;L2:A3;831C3:A“;Bh:ChoAStFSJ
1CS,A6,BEsC6sK2A FHAH)CPR

InRITE = £

CEBTAIN VALUES O THE CONSTANTS CCRRESPONDING TC ThkE
CESIKEL REFRIGE=zANT FROM SUBRCUTINE TABLES

(THRCLGK CCMMCN,

CALL TABLES(ARsT)

CCAVERT 'TF*' TC 'T' AND CHECK VALUE
T = TF « TFR
IF(TeLEeZe) CC TC 99°

CALCLLATE 'TFSAT' ANC COMPARE WITH !TF!
TFSAT=2TSAT(N~sPESIA)
IF(TFeLTs(TFSATaC+2508)) GC TO 999

CRECK 'PPSIA!
IF(FPSIA*LEeke2) GC TC 9SS

CALCULLATE CCNSTaNTS
ESg = EXP(eK*T/+(C)
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£ES1=PFSIA

ESZ = RxT
ES3=A2+pceTe(EnpSC
ES4=A3+R3xT+C3I*pSE
ESEmAberbuTeCltepSL
tSclpvvc-'T#CG*’cQ
ES7=mAbeExT+lbupEL
£S3e=2esbC3
ES43I=z3extcH
ESE4a4encts
ESE&EsSextsé

CCMFLTE INITIAL ESTIMATE CF ty' FROM IDEAL GAS LAw
VNsrkeT/BEFSIA
ITER = ¢

CCMPUTE 'v' TC WITKIN 1egE=C6 BY NEWTCN ITERATION
1 ITER = 17tR « 1
IF(ITER.GTe3C) ~C TO 998

V = yN

V2 = Vexc
V3 s Vax3
Vé & Vuxb
VE = Vx»fg
Vé& » V=xé

Z = ALFFAS(V+B1l)
IF(ZeGTolEQ L) 7m15€ K
EFMAVSEXF (=2)
GC TC (222-3)21

2 FSES1=ESE/V=tS3,/V2=ES4/VI=ESS/V4=ESE/VS=ESTSEMAYV
FV-ESE/VE+ESEE/V3*ES~3/V#+E555/VS*ES65/V6*E87-ALPPAtE
1MAyY
GC TC &

3 EMgAV = ErAVERgZ
FREG1leESE/VmES3/V2mES4/VI"ESS/V4"ES6/VE=ESTsENMZAV/ (EN
{AV$CFR)
FVMESE/VE+ES3E/VI+ESAI/VH+ESS4/VE+ESLS/VE+EST7%ALPHASE
IMZAye (EFAVe2e*CeR)I/ZIEMAVECPR ) %2

4 VN=z=VeF/FV )
IF(ABS((VheVv)/V)yeGTeleE=@6) GO TC 1
SPVCL = VAN+B1!
RETLRN

FRINT ERRCR PEScAGE IF
TF IS LESS TwAN OR EGQUAL Tgo ZERO CEGREE R
TF IS LESS TwaAN TFSAT CORRESPCNDING TO PSAT = PPSIA
PPSIA IS LESg THAN OR EGUAL TC ZERC
MCRE TrHAN 32 ITERATIONS ARg NEEDED
9S8 SPVCL = VN « B}
WRITE{IWRITESS)
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RETURN
S99 SPVCL=¢.
ARITE(IWRITE,S)
FChMAT(' »wensEgRCR IN CALLING SUBROUTINE =SPVCOLs=!)
RETURA
ehi

n



OO OO0 NOOOO0O0O0ONOOOO000000N aNpl

OO0 OO0

NOOOO

220

SUBRCUTINE SATFRP(NRITFIPSAT,VFIVGyHF,HFG,HG,SF»SG)

CIMENSICN ANC TvFE STATEMENTS }
CIMENSICMN ALI3),EBL{3)sCL(Z)sCL(3)2ELI(3)
REAL UsKIKTDTCs  ELZ,LIRE

PLRPCSE )
TC EVALUATE TrE SATURATICN THERMODYNAMIC PROPERTIES
CF FEFRIGERANT 12,222 CR 5¢2
GIVEN THE SATLRATICN TEMPERATURE

CESCRIPTICN CF pARAMETERS
INPLT
NR - REFRYCERANT NUMBER (12522, OR 582)

TF = TEMPRRATURE (F)
cLTPUT

FSAT = SATURATICN PRESSURE (PSIa)

vF = SPECYTFIC VCLUNME OF SATLRATED LIGe(CU FT/LBEBM)

VG = SPECIFIC VCLUME CF SATURATED VAP (CU FT/LBM)

_ KF * ENTrRALFY CF SATURATEL LIGUID (BTU/LEBM)

FFG = LATEANT ENTRALPY CF VAPCRIZATION (BTu/LBM)

<] = ENTHALPY OF SATURATEL VaFOR (BTU/LEM)

3F *= ENTRrPY OF SATLRATEC LIWLIC (BTusLer = R)

sG « ENTRCPY CF SATULRATEC VAPCR (BTU/LB3M = R)
REMARKS

FUNCTICN SULEFROGRAM SPVCL CALLED EY THIS SUBRCUTINE
SUBRCLTINE TABLES CALLEC By THIS SLBROUTIANE
FUNCTICN SUEBPRCGRAM TSAT AvAILABLE FCOR CALCULATING
TRE SATURATIAN TEMFERATURE GIVEN THE SATURATICA
PRESSULRE

CCASTANTS

VAPCR FRESSURE CONSTANTS
CCMMCN/SAT/AVF VP ,,CVF,,LVFP,,EVP,FVP

CRITICAL FCINT PROPERTIES 7C, PC, VC

INITIAL AFFReXIMATION CONSTANTS A, B (NOT USED)

PISCELLANECLS CCNSTANTS TFR, LELO
CCMMCN/SLFER/ TrasFCaVCaa,B8sTFR,LELR

EGUATICN CF QTATE CONSTANTS
CCMMCN/STATEG/R,R1,A2,82,C2,A3,B3,C3,44,B4,C4sA5,85,
1CS, AL B62CEsK2A) FHRALCPR

SPECIFIC HEAT AT CONSTANT VOLUME CCNSTANTS
ACVsBCV,CCV,rCV,ECVLFCY

ENTHALFY ANC ENTROPY OF VAPCR CONSTANTS X, Y
MISCELLANECU& CCNSTANTS  (12Es o
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CCMMCN/CTHER/ACYIBCVSCCVICCVIECVIFCVIXsYsLICESJ

LIGLIC CENSITY CONSTANTS |
CATA ALSBLSCLIC) sELZ/34084232¢7653508,4082696,544634409
1953484375 0834S51036074892s63.86417,64226831=22+25256

26ro7ColECEEI=v€RSD4TE=CS,2L0473285,48e473061/

CBTAIN VALLES OF THE CONSTANTS CCRRESPONDING TO THE
CESIREC REFRIGERANT FRCM SUBRCOUTINE TaBLES

(TRRCLGF COMMCN,

CALL TABLES(NR,T)

INRITE = S

CCNVERT 'TF!' TC Tt AND CrECK VALUE
T = TF ¢« TFR
IF(TeLEeZeg) GC TO 995

CCMPARE 'T' WITk *'TC!
IF(T«GTeTC) GC TC 999

CALCLLATE 'PSATY

GC TC(le¢s11,11), 1 N

PSAT=1Ce*s ({AVFepVP/T+¢CVP2ALCG12(T)+CVP=T)

GC TC 12 .

PSAT=1Ce*» (AVF+RVP/T+CVP2ALCGYC(T)4CVP#T+EVPu( (FVPaT)

1/T)1®ALCGle (FVPeT))

CALCLLATE 'VvG'
vG » SFVYCL{NKsTEg»PSAT)

CALCULATE 'VF!'

GC TC (12252)0 1

TCMT = TCeT
VFele/(AL(T)*BL(T)oTCMT+CLII)wTCHTnu(1e/24)+0L(1)*TCH

1T#u(2e/3¢)+EL (I 1sTCMTe=2)

GC TC 3
TR = 14=T/7C .
VFmle/(AL(T)*BL(I)aTRIw®(1e/3,)+CL(I)=TR1®w(2e/3¢)+DL

1(I)wTRIEL(I)*TRIn8(4+/30))

CALCULATE 'HFG' BY CLAUSILS CLAPEYRCN EQUATION

GC TC(31s32,32),1

HFFC={VCeVF )»FSaTsLE18* (*BVF/T+CVP/LEL1C+DVPeT )=y

GC TC 33 -

rFGe{VCeVF )mPSATSE1@= (=BVP/T+CVP/LE1Z+DVP#TeEVP#(L12

LE+FVPeALCCLE(FVReT ) /T ) ) %J

SFG = RFC/T

CALCLLATE 'mG' aAND tSG°!
T2 » Tesc
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73 = Tess

TG = Texk

VR = VC=El

VRE ® Ze*VR®%Z

VR3I = Fe*VRxn3

Veh = Le*VRxxnh

KTCTC = haT/7C

EKTCTC = EXP(=KTCTC)

L = ALFRABV{ ,

IF(Z2eGTellCek) 7 = 15€eC

EMAV = EXF (=)

Fi=ACVRT+ECVTZ /2e4CCVET3/3e¢pCVRT4/40=FCV/T
re = JxpPEATavG
F3mAZ/VR*A3/VRELAL/VRI+AS/VRG
R4é=C2/VR+*(3/VRzeCu/VR3I+C5/VRY
SImACYV#ALCG{T)+nrCVeT+CCVRT2/2¢+DCVRTI/3¢@FCV/(208T2)
$2 = JwR®ALUGIVR)

S3wE2/VR+C3/VRZ 4Ba/VR3+BS/ VR«

S4 = hy

CC TCl62428),s 1

FSah3*AL/ALPHAREMAY

S3m33eER/ALPHANLMAY

CC TC ¢

Rémlo/ALFPFHAS (EMAV=CPR*=ALOG(1e4EMAV/CPR))
r3mh3*ALeR

FéshbLeCerpr¢

33 = S3+Bexmg

S4 » She(expy

POaki+r it shI3+JaEKTCTCR (1 e ¢KTLTC ) ®hb e X
SCeS1+3Z2= w53+ wEKTOTC*X/TC*SyeY

CALCLLATE '"mF*' sND 'SF!
FF ®» FC = WFGC

SF = SCeSFG

RETURA

PRINT ERRCR MESQAGE IF

TF IS LESS TwAN OR EGUAL To ZEROC CEGREE R

TF IS GREATER THAN THE CRITICAL TEMPERATURE
WRITE(IWRITE,120C)
FOCRMAT (' »s»»sERRCR IN CALLING SUBRCUTINE «SATPRP=1!)
RETURN
ENC
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SUBRCUTINE SPFHT(NRs,TF,PPSIA,CvsCP,GAMMA,SCONIC)

PURFCSE .
TC CALCULATE SPECIFIC REAT AT CONSTANT VOLUME,
SFECIFIC FEAT AT CCNSTANT PRESSURE, SPECIFIC
HEAT RATICs aNC SOANIC VELOCITY FCR
REFRICERANT 12,225 CR 5@

CESCRIPTICN CF pARAMETERS

INPLT
NR » REFRTGERANT AUMBER (12,22, OR 5€2)
TF = TEMPERRATURE (F)
PPSIa= PRESGQLRE (FSIa)

CLTFLT :
Cv = SFECYFICc HEAT AT CCNSTANT wOLe (BTU/LEBM=R)
CF = SFECYFIC rFeAT AT CCNSTANT PRESe (BTU/LEMeR)
GAMMA= SFECeFIC reAT RATIC
SCNIC= SCNIe VELCCITY (FPs)

REMARKS
FUNCTICN SULEPROGRAM SPvCL CALLED BY THIS SURROLTINE
FUNCTICN SUBRRCGRAM TSAT CALLEC BY TWIS SUEROULTINE
SLUBRCLTINE TacLES CALLEC By THIS SUBROUTIANE

REAL X

CONSTANTS

CRITICAL PCINT PRCGFERTIES TCs FCs» VC

INITIAL AFPReXIMATICN CONSTANTS A, B (NOT ySEL)

FISCELLANEGUR CCNSTANTS TrRs LELC
COMMCN/SLEER/ TraPCaVCrh,8,,TFR,LEL2

EGLATICN QOF STATE CCNSTANTS
CGPVCN/STﬂTEG/E!E1:A21823C20‘3;33’C30A“)BQIC“IASIESJ
1CS,46,E62C6sKs8) FRAJCPR

SPECIFIC ~EAT AT CCNSTANT VCLUME CCNSTANTS

ACV,BCV,,CCVsnCV,ECVIFCY

ENTHRALFY ANC ENTKROPY OF VAPCR CONSTANTS X, Y

MISCELLANECLS CONSTANTS L1RE,» U
COMMCN/CTRER/ACVIBCVICCVY,,CCV,ECVIFCVaXaYsL1CESJ

CBTAIN VALUES OF TwE CCNSTANTS CORRESPONDING TC THE
CESIREC REFRIGERANT FROM SUBROQUTINE TABLES

(TFRCUGKh CCMMCN,

CALL TABLES(AR,T)

IWRITE = 5

CCAVERT 'TF! TC *'Tr AND CRECK VALUE
T = TF ¢+ TFR
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IF(TeLE«2s2) GC TC 995

CALCLLATE 'TFSAT' ANC CCMPARE WITH 'TE!
TFEAT = TSAT(NR,.FFSIA)
IF(TFsLT*TFSaT) GC TO 959

Ia

IF(PPSIACLEsC¢y GC TC S99

CrECK 'PFS
CALCLLATE
VVAFR

'WVAF Y

= SFVCLINR,TF,PPSIA)

CALCLLATICN CF RERIVATIVES

vl = VVvaF

Ve = Vissg
V3 = Vixs;
Vb = Viaxk
VS = Vixat
Ve & Vimwg

- 2l

EKTiICe=txr(akeT/TC)
Z = ALFraayvVaP
22 - Zesld
23330‘2
IF(Z2eGTalEev) 7 = 152¢€
IF(ZZeCTe15ELsL) 22 = 15Ce¢
IF(23+CT215€eL) 23=15C«2
GC TC(1,¢23),1
1 FCPLCve,.t
FCPCYT = 2.¢
GC TC &
2 FCPCvEeALFRASEXp (=2 )¢ (A6+E6EST)
FCPCT=EeseXP (=2,
¢C TC « _

3 FCPUVEe (ALFrAS(EXP(@Z3)+2+%CPREEXP(®22) ) /(EXP(=Z2)+2

LeCPR*EXF (o2 )+(Fpwe2) )s (AG+BESTHCESEKTTC)
FCRLCT={Ue=kn(eorkKTTC/TCI#EXP (w22 )/ (EXP(®Z)+CPR)

4 CPCveoRaT/VE"Eou(A2+B2oT+Ce*EKTTC) /V3w3ex(A3+BI*T+C3In
IEKTTC )/ vimbon (AL +BLaT+C4=EKTTC ) /VE®E o2 (AS+BLaT+CH*EKT
27C)/ve+FCFCYV

CPCT=R/V1e(bc"KaCEuEKTTC/TCI/VvR+(B3=Kk#C3xEKTTC/TCI/VI
14 (B4ekKwCosbhTTC,TC)/Va+(BE=KeCE#EKTTC,/TC)/VH+FDPDT
GC TC(5sS51¢)01

5 FCCVv = (g

¢C TC 1=

1¢ FCCVa(CEéstbXP(=L) ALPHA® (CO*CPR/ALPHA ) ®ALOG(1e+EXP(=Z)/
1CPR)
CALCLLATE Cv!

15 CveaCV+BRCVvaTeCC\ o T#oZ+0CYRTER3¢FCV /Ton2m(+185C053Kuas?
LaToERTTC/TCH*Z2)u (C2/V1+C3/(20aV2)+CU/ (3e8VII+C5/ (Hemy
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CALCLLATE 1CF!
CP = CVe+185¢E3TeCPCT#*2/0FDY

CALCLLATE 1GaMNM,!
GAvrvA = CF/CV

CALCLLATE 'SCMNIp!
SCNIC®VVAFwSGRT (857¢36C91#TeDPCT**2/Cv=4633+¢56%CPCV)
RETULRM '

PRINT ERRCR MEScAGE IF
TF IS LESS Tw-AN CR EGUAL TO ZERO CEGKREE R
TF IS LESS T-2AN TFSAT CCRRESPCNCING TO PSAT = PPSIA
FPSIA IS LESs TwAN OR EGUAL TO ZERC
WRITE(IWRITESLERE)
FORMAT(' smeswww sERRKOR IN CALLING SUBROUTINE «SPFrHTer)
RETURN
enNC
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SUBRCOUTINE VAFPCRI(NR,TF,PPSIA,yVAF,KVAF,SVAP)

FURFCSE
TC EVALUATE THE THERMQUYNAMIC PROPERTIES
CF THE SUFERKEATED VAPCR PRASE
CF REFRIGERANT 12,22s CR S5¢2
GIVEN TRE TEMFERATLURE ANC FRESSURE

CESCRIPTICN CF pARAMETEKS

INFLT
NR = REFRTCERANT MUMBER (12,228, OR 5@2)
TF = TJTEMFERATLRE (F)
PPSIA= PRre3s(RE (PSIa)

CLTFUT
VVAP = SFeCrFIC vCLUME CF VAPCR (CU FT/LBM)
HVAF «  ENTRALFY CF VAFCR (BTL/LBM)
SVAF = ENTREFY QF VAPCR (RTU/LBM « R)

REMARKS
FUNCTICN SUBrFrOGRAM SPVCL CALLED BY THIS SUBKCUTINE
FUNCTICN SULBFRCGRAM TSAT CALLEC BY THIS SUBRCUTINE
SUBROLTINE TAEBLES CALLEC By TkIS SULBROUTINE

REAL K,usKTCTCy cl12altE

CCASTANTS
CRITICAL FCINT PRCPERTIES TC, PC, vC
INITIAL AFFRCXI¥ATION CCNSTANTS A, B (NOT USECD)
MISCELLANECLS CCNSTANTS  TFR» LE1C
COMMCN/SUFER/ TraPCsVCsAR,BaTFR,LELD

EGUATICN CF STATE CCNSTANTS
CCMMCN/STATEG/R 2 B1,42,8B2,C20A3,83,C3,A4,B4,Cl4sA5,85,

1C5,A6,B60C6sK2A) Fra,CFR

SFECIFIC FEAT AT CCNSTANT VCLUME CCNSTANTS

ACVIBCV,CCV,srCV,ECVaFCY

ENMTRALFY ANC ENTRCPY QOF VAPCR CCONSTANTS X, Y

MISCELLANECLS CCNSTANTS L1EEs 4
COMMCN/GTHRER/ACYSJBCVICCV,CCVIECVIFCVXsYSL1PEsy

CBTAIN VALUES Cr TrE CONSTANTS CCRRESPONDING TO TrE
CESIREC REFRICERANT FROM SUBRQUTINE TABLES

(TRRCUGKH CCMMCA,

CALL TABLES(NR,7)

IXRITE = 3

CCAVERT 'TF' TC Ty AND CHECK VALUE
T # TF & TFR
IF(TeLEs2e2) GC TO 999

CALCULATE *TFSAT' AND COMFARE WITHK 'TF!
TFSAT = TSAT(NR,PFslA)
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IF(TFsLTeTFSAT) GO TO 999

CRECK 'PPSIA!
IF(PFSIAsLECeC)y GC TC S9S

CALCLLATE 'VVvAPY
VVAF = SPVCLI(MR,TF,PPSIA}

CALCLLATE 'HVAPY ANC 'SVAP!

TE = Teac

73 = Ttls

T = Txxé

VK = VVMF'BI

VKZ = Ze*VResZ

VRS = 3e*VR»»3

VRY & Le® Runk

KTCTC = hwT/7C

EXTCTC = bXxP(=KTCTC)

Z = ALFhAsYVAF

IF(2eCTollger) 7 = 15€+C

EMAY = EXF(w2)
FleACVET+ECVTE/ZeeCCVETI/IeeCCVETH/bemFCV/T
FE = JsPFSlaxVVaF
r3sA2/VR*AI/VRZ4A4/VR3eAS/VRG
P4sC2/VR*C3/VR2,.Ce/VR3I+CS/ VR«
S1E8ACVYVBLLG(T)+RCVeT®CCVRTZ/2¢¢LCVRTI/IewFCV/(208T2)
s2 = JUxR*ALUG(VR)
S3sE2/VR+E3/VRZeBa/VRI+BS/VRE

S4 = k4

GC TCles4s5),1

3 = p3ehg/AaLFRasEMAY

S3 = S3ete/ALFFa=EraV

GC TC ¢

Fi=le/ALFFA® (EMAV=CPR®ALCG(Le+EMAV/CPR))
h3 8 RIehAgrkd

Fé B R4 *Coxrl

§3 = S3+Eéexhd

S4 = Shmlgexhi

FVAFBRi+b e P 3o J*EKTCTCo (1o TCTC ) sHL+X
SVAF®S] +52w ¢SaeJeEKTOTCRK/TCeS4+Y
RETURNMN

FRINT ERRCR MEScAGE IF
TF IS LESS TwAN OR EGULAL To ZERO DEGREE R
TF IS LESS TwAN TFSAT CORRESPONCING TO PSAT = PPSIA
PPSIA 1S5 LESz Trah OR EGUAL TO ZERC
WRITE(IWRITE,L1QZE) :
FCRMAT (' ssssme i KROGR IN CALLING SUBRCUTINE eVAPCRe=!')
RETURN
ENC
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SUBRCLTINE TRIAL (NR,TISDTI,P,N,ARG,TCLsV,H,S,T)

PURFCSE

TC CETERMINE REMAINING SUPERFEATEC VAPCOR PROPERTIES,

GIVEN THE PRFSSLRE AND CNE QTHER PRCOPERTY

CESCRIPTICN CF PARAMETERS

INPLT '
NR = REFRTCERANT ANUMBER (12,22, OF 5@2)
Tl = INITYAL TEMPERATURE GUESS (F)
CTI = IANITvaAL STEP SIZE FCK TEMPe ITERATICN
F = PRESgLRE (PSIA)
M = ARCLMENT INCICATCR
IF N = 2, Tkg SECCNC KNCaN PRCPERTYY IS SPECIFIC VCL.
IF N = 3, Tkrr SECOND KNCeN PRCPERTY IS ENTrHALPY
IF N = &4, Treg SECCND KNCwhN PRCPERTY IS ENTROPY
ARG = T+E ctECCND KNUwN PROPERTY
TCL = CCNvERGENCE TCwLLERANCE

CLTPLTY
v e SFECIFIC VCLUME CF VAFCR (CU FT/LBM)
- ® ENTRsLPY OF VAFCrR (BTU/LEBM)
S o ENTREPY OF VAPCR (RTU/LBRMeR)
T = TEMPERATURE COF VAPQR (F)

REMARKS

TeIS FROGRAM CALLS SUBROLTINE VAPORK TO DETERMINE

TRE CeSlRel REFRIGERANT FRGPERTIES
T =TI
CT = CT1
CC ce I = 1,40
T = T+CT
CALL VAPCR(NRsT,F,VVAP,HVAP,SyAP)
IF(NeEGeZ)ARGN = VVAP
IF(NeEGe3) ARCN = KVAP
IF(NeEGe%) A=GN = SVAP
IF((NONE*Z) e ANC ,(NeNEe3) o ANDe(NeNEo4)) GO TC 25
IF(CTeLTeCo) CT1FF = ARG = ARGAN
IF(CTeGTeCeC) CTFF = ARGN = ARG
IF(CTeEGe2ec) Gp TC 25
IF(ABS(CaFF)«LE,TOL) GO TC 3¢
IF(CIFF) 2€»32s1¢2
T =T =« (7T
CT = DTrsZ2e
CONTINUE
aRITE(Ss1C2) N
vV = VVaAP
= RVAP
S = SVAF
RETLRN

FCRMAT( Y ss»»sTRIAL DCES NOT CONVERGE Net,I2," #exssn!)

ENC
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APPENDIX B

CARRIER(® MODEL 50 D Q SERIES SINGLE PACKAGE HEAT PUMPS

(CARRIER CORPORATION, 1972, With Permission)

"PHYSICAL DATA
Unit 50 D Q 004 006 008 016
Refrigerant 500 500 22 22
Type O6R Hermetic 06D Semi-Hermetic
Compressor Cylinders 3 4 4 ' 6
RPM 3500 1750 1750 1750
Type ~ Drive Propeller - Nirect Nrive
Outdoor No. - Dia (in)| 1 - 18 1-24 1-26 2 - 26
Alr Nom CFM 1750 3700 5200 10,000
Fans Motor hp - RPM| 1/6 - 1075 1/3-825 1/2-825 3/4-1140
(3 ph)
Type = Drive Centrifugal with Scroll - Belt Drive
Indoor  No - Dia (in) |1 - 10 3 1-122|2-102] 3-12
Air Nom CFM 1300 2100 3220 6300
Motor hp - RPM| 1/3-1725 3/4-3450 3-1725

3/4-3450
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ADDITIONAL DATA ON MODEL 50 D Q 016

Indoor Coil - Plate Fin Type (See Figure B-1)
Fin Pitch = 14.1 Fins/in
Fin Thickness (§) - .0055 in
Fin Material - Aluminum
Heighf of Coil (h) - 22.5 in
Width of Coil (L) - 86.5 in
Thickness of Coil (t) - 3.24 in
Number of Tubes in Direction of Air Flow (NT) - 3
Number of Tubes Normal to Air Flow (NP) - 18
Tube Spacing - Equilateral Triangular Pitch
Vertical Tube Spacing (S) = 1.25 in
Horizontal Tube Spacing (w) = 1,08 in
Outer Diameter of Tubes (Do) - +506 in
Inner Diameter of Tubes (Di) - 471 1in

Number of Flow subsections (NSECT) - 9
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Outdoor Coil -~ Plate Fiﬁ Type (See Figure g:g}
Fin Pitch - 15 Fins/in
Fin Thickness (§) = .0055 in
Fin Material - Aluminum
Height of Coil (h) - 40 in
width of Coil (L) = 86.5 in
Thickness of Coil (t) - 3.24 in
Number of Tubes in Direction of Air Flow (NT) - 3
Number of Tubes Normal fo Air Flow (NP) -~ 32
Tube Spacing - Equilateral Triangular Pitch
Vertical Tube Spacing (S) - 1.25 in
Borizontal Tube Spacing (w) - 1.08 in
Outer Diameter of Tubes (Do) - .506 in
Inner Diameter of Tubes (Di) - 471 in
Number of Flow subsections (NSECT) =~ 15

EQUIVALENT LENGTHS OF PIPING AND OTHER COMPONENTS (ON HEATING)

Liquid Line (11;-) - 130
EQ

Suction Line (%) - 180
EQ

Discharge Line (%) - 144
EQ
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suction and Discharge Risers

Suction Riser - 1.32 in I. D.
Discharge Riser - 1.08 in I. D,

Thermal Expansion Valve, and Distributor Nozzle & Tubes

Thermal Expansion Valve - ALCO Controls Type
TNE IOHWIOO With A
4 A Superheat Setting
(1.e., 4° Superheat at 32°F Pemote
Bulb Temp.)

Distributor Nozzle & Tubes - Sporlan Type

3 5
1655-15 -~ 16 " 12 - one &

(See Appendix D For Performance Data)
Compressor Carrier Type 06D-537
(Physical Data Given in Appendix G )

Charging Chart Data - See Figure B-3
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APPENDIX C

SAMPLE THERMODYNAMIC CYCLE DATA FOR SYSTEM SIMULATIONS -
CONVENTIONAL VS CAPACITY CONTROLLED HEAT PUMP

Exaggerated P-h and P-V diagrams, showing details of the
actual thermodynamic heat pump cycle are given in Figures C-1 and
C-2. Comparing states in the cycle for both conventional and capacity
controlled Carrier Model 50 DQ 016 heat pumps at the following |
conditions
Entering Indoor Air = 70°F
Entering Outdoof Air = 62°F db, 857 rel. hum.

We find, from the computer simulations:

CAPACITY
CONTROLLED
CONVENTIONAL _ (14°BP)
Indoor Air Flow , 6330 CFM 3165 CFM
Outdoor Air Flow 10,000 CFM 5200 CFM
X Heating Capacity Reduction 0 627
STATE 1 - Evaporator Exit Saturation
State
T, 39.6°F 44°F
Pl : 82 psia 89 psia
STATE 2 -~ Evaporator Exit Superheated
Vapor State
T, 54°F 59°F
P =82 psia . =89 psia

2
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PROCESS 2-3 SUCTION LINE

AP2_3 A 1 psi
STATE 3 -~ Superheated Vapor State Entering
Compressor )
o
T3 54°F
23 _ 81 psia

PROCESS 3-4 MOTOR COOLING

Ah3_4 3.9 Btu/lbm
STATE 4 - State of Vapor After Motor
Cooling '
o
Ta _ 76 F

PROCESS 4-5 SUCTION-DISCHARGE HEAT TRANSFER

A, s =0

STATE 5 ~ State of Vapor After Suct-Disc
Heat Transfer
‘ o

TS 76 F
PROCESS 5-~6 SUCTION VALVE AND MANIFOLD

APS-G ‘ ' 3 psi
STATE 6 - State of Gas Entering Cylinder

. Y. )

TG 76°F
COMPRESSOR CYCLINDER PROCESSES
STATE a - State of Re-Expansion Gas

T 97°F

a

.1 psi

59°F

89 psia

3 Btu/lbm

75°F

1]
o

75°F
3 psi

=75°F

102°F
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Va
&)
vD

STATE b - State at End of Intake and
Mixing with Residual

STATE b'- State at End of Expansion
After Cut-Off

Tb'

Pb'

STATE ¢ - State At End of Compression

STATE d and 7 - State At End of Discharge

Td and 7

Pd and 7
PROCESS 7-8 DISCHARGE VALVE AND MANI-
FOLD
AP7-8
STATE 8 - State of Gas Entering Disc.
Manifold

Tg

Pg

.20

81°F

1.05

234°F

.34

360 psia

234%F

360 psia

25 psi

231°F

335 psia

-.5F

29 psia

216°F

286 psia

216°F

286 psia

25 psi

212°F

261 psia
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PROCESS 8-9 SUCTION-DISCHARGE HEAT

TRANSFER
Ah8_9 =0 =0
STATE 9 - State of Gas Leaving Compressor
T, 231°F 212°F
' P9 v 335 psia 261 psia
PROCESS 9-10 DISCHARGE LINE
APQ—lO 4 psia <.l psi
STATE 102 - State Entering Condenser
T, 231°%°  212°F
PlO 335 psia 261 psia
STATE 11 - Condenser Inlet Saturation
State
T ; 136°F 116°F
: P11 =335 psia =261 psia
PROCESS 11-12 FLOW THROUGH CONDENSER
APll-lZ 1.7 psia .3 psia
STATE 12 - Condenser Exit Subcooled
Liquid State
T, 121°F 91°F
PROCESS 12-13 LIQUID LINE, TXV,
DISTRIBUTOR
AP 249 psi 172 psi

12-13
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STATE 13 - Evaporator Inlet State

X13 .28 .16
o o
T13 40°F 44°F
P .
13 84.7 psi 89 psi

PROCESS 13-1 FLOW THROUGH EVAPORATOR

AP13_1 2,7 psi .4 pgi
NET OUTPUT
Mass Flow 2430 1lbm/hr 843 1bm/hr
Power Input to Compressor 17.6 kw 5.6 kw

Heat Rejected in Condenser 217,700 Btu/hr 82,315 Btu/hr
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Condenser

Equiv.
disc.
valve

Liq. Disc.
%;;Q, line ap
’ AP
& Compression
distr. (see P-V diagrams)
Suct.
13 line
AP
Super-
heat - Equiv.
/ v sucte
rr——-Evaporator — X;lve
Motor '
cooling
Y - Suction—discharge
heat transfer
Enthalpy (h) —

EXAGGERATED P-h DIAGRAM OF ACTUAL HEAT PUMP CYCLE

FIGURE C-1
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\'4
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CYLINDER P~V DIAGRAMS

B | FIGURE C-2
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APPENDIX D

DETAILS OF SYSTEM FLOW BALANCE MODELING ,

Physical _dimensions necessary for the system flow balance xﬁod'el
outlined.in Figure 2.1-3 are: diameters of flow passages and lengths
or equivalent lengths of the flow paths, compressor dimensions, and
expansion device data. Information on'requiréd : éompressor data 1is
given in section 2.3, and Appendii E.

Pressure drops thrdugh piping and components other than the heat .
exchanéers and expanéion- device are found using the equivalent length
method of pressure drop calculation for incompressible flow:

GZ
2p g,

(psi)

AP =4 @

Where:

f = Moody fl.;iction factor (subprogram 'FRICT', in Appendix
L produces values of Moody friction factor for laminar,
traﬁs:ltion, and turbulent flow regimes, and for rﬁugh'
as well as smooth pipes) |

€ = Mass flow per unit flow area (lbm/hr-ft’)
p = inlet fluid density (lbm/ft’)
(%)- equifralent length

g = conversion factor (32.2 lbm-ft/1bf secz)
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Subprogram "DPLINE' , in Appendix L , is used to determine the above
pressure drop. Values of L/D used in simulating the Carrier model
50 DQ 016 heat pump system are given in Appendix B.

Two-phase pressure drops in the condenser and evaporator are
calculated by subprogram 'PDROP', outlined in Appendix L. Subprogram
'PDROP' is capable of determining single phase liquid and vapor
pressure drops in the heat exchangers, as well as two-phase pressure
drops, although as used in the system flow balance model, only the
two-phase capability is employed. The two-phase pressure drop
correlations are from Lockhart and Martinellil, and are valid for
laminar, transition, and turbulent flow regimes, as are all of the
single phase pressure drop relations.

Expressions describing the distributor nozzle and tubes for the
Carrier model 50 DQ 016 heat pump during the heating mode, developed

by curve fitting published performance dataz, are as follows:

Nozzle:
1.8384
APnoz = 25.0 (2 CAPnoz) (psi) ZCAPnoz-i 1.2
«954735
AP = 29,408 (Z cCAP ) (psi) 7%CAP > 1.2
noz noz ) noz

_ CAP

ZCAPnoz ~ " CAP
noz

(00511 (Tsat) + .944803]

CAP = (12000) (CORFAC) 10
noz :
evap

(Btu/hr)



CORFAC

CORFAC

Where:

. CAP =

CAPNOZ =

CORFAC =

ZCAP =
noz

TROC =

noz

Tubes:

APtubes =

zCA{ubes =

CAI’t:ubes =

247

[-.006444 (TROC) + .6444]

= 10 TROC < 100°F

10 [-.007133 (TROC) + .7133]

TROC > 100°F

amount of heat transfer in the evaporator (Btu/hr)
amount of heat that could be transferred in the
evaporator at the rated pressure drop across the
nozzle (btu/hr)

correction factor for non-standard rating temperature
of incoming refrigerant liquid

percent of rated capacity

ﬁemperature of refrigerant liquid leaving condenser

pressure drop through nozzle under the given

conditions
1.81217
(10.0) (ZCAPtubes) (psi)
CAP
tubes [.005291 (Tsat ) - .48733]
(Nsect)'(IZOOO) (CORFAC) 10 evap

(Btu/hr)
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Where:
CAPtubes= amount of heat that could be transferred in the
evaporator at the rated pressure drop across the tubes
(btu/hr)
Nsect = number of tubes or separate flow paths in evaporator
ZCAPtubes = percent of rated capacity
tubes = pressure drop through tubes under the given conditions

The expression for the thermal expansion valve coefficient CTXV

for the 50 DQ 016 unit on heating was found to be:

2 ¢ lbm)
CTXV = .002128 (T . ) + .2491 (T ) + 9.455—DF
sat 835 Ibm | 1bE, 172
evap [(—-3-9 =]
ft in

The system flow balance model, as outlined in the flow chart
of Figure D-1, requires that the pressure drop across the expansion
device 'DPACT' be equal to that available across the device, 'DPSYS'.

These quantities are defined as:

= + +
DPACT APTXV APn.oz APtubes

DPSYS POC - PIE

where

Poc = PIC - APdiac - APcond - APliq

1line line
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PIE = PlOE 4+ AP + AP
evap suct

1line
PIC = Pressure at exit from compressor

Agisc = Pressure drop in discharge line

line
= Pressure drop through condenser
cond '
APliq = Pressure drop in liquid line
line

P10E = Pressure at entrance to compressor

= Pressure drop in suction line
suct

line

AP = Pressure drop through evaporator
evap

Thermodynamic properties required for the system flow balance
model are determined from basic equations, as described in Appendix
A. To check for liquid line flashing it is necessary to determine
the saturation pressure_cbrresponding to the temperature of the
refrigerant leaving the condenser. If the drop in pressure in the
liquid line is enough to lower the pressure below the saturation
pressure, then some liquid will flash into vapor.

Finally, to check for adequate o0il return in suction and discharge
risers, we must compute the actual vapor velocity in the risers and

compare it to the minimum vapor velocity required for oil entrainment.
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Data on minimum velocity for oil entrainment in suction and discharge

risers, for refrigerant 223, has been curve fit, yielding the

following:
'[-.005875 (TS%E ) + .5 log10 (DSL) + 3.4826]
VSR = (60.0) 10 P
(ft/hr)
[-.00315 (T ) + .5 log10 (D ) + 3.40]
VDR = (60.0) 10 cond
(ft/hr)
Where:
DSL = Diameter of suction rister (ft)
DDL = Diameter of discharge riser (ft)

VSR = Minimum velocity for oil entrainment for refrigerant 22
in suction riser (ft/hr)
VDR = Minimum velocity for oil entrainment for refrigerant 22
in discharge riser (ft/hr)
For more information concerning the specifics of the computer
simulation of the system flow balance model, see comments in the

program listing at the end of this sectionm.

REFERENCES

1. Lockhart, R.W. and Martinelli, R.C., "Proposed Correlation of Data
For Isothermal Two-Phase, Two-Componment Flow in Pipes', Chemical
Engineering Process, Vol. 45, No. 1, pg. 39 (1949).

2. "Refrigerant Distributors", Bulletin 20-10, (Sporlan Valve Company,
St. Louis, Missouri), July 1973.

3. ASHRAE GUIDE & DATA BOOK, SYSTEMS & EQUIPMENT VOL. (New York:
American Soc., of Heat., Refg., & Air-Cond. Eng., Inc., 1967)
pg. 801-805,
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FIGURE D-1

FLOW CEART FOR SYSTEM FLOW BALANCE MODEL

<D

Define constants

!

Input
Physical dimensions, T

sat o
van

e
superheat, subcooiine

v

Initial gﬁess for T

sat

cond
Iteration on T
sat
r- — cond
to find balance condition
I Determine

Fxit temp. from condenser
TROC = T - subecooling
sat
cond

v

Determine
Thermodynamic properties
of liquid leaving condenser

v

Use subprogram 'COMP' to determine
compressor performance & hence
mass flow rate
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v

Determine
Liquid line pressure drop

:

Check for liquid line flashing

v

Determine
Saturation thermodvpamic nroo. in cond.

v

Determine
Pressure drop throupgh condenser,
assuming two-phase flow throughout

Determine
Pressure drop in discharge line

v

Check for adeauate o0il return
in discharge riser

|

Deternine
Saturation thermodynamic prop. in evap.

v

Determine
Pressure drop through evaporator
assuming two-nhase flow throughout

I

Determine
Pressure droo in suction line

[ Check for adequate oil return
in suction riser

]
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:

_Pressure drop
& distribut

for the piven mass flow rate

Determine -
'DPACT' through TXV
or nozzle and tubes,

;

Determine

Available system pressure difference 'DPSYS'
across TXV & distributor

v Yes

ACT = DPSYS ? )‘———

No

Iteration
. loop
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SYSTEM FLCw BALANCE PRCGRAM

PLRFCSE

TCc CETERMINE TFE CCNDENSER ANC EVAFORATCR CONCITIONS

vr 1Tk

aNC & G
CAPACIT
BALANCE

wITF GIVEN THERMAL EXFANSICON VALVE BERAVIOR
IVEN CMPRESSCR (EITRER CONVENTICNAL CR
Y CCNTRCLLEC)s a»ILL PRCCUCE A MASS FLCw

IN TE SYSTEM

EXFLICIT INFLT FARAMETERS

CLuCCe
XLEGLC=
CiLlICe
XLEGLI-

CEL =
xLEGSLe=

CCL -
XLEGCL=

gce -
czCcc =

Cic
Cz1c

f' -

TSATE=
CTE =
NE -
TSATC=
CTC =
NC -
SLPER=

CTRCC=

NCCRHKH=

NEECT=
TSATHF =

ClAM:Ter OF WIGUID LINE CCMMING FRCM

CuTCoCR CCIL (FT)

EGUIVALFNT LENGTH GF LIGUIC LINE CCOMMING
FRCM CUTCOCOR CCIk (/L = CIMENSICONLESS)
CIAMFTER CF WIGLIOD LIMNE CCMMING FRCM INCOCKR
CCIe (FT)

cGULIVALENT LEANGTH CF LIGUIC LINE CCMMING
FRCM INDCOR CCIL (/L = CIMENSICNLESS)
ClAMgTER OF SLCTICN LINE (VAPCR) (FT)
EGULIVALENT LENCGTR oF SULCTICN LINE

(L/C = DIMENSICNLESS)

ClIAMETER OF CIZCrARGE LINE (VAPCR) (FT)
tGUIVALENT LENGTr oF CISCHARGE LINE

(L/C = DIMENSICANGESS)

INSIFE CIAMETER CF TUBES IN QUTCCCR CCIL (FT)
REFRIGERANT FLCW LENGTH IN EACKH PamaLLEL
FuCw 2RANCK IN Tre CuTCCCrR CCIL ({FT)

INSIre CIAMETER CF TuBES IN INDGCCR COIL (FT)
REFRTGERANT FLCWw LENCTH IN EACH PARALLEL
FuClw E~ANCR IN TrFE INCCCR COIL (FT)

NoMBER CF CIFFERENT FLOW CCNFIGURATIONS TC
gZ STLCIED

SATURATION TEMPAT EXIT CF EVAPORATOR (F)
TeMFERATURE INCREMENT FOR EVAPe (F)

NUME:r CF EVAPe TEMPSe EXAMINED

SATURATION TEMFPe AT ENTRANCE TC CCNDENSER (F)
TeMPErATURE INCREMENT FOR CONDS(F)

NuMéern CF CONCENSER TEMPS. EXxaMINED
S.FEFEAT CF vaPCR LEAVING EVAFCRATOR AND
ENTERING TrE CCMPRFSSCR (F)

GLESs FCR AMUGUNT OF SUBCCOLING OF REFRIGERANT
LEAVING CONCENSER (F)

INCIFATCR FCR COGLING OR WEATING MOCE

IF 'ANCCRH' = 1 = COCiLING MICE

IF '"aACCRm' = 2 @« HEATING MCDE

NUMBER CF PARALLEL FLCw SECTIQONS

An INFLT TEMPE=AT_RE LSEC TO SPECIFY THE
FLCw CCEFFICIENT CrF THE THERMAL EXPANSICN
VALVE (F)
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ICCATR=

CLTCFF=
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CCNTeCL _INCICATCR

*ICCANTR' = § MEANS CCNVENTIONAL SYSTEM
'*ICCATR* = 2 MEANS CAPACITY CONTROLLEC
SYSTgM

A FARAMETER USEC To INCICATE TrE AMOUNT OF
CAFArITy CCNTRCL USEC = IT IS CEFINED AS
'CUTAFFY 3 102 @ (yCLeCUT = VCLeMIMN)/VCLeCISP
WRERE VCLeCUT. IS TwE VCSLUME SWEPT By TrE
FiSTreN BREFCRE TrHE sSUCTION vALVE IS CLCSED
VCLeyIN I5 THE CLEARANCE VCLUME

vCwenISFe IS THE DISPLACEMENT VvCLUME

tall FErR CYLINCER)

INPUT PARAMETERg IN COMMCA

ANCYL =
VR -

vEC -

SYNC =
REM =
EFFIS=

CPDIL =

CPS =

CPFRAC.
SCELAY~

FFMC =

FrT
FRTC
gAC
EaS =
FaRNL=
EFFME=
PCAMAX=

EGARE#A=

NUMBER CF COMPRESSCR CYLINCERS

CLeARANCE VCLUME RATICs, CEFINED AS

tyRt = vpoLeMIN/VCL,CISP,

CISP ACEMENT vCLULME PER CYLINDER (VCLUME
SWEFT By PISTCN) (CL FT)

SYNCRRCNCUS MCTCR SPEED (RPM)

INITyAL GUESS FCR aACTuAL MCTCR SPEED (RPM)
ISENTRCPIC EFFICIENCY CF TrE COMPRESSICN ANC
EXFANSICN FGRTICNS OF THE CYLINCER
PRCCFSSES

EGLIVALENT PRESSURE CRCP ACROSS DISCHARGE
vLLVE TC ACCOUNT FQR VALVE DYNAMICS ANC
FLCw LCSSES (PSI)

eGVIVALENT PRESSURE CRCP ACRGSS SuCTICA
vaLve TO ACCOUNT FOR VALVE DYNAMICS AND
FLCW LCSSES (PSl)

(NCT LSED mERE)

SLCTTCN VALVE CLOSING CELAY (DEGREES AFTER
BCTToM CEAC CENTER)

PERCENT OF COMPRESSCR MOTCR HEAT wHICH IS
ReEMOVEC BY Trg SLCTICN GAS (THE REMAINCER
IS LeST BY CONVECTICN TC ThE AMBIENT)

(NCT USFD RERE)

(NCT USED mERE)

(NCY USEL mERE)

{NCT (SED PERE)

(NCT LSED rERE)

MeCranICAL EFFICIENCY CF CCMFRESSOR
MAXIMLM PCwER CUTPUT CF CCMPRESSCR MOTCR
(Kw) wHEN CPERATING AT MAXIMUM PERMISSIBLE
OVER, Cap

EGUIVALENT HEAT TRANSFER AREA BETWEEN
SLCTTICN AND DISCHARGE MANIFQOLDS = THIS IS
uSeC TC GIVE A ROUGH APPROXIMATION CF
IGTERNAL HEAT TRANSFER LCSSES, IF A
PARTTCULAR COMPRESSCR CESIGN SHCOULD REGUIRE
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THAT IT BE INCLUCED
(TFERE 1S, HOWEVER, NC REPLACEMENT FOR THE
ACTLAL CCNCITICNS IN EACH COMPRESSCR:!
CCELAY= UISCLARGE VALVE CLCSING CELAY (CEGrEES
AFTER TCP CEAC CENTER)
XCIL = CQCIL cIRCULATICN RATE (LBM CZIL/LBM CF REF.+0IL)

INPLT CATA CCNSTANTS
SLPEMV & XINmMV « CCEFFICIENTS FCR CETERMINING
VISCOSITY OF REFRIGERANT VAPQR

XMdlexty = COEPFICIENTS FOR CETERMINING
VISCCSITY CF REFRIGERANT LIGUIC
Ci=C3 « CCEFFICIENTS FOR CETERMINING TrE

TrRERMAL EXFANSICN VALVE EERAVICR
NCTE: TrE INFLT CATa CCNSTANTS ARE FCR REFRIGERANT 22 ONLY

CLUTPLT PARAMETEERS
TSATE ARND TEATC FOR A REFRIGERANT FLOw BALANCE (F)
xt¢R ® KEFRTGERANT MASS FLCw RATE AT BALANCE
CCNCTTICNS (LEBM/FR)
PCw = TCTA; CCMPRESSCR INPUT PCwER AT FLOW
BALANCE CGNCITICAS (Kw)
TIC = TEMPrRATURE CF REFRIGERANT ENTERING CCNDs (F)

REMAKKS
T+IS FRCGRAM CALLS SUBRCUTINE 'SATFRP! TO CETERMINE
SATLRATICN PRCFERTIES CF REFRIGERAANTS
THIS FRCGrRAM CALLS SUBRCUTINE 'CCMF' TO DETERMINE
CCMFREZESCR FeRFCRMANCE
TrIS rrCGrAY CALLS SUBRCOUTINE 'DFLINE' TC CETERMINE
FRESSwrE ChRCps 1N SINGLE PHASE REGIONS OF
CCMNECTING FIPING
TrIS FROGRAM CALLS SUBRCULTINE 'PCRCP' TO CETERMINE
FRESSULRE ChRCPS IN Twl=FrRASE FLOwW IN THE HEAT EXCHe
TRIS FRCGRAM LSES FUNCTICN SUPPRCGRAM 'TSAT! TC
CETERMINE SATLRATICN TEMPERATULRES CORRESPCNDING TG
GIVEN FRESSL:ES

CCMMON/CUPMPRNCYLIVRVEISYNCIRFMIEFFISSDPDISDFSSICPFRAC,
1CCELAYSFPMCsPHTarrTLsEADSIEASIXMRIFOWITIC,HICIHICESFIC,
2PL1CE, TICE,POWMAX, FRRNLIEGAREA,CUELAY, XOILIEFFME

CATA SLPEWV:XINyV/oBEZG7590'QE7E/

CATA XMLIXM2oXPasXxth/=S2625E"C8s1¢525E=CS,=2+982E=23,
letney

CTATA Cl1yCz,C35724128E=230¢2451,3¢455/

*CIL = Qe

CLELAY = ed

EGAREA = 2o

FaRNL = Ko

SYNO = 1ECCev
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FCwMAX = 16£48S

NR = 22 -

EFFIS = ¢S4

CFCI = 25.2

EPS = 302

CFFRAC = Ce2

ANCYL = ¢

RPNV = 17SC e

EAC = ¢l

EA‘S = Zo¢

EFFME = ¢S6

FrT = Qe

FmrTC = Loy

FMC = o8E

SCELAY = (e
-ncA”(B:cC¢)DLLCr:XLEGLOJBLLICpXLECLI:CSL:XLEOSL:DCL:
IxLEGCL

REAC(8,63k) CCCL.CZCCHCIC,C2ZIC
REAC(&,482) »

CC 135¢ v = 1,F -

REAC(8s6¢¢) TSATEI,DTESNESTSATCI»CTCHNC,SUPER
REAC(E,61L)CTRCraNCCRIR,NSECT
REAC(es€4%¢) TEBTRP,ICCNTR,CUTCFF
WRITE(E,E5€) CCrasCz0CsCIC,CZIC
aRITE(SsZel) CLICC,XLEGLO,OLLICIXLEGLI
WRITE(S,27€) LS o XLEQSL2CCL2XLEGCL
#aRITE(E,SSZ) TSaTRP

wsmmeeen| CCF FCR ITERATING ON CCNCENSER TEMPERATUREw====ae
ITERATE TC FINC TrHE CCNCENSER TEMFERATURE WhICH

GIVES A SYSTEM FLCw BALANCE FOR TrRE GIVEN TSATE,
THERMAL EXFANSEIrN VALVE BERAVICK, ANC COMPRESSOKR HBEKHAVICR

OO0 00

TSATC = TATCI

TSATE = TeaTel

CT = Z.@

CC 1¢¢ I = 1,c¢

TSATC = TSATC + CT

WRITE(6,S15) TESATE,TSATC,CUTCFF

PRCVISICN FOR Ry N=TIME INTERACTIVE CATA INPUT

REAC(68514,ECFC=E)

CALCULLATE TrE G| ESSEC TEMPe 'TRCC' FOR EXIT TEMP. CF

~EFRIGERANT FRCy» CCNDENSER (THIS MUST BE CKHECKED
PANGALLY wWITk TwRE cUTPUT CF TrE CONCENSER PERFORMANCE

FRCGRAY)

OO0 N0 0 N No
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TRCC = TEATC = nTRCC

CETERMINE PRCFERTIES CF LIGUID REFRIGERANT LEAVING CONCe

CALL SATFRP{NRITRCCIPIVF ,vCok3,nFGHG)SF,L5G)

REC3 = 1eQ/VF

XMUL = XF1wTRCCu23 + XMEZeTRCCewzZ + XM3I®TRCC + XM&
VR = o5

VC = 223522

CALL SULEBRCLTINE COMP TO CETERMINE THE COMPRESSCR
rerFCRMANCE ANC REFRIGERANT FiLCw RATE tXMR!

CALL CCMF(NR,TSATE,LTESNELTSATC sCTC,NC,SUPER), ICGNTR,
1CUTCFF)

IF(NCCRreEGel) ~C TO &€

IF(NCCRReEGe2) ~C TC SC

CEFINE vARIABLEc IF CPERATING IN THE COOLING MQODE

CERC = CCC .

GRC = &helsxMr/(15¢203¢143CERCen2)
CZtPC = LycC

CErRt = CIC ,

CRE = 4eleXMR/(geCe3el4*DERE®SZ)
cZTPE = LZ1C

CLL = CLuCC

XLEGLL = XxLEGLC

GC TC €«

CEFINE VARIABLEc IF OPERATING IN THE KEATING MGDE

CErRC = CIC

GRC = bolasXMi/(gelwIel4*CERCEx?2)
cztec = CzIC

CERE = CCC .

GRE = GelsXMR/ (150083 e1éslEREs=s2)
cZtPE = L2cCC

Lt = CLLIC

XLEGLL = XLEGLI

E = SelE=ve

CETERMINE LIGUIR LINE PRESSURE CROP 'CPLL' (PSI)
CALL DPLINE(CLL,XLEGLLSE,XVMR,RHO3,XMULSDPLL)
CETERMINE SATURATICN PROPERTIES CF REFRIGERANT IN CCNC»

CALL SATFRP(NR,TSATC »PaVF)VV,RFsHFG,rG,SF,SG)
RECL = 1eg/VF



OOO0n e NeNalg) (s XaNaNaXa!

aNaNalal

OO0

OO0 OO0

OO0 00

259

RRCv = 1e¢/VV
XMLL = XM1#TSATr %53 ¢ XM2sTSATC »#2 + XM3*TSATC + XMy

XMLV = SLFEMVSTQATC <+ XINMV

CETERMINE PRESS| RE CRCP IN CGONCEMNSER 'DELPC' (PSI)
ASSULMING THAT TLE TwCePrRASE PRESSURE CROP IS APPRCX.
TrE TCTAL CONCENSER PRESSLRE CROP

CALL PCRCF(4,CERC/ESGRCIXMUVIXMULIRHOVIRHOLI10@s10C)
1CZTPCsRel,s1eLaVVaCeCait e, LELPC)

CETERMINE THE ArTUAL VAPOR VELCCITY IN THE DISCHARGE
RISER 'VLRACT' (FT/HR)

VCRACT = XMkshop/(RROVE3elbsCpLE®2)

CETERMINE Tk PRESSURE ORCP fpDPOL' (PSI) OF VAPCKR
IN THE ClsCrARGF LINE

CatL CPLINE(CCL XLEGCLAE)XMRIRMCVLXPUVSDPOL)

CETERMINE SATLRATICM PROPERTIES OF REFRIGERANT IN THE
EVAFPCRATCR

CALL SATPRP(NR,TSATESP)VF,VV,wLIG,HFG,HG,SF,SG)

~ECL = 1e¢/VF

KECv = Leg/vy _

XMLL = XF1#T7SATrssa + XM2=TSATE=®2 ¢ XM3x*TSATE + XMu4
XMLV = SLFEMVSTGATE « XINtV

X] = (F3°FLIG)/KFG

CETERMINE CRESS{ KE DRCP IN THE EVAPCRATCR 'CELPE' (PSI)

" ASSUMING ThAT Tit TwCePHASE FRESSURE CRCP IS APPRCX.

THE TCTAL EVAFCRATCR PRESSURE UROP

CALL PCRCP(3,)CEREIEIGREIXMUVIXMULIRHOVIRHOLS 1902102
1CZTFE»Lel ;X1 sVV  ,2eCsCe2+sCELPE)

CETERMINE ACTLAL VAPCK VELCCITY IN SUCTION RISER
'VSRACT! (FT/hR)

VSRACT = XMRwbog/ (RHOVE3e14%DSLe%2)

CETERMINE PRESS| RE CRCP QOF VAPCR IN SUCTION LINE 'cPsSL
(FET1)

CALL CPLINE(CSL.,XLEGSLJE,XMR,RHUOV,XMUV,DPSL)
CAFP = XxMRs(R1CE = |3)

PIE = F1CE = CE, FE + LCPSL

FCC = FIC ¢ CkiLmC e CFDL = CPLL



0o 0O0n

aNel OO0 OO0 0

e NaNakgl

260

T = TSAT(NKR,FCC,
IF(TeLE«TRCC) wrlITE(5,595)
CAPPY = CoP/FLCATI(NSECT)

CETERMINE FRESS, RE CRCP THRCUGK CISTRIBUTOR NCZZLE
ANC TUBES

IF(TRCCelLEo1Cikop) CORFACRLIZoCos(=eClobbunTRCL+ 0444
IF(TRCCeCTo1lep) CORFAC ® 1Q0.2*8{=e2C71338TROC+7133)
TIE = TSAT(NR,FTE)

IF(NCCRIReEG e 1 ICAFNCZELCe@us( s 48422 TIE+e55162 )
112¢2¢ eCxCCKRFAC

IF{NCCRIF*ELsE) CAPNOZ=m1GeC*®(ZuO11»TIE+eS44EZ3 )"
112¢e7 +28CCRFAC ,
IF(NCCRIeEGe]l) CAPTUB= U ere® | 2LS62S5TIE=el183775)»
lizeeeegsCCRTAC 7

IF(NCCRIeEGoc) CAPTUB = 1Celwu(elPlS231%TIE=e42733C)=
112¢eZe2»CCrRiAC

IF(NCCRIFEGeL) AP = CAP%4el/Se¢

FCaFN = CAF/CAFNCZ

FCAFT = CAPPT/CAFTLEB

IF(FCAFNe_Eoele2y) CPNCZ & 2S5¢UsPCAPN®*s1+8384
IF(FCAFNeCT o102y CPNCZ = 2Seb4gBasPCAPN=%,954735
CPTUBE = 1Ze¢/®FrAPTe®].81217

CFSYS = FCC =~ FTE

THERMAL EXPaNSIFN VALVE

CETERMINE TFE FLCw AREA CCEFFICIENT 'CTXV'! FCR EITHER
CONVENTICNAL CR CAPACITY CCNTRCLLED SYSTEMS

IF(ICCNTR.EGel) CTxV = CysTSATE**2 + (2»TSATE + C3
IF(ICONTR oEGeZ) CTXV = C1sTSATBP*»2 + (C2=TSATRF + (3

CETERMINE PRESSURE DRCP TRROUGK TXv fCPTXV'(PSI)

IF(NCORFeEGs2) RPTXV = (XMR/CTXVI®*2/RHO3
IF(NCORFOEGe1)CETXVR(XMR®4eC/(Sek®117801) 825712368
11é¢e2/RrCz

CETERMINE THE AcrTLAL PRESSURE CRCP 'DPACT' (PSI)
WHICH WCLLEC EXIST WIThR THE GIVEMN FLCW RATE

CPACT = CFTXV + CFANOZ + CPTUBE

NRITE(S,52¢) MCrR+,NSECT,SUPER,TROC,H3,PIC

WRITE(E,21¢) kirsri1CE,FOC,PIE,TIE

wWRITE(S,S2¢) CE| PELCELPC,CPTXV,0PNOZ,CPTUBE,DPLL,
1CPSL,DFCL A

WRITE(S,23¢) CAp,CAPFT,CORFAC,CAPNCZ,CAPTLE,2CAFN,PCAPT
WRITE(S,542) TSaTE,TSATC ,CFSYSSCPACT,XMR, ™ "Z,PCW
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WRITE(6,S15) TSATE,TSATC,CUTCFF,CPSYS,DPACT
CAFE = XMKea(WICF = K3) '

CAPC = XMR»(FIC = 3)

WRITE(E,S8C) CAsEsCAFC

CETERMINE THE MINIMUM SUCTICN RISER VAPOR VELGCITY
'VSR' (FT/HR) RFGUIREC FOR OIL ENTRAINMENT

aNalakel

VSRmeCe®1Colm® (= e @uS875¢TSATES+S*ALOG10Q(DSL)+3v4826)

CETERMINE THE MINIMUM DISCHARGE RISER VAPCR VELCCITY
'WCR' (FT/RR) RFGUIREC FCk OIL ENTRAINMENT

aNalalyl

VOR26C oL 12 eil®® (= e@Z315*TSATC «eS*ALCG1O(DDOL)+304¢)
WRITE(%,575) VEr,VSRACTIVCRpVCRACT,CTXV

(ala

WRITE WARNING MESSAGE IF TRERE IS INACEGUATE CIL RETURN

IF(VSRACT«LT+VER) WRITE(5,65¢) VSRACT,VSR
IF(VCRACTLTeVCR) WRITE(5,66¢) VCRACT,VDR
IF(TICeGEe28C 2, WRITE(S,67¢)

CHECK TFE ACTULA, FRESSURE CROP ACROSS THE SYSTEM AT

TRE GIVEN FLCw mATE 'CPACTY' wITH THE AVAILAELE PRESSURE
CRCP BETWEEN CCASENSER ANC EVAPCRATOR 'UPSYS's, TO SEE
IF A FLC» BALANCE ACTULALLY EXISTS

NOOOOON

IF(ABS(CFSYS=CFaACT)eLTeSer) GO TC 1302
IF(CPSYS=CPACT) $5,13¢,30
S@ IF(I«EGel) CT = «CT
IFICTeLToceg) G TC 10
TSATC = TSATC = [T
CT = CT/2e¢
GC TC 10¢ )
9s IF(CTelLToced) TSATC = TSATC = CT
IF(CTeLTece) CT = DT/2¢0
12¢ CONTINLE
CeccmmccrnuwcumeniNC ~CNCENSER TEMPERATURE LOOPewececcascca=ec=
158 CONTIMLE
4S@ FCRMaT(I1l:) )
BE@ FCRMAT(' NCCRk =',13,' NSECT=',15,'  SUPERs!
19F1¢e3," TRCr=',F1Ce3,' H3=')F1CGek,' PIC='sF1€°3)
§1@ FCRMAT('  HIC®$1,F1@e4s"' HIDE='sF1044," PCC="!
19F12e3,' PIlE=15F12e3s"' TIEm'2F1€e3)
.514 NAMELIST ' INPLT VARIABLES ARg %', ( TSATE,TSATC,CUTCFF)
515 FCRMAT(' TSATE®1,F7e2,"' TSATCa1sF7e2,"' CUTOFF='sF4.2,
1! CPSYS®',F7e2,1 OPACT=',F7e2)
526 FCRMAT(' CELFEa'sFge2s' CELPC='sF8e2s' CPTxva!
1sF8eZs' CFNCIVIJFRBe2s' CPTUBE=',F8e2s' CPLL='sF8e2
2" CPSL=',F&eZsv CPCL='FEe2)
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575

S5&y
5S¢
5¢5
6eid
é1l¢
6cé
63v
64
63¢

6€y
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FCRMAT(!'! CAFS!,F12¢3,' CaPPTa',F1€e¢3,' CORFaCs!
1sFEegs' CAPNCZ='sF12¢4s"' CAPTUB=',F12+4,"!' PCAPNS!
CrFlcebiy? PCAFT;')FiQO‘O}

FCRMAT (! TSATE=',FlCe3s! TSATCI=',F1@e3s! CPoyge!
1sF 123, CPACTR1,Fige3y’ XMR=m')F12e0s! TIC=',F12e3,

2! FCwm')Flide3,

FCRMAT (0 CCCmiy k1505, CZoC='5F1545," cIc="'
1,F15¢%5, DZICe'sF15e51

FCRVAT (! CLLCr='yF 155, XLEGLG® ' )F15e5, " CLLIC=!

1)F13e5," XLEGLT=',Fi53)

FCRMAT (! O3k ='sF15e5." XLEGSL="',F1545," tCL=s!
1)F1Se5,1 XLEGrL=t,Fi15+5)

FCRMAT('WSR =',c1ce52" FT/FR VSRACT®!',E1245,

1' FT/kR VCR=1,E12e5, " FT/ER VCRACT=!',£1245,
2' FT/FR CTXV mt,Figed)

FCRMaT (! CAPE =',FiSed,! CAFC =',F15.2)

FCRMAT (! TSATRF mtyFiCess' L[EGe F')

FCRMAT(Y ssxwswp_ASAING CCCURS IN LIGULIC LINEsawx=al)
FCRMAT(EF1Cecal1¢s2Ficels118sF1ie2)

FCRMAT(F1V ebsr»ci1y)

FCRMAT(8F15e%)

FCRMAT(W4F15e%)

FCRMAT(FIReasl10,F1@ed)

FCRMAT('=sxwxsuwyaINACEGUATE CIL RETLRN IN SUCTICN!
155! RISER VSRArT=E1,F15e5," VER=1,F15¢5) tnunnsvnnl)
FCRMAT(! msuswos wxunasINACEGUATE CIL RETURN IN!

155" CISCraRUE RTSER VORACT=',F15¢5,1 VCR="sF15+5,
FARTT TS I E B

FCRMAT(' wsssnsgsswxnsCOMPRESSOR CISCHARGE TEMPERATURE!
150" IS EXCESSIVisssunusnag!)

eENC
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APPENDIX E

DETAILS OF THE COMPRESSOR SIMULATION MODEL

Details of the compréssor‘mode1 discussed ig section 2.3 are
given in:this section, 3cc0mpanied‘by é detailéd-flow chart and p?ogram
listings.
| Discussion 6f the compressor médei can-Be divided into three
major sections:
| _1. Cyiinder érocesses, valve;vand maﬁifqld modéling
2. Motor cooling, friction, and suction-discharée‘heat

transfer
3. 0il circulation effect on capacity

gz;iﬁderrProcesses, Valve, and Hanifold'Modeligg

Valve dynamics, manifold pressure pulsatioms, and cylinder/
manifold interactions have been modeled as equivalen; cylinder Qressure
overshoots or undershoots, and valve closing delays, as discussed in
section 2.3. Cylinder processes on each complete compressor stroke
are:

1. Intake of suction gas and mixing with residual

2. Compression

3. Discharge

4. Re-expansion of residual mass.

Before going into details of the cylinder processes it is necessary

to determine the effect of suction valve closing delay on effective
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. displacement volume, and of discharge wvalve closing delay on effective
clearance volume:
The expression for cylinder volume as a function of crank angle,

referencing from 6 = 0° at top dead center (TDC) is:

T D2 Rc Rc
= + —_— - =
chl Voin 7 R, {1+ = = cos §
r T
-1 Rc
- cos [sin q;- sin 8)]}
T
Where:
Rc = center—to-center length of crankshaft throw
Rr = Center-to-center length of connecting rod
Vmin = (Clearance Volume
D = Cylinder diameter
Typically,
Rc
= < .25
r

Hence for angles near TDC (@ = Oo) and BDC (6 = 1800) we can

approximate cylinder volume as:

v -V +V (1 -~ cos 8)

cyl min D 2

(2 Rc) = displacement volume
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The effective displacement volume accounting for suction valve closing A

deiay thus becomes:

VD T vcyl - vm:l.n
eff max
eff
or : o res '
d . {1 - cos[(1 - m)‘ll‘]]’
VD D 2 '
eff o
Where
88 = Suction v-alvg closing delay in degrees after bottom dead
.center (ABDC).
V. = Maximum cylinder volume
max
- Thens v
' Dot
nn = Displacement efficiency = :
D

K:}
{1 - cos[(1 -

S
—=) 7]}
180 e
fp = 2

The effective clearance volume accounting for discharge valve closing

delay becomes:

™
{1 - cos[eD -1_56])

Vatn ™ Vain * ¥ 2 :
eff '
Where:

BD = Discharge valve closing delay in degrees after top dead

center (ATDC)
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We can now define the f_ollowing volume ratios:

VmJ'.n
VR =
VD
eff VD Np
eff
_ min _ VR
VRMAX v "1+ W
max
MAX min _ eff
VRMAX T 1+ W
eff max eff
eff
T
Vinin {1 - cos[eD 180))
VRMEV = ﬁfiﬁ— = 1+ 2 VR
min

Derivation of relations describing the four cylinder processes then

proceeds as follows:

Intake Of Suction Gas And Mixing With Residual

Am = -m
max

res
eff

Where:
Am = Mass pumped per stroke
B oax Mass in cylinder at maximum effective volume -

eff = Vmax/vmax
eff

‘Vm = Specific volume of gas in cylinder at maximum effective

volume (ft3/ 1bm)
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LS = Mass in cylinder at miniﬁam effective volume

(reéidual mass)

= vﬁinlvies
eff _ , _
s = ‘Specific volume of gas in cylinder at minimum

res
effective volume (fc?/lbm)

Considering the intake process ogcuring at constént cylinder preséure,

the first law of thermodynamics gives:

0 0 ;
/{ el %/AL h-e. -z "y hi f z Mg Ug ~ z Mo Y%

or

Wi = m1 hi f mo uo - mf.uf

mi = Am = mf_- mb

m = Original mass in cylinder
m = Final mass in cylinder

Enthalpy (Btu/lbm) of'incoming suction gas

o
]

at Pcyl = Psuct - APs

suct-
APs = Equivaient cylinder pressure undershoot on intake
u = Internal energy (Btu/lbm) of original mass in cylinder
u; = Internal energy (Btu/lbm) of final mass in éylinder

W, = Work produced by gas on intake
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Also:

v __=-v,)

cyl max Ry
suct eff

£
w1=[)1>dv=1>

Where:

VR = Cylinder volume at the end of re-expansion of residual
x

mass.

Equating expressions for work we find after some manipulation:

v
max
0= (hi - hmax) + (VRMEV) (VRMAXeff) ﬁ;;;;—) (th - hi)

Equation E-1

Where:
hmax = Enthalpy (Btu/lbm) of gas in cylinder at end of
intake and mixing (at maximum effective volume)
th = Enthalpy (Btu/lbm) of residual mass in cylinder after
re—-expansion
To find the state at the end of the intake and mixing process, we
-guess Tmax (and hence hmax and ‘vmax)’ and iterate until equation

E=1 is satisfied.,
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Then
1 VR, .
P [ -1y
WI :zit (VRMAXeff)(VRMEV) v}es res
Am [(vfes) 1 ' - 1]
(Vhax) (VRMAXeff)(VRHEV)

For the initial calculation we do not know the state of the re-
expansion gas. Hence, on the first calculation we ignore the
effect of mixing and assume fhat the state at the end of intake

is the same as the state of the incoming suction gas.

Compression
The first law of thermodynamics yields for the compression

work ‘Wc' , assuming no heat transfer:

c = mmax (uo - uf)

eff

Then, for isentropic compression:

Wc : 1 u u
G—) = 7 — [max - "eyl ]
max disc
eff is
is
Where:

ucyl = Internal energy (Btu/lbm) of gas in cylinder at the

disc

is end of compression
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And, for non-isentropic compression:

. WC

G
W

c g?% is
(v ) =
max is
eff non
is

Where

”15 = isentropic compression efficiency

The non-isentropic compression end state is found by guessing

)

T (and hence u

cyl cyl
disc disc
non-is
Evaluating
W
c 1
(V ) L [umax ucyl ]
max ax
ff ess disc
e gu non-is

and iterating until

He W
G =G
max max

eff guess eff non-is

Compression work can be found later from the expression:

[u - u ]
w max 3I%c .
¢ c - non-is
Am zon AJ
is  [1 - (VREV) (VRMAX ) 2

vre 8
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Discharge

wD-frdv=r

L, W, -V )
§ite WP §Ic
Where: | a

wh'-,ﬂbrk required to discharge the gas from the cylinder

P = Cylinder pressure at end of compression (coﬁstant '
fi. :
during discharge)

= Pais

¢t 8 |
APD = Equivalent cylinder pressure overshoot on discharge
chl = Cylinder volume at end of compression
disc ’ '
Aﬂd, since discharge is assumed to take plaée at constant pressure
there is no change of staﬁe of the gas, That is, the state of the

residual mass in the cylinder is the same as the state of the

gas at the end of compression.

Hence:
Ub_- e -
™ eyl eyl
disc disc
== Pcy'l Vres

disc
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Re-Expansion Of Residual Mass

As for compression, the first law of thermodynamics yields,

assuming no heat transfer:

wﬁx = mres (uo - uf)

and then
ka 1
¢ ) = [ - 1
Vmin v}es res uR?g
eff is
Where:

qu = Internal Energy (Btu/lbm) of gas in cylinder at end

1s of re-expansion
Then
W, W
= = ( x )
& )n . YW W
2%? 28 E%? is
Where:

"13 = Isentropic expansion efficiency (assumed same as
isentropic compression efficiency)
The non-isentropic re-expansion end state is found by guessing

TRx (and hence u ) , evaluating

X
non-is
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W,

Rx 1
G ) =l - 1
2%% guess res e éign—is

and iterating until

W, W
¢ Ry R
crmi*'n—l ( )

eff guess g%? non-is

- Re-expansion work'cén'be found later from the expression:

* ] : [u' -“R I

R res
p 4 - . _ non-is
¢ Am )non-is Vies 1 ' _
[C ) - - 1]
Vnax (VRMAxeff)(VRMEV)

After completing one full cycle of calculafions, an estimate
for the state of the re-expansion gas is available. The entire
cycle is repeatéﬁ until the correct valves for the re-expansion
state, and for the end state after intake énd mixing are determined.

For more details, see the flow»charfrin Figure E-2 and comments

in ;he program listing for subroutine 'COMP' at the end of this

section.

Motor Cooling, Friction, and Suction-Discharge Heat Transfer

An iterative solution is required to properly determine the
amount of heat given to the suction gas by internal friction, motor
waste heat, and suction-discharge heat transfer. A first guess for

the temperature of the suction gas entering the cylinder is made
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and, using the results from the cylinder process portion of the
model, the resulting refrigerant mass flow rate and motor power
are calculated. The amount of waste heat due to

friction is next calculated, followed by determination of actual

motor speed, motor efficiency, and motor waste heat. The assumed

. : \J
mechanical efficiency nmech

of the compressor, accounting for
friction, has been assumed to be 96Z in all of the studies done to
date. Curves showing the assumed variation of motor speed 'RPM'
and motor efficiency 'nmotor' with load on the motor are given

in Figures 2.3-4 and 2,3-5 respectively. The latter curves are

fairly respresentative of squirrel-cage induction motors in the

3 to 10 horsepower rangel. Most of the heat generated by frictiom
and motor inefficiency in hermetic and semi-hermetic compressors is
given to the suction gas. A small portion, however, is lost to the
ambient by convection and radiation from the compressor shell.

Next, an estimate of heat transfer between suction and dis-
charge gas is made, using an approximate method to be discussed
shortly.

After estimating friction, motor cooling, and heat transfer
effects on the suction gas, a new estimate of the state of the
suction gas entering the cylinder can be made and the entire process
repeated until the correct state of gas entering the cylinder is
found. The procedure is outlined below, and is also shown on the

flow chart in Figure E-2.
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'1.. Assume temperature of suction gas entering cylinder
2. Use cylinder process model to determine total. work

.~ input to the gas 'W ' , mass pumped per stroke

tot
'Am' , and temperature of discharge gas 'T P isc'
3. Determine _work. input to cdmi:reésor W '
: o : comp
W - Wt;t'.n: Btu)
comp nmech - 1bm
4. Itéral;e on motor speed
—= Assume Motor Speed
o = (Am) (Ncyl) (RPM) (Total Mass-quw).
f - - — .
comp (wcomp) | (Power Output of Motor)

Z Load = Fm (Pma.x = Maximum Power Output_ of Motor)
Motor

RPM = £ (% Load) (See Figure 2.3-4)

L. Repeat until correct RPM is found
5. Mootor =~ f (X Load) (See Figure 2.3-5 and listing for sub-

routine 'EFFM' at end of this section)

6. Determine waste heat 'QMC' given to suctj.on gas by

friction and motor cooling

1)
QMC = (X Motor Cooling) [—S2=P - W t]
motor °

(Z Motor cooling = Percent of waste heat which is absorbed
by the suction gas)
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7. Determine temperature of suction gas after absorbing
waste heat

8. Determining suction-discharge heat transfer 'QHT' as
.described shortly

9, Determine a new guess for the state of the suction gas

entering the cylinder using

hy + QMC + QHT

new
where
ew enthalpy of gas entering cylinder
hl = enthalpy of gas leaving evaporator

10. Repeat steps 1-9 until correct amounts of motor cooling
and heat transfer are found
For more information see the flow chart in Figure E-2 and comments
in the program listing for subroutine 'COMP' at the end of this

section.

Approximate Suction-Discharge Manifold Heat transfer

As mentioned in section 2.3, some compressor designs have
negligible amounts of suction—-discharge heat transfer, while others
have large amounts. Presented here is a very rough method of estimating
suction—~discharge heat transfer, which is designed to permit study
of the variation of suction gas superheat due to heat transfer with

the discharge gas, while pumping across different pressure ratios.
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Suction-discharge heat transfer.is calculated by Subrounting VHEAT'

.80 that, if moré correct heat. transfer information f&r a particular 

coﬁpresso: is‘available,'subroutine *HEAT' may be changed without

,affecting the remainder of the comﬁressor model,
Tﬁe'presgnt'suction—discharge heat transfer model-is as

follbws;

Let us first aséume that the heat transfer_ocgurs'acrqss-a flat

metal surface of negligiblé heat transfer resisgance.

~ Then
Q= v Aht ATlm
1 7
A N
h, By
Where: '

q = Heat transfer rate per manifold
Aht = Heat transfer area per manifold
U = Overall heat tramsfer coefficienct -

h = Heat transfer coefficient
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(T =T, )-@ -T. )

Hin out out in
ATlm = T — ) (Assuming
B c counter flow)
1n [ in out ]
@ -TI_)
out in

Using the following relation for the heat transfer coefficients in the
manifolds2

Nu = 1,48 Re'63 Pr'6

and assuming

D = 75 D
eq eq
disc suct
PER = 1.5 PER

disc

We get, after some manipulation:

.63
«- (@) (EQAREA ) AT,
FS + FD
Where:
h D
Nu = Nusselt number = -TFJEL
oV D
Re = Reynolds number = —u—e'l
uc

Pr = Prantl number = -EfE—

k = Thermal conductivity of fluid
B = Vigcosity of fluild
C_ = Specific heat at constant pressure of fluid

p = Density of Fluid
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V = Velocity of fluid

Deq = Equivalent diameter of flow passage
4 A
XS
PER

s Cross-sectional or flow area of flow passage

PER = Wetted perimeter of flow passage

@ = Mass flow rate per manifold
4
FS = ‘.6 4 .63
(1-48)(ks)(Pr8 )(E;)
F = (4) (.75)

63

D .
(1.48) (i) x5 [ﬂuf—é‘l}

s = Subscript indicating suction gas

D = Subscript indicating discharge gas
EQAREA = _fhE_ (PER;37)
X8

Note that the equivalent area term 'EQAREA' does not have units of AREA,
The heat transfer between suction and discharge gases is then
found by iteration as follows:

1. Guess Tdisc

out

%

— *D -
Tsuct = Tsuct T G (Tdisc Taisc

out in 8 in out

2.



(T

3 AT = Din gut out- in
° 1m (T - T )
D 8
in out
in [ 1
T, -Tg )
out in
Tg + Tg T, +T
b o - in out T - Din Dout
savg 2 avg 2
S. Eva;uate properties u , k , and C, at Ts and TD
.63 avg avg
* (&) (EQAREA) AT1m
6. q = F +F
s D

*
7. Repeat 1 - 6 until q = q
=
8. QHT Y
For more information, see comments in the program listing for subroutine

'"HEAT' given at the end of this section.

011 Circulation Effect on Capacity

The effect of oil circulation on capacity can be determined once
the refrigerant-oil solubility characteristics, as shown in Appendix F,
are known. As illustrated in Figure E-1, the capacity of a compressor

is defined as the evaporator capacity 'Qe' of a refrigeration system:
Q =@ (b =-h,)
e ﬁkn 3m

Where:

hlm = Enthalpy of total mixture leaving evaporator .
h3 = Enthalpy of total mixture entering evaporator

o = Total mixture mass flow rate
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" The enthalpy entering the evaporator cam be defined‘as: (frpm>Cooper3)

h, = (x) (h )+ @A -x) (b, )
3 S 11” et

= Enthalpy of pure refrigerant entering evaporator

3

= Enthalpy of oil entering evaporatbr
oil ' :

> 3 --'Wéight'percent of oiI.cirpulating in system

i 1bm oil i
(1bm oil + 1bm ref)

The enthalpy of the total mixture leaving the evaporator can be

 dafined as:

b, =@ )+ A-2 B )

m ref
vapor
Where:
h1 = Enthalpy of pure refrigerant vapor at P
ref | : sat
vapor and T leaving the evaporator
super »
hz = Enthalpy of liquid mixture leaving evaporator
at T
super

z = Weight percent of liquid leaving evaporator

¢ 1bm liquid \
1bm total mixture’
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The enthalpy of the liquid leaving the evaporator can be defined as:

h = (W) (h )+ (1 -w) (h )
z lref loil
liq
Where:
hl . = Enthalpy of oil leaving evaporator at super
o0il
hlref= Enthalpy of refrigerant liquid at TSuper leaving

liq the evaporator

w = Weight percent of refrigerant in the liquid leaving

the evaporator

[ 1bm ref 1iq
(1bm o0il + 1lbm ref liq)

]

Then, from continuity we find:

- _X
l-w

The enthalpy of a typical refrigeration combressor oil, referenced to

a base at -40°F , as are the refrigerants, is:

2
hoil (.403) T + (.00025) T + 15.75
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Where:
T = Temperature (°F)_

hyp = Btu/lbm

. The density of a typical refrigeration oil is about:

. N ' 3
Poil 57.6 1bm/ft

The work of compféssion of the oil 'W;ii' 1s hence:

AP
W =
oll 0,41
Whérg'
AP =

Psuct - Pdisc

Finally, the total power 'P' required by the compressor is

- Where:
Pref = Power required to compress refrigerant

o11 ~ @) G—3) W, = Power required to compress oil

ﬁref = Total mass flow of pure-refrigerant

For more information, see comments in the listings for subroutines 'OIL'

and "COMP' at the end of this section.
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Modeling Early Suction-Valve Closing

The early suction-valve cut-off method of compressor capacity
control is modeled using the same model as for a conventional
compressor with two exceptions. First, the effect of late suction
valve closing is eliminated when cut—off control is in use. Second,
there is an expansion of the gas in the cylinder after the suction
valve is closed.

Only one additional input 1s required to model early suction-

valve cut-off control:

v -V
CUTOFF = 1 - —Sutmin
D
Where:
Vout = Total volume of cylinder when suction valve is closed.
CUTOFF = Indicates the amount of capacity reduction, but is

not synonomous with Z flow reduction
Modifications to the compressor model are as follows:
First let us define the following volume ratio

v
VRCUT = V““t = 1 - CUTOFF + VR
D

Let us also define the state in the cylinder at cut-off as the end

state for the intake-mixing-process, and give it the subscript 'CUT'.
We then have, from the first law of thermodynamics on the expansion

of the gas after cut-off:
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W m (uo - uf)

ex
Where:
ox = work produced by adiabatic expansion of gas
v
- - _max _ _cut
o mmax v v
max . cut
Then
1+ VR
v = ———]
max [ VRCUT ] cut
and
max
ex v (ucut umax)
max
Where
Uiut = Internal emergy of the gas in the cylinder at the
beginning of expansion after cut-off.
MLut = Specific volume of the gas at the beginning of expan-

sion

First, assume isentropic expansion and evaluate:

Where

nis

= Isentropic compression and expansion efficiency
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To find the non-isentropic end state ‘max' for expansion of cut-

off gas, we guess T (and hence u ) evaluate
nes
wex
¢ ) =u __-u
m ‘guess cut on-is

and iterate until

wex W
6—:;—0 = Gj;ﬂ

The non-isentropic work of expansion can be evaluated later from the

expression:
(u -u )
1Y) cut magon—is
En o " Vs
[1 - (VRMAX) (VRMEV) (5—) ]

res

Unfortunately, implementing the expansion of cut-off gas cal-
culation into the simulation program is not as simple as presented
above. The superheat of the suction gas is always great enough to
prevent expansion of the suction gas into the saturation region,
because of motor cooling, internal heat-transfer, and mixing with
residual gas. However, during the first few iterations on the effect
of motor cooling, mixing, and the like, the superheat has not been
added in, and expansion of the cut-off gas does go into the saturation
region. To prevent an abundance of error messages and possibly

fatal errors (which would terminate the calculation), expansion into -
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the saturation,region'has’been accounted for.
| The relations describingrexpansion into the saturﬁtion region
are as follows:
Isentropic expansion:

- Guess various T and evaluate

sat's
. V. =)
£
Quality = -
, AR
and _
. S - S
cut £
Quality = S =5
_ 8
Where

~ = Specific volume

S = Entropy

f = Subscript indicating saturated liquid

g = Subscript indica;ing saturated vapor
If the two qualities are contradictory, i.e. Quality < 1 and
iQuality* > 1, then the isentropic expansion is not into fhe saturation
region. If, however, the two-qualities can be made equal at some

'Tsat’ the expansion was into the saturation region.

Evaluate:
u =y -n, [u - h + P o]
max cut is " cut max, max, = max

non-is
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and repeat the iteration of Tsat for the non-isentropic expansion:

Guess T
sat

Evaluate u =h =P v
g g sat g

If u > u_ , then the non-isentropic expansion is not into
non-is

the saturation region. If, however, the internal energy 'umix' of

the guessed saturated mixture can be made equal to u at

non-1is
some Tsat’ then the expansion went into the saturation region.

Zﬁi , can be evaluated later,

For more details see the program flow chart in Figure E-2 and comnents

As before, the work of expansion

in the program listing for subroutine *COMP' at the end of this
section.
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oHE®0 MO Yg——t
w

®) Compressor Capacity Defined As:

Q - i:(hl - h4)

Where:
m = Refrigerant Mass Flow Rate

Enthalpy (h) ——=

-COMPRESSOR CAPACITY DEFINITION

FIGURE E-1
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FIGURE E-2

FLOW CHART FOR COMPRESSOR MODEL

Define Constants

Capacit{
Control ?

NDefine Fffect of
Volume Ratios, Suction Valve
Including Cut-off Closing Delav
Volume Ratio l
Nefine
Volume Ratios

Effect of
Nischarge Valve
Closing Delay

v

Define
Effective Clearance
Volume

A 4

Repetitive Loop
To Vary — T /717
Condensing Temperature

Repetitive Loop
r— To Vary
Evaporating Temnerature




r—-

291

'

Add Superheat
From Fvaporator
T = Tsat + Super

v

Approx. Discharge
Valve Dynamics
Using Pressure Overshoot
i.e. Pcy}xs Psatce + APdisc.

v

Approx. Suction
Valve Dynamics
Using Pressure Undershoot
i.e. Pcy]s- Psate = APsuct.

v

Nefine
Initial Guess
For Suction Gas State
Entering Cylinder

Iterate on Motor Cooling
and Internal Heat Trans. - T 7

Define
Suction Gas State Entering
Cyl. After Motor Cooling &
Internal Heat Trans.

v

Iterate on State at Fnd of
Suction Stroke due to Mixing
Suction Gas With Residual Gas

Yes Capacity No

\\ Control ? )/
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Expansion of Gas
After Cut-off
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Check For
Isentroplc Expansion
Into Saturation Region

v

Set States
At BDC Fqual
to States at
Suction Valve Closing

Cale. Isen.

‘_N_o__’. Expansion in

l,Yes

Vapor Region

Check For
Non-isentropic Fxpansion
Into Saturation Region

v

No
——»

Yes

Cale. Non-isen.
Expansion in
Vapor Region

Define
State at BDC

Isentropic Compression

v

Non-isentropic Compression

I

Define
State at End of Compression

v

Discharge
At Constant Pressure

:
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y

Define
State of Residual Mass
At End of Discharge

Isentropic Re-expansion
of Residual Mass

Non-isentrovic Re-expansion
of Residual Mass

:

Define
State at End of Re-expansion

!

Mixing of Residual Mass
With Suction Cas

v

Define
State at End of Suction
Stroke, Accounting for Mixing

End
Iteration

on
Mixing

Determine Refrigerant Flow
Based on First Guess
For Motor Speed
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'

Iterate
_— ' To Find Actual
f- Motor Speed

| '

Determine Power
& Percent Load on Motor,
Accounting for Friction
Losses in Compressor

| v

Determine Actual
Motor Speed

v

I
l Determine Actual
|
I

Refrigerant Flow Rate

End
Iteration
on Motor
Speed

Determine Motor Efficiency
As A Function of Load

Determine Motor Cooling &
Effect on Suction Gas

v

Account for Heat Transfer
Between Suction and Discharge Manifolds
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v

Define
New Estimate of State
of Suction Gas Entering
Cyl. H1 = HIT + OMC + OHT

End
Iteration
on Motor
Cooling

—— ——— — — — ——

. . Estimate Steadv Flow
Pressure Drop Through Valves
(For Reference Mnlyv)

v

Determine Oil-Refrigerant
Solubility at Evaporator Fxit

v

Determine Effect of 01l Circulation
on Evap. Fxit Enthalpy & Net Capacity

o 4

Determine Total Power Required

v

Determine Discharge Vapor Temp.,
Affected by Suct.-Disc. Feat Trans.

End
Evap. Temp.
Repetitive
Loop
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End
Cond. Temp.
Repetitive
Loop
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CCMP (NR,TSATEI,CTE,NE,TSATCI,DTCsNC,SUPER,

LTICCNTRLCLTOFF)

FURPCSE

TC SIFULATE HERMETICALLY SEALEC REFRIGERATION
CCMPRESSCRS
"TRIS FRCGRAM FREDICTS SLCH THINGS AS MASS FLOW
RATEs CISCHAZGE TEMPERATURE, PCWER CONSUMPTICAN,
ANC CERTAIN | NCESIRABLE CPERATING CONDITICNS SUCH
AS INACEGLATE ¥CTOW COCLING, EXCESSIVE CISCrHARGE
TEMPERATLRC ) xCESSIVe FCwerR CONSLMPTION, ANZ Cw
MFCTCR EFFICIeNCY

NOTE: TrIS PSCCRaM CAN SIMULATE EITHER CONVENTIONAL
CCMFRESSCRE nr vARIAGLE CAPACITY CCMPRESSCKS
tACPRIEVEC €Y EARLY SUCTICON VALVE CLOSING)

GENERAL CESCRIPTYTICA
THRE CCMPRESScKk STRCKE IS SEPARATED INTU FOUR GR FIVE
SEPARATE FRCCESSES: RE-EXFANSICN CF KESIDUAL MASS,
INTAKE QOF SLeTICN GAS ANG MIXING wIThH RESICUAL:
EXPANSION CF Gas IN CYLINDER AFTER EARLY SULCTICN
VALVE CLCSING (CANLY UN CAFACITY CCATROL CASES)

CCMFRESS

ICN cF cAS IM CYLINCER TC FIGH PRESSULRE

CISCrARGE CF GAS IN CYLIMDER AT CCASTANT PRESSURE

EXPLICIT INPULT pARAMETERS

NR -
TSATE=-

CTe =
NE -
TSATC-

Crc =
NC -
SUPER=

ICCNTRe

CUTCFFe

NUPMBrR CF REFRIGERANT (12,22, OR sig)
SATURATIGN TEMPERATURE AT EXIT OF EVAPCRATOR
CRs17 SUCTICN LINE FRESSURE DROP 15 EXCESSIVE,
SATURATICN TEMPSCORRESPCNDING TO TrRE PRES.
ENTEzING THE CCPPRESSCR (F)

TEMPFRATURE INCREMENT FCR EVAPe (F)

NUMEsR CF EVAPe TEMPSe EXAMINED

SATLRATICN TEMPeIN CCANCENSER (F)s CRa

IF C1SCHARGE LINE PRESSUKE DROP IS EXCESSIVE:.
SiTe TEMP CORRESPONCING TC PRESSURE AT

ExIT CF CGMPRESSOR

TEMFERATURE INCREMENT FGR CONDe(F)

NUMEFR CF CONCENSER TEMFSe ExAMINED

SLFERFEAT CF VAFGR ENTERING THE COMPRESSOR
ARBCVF TrE SATURATIGN TEMPe AT THE ENTERING
PRESSLRE (F)

CCNTCL INCICATCR

YICCATRY a 1 MEANS CCANVENTIONAL COMPRESSOR
"ICCANTRY = 2 MEANS CAPACITY CONTROLLECL
CCV¥FPLESSCR

A FAKZAMETER USEL TQ INDICATE THE AMCUNT OF
CAFACITY CCNTRCL USEC « IT IS CEFINED As
TCUTOFF! = e@ @ (yCLeCUT & VOLeMIN)/VCLeCISP
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WHERF VCLeCUT IS THE VCLUME SWEPT BY THE
PISTCN BEFCRE THE SUCTION vALVE IS CLCSED
VCLemIN IS THE CLEARANCE VCLUME

VCeerISFe IS ThRE DISPLACEMENT VCLUME

{ALL FER CYLINCER)

INPLY PARAMETERe FRCM COMMCN

NCYL = NLMBeR CF COMPRESSQOR CYLINCERS

VR = (CLcARA4NCE VOLULME RATIC, CEFINED AS
tvrt = yOLeMIN/VCOLCISPK.,

vC « [CISPLACEMENT vCLULME PER CYLINDER (VOLLME
SweFr BY PISTCAN) (CU FT)

SYNC = SYNILRGCANOLS MCTCR SPEeC (RPM)

RFM = INITralL GUESS FCIR ACTUAL MZTUR SPEEC (RPM)

EFF1S= SENTRCPIC EFFICIENCY CF TrE COMPRESSICN ANC
ExFANSICN FCRTICANS CF THE CYLINCER
PrCCr ESES

CPCTI = EGLIVALENT PRESSULRE LCRCP ACROSS DISCHARGE
ValLVE TC ACCUUNT FQR VALVE DYNAMICS ANC
FLCw LCSSES (P2:1)

CPS = ESUIVALENT PRESSLRE CRCP ACROSS SyUCTICAN
VALVYE TC ACCOUNT FPCR VALVE DYNAMICS ANC
FLCw LCSSES (FsI)

CPFRAC= (NCT LSEC mEKE)

SCELAYe SULITTCN vALVE CLCSING CELAY (DEGREES AFTER
BlTTer CEAC CENTER)

FFMC = FERCFENT CF COMPRESSCR MOTCR HMEAT wHICKH IS
REMCvel BY The SJUCTICN GAS (ThHE KEMAINCER
IS LeET oy CONVECTICN TO THE AMBIENT)

PeT (NCT LUSEC rERE)

P=TC (NCT LSEC prERE)

EAC = (NCT L_SELC rERE)

£EAS = (NCT ULSEC rERE)

FCwlMAXe MaXIMyuM FPCmeR CUTPLT CF COMPRESSOR MCTCR
(Kn) wnhEN CPERATING AT MAXIMUM PERMISSIBLE
CveR; Cag

PwRNL® NCT ,.SEC HERE

EGAREA= ECULIVALENT MEAT TRANSFER AREA BETWEEN
SUCTTCN ANC OISCHARGE MANIFOLDS (FTe*e37)
= ThHtS 1S USEL TG GIVE A RCUGH APPROXIMATION
CF INTERNAL REAT TRANSFEK (0OSSES, IF A
FARTICULAR COMFRESSCR CESIGN SHCULD REGUIRE
THRAT IT BE INCLLUCEC
(TFRERE 1Ss HTOWEVER, NC REP_ACEMENT FUR THE
ACTUAL CCNCITICNS IN EACRH COMPRESSCR)

CCELAYw (CISCwARGE VALVE CLCSING CELAY (CEGREES
AFTES TCP CEAL CENTEK)

XCIL = CIL rIRCULATICN RATE (LBM CIL/LBM OF REFe+CIL)

EFFME= MECHANICAL EFFICIENCY CF CCMPRESSOR
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INPUT CATA CCNStTANTS

NREF = REFRTGERANT NUMBER (USUALLY SAME AS NR)

" SLPEMV & XINMY « CCEFFICIENTS FCR LCETERMINING

VISCCSITY OF REFRIGERANT VAPCK
SLPEKY & XINkV @« CCEFFICIENTS FZR CETERMINIANG
ThERMAL CCNCUCTIVITY CF REFRIGERANT
- vaPOR
CRRvY & CPRvy e CCEFFICIENTS FCOR CETERMINING
SPECIFIC +EAT AT CONSe PRESS
CF VAFCR

CUTPUT PARAMETERS

TIC = TEMP,CF REFRIGERANT LEAVING COMP.(F)

"kIC ® ENTRALPY CF REFRGeLEAVING COMPe(BTU/LEM)
XMR = MASS Ficw RATE CF REFRGeLEAVING CCMPe (LBM/KR)
FCW = FCwer INPUT IKw) REGUIRED EBY COMPRESSCH MLTQR
GE = CCCLING CAPACITY OF CCMPREZSOR (BTU/HMR)
BASErr CN ZERO SUBCOCLING AND NO FRESSURE
LCSSES OGN KRIGF Ur LCw SICEs WITH THE
EFFECT CF OIw CIRCULATICN INCLUCED
REFARKS

NOTE

»
*

TR1S FRCSRAM CALLS SUBKCUTINE TRIAL YO CETERMINE
VAPCR FRCFERTIES wrICKk MuST Bk FCuUAD B8Y ITERATION
ThIS FRCGRAM CALLS SUBRCUTINE VAPCR TO DETERMIANE
VAFCK FRCFERTIES
TRIS FRCGRAM LSES FUNCTICN SUEPROGRAM TSAT TC
CETERMINE SAYLRATICN TEFFERATURES (ORRESPONCING
TC GIVEAN FPREQSURES
TeIS FRCGARAM CALLS SUBRCUTINE SATPRP 10 DETERMINE
SATULRATICN STaAaTE PRCFERTIES
TiIS FRCGRAM (SES SUBRCLTINE CIL TC DETERMINE THE
REFRICcrANTerIL SOLLEILITY REFAVICK
T=IS FRCCRANM LSES FUMCTICN SLEPRCG<AM EFFM TC
CETERMINTD CCMFNESSCR MCTCR EFFICIENCY AS A FUNCTICN
CF LCAC
TwIS FROCGRAM _SES SUBRCUTINE rEAT TO DETERMINE
SUCTICN=CISCRaRGE MEAT TRANSFER
INPUT CATA ¢CNSTANTS FCR VAPGCR VISCOSITY, ETCe ARE
FCR REFRIGERANT 22 CNLYs AND SUBRCUTINE ClILs FCR
CETERMINING REFRIGERAMNT=OIL SCLUBILITY,IS FOR
REFRIGERANTe 120 AND 22 CNLY

CCPP{:K/CCPPR/‘\CyL)VR:VD)SYNC)R?H:EFFISJ DPULI,LCPS,CPFRAC,
1SCELAY ) PPMCIrPrT)prTDL)EACIEASIXMRIFOWSTIC,HICIHICESPIC)
2P1CESTICE,PUWMAY ) PuRNLSEGAREA, CLELAY, XOILIEFFME

CATA NREF ) SLFENMVIXINMY)SLFEKV XINKV/ 22202007530 00272»
1e@QPQCZselCu8EY

CATA CPRVINCERVD/ e@8du3351394/

WRITESS,€Z0) EFEIS,eFFME,CPLI,CPSsDPFRAC
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WRITE(S,€5¢&) NCyLsvReVCIRFM,SUPER
WRITE(S,7¢2) EAPEAS,PRTLEFFC,PHTCsPMC
WRITE(S,632) SYAC,POWMAX, DaNhL,CCELAY;SCELAY

wRITE(S,752) ICoNTRACUTCFF
vRACT = VR
IF(ICCNTR+EGsE) CC TC 1
CCAVENTICHhAL CCMFRESSCK

CALCLLATE TrE CrSPLACEMENT EFFICIENCY 'EFFD' AS AFFECTED
BY TrE CLCSING relaY CF THE SUCTICN VALVE

{NCTE THAT wITr EARLY SUCTICN VALVE CUT=0OFF CCNTRCLS
THIS EFFECT IS ACT PRESEAT)

EFFC ®(1°CeCCS(20164155%(1eC=SPDELAY/18Zek)))/208
CALCLLATE TRE EFFECTIVE CLEARANCE VOLLME RATIC 'vR!
VR = VR/EFFD

CALCLLATE TrE EFFECTIVE MAXevQLUME RATIO 'VRMAX!',
CEFINEC AS 'vRMaAX'aVOLeMIN/VOL oMAX e (EFFECTIVE VOLUMES)

VRMAX = VR/(1¢2 + VR)
CALCLLATE EFFECTIVE CISPLACEMENT VCLUME

VC = EFFCav(C
GC TC &

CAPACITY CCNTRC, LEC CCMPRESSCR

CALCLLATE TrE MaxevOLULME SATIC 'VRMAX' DEFINEC AS
PVRMAXY = VCLeMeN/VOLeMAX (ACTUAL VCLUMES)

VRMAX = VR/(31eZ4VR)

CALCLLATE THE VeLUME RATIC CF CUT=0FF CONTRCL,CEFINED
AS 'VRCUT! = VC| +CF CYLowWrEN suCTIcN VALVE IS CLJSED/

VCLeCISPe (ACTLAL VOLUMES)

VRCUT = 1leg=CLT~FF + VR
TSATC = 7sATCl

CALCULATE VvGOLULMF RATIC AT MINJEFFECTIVE VOLUME 'VRMEV!,
AS AFFECTEC 2Y TtrE CLCSING CELAY OF TrE DISCHARGE VALVE
'VRMEV!' = EFFECTIVE MINIMULM VvpoLe/ZACTUAL MINIMUM VCL o

VRMEV=1el+(1e=CrS(CCELAY®3¢14159/18C¢) )/ (2e%VRACT)
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-

LCCP FCR VARYING CONCENSER SATURATICN TEMP.

CC 482 1II = 1,nC
TSATC = TSATC #+ CTC

CETERMINE SATLRATICN FROPERTIES AT 'TSATC!
CALL SATFRP(NRsTSATCSFPSATCH)VF,VvGsHSATLCIHFGIHG,SF»SG)
LCCP FCR VAKYING EVAPCRATCR SATURATION TEMP.

TSATE = TSATEI

CC 352 vwd E l.hE
CFCv = Qg

CPSv = ey

TSATE = TSATe + CTE

CETERMINE SATULRATICN PRCPERTIES AT 'TSATE!

CALL SATFRP(NR,TSATESPLOE,VF VG FF,HHFG,HG,SF,SG)

T1 = TSATE + SULpPER

TICE = T1

CETERMINE REFRIGERANT PRCFERTIES ENTERING COMPRESSCR
CALL VAPCR(NRST1CE,PICESVVAP,K1CE)SVAP)

LCCP FCR STUCYING THE EFFECT CF THE EGUIVALENT PRESSURE
CRCP MCCEL FCKR v+E CISCHARGE VALVE (NCT IN USE rERE)

CFC = CPC]
CFCr = CFCI
CC 2¢e¢ ICFD=tscy

CETERMINE THE ACTUAL CYLePRES.AT CISCHARGE 'P2! (FSIA)

Fe = PSATC ¢ CPpn + DPCV
CETERMINE ACTULA; CYLePRESCN SUCTICN STROKE'P1I' (PSIA)
£11 = F1CE = CPg

MAKE AN INITIAL GULESS FOR ThE ACTuUAL TEMPERATURE OF
THE VAFOR ENTERING THE CyLeCh SUCTICN STROKE, AS
AFFECTELC BY MCToR COCLING 'T1 = TICE + 22 (F)

TL = TICE + Zlep

CALL VAFCR{NRIT1,P1I2Visk1251)
F1 = File= pP3vV

CT1AVG = e
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C
C wweeaTERATE CN MCTERR CCOCLING AND INTERMAL HEAT TRANSFERm=e
C
FPRKEVY = ki
o
C SET TRE ENTKALFy ANDC INTERNAL ENERGY CONVERGENMNCE
C TCLLERANCE '»TC ' (BTU/LBM)
C
FTCL = ol
CC 12z¢ K= _1sc@
FREF 5 €i
VREF = goei
TI1 = T1 + JeU
C
C USE TRE CENERAL FRCPERTY CCNVERGENCE SURROUTINE tTRIAL
C TC CETERMINE VApPCR PRCPERTIES GIVEN KH, AND P
C
CALL TRIAL(NNITT1sm3eCsP1,3sH1,RTCLIV,H,SS5,T)
C
C SEYT INITIAL VAL.ES FOR VYAFCR PRCPERTIES AT BAKLY
C SUCTICN VALVE Cy CSING (CLT=CFF) VCUT (CU FT/ZLE™ )y
C SCLT (BTL/LEMI, SCUT (BTU/LBMaR)STCUT (F)
C
VCUT = v
FCUT = b
SCLT = S¢S
TCLY = 7T
¢

CeecmmmmccabEhMOCYNAMIC STATE EALANCE AND MIXINGewemcamaes

C
ITERATE CN A THFRMCCYNAMIC STATE BALANCE AT THE END

C
c CF THE SLCTICMN gTkRCKE
C

CC 12¢ ¢ = 1,c¢
IF{ICCNTReEGeZ) GC TO 3

C
C IF *ICCNT' = 1, wE ARE STUDYING A CONVENTIONAL CCMP.
C ANC STATES AT C|.TecFF ARE SAME AS STATES AT BOTTCV
c CEAL CENTER = SKkIP EXPANSICN OF SUCTICN GAS SECTICA
C

vax = VCULT

FMAX = RCLT

SMAX = SCLTY

FMAX = P1

WEXCLT = Ce@

GC TC 4
C
ComwanmestFFECT CF EXFANSICN CF SLCTION GAS AFTER CUTw(Ffeceeces
C

C CETERMINE SPECIFIC VOLUME CF vaAPCR AT BOTTOM CEAC CENTER
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(BCC) 'vFax', UcING CONSERVATICN CF MASS
VMAX = VCLT=(1ep+VR}/VRCUT

LSE ICEAL GAS Law TC CBTAIN FIRST GUESS FOR END FRESSURE

P = ptavCLT/VlMAY

CHECK FCR ISENTRCPIC EXPANSION INTO SATURATION REGICN

NCLT = 3¢

T = TSATI(NR,P) + 3¢e€

LT = =1¢+¢

CC 285¢ I = 1,3¢

YT s T + CT _

CALL SATFRP(NR,)TsP,VF,VG,FFsHFGsFG,SF,SG)

CLALS= (SCUTe SE)/(SG=SF)

GUALV = (VMAX = VF)/z( VG = VF)

IF((GUALS«GTelep) oANCe (GUALVeGTe1e¢)) GO TO 25¢

EXFANSICMN IS NCt INTC SATLRATION REGICN IF TwHE INCICATED
GLALITIES 'GLALs' ANC 'GUALV' ARE CONTRADICTCRY= GO TO
VAPCR RECICN ISFNTRCFPIC EXPANSICN AT STEP 272

IF((GUALSeGToelez)eANCe(GUALVeLTe1e@)) GO TO 270
IF(ARSIGLALS=GLALVYeLEss21) Gg TC Zz6¢
IF(GCLALS = GLALYy) 252s262s240

T =7 « (7

CT = CT/sc.¢

CCNTINLE

WRITE(S,E0€)

GC 7C 1¢vg

FMAX = QLALSskF + KF
Skax = SCLT

TMax = T

FMAX = P

LMAXeFCUTePLluVC | T*144¢Q/778eCuEFFISs(HCUTeHMAX=(Pln
IVCLTeFMAXEYMAX ) elb4e@/7778¢2)

IF Tre ISENTRCPIC EXPANSICN WENT INTO THE SATURATION
REGICNs TREN CrFCKk 70 SEE IF THE NON=ISENTRCOPIC EXPANSION
GCES INTC THE SpTURATION REGIQN, BASEC ON RESULTS FRCM

THE ISENTRCFIC EXFANSICN '

CT = Ze@¢

T =T «CT

CC 298¢ I = 1,3¢

T =T + C°T

CALL SAaTFRP(NR) TP, vF VG, hFskFGsFG)SF»SG)
GLALY = (VMAX = VFy)1/(VG = VF)
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IF(GLALV*GTste2, GC TC 282
UG = HG =F#VG*lua4ep/7780(

IF TRE INTERMAL ENERGIES *UMAX'Y AND 'L (BTU/LBM)
ARE CCNTRACICTORYs THEN NCN=ISENTRCPIC EXPANSICA Is NCT
INTC THE SATULKATICN REGICN = GO TC STEP 275

IF(UMAXeCEWUCG) sC TCO 275

K & GUALY*RFG + RKF

U o= p = FavMAXwq4be@/7780e0
IF(ARS({UNMux=L)er EekTCL) GC TO 295
IF{LVMAX = L) CEpisiS55+290

T = T « L7

CT = LT/ceid

CCATINLE

«RITE(S,Ee)

CC TC ijcex

SrAX = GLALVs{SreSF) + SF
aRITELSLE72) GLALV,TP

GC TC 1¢

NCAN=SATULRATELC ExPANSICN SECTICN
F = FilsvCLT/VMAY

ITexaTE CN PRESSULRE TG FINC ISENTROPIC EXPANSICA
ENC STaTe AT ECc

CP - -502

F = F « CF

cC & I = 1sNCLT

F = P ¢ CF

T = TSATI(NR,SF)

TSTART = T = Sap

CALL SATFRP{NR,T»PSAT,VF,vG,HKF,HFG,HKG,SF,SG)
IF{vMAXeLTeVC) aC TC S

USE THE CGENERAL FRCPERTY CCNVERGENCE SUBROUTINE 'TRIAL!
TC CETERMINE VAPCR FPRCPERTIES GIVEN P, ANC V

CALL TRIALINRITSTART IS eDsPr2ayMAXS» eQ2C15VrFH2SS,T)
IF(ABS(ECLT=38) ,LEee¥BKS) GO TC 7

IF(SCULT=SS) €47,5

P = PeCP

CF = LF/ce@

CCNTINLE

«RITE(E,7352)

WRITE(S,842) VYMaXsSCUT,P,VGyV,SS

ARITE(S,751) ICPCsKadal

wRITE(E,72E)
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GC TC 1efe
7 HEMAX B R
svax = SE
TVAX = T
PrAX = F
LMAX = FCLT'Pl‘VCUT'I#“02/7780?'EFFIS*(HCUT-HNAx-
1(FPlevCUT= FMAX'VVAX)-144'2/778c2) '
275 P = r1svCLT/VMAY

ITERATE CN PRESeLRE TC FIND NON=ISENTROPIC EXPANSICN
ENC STATE AT BCrs USING RESULTS FROM THE ISENTRCPIC
EXPANSICM Cask :

OO0 OO0

CP = =5,¢
F = F « CF
CC s I = 1,NCLT
F'= F +« CF
T = TSAT(NR,F)
TSTART = T w» Eep
CALL SATFRP(NR)TsPSAT VF yvGsHF,HFG,HG»SF,S8G)
IF(VMAXeLTeVG} rC TQ &
C TC CETERMINE VAPCR FRCPERTIES GIVEN P, AND V
CALL TFIAL(NH)TSTART:-OEJPJE}VPAXJOQ?CIIVJHJSSJT)
U s b o Fayelas /77842
IF(ABS(LMaX=L)e) EeTOL) GC TO 11
IF(LMAXel) 5,1¢C,8
& P = Fe=(CP
CP = CF/Z2el
CCNTINLE
ARITE(E,7402)
WRITE(S,E42) VMAXUMAXIU,P, VG
WRITE(E,731) ICPCsKrdsl
wRITE(S,732)
GC TC 10t
11 amITE(E,E75) A
WRITE(E,276) TyrpaH,SS,V
sMAX = §E

w

CEFINE STATE FRCFERTIES AT BDC (MAXIMUM VOLUME)
'RMaX!t (ETU/ZLEM), tvMAX' (CU FT/LBM), 'SMAX' (BTU/LBM=R)
TTrAX®Y (F )y 'YFMaX' (PSIA)

OO0 00

1¢ +RMAX = |
TMAX & T
FMAx = P
o
CemmemaapNC CF EXPANSICN OF SUCTICN GAS AFTER CUT=QOFFe=caces
C
C CETERMINE STATE FRCFERTIES IN CYLINCES AFTER COMPRESSION,
C ASSUMING ISENTRAFIC CCMPRESSION
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CALL TRIAL(NRSTGATCICR oL FP2sk,SMAXs eCLP2E5sVsHISSHT)

Ve = Vv
ve = K
Se¢ = §§
Te = 7T

CALCLLATE NGNeIGENTRCFIC CCMPRESSICN wORK 'WC!' (BTu/LBM)

WCe(FMAX®R2+ (FRuVEaPMAXSVMAX ) ulb4e@/778e¢)/(EFFIS»

1(1legaVRMAX®YVMAX L VRIMEV/VCE))

CETERMINE STATE FRCPERTIES IN CYLINCER AT END CF
CCMPRESSICN FCR NCAN=ISENTROPIC CCMPRESSION, BAStC ON
RESLLTS FRCM ISFNTROPIC CCMPRESSIUN CASE

T = T2

CT = 5S¢

CC ce I = 1,3¢

T =7 + (7

CALL VAFCR(NRJT,FZ,VVAP,»KVAP,SVAP)

I (FMAXeF VAR + (FasVyAP=PMAXEVMAX ) #144e2/778e8)/(1el=

IVRMAXSYMAXSVRIMEY/VVAP]

IF (ABS(Z=wC)eLE,RTCL) GO TC 25
IF(WC=2) 2€scrt

T & T=LCT

CT = CTr/ced

CCNTINLE

WRITE(S,4L2)

CEFINE ACTLAL STATE PROPERTIES AT ENC OF COMPRESSICN
FCRTYICN CF STRCkE

FZ = KVAF
VEZ = VVAF
SZ = SVAF
e = 7

CETERMINE wORK REGUIREC FCR D]ISCHARGE PORTICN OF STRCKE
'WC!' (WrICK 1S aASSUMEC TC CGCCuR AT CONSTANT PRESSURE)

WC = =wFZ2av2ai44,0/778+C

CEFINE STATE FPROFERTIES OF RESICULAL MASS AT END OF
CIsCrARGE STRUKE

z
VE
sz
Te

x
m
)
# oH 0N
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USE THE CENERAL FRCPERTY CCONVERGENCE SUBROUTIMNE 'TRIAL'!
TC CETERMINE STATE PRCPERTIES AT END CF TRE RE=EXPANSICN
FCRTION CF STRCkE, GIVEN P AND S, AND ASSUMING
ISENTRCPIC RE-ExPANSICN '

CALL TRIAL(NKIT1,1CelsPl,4sSKES) @EZC52»VIH,SS,T)
VRX = V :
FRX =

TRX = T

CALCLLATE THE NON=ISENTRCPIC WCKK DONE BY RE=EXPANSICN

WRXSEFFIS# (HRESwhRXe (P2*YRES®P{®VRX )21 44e@/77840)/

1 (VRES/Z(VMAX®VRN s XaVRMEV )=l eQ)

ITERATE TC FINC ThHE ACTUAL STATE PROPERTIES AT THE END
CF NCN«ISENTKCPTIC RE=EXPANSICN

T = TRX

CT = 1¢€.¢

CC 3% 1= 1,3¢

T =7 +« C71

CALL VAPCR(NR,T,FP1,VVAP,HVAP,sVvAP) _
I=(FRESeFVAF=(PosVRES=PLleVVAP #1442/ 778e@)/(VRES/

1(VMAX®EVRM AXRVKMNEV Jmiog)

IF(ABRBS(Z°wRX)eLEeHTOL) GO TO 4¢g
IF(ZeWkX) 3¢,42,35%

T e Te(T

CT = CT/c.¢

CCNTINLE

~RITE(S,412)

CEFINE STATE PRrFERTIES IN CYLINCER AFTER NONeISENTROPIC
RE=EXPANSICON

VRX = VVAF
HRX = FVAF
SKRX = SVAF
TR = T

ACCCULNT FCR MIXTNG CF THE RESJDUAL GAS AND THE INCCMMING
SUCTICN CAS TC FINC THE ACTUAL STATE AT THE REGINNING
CF CLT=UFF

T =11

CT = Beg

CC s¢ 1 = 1,3¢€

T =7 «C7

CALL VAPCR(NRST,F1,VVAP)HVAP,GQVAP)
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IF{ICCNTeRNE sz )Z2erlarVAPSVLMAXKYVAFKVARMEVE (HRX=k1)/VRES
IF({ICCNTR eEGe2)7ak{mHVAPSVREVRMEV/VRCLUT2VVAP® (RRXw"H1 )
1/vRkES
IF{ARS(2)eiEesrTre) GG TG 155
IF(2) 4%515%,52
45 T = Te(T7
CT = {JT/?:-\Z

E¢ CCONTINLE
WRITE(S,452)
S FCLT = pRVAF

TCLT = T .
IF((ABS(FCUT=FREF ) 4LEeRTCL)oANC e (ABS(VCUT=VREF )oLE
1.25)) GC TC 112
FREF = RCoY
VREF = v(LT
126 CCNTINLE
C
Cemesw=iNC OF THERMCCVNAMIC STATE BALANCE ARD MIXINGe=erce=e

C
WRITE(S,44?)

CALCLLATE WCKK FRCCUCED CN VARCR INTAKE 'WI' (ETU/LEM),
WCRK PRCCULCELC Bv EXFANSICN CF G4AS AFTER CUT=0FF 'wEXCUT!
(ETL/LEM), ANC paSS PUMPEL PER STKCXE '"XMFLCw' (LEV/STRCKE)

aNaNaNaka

11€ IF(ICCNTReNEoE ), I=P1a(19Z/(VRMAXR®VRVEY) =VRX/VRES) =
IVRESGe 14400/ ( 778, 2% (VRES/(VRMAXSVRMEVEVMAX )@l elk))
IF(ICCNTReEGIE) . I=FLo(VKCLT/(VREVAMEV)@VRX/VRES ) ®
IVRES®1aboy/ (778, 0w (VRES/(VRMAX S VRMEVEVMAX )=l 4vi))
IF(ICCNTReEGZ ) EXCUT=(RCLT"FMAA=(FPLlaxVIUT=FMAXBVMAX)
10144 40/77cec i/l skayRiFaXayRPocysVEAX/VHES)
XMFLCW = VReVRMEysyU®(1oC/(VAMAXSVFMEVEVMAX )=l e/ VRES)
iCCUNnT = 3
~44€ ICCLNT = ICCOLNT + 1
IF{ICCULNT «GTe 4&) GC TO 18¢

n

KWTICT = ABS{wCewrenRX+wI+WEXCUT)
CALCLLATE TCTAL KEFRIGERANT FLOw RATE 'XMR' (LBM/FR)

XMR & XMFLOwwhkFreege»xFLCATINCYL)

CETERMINE 'wCCME', THE ACTULAL WCRK INPUT TO THE
CCMFRESSCR (eTi,LtM)s AUCCUNTING FCR MECHANICAL
EFFICIENCY CF CCMFRESECR

CETESNMINE 'PUWE=', The ACTUAL PCWER ReQUIRED TC RULN
TrgE CCOMPRESSCZR (Kwyy ANC THEN CETERMINE 'PP!', THE
FERCEMNT wCAL CN THE MCTUR, ANC ITERATE ON MCTCR SFEEC

NOOOOO OO0 NN
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WCCMFP = wTCT/EFFNME

PCwER = XMrR=*k(CCMFPe.E222928

FP = FPChWER/PCaAM.X A
IF((ICCNIReEGeZ 1 vaNCe(PF e Eeey)) PF = o4
RPMANESYNC# (e 12ab4¥PP*2i=¢Z26395uFP#83++¢0193C%PFxs2~
1eZ212499%PFee9S4) )

IF(ACS(HPF-KFPA\-ch(oﬁlicYNC)) GO TO 160

RPM = RFFN

GC TC 14k

nRITE(S,)31¢) FF,RPM,RPMN

CETERMINE MOTCR EFFICIENCY 'EFFMC' AS A FUNCTICON CF LOAD

EFFMC = EFFMIFP)

NACT = wCCNMP/EFFMC

WRITE(S,EZ2Z) W ,nC,WRXsWI, WEXCUTIWACT
ARITE(S,829) EFsMC, RPMsPF

ACCCLNT FCR MCTeR COCLING ANC INTERNAL KHEAT TRANSFER

CETERMINE THE ANMCUNT CF KEAT 'QMC' GIVEN TO THE SUCTION
GAS 2Y MCTOR CCrLING

GMC = PMCa (WACTanTCT)

RirC = RICE + G~C
IF(F1{MCeCTekl) F~TRIAL = 3@
IF(RIMColTeri) RTRIAL = =3e€

LSE THE CGENERAL FRCPERTY CCNVERGENCE SUBROUTINE 'TRIAL!
TC CETERMINE A NEw vALUE FOR ThRE TEMPERATURE CF THE
SUCTICN &AS ENTERING THE CYLINCER, USING Ps AND k

CALL TRIAL(Nk1T1)CTRIAL:PII:3.FIVCJHTCL)VtHJS S, 7))
1 =7
T1I = T1

CALCLLATE REFRIGERaNT PRCFERTIESs AND THEN MAKE A ROUGK
ESTIMATE CF THE FEAT TRANSFER 1QRT) BRETWEEN SUCTICA AND
PISCRAKGE MANIF(LCS

IF(EGAREAeLEs 2y ) GKT = Qo

IF(EGAREA«LEssC1) cC TG 162

XMPC = xFR/FLCA-(NCYL)

CFS = CPRvi*Fi1 . CPkVZ

CPC = CFrRyi=FE ., CFRVE

CALL FREAT(CPSsCPLISLPEMV,,xIMMY,SLPEKV ) XINKVS,TRES,T1,
1cCAREA I XMPCH,GFT,TCISCC,TSLLCTO)

T4 = TSUCTO

b1 = kRIMC &+ T 7
IF(ARS(FlwrPREV ), eLE«+TOL) GC TCO 182
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FPREV = k1

C
C CSE THE CENERAL FRCFERTY CCANVERGENCE SUBROUTINE 'TRIAL!
C TC CETERMINE A& NEw GUESS FCR PRCFERTIES OF THE REFRIG.
C ENTERING TrHE CYL INCER, GIVEN P, AND K
C -

CALL TRIAL(nNKIT1234@sF11,3,R1,KTCLAIV,HISS,T)

vl = V

g1 = SS

Tt = 7

WRITE(S,E83€) T11sT1aCTLAVGHIGHTSGMC,EGAREA
12€ CONTINLE
C
(memmereaf Nl MCTCK CCCLING AND INTERWAL HEAT TRANSFERw==e=es
C
wRITE(E,S04)
e IF(AES(LCFLeLFLRysLEeSel) CC TC 216
2 CONTINLE
WRITE(S,C¢e)
21¢ CFCV = (¢
CFSv = (e
WRITE(S2723) ICELsKsd
WRITE(Z,3¢l) T2,F2sV2sHE,FVAP,SZsSVAP
WRITE(S,572) CFRrsCPCRICPFRAC, XMK
WRITE(S,e5¢) CFRvsCPEY

C
C CeTeERMINE THE EFFECT CF CIL CIRCULLATICN RATE CN
C CCMPRESSCH FERFrORIMANCE
C
c CALCLLATE TrE wWCRK NECESSARY 70 COMFRESS TwHE CIL BEING
c PUMPEL wlTH TrE GAS '"WwCIL' (BTU/LBM)SAND THE T(CTAL
o CCMFRESSCR PCwEx REGUIREMENT sPOw' (Ka)
C
WCIL = (FSATC=P1Crielasel/ 7780257 ¢6)
PCw = XMrs (WACT + xCIL®WCIL/(1.C¢=X0IL))%e0CC2528
C
C FINALLY, CETERMINE THE EFFECT OF THE CIL OM THE ENTHALPY
C CF TwE REFRIGERKANT, AND FIND THE NET REFRIGERATION
C EFFECYT FCSSIELE 'GE' (BTyUszRR)
C
CALL CILINRSFICESTICELXCILAPICESIWIHLIM)
F30IL = o40¢3eTSATC ¢ oUEEEZS*«TSATCH22 « 15475
F3M o= XCIosh3Cl) + (1ee=XCIli)wkSATLC
GE =& XMR/Z(1e€ = XCIL)®thHiM=r3p)
C
c FRINT RESLLTS
C

WRITE(S,322) XCTLsweHIMpR3IM
WRITE(Z,€7¢2) XMERIGESFCW
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CETERMINE THE ExIT TEMPERATURE FROM THE CONPRESSCR: AS
AFFECTEC BY INTekNAL REAT TRANSFER

FRES = RRES = G| T
Tl = TRES ¢ Z+e2 )
CALL TRIAL(NRsT1s=2e€sPSATCs3,HRES)eC1sVsHISSIT)
TIC = T
RIC = kkES
PIC = FSATC .
IF(TICeGE«28L 2y WRITE(5,362)
WRITE(5,542)
WRITE(S5,552) TSaTE,TSATC,FSATC,TIC,HIC,HI0E»wWACT
3¢ CCANTINUE
45¢ CCATINLE
3¢l FCRMAT(1€1,'To! ,FEels3XsIFCm',F6e2,3X,'V2="'s)Fbeks3Xy
1'F2at)Fes2s3Xs"' HVAP ®1,F6e2,3X"'S2a',Fbeks3Xs
2' SVAF =';F€eu)
3¢2 FCRMAT(! wwewemyssCISCHARGE TEMPERATUKE EXCESSIVEswx!)
31¢ FCRMAT(! »wwsxITERATICN ON MOTCK SPEEC DOES NOT !
125 'CCNVERGE FFm1,E12eS," RPMm1,E12e¢5,!' RPMN=')ELZ5 }
3¢t FCRMAT(! XCILe'sFi1GeSs LBM QIL/sLEBM™ MIX WE'sF6oky
1' LEP kEFL/Lpf‘ CIL * REFL_ HirﬂgllF7'2" bTU/Lb"'
2ss0 FIX  H3IVE',F7.2,' BTL/LBM MIX')
4¢¢ FCRMAT(! *“*"NCN ISENTRCPIC CUMPRESSION DOES NOT!
122" CONVERGE®sns yssis=nnt)
41¢ FCRMAT(' wamsnikpeEXPARSICN CF RESIDUAL DCES NUT!
152" CCANVERCGE sweyxsysessmas!)
438 FCHMAT(! ssewapcTUal FMAX AND VMAX CCES NOT!
1227 CONVERKGEw®xguuygt)
44¢ FCRMAT('*w»eswsITERATICN ON STATES DOES NOT CONVERGE!
150! s&sutpnnxn!)
S5c4 FCRMAT('Cuwwxnmguns ITERATICN CN MOTCOR COOLING EFFECT!
152" ON STaTk & CES NCT CCNVERGE #xxsasanes')
54 FCRMAT(EL ) TcATE TSATC PSATC TIC!
1, FIC H{CE Wt
5E¢ FCRMAT(7F1042)
Seg FCRMAT(' =w=enIvERATICN QN CPp CCES NCT CONVERGE»»xsa')
57¢ FCRMAT(' CPC=',FlCeés! DFDr='sF1Ceks? DPFRACE !
1sF12eB,t XMR=!,F15495)
6ck FCRVL‘:T('e','LPF’SI',FJ_QQE‘SX,|EFFHE=!’F1Q.2,' CPLI=!
1aF1CeZsSX, 'UFSmryF10ed,! CPERAC =',F1045)
63¢ FORMAT(EX, ! SYNc=',Flce2,! RPM POWMAX=!,F12e55 1 KW
IPuRNLE ' pF 1oz LLtLAY"JF12.S: DEGREES SPELAY=!
e‘Fle.u!' Lt(,khp&’)
65¢ FCRMAT(TZ',1eXs ' hCYLE'»12,EXs 1VR=1,F1£043,5%, ' VD="
1sF1CekstCLoF T ,oX, 'RPM=1,F10,2-5X, 'SLPER=1,F18¢25" F')
67¢ FCRMAT( Y21 512X, 1 XMRuTF 15620 LEV/HR'I5X:'GE“')F1502,
it ETL;/"'R'IE\XJ'pf‘\«ERl',Flﬁ'E'i Kiwn')
652 FCRMATITE',ieX, 1CFOVE'sF1Ced,5Xs 'CPSVE!,F12e4)
7¢e  FORFAT(Y EACavpF10e4s’' SGeIN EAS=12F1Ge%y"' SGeINs!
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1,5 PRTat,Floes,! EFFC='" ,Fi1Ce4,' PRrTIC=!',Flleb,
e’ FMC=',F1P et

FCRMAT (' wemw*suws«ITERATICN CN DISCHARGE [CCES NCT!
124" CCNVEFRGE wwemmpsnbsnt)

FCRMAT(' waxnwmygxiSENTRCPIC CLTCFF NCT CONVERGEC!

1os!' % nuduxxxs',

FCRMAT (! ibPr=', 116" K=t, 12, J=',112," I=
1,112
FCRMAT(' TwIS palLURE TO CCNVERGE IS NCN=CRITICAL'?

120" LNLESS THE VALUES OF ICPC,KsANC U ARKE THE SAME ASY
s, TFE FINAL VALLES') ,

FCrMAT (' FINAL ICFPC=',112,! FINAL K=',]11¢,! FINALY
100 _=',112)

FCRMAT (' wampare xspAChNeISENTRCOFPIC CUTCFF NOT CONVERGED!

150! *mup¥pyxyn',

FCRMAT (! JCCNTR=1,T1¢s CUTCFF=',F1545)

FCRyAT (! VCLTe ' sFileba? mCUT='"sF1cesy,! ScuTs=!
1oF1c ety TCLTetsFiCek)

FCRMAT (! Pe'ypiCess’ Te'yFfi1Ceb,! VMAXZEY yF1C e b,
1 ve',FiCebs " w=tsFlgek,?’ SSut,Fluek,! T=s'
2sFiCeb,! SCUTa'sFilew])

FCRMAT (' RMar="  Flauy’' SMAXS!I FReS5, ! VMAX=',F&eb,

17 TrAXs19FB8ecs! PHAXETsFRebs ' wWEXCUT=')Fleb, ' UraXxs!
2iFilel) ]

FCRMAT (! VCLT=' ,Flgeds' RCUTmI,F 1200, SCUT='sF1loeby
1°'TCLT='5F 12062 rREFE"pF1Qebyr VREF='sF104)

FCRMAT(' Pa'sFpeks! To',FBe2,! VMAX='pFlle4,' vs=!

10F 1204 Fz')Flpeust SSEY ,,Fi0e55" TstsFiecs,' Us!
rF1Cetyt LMAXE! ,Flleé)

FORMAT(! pMAXEY ,Foebst SMAXES ,FBe5,t VMAX=')F&s4,

17 TMaX='1sF8ezs' Flhaxs',FRe4)

FORMATI! WC='srlce4s' WL='spl€eb, ' WRX=',F1Cebs

1Y wI=',F1less' weXCLTS'pF1€el, ' wACT=',F1Ce4)

FCRMAT (8X, 'EFFVMr=t ,F 7430 RPM=!,F1Ce2,"' PF='y F743)
FORMAT (! TiI=t,F7e2,"' F Ti='aF7e2," F CTiavg ='
LoF7e2,' F  GrT '3+ 83, BTIL/ZLEBM Gre =Y, Faed,

2' BTU/LEY ehankAst,Fhelhy' FT/FTexea631)
FCRMAT(6E14e3)

FCRMAT(!" sxxwxa s ISENTROPIC CyT=CFF SATURATION SEARCHK!
152" FAILS TC CCAVERGE®®vanmweya!)

FCRMAT (' wwzssuyynngNCheISENTRCPIC CUT~CFF SATURATICN!
155 'SEARCF FALS TC CUNVERCE®®=xswswesx')

FCRMAT (0 GLALUE' FigeDst T = "2F1Ce5H,0 P ='3F12e5)
FCRMAT (1 FRUFFRTIRS AT ENC OF CLT=CHF STROKE!

150" T4 Fy my SS» ')

FCRMATY{ EX,zFig,.=

1€€0 eNnC
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SUBRCUTINE CIL(NRIFITIXsHICE wokM)

FURFCSE
TC CALCULATE THE ENTHALPY OF REFRIGERANT=0OIL
MIXTURES FCR REFRIGERANTS 12, AND Z2

CESCRIPTICN CF PARAMETERS

INPLT
\NR = REFRTGERANT MUMBER (12, OR 22)
P = PreSgLKE (PSIA)
T = TeEMFERATURKE CF MIXTURE (F)
X = welGrT PERCEMT CF cIL IN THRE TOTAL MIXTURE
+1CE = EATRALPY CF FURE REFRIGERANT VAPCR (BTL/LBM)
AT E APORATCR EXIT TEMPe AND PRES,
OLTPUT
W - WEIGLT PERCENT CF REFRIGERANT LEFT IN

TrE | IG.PFASE REFRIGeRANT-CIL MIXTURE
LEAVING THE BEVAFORATCR _
M = EinThalPYy (BTU/LEM) CF TCTAL REFRIGERANT=QIL
MIXTUURE LEAVING THE EVAPCRATQOR

REMARKS
"SLBRCLTINE SATPRP IS CALLELC TC PRCVIDE SATURATICN
STATE PRCFERTIES CF ThE KEFRIGERAANT

IWRITE = S

TR = T + 46C.2

IF(NReEGec2) CGC TC 1@

IF(NReEGe 12) GO TC 1S

WRITE(INRITE,120)

CC TC 2ek

W oa ((ALCG1Z(F)atez93+42136¢2/TRI/(169¢6/TRmokbts8))

lex(=z,e2)

¢C TC 2z

FK = Psel7€31

TK = Del*(TmZ2Cer) /G + 273016

W om ((ALCGLlU(FK1=5,0¢57+1177¢67/TK)/($8+753/Tk =4558)

1)1%a(w2e2)

IF(weGkeleZ) w = 49999

Z IS ThRE AMOUMNT CF QIL ANC REFRIGERANT LIGULID PER
FCUND CF TCTAL MIXTURE LEAVING THE EVAPQRATCR

Z = X/(Lelon)

FCIL = o4U3%T 4 _ 2225 *Tos2 + 15475

CALL SATFRP(RRJTJPSATJVF,VG’FLICJHFGJFGJSF:SG)

rZ = (leCn)»FCTL + WaxhiLlG

rM o3 Zekd & (lepwZishiCE

FCRMAT(' swxswam iKRCR IN SUBROUTINE QIL #**xwxsxuxt)
RETULRN

eEND
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FUNCTICN EFFNM(PP)

PURPCSE
TC ESTIMATE MCTCR EFFICIENCY 84S A FUNCTICN OF

PERCENT OF MaxIMuUM LOAC FCR SGUIREL CAGE
INCLCTION MCTCRS

CESCRIPTICN CF rARAMETERS
INFLT - FERCENT CF MAXIMUM POWER tPP!
CLTFPUT = MCTCR EFFICIENCY 'YEFFM!

IARITE = &

IF{(PPelLTes e) Cc TC S€

IF(PFeCTe1e2) wrlITF( IWRITE,1gZ) PP

IF(FFRelLTo o) WRITE(IWRITES11Q2) PP

IF(PFoeLTesiZL) eFFPN 6u5=pPp

IF{PFPeGTee1Zy) FF¥M 1.5*PF + ¢588

IF(PFPeCTve2¢2) sFFp e37S8FP + 740

IF(PPeCTootl?) FFFM 85

IF(PFPeCTeegdl) srrp “,i®PP +e¢85

iIF(PPeCTrve8) EFcr ® =el5=PP & 19€7

WRITE(IWhITELLZ02) PP

RETURN

FORMAT(! meswaMrTCr PCUWER EXCESSIVE PPa',E12¢5, " '%x%st)
FCRMAT(! wwxuxMrTCR PCWER TOC LCWw w MZTOR INEFFICIENT?
15 5" PP ='1,ELiZ.Ss! sruwupswse!

FCRMAT('" swm=suMrTCR PCWER IS NEGATIVE PP=!,E12¢5s'sx')
ENC



(aNalNgl

ONNON

OO0 ONOONOO0OO0OO0O0O0O00O00ONnO0O

SUBRCUTINE KEA
1TC1sCi, TsuCTl

FURFCSE
TC ESTIMATE
IN TwE CCWMP
CEsCRIPTICN CF
INFLTS
CFS -

CFC =
SLPEMY &
SLPEKV &

TSLCT =
TCISCI=
ECGAFREA=

XMFC =

OUTPLTS
T8UCTQ=
TCISCC=
CrT -

IWRITE = &
T = TCI1sC1 =« 2
CT = 5.

ITERATE CN TEVNV
TrE CCRRECT +E
EC g2 I = 1,32
T « T « (7

TSLCTO = TSUCT
CTAaA = TLISCI =
CTe = T = TSULC
CTir = (CTA=CT
TSAvE = (TSULCT
TCAVG = (TCISC

EVALLATE REFRI
x+US 8 xMLC
XKS & XKL =
PRC &8 PRS =

XMLS = SLFErMvs

xMLC = SLFEMVS
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T(CPS,CPDsSLPEMV,XINMV,SLPEKV,XINKYV,
JEGAREA, XMPC,GHT,TCISCC,TSUCTO)

sLCTION=CISCHARGE MANIFOLD HEAT TRANSFER
Rg SSCR
FARKAMETERS
SFECIFIC HEAT AT CCNSTANT PRESSURE CF THE
GaS IN THE SUCTICN MANIFOLD (BTL/LBMeR)
SPECIFIC mEAT AT CCNSTANT PRESSLRE CF
Ga3 IN THE CISCHARGE MANIFOLL (BTU/LBM=K)
XIANMy = CCEFFICIENTS FOR VISCCSITY CF
VAPCR
XINKY =« CCEFFICIENTS FCR TrRERMAL
CCNCUCTIVITY CF vAFOR
TEMPe OF GAS ENTERING SULCTe MANIFCLLD (F)
TEMPe CF GAS ENTERING [ISCe MANIFOLE (F)
EnLIVALENT AREA FCR REAT TRANSFER = SEE
ExFLANATICN FCK UNITS (NOY UANITS CF AREA)
MaS5S FLCw RATE CF REFRIGERANT PER
CYyLINCER (LEM/ZHR)

TEMPe OF GAS LEAVING SLCTe MANIFOLCe (F)
TEMF«OF GAS LEAVING DISCZe MANIFLLD (F)
SLUCTICN=CISCHARGE MANIFCLD HEAT TRANSFER
(rRTU/ZLBM)

€e

P, CF GAS LEAVING CISCe MANIFCLD UNTIL
Ay TRANSFER RATE IS FOUND

I + (TCISCI=T)=CcpPC/CPS
TSUCTC

Tr

By/ALOG(CTA/CTE)

I + TSUCTO) /2.

I = Ti/20

CFRANT PRCPERTIES
- VISCCSITY (Lar/EReFT)
TRERMAL CONCUCTIVITY (BTU/HR=FTe=F)
FRANCTL NUMBER
TsAve + XINMV
TCAVE « XIANMV
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SLFEKV#TSAVG +XINKV

XKS =
XKL = SLFEKV=TLAVG + XINKYV
PRS = XMUSx(CFS/xKS

FREL = XMul*CrL/xKC

FSTede/{lonazsXKgeFRSexebm{be/XMUS ) w2 ,e63)
FCT=5e/{lee8s XK uPRLwmebx(be/XMUC ) %xeg3)

G = XMFCACPL=(TridCl « T) _

GS =xMFC*w 632 AsCTLM/(FSTFCT)
IF(AES(G=GS) ekt (e21=a)) GC TC 62
IF(((6CmGE ) eGhoZ o) eANCo(leEGe1)y) CT
IF(CTeCTewe) CC TC 3%

IF(CmCE) 4Eselsrl

IF(G=GE) SCselsrel

T = 7 + C7

CT = CT/E.

CCATINLE

WRITE(IwRITE,EC)

GC TC 1@<

GFY = G/XVMP(C

TCISCO = 7

RETURN

FCRMAT(' mxxwsS  BROUTINE HEAT CCES
ENE

= «DT

NCT CONVERCE=*#»*x!)
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APPENDIX F

REFRIGERANT - OIL SOLUBILITY

Solubility of oil-refrigerant mixtures has been discussed by
Bambach]','Spauschus2 , and COOpgrs; Many refrigerant-oil mixtures,

such as R12 and R22 are miscible over the entire range of concentra-

tions from 0 to 100%. Bambach1 has found that the solubility of R12-

‘011 mixtures may be described by the following expressions:

(A) LoglO (P) = [5.0057 -~ .550 w

- =1/2 , _
_f1177.67 - 98,753 w )] T < 0°C

T

' 2
(B) Log10 (®) =[ (A) ] -[.002338 (w - .6) - .QOOO75](T - 273.16) T > 0°C

Where:

P = pressure (kg/cmz)

T = temperature (OK)

w = 1bm refrigerant/lbm liquid mixture
Refrigerant 22 behaves slightly differently than refrigerant 12 in
that refrigerant 12-oil mixtures remain a single phase throughout the
entire range O to 100% concentration. R22-o0il mixtures, however,
separate into two distinct liquid phases above certain concentration
limits. One phase is oil-rich, while the other phase is refrigerant-
rich. | | |
We are concerned here with the amount of liquid refrigerant left

in the oil at the exit from the evaporator, and the fact that it is

in two phases is of secondary importance. For this reason, it has
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been assumed that an expression similar to the one described by

Bambach for R12 also holds for R22, That is:

-1/2 1/2

(C) Logy, (B) =a - bw _Ic+daw ™7

T

The necessary constants have been determined to be as follows:

a = 6.293
b = .4448
¢ = 2136.0
d = -169.6
Where
P = pressure (psia)

T = Temperature (°R)
For simplicity we shall assume, even for R12, that the solubility may
be described by a single expression of the form of equations (A) or
(C). Comparisons of predicted results with actual solubility curves

are given in Figures F-1 and F-2 .4 Expressions (A) and (C) may

be rearranged to solve explicitly for an expression of w as a

function of P and T

-2
[Log,, (P) - 6.293 + -"’-1—3-&0-]

w = for R22
[ 1826 4ss8)

P = psia

T=9%
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-2

1177.67
[Log10 (P) - 5.0057 + T 1|

w = - for R12

| [ﬁ;lsi.— .558]

k.
P=- £
cnm

T =%
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APPENDIX G

COMPRESSOR DATA

Carrier 06D-824 Compressor

The 06D-824 is a relatively large, semi-hermetic refrigeration
compressor, having a surface to volume ratio (%) of about 2.76 (in)-l
per cylinder. The difference between a semi-hermetic and a welded
hermetic compressor is that a semi~hermetic unit is bolted together,
and can be disassembled for servicing. A welded hermetic, as most
smaller refrigeration compressors are, cannot be serviced, but
rather is replaced if failure should occur. Information concerning
this nominal 9 ton compressor has been provided by Carlyle Compressor
Company, a Division of Carrier Corporation.

Data for use in the compressor simulation was as follows:

Synchronous Motor Speed = 1800 RPM

Initial Guess for Actual Motor Speed = 1750 RPM

Rgfrigerant = 22

Displacement Volume (VD) = 2,273 x 10-3 ft3
4Clearance Volume Ratio vmin/vD = VR = .05
Number of Cylinders = 6

Superheat Base for Capacity Rating = 15°F

Subcooling Base for Capacity Rating = 0°F

Nyg = 9%

%Z Motor Cooling = 85%
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>
+d
L]

25 psi

R

5 psi

ATsuct-disc

H.T.
% 01l Circulation = O
Maximum Power Output of Compressor Motor = 11.64 kw

Carrier 06D-537 Compressor

The 06D-537 is a large, semi-hermetic refrigeration compressor,
having a surface to volume ratio of about 2.49 (in)-l per cylinder.
It should be noted that this nominal 14 ton compressor is a larger
version of the 06D-824 compressor, having the same bore, but a
longer stroke. The 06D-537 compressor is used in the Carrier Model
50 D Q 016 Heat Pump.

Data for use in the compressor simulation was as follows:

Synchronous Motor Speed = 1800 RPM

Initial Guess for Actual Motor Speed = 1750 RPM

Refrigerant = 22

Displacement Volume (VD) = 3,522 x 10-3 ft3
Clearance Volume Ratio vmin/vb = VR =,05
Number of Cylinders = 6

Superheat Base for Capacity Rating = 15°F
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Subcooling Base for Capacity Rating = 0°F

g = 942

nmech- 962
% Motor Cooling = 85Z%

APD = 25 psi

AP, = 3 psi.

S

GD =0

Os =0

Tsuct-disc
H.T

% 0i1 Circulation = 0
Maximum Power Output of Compressor Motor = 16.89 kw

3-Ton Welded Hermetic Compressor

The manufacturer of this comﬁreséor wished to remain unidentified,
but has provided the necessary technical information on this nominal
73 ton refrigeration compressor having an (%)' of about 3.44 (in)-l.
Data for use in the compressor simulation was as follows:
Synchronous Motor Speed = 3600 RPM
Initial Guess for Actual Motor Speed = 3500 RPM
Réfrigerant = 22
v, = 1.15 x 107 £t
VR = 062

" Number of Cylinders = 2
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Superheat Base for Capacity Rating = 20°F

Subcoocling Base for Capacity Rating = 0°F

4
niS 90%

n 962

mech
% Motor Cooling = 85%

APD = 25 psi
APS = 5 psi
_ o

GD 10~ ATDC

6, = 15° ABDC
- [o]

Tsuct-Disc 50°F

H.T. @ T =10 , T .= 120°F
evap cond

sat sat
%Z 0il1 Circulation = 5%

Max. Power Output of Compressor Mptor = 3,9 kw



APPENDIX H

PARAMETRIC STUDIES ON CARRIER 060-537 COMPRESSOR

EFFECT OF VARYING APs FROM 1 PSI TO 5 PSI WITH:

AP = 10 psi

8 =0
-1

, D nme(:h = ‘ suct
6. =0 n % 0i1l = 0 Z Motor = .85
D is cooling
T -T Change in Change in Change in Overall
sat s:ﬁd' Flow or Power Compressor Efficiency
evap ¢ Capacity () %)
(%)

50 --145 -5.0 -1.7 -2

50 - 120 -5.8 ~-1.6 =2

50 - 80 -4,7 +2.6 -5
.20 - 145 -9.3 - =4,8 -3

20 - 120 -9.1 -3.8 =4

20 - 80 -8.3 -.9 -5
-10 - 120 -19.9% -11.5 -6
-10 - 80 -17.5*  -6.4 -8

* - Due Mostly to Z

Density Change of Suction Gas at Low. Pressure

VARYING APD FROM 10 PSI to 30 PSI WITH:

* - Due Mostly to Z

EFFECT OF
dp, = lpsl 8 Mmech = *96 ATguee = O
GD =0 “13 Z20i1l= 0 2Z Motor = .85
: cooling
Tsat - T Change in Flow Change in - Change in Overall
evap or Capacity Power Compressor Efficiency
. (2) () (%)
50 - 145 -1.8 +3.7 -2
50 -~ 120 -2.9 +5.3 -5
50 - 80 -1.3 +19,9% -12
20 - 145 -2.1 +1.4 -3
20 - 120 -2.1 +3.2 -3
20 - 80 -1.9 +9.3* -7
-10 - 120 -3.8 +.9 -3
-10 - 80 =-3.6 +4,7 -6

Increase in Compression Work At low Pressure Ratio
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EFFECT OF VARYING €s FROM 0° ABDC TO 20° ABDC WITH:

APS = 1 psi GD =g nmech = ,96 ATSuct =0
AP = 10 psi N, = «9% %011 =0 % Motor = .85
D is
cooling
- T Change in Flow Change in Change in Overall
sat sat
evap cond Or Capacity Power Compressor
(7) ¢3) Efficiency
50 - 145 -2.7 -3.9 0
50 - 120 -3.0 -3.6 0
20 - 145 -3.7 -3.9 0
20 - 120 -3.4 -306 O
20 - 80 —302 -302 0
-10 - 120 -4,1 -3,8 0
-10 - 80 -3.8 -3.0 -1

EFFECT OF VARYING €, FROM 0° ATDC TO 10° ATOC WITH:

APS = 1 psi 63 =0 nmech=.96 ATsuct =0
AP = 10 psi n. = .9% %Z 0il = 0 7 Motor =.85
D is .
Cooling
T Change in Flow Change in Change in Overall
sat sat .
evap cond or Capacity Power Compressor
(Z) (%) Efficiency
50 - 120 -2.0 -2.1 0
50 =~ 80 -1.2 -1.2 0
20 - 145 "5.4 "'405 "l
20 - 120 -3.9 -2.6 0
20 - 80 -2, - 0

2.1 1.8
-10 - 120 -8.1 -5.8 -1
-10 - 80 -4.,6 2.7 -2
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EFFECTS OF VARYING n is FROM 947 TO 98%Z WITH:

APs = 1 psi 6s =0 nmech = ,06 ATsuct =‘0
AP = 10 psi 6, =0 Z0il = 0 % Motor = .85
D D
: cooling
- T Change in Flow Change in Change in Overall
sat sat .
evap cond or Capacity Power Compressor
(Z) (2) ~ Efficiency (Z)
50 - 145 +1,3 -7.1 +6
50 - 120 -+.6 -6.3 +5
50 - 80 +.1 -4,8 +4
20 - 145 +1.5 -7.9 +6
20 - 80 +,3 _ -5.3 +4
-10 - 80 +.3 -5.5 +4
EFFECTS OF VARYING nmech FROM 94% TO 98% WITH:
APS =1 psi 98 =0 Ny = .94 ATsuct: =0
AP = 10 psi 8_=0 201l =0 % Motor = .85
D cooling
sat :sat Change in Flow Change in Change in Overall
evap cond - or Capacity Power Efficiency
_(Z) ) (%)
50 - 145 +1.7 -4.8 : +4
50 - 120 +1.3 -4.6 +5
.50 - 80 .4 -3.9 +3
20 - 145 . -4, +4

20 - 120 +4

-10 - 120 T

+
+2.2 0
+1.6 4.3
20 - 80 + .9 _=4.2 +4
+2.4 4.1
-10 - 80 +1.4 3.7 +3
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EFFECTS OF VARYING Z MOTOR COOLING FROM 807 TO 100% WITH:

APS = 1 psi Gs =0 o= -84 Z 0il = 0
APD = 10 psi GD =0 nmech = ,96 ATsuct =0
T - T " Change in Flow Change in Change in Overall
g%%p 2and Or Capacity Power Compressor Efficiency
(7) (%) (%)
50 - 145 -1.5 + .3 -1
50 - 120 -.8 +.3 -1
50 - 80 -.3 -2 0
20 - 145 -1.7 0 -1
20 - 120 -1.1 +.1 0
20 - 80 -.8 +,1 0
-10 - 120 -1.7 -3 -1
-10 - 80 -.9 +.1 -1
EFFECTS OF VARYING % OIL CIRCULATION FROM 07 TO 107 BY WEIGHT
APS = 1 psi GS =0 "13 = ,94 % Motor Cooling = .85
APD = 10 psi BD =0 nmech= .96 ATsuct =0
e " Tsat Change in * Change in * Change in Overall
g%ap cond Capacity Power Compressor Efficiency
o) @) @
50 - 145 -13.3 +.4 0
50 - 120 -9.6 +.4 0
50 - 80 -5.5 +,3 0
20 - 145 -15.2 +.4 0
20 - 120 -11.1 +.3 0
20 - 80 -6.6 +.2 0
-10 - 120 -12.2 +.2 0]
-10 - 80 -7.5 +.2 0

*
0il Circulation Affects Evaporator Capacity, But llas Little Effect
On Flow or Power
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' EFFECT OF INCREASIVG SUCTION GAS SUPERHEAT BY 30°F

ABOVE THAT DUE TO MOTOR COOLING AND OTHER EFFECTS WITH:

=9  Zo0il=0

APs =1 psi _Qs_= 0 Ny .
AP_ =10psi 6, =0 n = .96 % Motor = .85
D D ‘nech » " Cooling
Toae ~ Tsat Change in Flow Change in Change in Overall
g%ap cond Or Capacity Power Compressor. Efficiency
) @ A}
-10 - 120 -6.9 -3 " -4
-10 - 80 ~6,6 0 = -5
0w
Tsat > 0°F
evap

Amount of suction gas supérheat due to suction-discharge heat transfer
is considerably less than that at the low suction-high discharge
pressure (high pressure ratio) condition given above.
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APPENDIX I

DETAILS OF AIR-~-COOLED, CROSS-FLOW CONDENSER MODELING

Details of the general air-cooled, cross-flow condenser model,

"EXCH', and of the special case, finned tube condenser model, are

given in this section, followed by computer program listings for

each,

General Model ‘EXCH'!

The effectiveness-NTU method of heat transfer analysis is

described below:

Where:

€£e

out

qactual - CH Hin Hout - Cc Cout in
Cc (T,, - T ) C (T -T
qmax possible min Hin ®4n min Hin in

Heat transfer rate
Effectiveness

(i Cp) of the hotter fluid
(& Cp) of the colder fluid

Mass flow rate
Specific heat at constant pressure

the smaller of CH and CC

entering temperature of the hotter fluid

exit temperature of the hotter fluid
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Tc = entering temperature of the colder fluid
in :

T, = exit temperature of the colder fluid
out

In general, effectiveness can be expressed bj a relation of the

form: c .
min '
- e=f QT——' » NTU)
- max -
_ Where?
cmax = The larger of CH and Cc
NIU = CAU
C min

AU = Overall éonducténce.for heat transfer
A general expression for overall conductance, allowing for the |

possibility of an extended surface on the coolant side can be

developed as follows: dq
coolant side 'Tc,hc
. separating wall
condensing T.,
medium m R
side
d§ = UdA AT = U dA (TH - Tc)
% T n i T + 1 assuming resistance of
o‘ c cB.T. hH d'A'ﬂH.T.. material separating

fluids is negligible



Where:

no =

A
Nal)
I

H‘T.
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overall surface efficiency of extended surfaces,
including contact resistance, as described in
Appendix J.

local heat transfer (Btu/hr)

unit heat transfer area on coolant side (ftz)

dAHH unit heat transfer area on condensing medium side (ftz)
.T.

hC =

heat transfer coefficient on coolant side (Btu/hr—ftz—oF)

1 1

he

hH =

l -

+
hfluid hscale

heat transfer coefficient on condensing medium side
(Btu/hr-££2-°F)

1 + 1

Py

hfluid hscale

The general expression for NTU is hence:

NTU
or
NTU
where:
o
c

1
c 1

[ + L
min no hc dAcHT hH dAHHT

af

+ 1

(o] cac hH

heat transfer area on coolant side/total heat exchanger

e

Cmin [n

volume (1/ft)
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Oy heat transfer area on condensing medium side/total
heat exchanger volume (1/ft)
Cotn = (48 Cp)pyin
The procedure for determining desuperheating, condensing, and
subcooling region performance, as shown in the flow diagram in

Figure I-2, is as follows:

Determine NTU
tp

_ __AoOM
tp ;
¢ B + L
Pc no hcac
tp
Where:
— HT
AOM = )
c
‘tp' = subscript indicating two-phase region
C_ = specific heat at constant pressure for the colder
c
fluid
d ﬁc = local flow rate of coolant (LBM/HR)
Then:
-NTU
g, =1l-e tp

ds
at the end of the desuperheating region when condensation begins.

g = th dAHHT (Tie = Tya1r)

Next, determine the bulk superheated vapor temperature 'T
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also

dq = UdA (Tds - Tc )
in

Where:

hH = single phase vapor (superheated vapor) heat transfer

v
coefficient on condensing medium side (Btu/hr—ftz-oF)
Twall = THsat = gaturation temperature of the condensing
medium (°F)
Tc = entering temperature of the coolant (OF)
“in

Equating the two expressions for dq we get:

(T, -T ) =
th dAHHT ds Hsat

rearranging we find:
.[(TH ) (RES) - T,

Soead

T = sat in
ds [RES - 1]
Where:
o by
RES:[l-l-ah e ]
c c o

Now the driving enthaply differential for heat transfer in the two-

phase region hfg" can be determined:

h, ' =[h. +C (T, -T )] 1 -X)
fg fg pHv ds Hsat 3
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Where:.
hfg = latent heat hf vaporization of the condensing
medium (Btu/lbm)
Cp = specific heat at cOnétant volume of superheated
T vapor on condensing medium side (Btu/lbm—oR)
X3 = exit quality of condensing medium, if we choose

" to study cases of incomplete condensatiom.
Next, we use the definition of effectiveness to determine the
amount of coolant passing over the two-phase region of the heat
exchanger:
. 1]
() (")

") @€ )@, =T )
tp pc Hsat cin

f

(o

tp

Where:
ﬁH = total flow rate of condensing medium (1lbm/hr)
The fraction of the heat exchanger 'Ftp' which is used for the two-

phase region is hence:

m
c
Ft =—-—§L_
P )
c

Where ﬁc = total coolant flow rate (1bm/hr)
Now we seek to determine the fraction of heat exchanger 'F' ,
which is required for desuperheating. An iterative procedure is

required, as follows:
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~= Guess F
hoo= () (@)
Sp
= (@ ) (C )
csp csp pc
= r C
] (mH)(pH)
P v
. = Smaller of Cc and CH
min sp sp
= Larger of C and C
max csp Hsp
[naHa B +h.ﬂl ]
I 1 _ o ¢ ¢ D
tot UA (F)(Au)
ht
1
NTU
(Rtot) (Cmin )
C .
e, = f (= , NTU)
XF max
(T -T.)
gx % CH Hin ds
F c.. (T -T )
win “Hy, o C4p
*
L If EXF = EXF , repeat
Where:
mC = flow rate of coolant passine over the desunerheating
sp

region (1bm/hr)



TH =
in

R =
tot

EXF =

'gp' =
Then:
=]
sc
Where:
'se' =
If F < @
sc -

phase region.

if incomplete
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temperature of superheated vapor entering condenser
P

overall resistance to heat transfer in the desuper-
heating region

cross-flow effectiveness as determined from the proper
expression or chart. (See Appendix J  for cross-flow
effectiveness, both fluids unmixed)

effectivéness as determined from the &efinition of
effectiveness

total condensing side heat transfer area (ftz)

subscript indicating single phase vapor region

-F=-TF
tp

subscript indicating subcooled liquid region

, then there was incomplete condensation in the two-
In the present model, calculations are terminated

condensation occurs. It is possible, however, with

only slisht modifications, td use the present model for the case

of incomplete

condensation. This is done merely by iterating

on X3 , the exit quality.
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If Fsc > 0 , determine exit temperature of the subcooled liquid:
Cq = () (Cp )
sc Hg
c = (F_) (@, (€_)
Csc sC C pC
C . = smaller of C and C
min H C
sc sc
max larger of CH and _CC
sc sc
%y 1
[ + ]
"o 0‘c hc hH
R _ sc
tot F_) «( )
sc
t
1
NTU =
(Rtot)(cmin)
C
mi
exp = £ (g , NTU)
sc max
(& ) Cpy) Gy - T )
T =T _ S sat in
Hout Hsat CH
sc
Where:
TH = temperature of subcooled liquid leaving condenser
out o
"F)
Cp = specific heat at constant pressure of subcooled
H
2

liquid (Btu/lbm-°R)
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Finally, we can determine heat transfer rates and exit coolant

temperatures for each region.

Qsc - CH (TH - TH ) | (Btu/hr)'
sc sat out
= "
Qtp i hfg (Btu/hr)
Qsp = CH (TH - Tds) (Btu/hr)
sp in
= +
Qtot Qsc + Qtp Qsp (Btu/hr)
Qs o
T = S22 47 (683)
out Cc cin
sSp sp
Q ,
t o
T = + T (F)
c & )(.) c
outtp ctp Pc in
Q
T = E-s—‘-’-—— +T °r)
Cout c ¢in
sc sc
Q
tot o
T =+ T . °r)
cout <mb) (Cp ) cin
avg ¢

For more information, see comments in the program listing for sub-
routine 'EXCH' at the end of this section.

Modeling a Finned Tube Condenser

The geometry factors necessary for use of general model 'EXCH'
are: aH R ac , AOM , AHh , AC . AC , and FAR. For the finned
t ht flow .
tube condenser case, shown in Figure I-1l, the above geometry factors
are developed as follows:

h=(NP—1)s+2(‘;‘)=(NP) (s)

E=(T-Dw+2 @ =00 W
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only

=A . =NP (s =D)L [1-(§) (FP)]

Cflow %igw °

A =4, =® @ =0 ) @

Frontal frontal

A dA |
B ¢ R . 1"
Uc © Tair Aair dAair
frontal frontal
s - D0
g, = - [1 -6 (FP)]
®D 2
A = A_. = (NP) (NT) (L) {[(s)(w) - 40 1(2) (FP) +[1-(FP)(8)](mn )}
Cheat alr ©
heat
trans
trans

Volume = (h) (L) () = (NP) (s) (L) (NT) (w)

of heat

exchanger 2

A T Do
. alry, @ @B ()W) -1+ [1- (FR) (O] (1 D)

[ volume (S) (W)
T Do2
Ay =@ FP) ()W) - 2]
ht fins
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2
A_ mTD
fine @) @) [(&) W) - —>]
FAR = A = T D 2 .
ar e {@) #Fp) ()W) =~ ——] + [1 - (FR)()](n D)}
A.Hht =A 4 e = D (M (@) @) @)
inside
_ LY _ D
% = Volume (8) (W)
T Diz.
AHflow 4
Bg, am M @) (B) @)
AOM = 0 =
¢ e Ptz
(pair)(CFuéir)ij—Jﬂl—O
' air
But
CPM
G = ﬁhir - (pair)( air)
AT A (NP) (s - D1 -8 (FP)IL
flow
. Aatr (NB) (s - D,) [1- 8(FP)IL
AT A ®P) (s) (L)
frontal
Hence
(¥T) () (D) (%) (dL)
Aw =
¢, 9, €&y P () ()
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@) (M (@)
©) @) ()

AOM =

Having determined the geometry factors, the procedures for
determining total performance, as outlined in the flow chart of

Figure I-3, is as follows:

Split the condenser up into equivalent sub-circuits.

He
[

sect

. _

Nsect

. ﬁ*h__t___
e T W

Where:
Nsect = Number of parallel flow sub-circuits in the heat
exchanger
Then:
Using thermodynamic properties corresponding to the states of
interest, determine the heat transfer coefficients as described
in Appendix K.
Next, use general condenser model 'EXCH' to determine

performance, for the given geometry factors, temperatures, and

flow rates.
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And, using results from 'EXCH',
Determine the length of the desuperheating, two-phase, and

subcooling regions:

Fep) Gy )

DZTP = (ft) (two-phase) |

(w Di)
R ¢)) (AHh ) :
DZV = G Di)F (ft) (dgsuperheating)'
CF) @A)
M se!
. DSL = (“ Di)AHht ~ (ft) (subcooling)
Where:

Di = inside diameter of tubes in heat exchanger
Determine total pressure drop 'PD' as described in Appendix L.

Convert results back to total flow notation

ﬁc =t (N )

c sect
By = fy (gece)
Qtot= Qtot: (Néect)

Finally, using the value of total pressure drop through the coil,
determine the saturation temperature of the cohdensing medium leaving
the condenser. If the drop in condensing temperature is greater

than 2°F, repéat the analysis using

(T + T )
in satout

Tsat = 2
avg

sat

For more information, see comments in the program listing for the finned

tube condenser simulation at the end of this section.
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Flow
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FIGURE -2

FLOW CHART FOR GENERAL CONDENSER MODEL - 'EXCH'

Coears

Input
Geometry factors, heat trans. coeff.,
flow rates, temps., thermodvnamic prop.

Determine
NTU & effectiveness in two-phase region

v

Determine
Bulk vapor temp. at end
of desuperheating region

v

Iterate using NTU method,
to find fraction of heat exch.
used for desuperheating

v

Determine
Two-phase fraction of heat exch.

No

(gs condensation complete? [

"'Yes 1(

Determine
Heat trans. in subcooling region
using NTU method

v

Determine
Total heat trans. & exit states

&
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FIGURE I-3

FLOW CHART FQR FINNED TUBE CONDENSER MCDEL

Define
Constants for thermodvnamic properties
and heat transfer coef.

o Revetitive loop
r~ For changing input data

| v

Input
Tair ’Tﬁ *» Ty »
n sat

CFM s T s Dimensions

Calculate geometry factors

Repetitive loop
For varving T —_—_— — _1

Convert to parallel-flow
sub-circuit notation & analyse
only one of the circuits

v

Calculate h

) air

Determine
Overall surface efficiency

v
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' Repetitive loop
f- : For varving refrigerant flow rate

v

Determine
Saturation properties of refrigerant

Determine
Condensation two-phase heat trans. coef.

v

Determine
Single phase liquid heat trans. coef.

v

Determine
Properties of superheated vapor

v

NDetermine
Single phase vapor heat trans. coef.

v

Use general model 'EXCH'
‘to determine heat trans. performance
(See flow chart for 'EXCH')

'

Determine
Pressure drop through heat exchanger

Is drop in

o
T, <2°F

(

o — e _ ]

)
t

sa
ou

sat
through coil ?
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Convert back to
total flow notation
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SUBRCUTINE EXCh(MsACMsALFARSALFAA, TH, TC,HFG)

PLRPCSE

TC CETERMINE THE REAT TRANSFER ANC RESULTING
TEMPERATURES IN TrRE CCNCENSER, GIVEN ALL OF TkE
NECESEARY CCrFFICIENTS AND CTREK CETAILS

CESCRIFTICN CF pARAMETERS
INPLTS i
REAT EXCHANGER GECFMETRY

ACM e UnNIT REFRIGERANT SIDE HEAT TRANSFER
AREA/UNIT AIR FLCW RATE
(sC FT=FR/LEM Oy AIR)

ALFAK = A FrA REFRIGERANT (REFRIGERANT SIDE
FEAT TRANSFER AREA/TOTAL VOLULME CF KEAT
ExXCHANGER=1/FT)

ALFAA = AL FrA AIR (AIR SICE HEAT TRANSFER AREA/

: ToTAL VCLUME CF wWEAT EXCHANGERe1/FT)
ARKT e ToTaL REFGe SICE HEAT TRANSe AREA (S@ FT)

FEAT TRANSFER CCEFFICIENTS
~A  AtR SIUE REAT TRANSeCOEF o (BTU/HReSG FTaF)

FRTF @ FRgFe SICE TwCeFRASE REAT TRANS
CreFe (2TU/FR=SE FTeF)

hRSFy « RpFe SICE SINGLE PRASE vAPOR HEAT
TRANSe COEFe (BTU/FReSQ FTeF)

RRSFL = FRpFe SICE SINGLE FrASE LIQUID HEAT
TRANSe COEFs (BTU/MKkeSA FTefF)

REFRICERANT pRCPERTIES
TRI = TJglMFPe CF REFGe ENTERING CONDENSER (F)
Tk = SATURATED CCANCENSING TEMPe GF REFGe (F)

+FG = LATENT ENTRALPY CF VAPCHRIZATION
Tt REFRIGERANT (BTL/LBY™)
CPRV = SpECIFIC mEAT a7 CCNSTANT PRESSURE
Cr Tre REFRIGERANT VAPCOR (BTU/LEM=R)
CPRL = S;ECIFIC REAT AT CCNSTANT PRESSURE CF
THE REFRIGERANT LIGUID (BTu/LEM=R)
X3 = ExIT QUALITY FRgM TrRE CCNDENSER
XMR w MaASS FLOW RATE QOF REFRIGERKANT (LBM/FR)

AIR PRCPERTIFS
CFA « SpECIFIC HEAT AT CONSTANT PRESSURE CF
TwE AIR (BTL/LBMeH)
TC = TFMPe OF AIR ENTERING CCNDENSER (F)
XMA = MaASS FLCW RATE OoF AIR (LBM/HR)

CTHER INPLTS
~ « AN INDICATOR (NGY ULSED HERE)
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SEFFx = S RFACE EFFICIENCY CF FINNELC SURFACE
CLTPLTS
F = STNGLE PHASE VAPQOKR FRACTION OF TCTAL

FEAT EXCHANGER gURFACE

FTF » T.C=PrHASE FRACTICN GF TCTAL HEAT
ExCHANGER SLRFACE

Fsc = S 8CCCLING FRACTICN OF TOTAL HEAT
ExCrHANGER SURFACE

GEP = FpAT TRANSFER RATE IN SINGLE PHASE
VaFCR REGICN (ETU/FR)

GTF e FAT TRANSFER RATE IN TwOwPHASE
ReCICN (BTU/ZRR)

csc = FFAT TRANSFER RATE IN SUBCOCLING
RECICN (BTusmR)

TACSF @« Atk TEMFERATLRE CUT CF SINGLE PHASE
VaAPOR ReSICN (F)

TACTF « A1k TEMFERATULRE CUT GF TWCePHASE
ReCGICN (F)

TACSC =« At1r TEMPERATULRE CLT OF SUBCOCLING
RECICN (F)

TAC - AyeERAGE, MIXEC AIR TEMPERATURE LEAVING

ThE CCMNCENSER (F)
TRC = TFMP.OF REFRIGERANT LEAVING HEAT EXCho(F)

REMARKS
SLBRCLTINE ExF IS CALLEC By ThIS PROGRAM TO

CETERNMINE Thfg EFFECTIVENESy IN CROSSFLOW
{TrIS FRCChAM USES THE EFFECTIVENESSeNTy METHGD
FCR CALCULATING mEAT TRANSFER PERFCRMANCE)

CCMMCN CFA rRA)SEFFX,HRSPV RSP CPRL,CPRV ) XMR, XMA,

IX3,TRIIFRTPIFIFTP,FSCGSPLGTP,GSC,TADSP,TAQTP, TACSC,
1TAC»TRC ) ARRKT

CETERMINE NTU ANC EFFECTIVENESS FOR Tw(O=PHASE REGICN

XNTUTFRACK/ (CFAR(ALFAR/ (SEFFXamA®ALFAA)+1e@/HRTP))

ETF = 1ol = EXF(=XANTUTP)
RES = je¢ ¢+ FRSpVEALFAR/ (HA®ALFAAXSEFFX)

FINC THE REFGeTEFMP.'TRVOS!' (F) AT THE END OF TkE
CESUPERRFEATING & SINGLE FHASE VAPOR REGION

TRVCS = (Th=xRES e TCI/(RES=1eg)
IF(TRVCSGE«TKI, TRVDS = TRI

CALCLLATE WFG CrULBLE PRIME ‘'HFGDP!' = THE EFFECTIVE
CRIVING ENTHALFy CIFFERENCE IN THE TWwCePHASE REGICN
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FFGCP = (FFG + (PRy®(TRVDS = TH))®(1eZeX3)
XMATP = XMR&KFGAF/(ETP«CPA®(TReTC))
WRITE(EL,E72) XNYUTPLETP2TRVDS,HFGDP,XMATP
F = 2.2

CA = 1.0

CR = 1.¢ _ )
IF(ABS{TRVCS=TRY)eLEe2¢8) GO TO 60
IF(X3¢GTege) GA TO 100

FS 8 Ceg

PR = P§

M s ¢

ITERATE TC FIND THE FRACTICN OoF TOTAL HEAT EXCHANGER
SURFACE LSED FCr TwE CESUPERKEATING OR SINGLE PHASE

VAPCR RECICHN

CF = .21

CC se I=1l,1¢¢
F = F « CF
XFASF = FaXMA
CA = XFASF=(CFA
CR = XMR*{FRV

RTCT = (ALFAR/(cEFFX=rA®ALFAA) + 1.@/KRSPV)/(FsARKT)

CALL EXF{(RTCT,CasCRHICMIN,EXFR)
EXFS=CRe{TRI=TRYCS)/(CMIN®(TRT=TC))
ARITE(E,)SZ2) FaxMA,ARRTIXMASP
WRITE(S,532) CA,CR,CMIN

wRITE(E,€35) EXpPRIEXF5,PR,PS

IF (ABSIEXFR=EXFg)epEe{e@32EXFR)) GC TC 60
IF(IeEGs1) GC Tr 2@

IF((FRepPS) /{EXFR="EXFS) ) 6£515,15

IF(tﬁES(Fﬁ-PS)-{TtABS(EXFk-EXFS)’oAkoc(IoEQOE))GO TO 12

IF(ABS(FR=PS)eLTeABSIEXFR=EXFS)) GO TC 55
GC TC ¢

F = F = Zegn(F

LF = CF/ceg

I =1

MNEN ¢}
IF(heGTel€) GC 1C 55
GC TC 5

FR = EXFR

PS = EXFS

CONTINLE
MRITE(S,S¢e) ¥

GC T¢ zex

GSC = 202

CASC = 1eg

TACSC = S¢@@e2
TRC = ES¢icieC
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CALCLLATE THE T,.C=FHASE ANC SURCCCLING FRACTICNS
CF TCTAL FEAT ExChANGER SLRFACE

IF THE SUECCCLING FRACTICN IS (LESS ThAN Z2ER0C = PRINT
AN ERRCK MESSAGE BECALSE CCMNCENSATION IS INCOMPLETE

FTP = XMATP/xXNMA

FSC = jelefF=FTF

ZRITE(E,ES5¢) FTrsFSC

IF(FsC) 1le3Sslee,lle

whITE(E,588)

CC TC e8¢

IF(X3eCTered) Gn TC t2¢

CREC s XxMh*CFPRL

CaSC = FS(CwxtAscPa

RTICT = (A_FAR/(QEFFXerHA®L  FAA) + 1e¢2/+RSPL)/IFSC®ARHT)
CALL EXF(RTCTACASC,CRSCICMINEXFR)

CALCULATE WEAT TRANSFER RATES ANC TEMPERATURES

TRC &= Tk = txFR4CMINS(TH=TC)/CcRSC
GSEC = CREC®(TreTRC)
WRITE(S,€6¢€) CRaCsCASCHEXFR,TRCIGSC
GEF = Cr*(TRI*TRVCS)
GTF = XMRaRFCGCP

TACSF = WE&F/CA o TC

TACTF = GTP/(XxMaTFaCPA) + TC
C/CASE + TC

+ 6Sp » GTPI/(XMARCPA) + TC

WKITE(%s€612) GEFL,GTP

WRITE(D,E ) TA~SF,Ta0TP,TACSC,TAC

WRITE(E,€652) MacErFXx,CPA

rRITE(S,€E€C) mLFAR,ALFAA

wWrRITE(S,EcS) FA,PRSPYIRRSFLAKHRTFP

WRITe(E,€22) FarTP,FSC

ARITe(2,7¢l) oSpaaTPsGSC

ARITE(S,/1C) Tﬁ.“éP;TACTP,pTACSCJTAO)TRC

WRITe(Ss€/2) CFRLICPRVYTHITC,WFG

WRITEIE,EE2) XNMRIXMAPXGIXI2ARKT

ReTURN

FCRMAT('¢'y1¢Xs 1 ITERATION GN yAPCR FRACTION OF HeEs!
1, 5, LCCEE NOT CeNVERGE M=']2)

FOCRMAT(! 'y 1R 1 F=tsFSe3,EXs"XMART yF1C ek, SX,p VARRT =
LoFllobpSx, ' XMACEE Y, Fllek)

FCRMAT(V ' 1€Xs1CA2 pF L CeasBX,'CRoe' yF10etsSX, 'CMIN=?
1,F1cet) ~

FOCRMAT(Y Py IR ) 1 EXFREY pF 4 eZ2sE Xy "EXFS=")F4e2s5X, 'PRa!
1sF4e2sEXs PS5 bez )

FCRMAT( ML )0 X "y NTLUTP 2 3 F8e¢355Xs 'TETFo ' ) F4e2,5X%, 'TRVDS= !
L12F7¢2s8X2 " RFGLP 2" pF1GebsSXp ' XMATP='F 1004 )
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FCRMAT(! 1,1EX, 1FTP=",F4e2,5X, 1FSC=",Fke2)
FCRMAT (', ennyesINCCMPLETE CCNCENSATION®2%sxx!)
FCRMAT (! ‘;BX:'cRSCS';FIZ-415X;'CASC='3F1904;5XJ'EXFR-’
1sFlLeZ)EXI'TRCE", Fla'.k;SX;'GSCg',Flz.q;
FCRMAT (! ’;IL'(J'USP JPLZ"!’OX"G Pat,Fid+4)
FCRMAT (! ’JliX)’TACSP"IF ek ,5Xs'TAOTP=',FLlBe4s5X,
1'Tncccuv:5 Le4suXs'TaCs' sF1Cea)
FCRMAT (! ';izx,¢V=',I¢;bX;'SEFFX")Fb-Z)bK;'CPh"lF503)
FCRMAT(""04UXs ' aLFARS ) F8¢3s5X, 1ALFAAS JFE3)
FOCRMAT(Y ',1CAstham!)Flbe4sSK, 'HRSPV=')F1Le4s5X2
L' rRSFLe1IF i ed,,e Xy THRTP= ! )Flided)
FCRMAT (! ',¢uA;-craL-',F8-3:bAo'LPRV='1F8-3:5X:'Th-'
19F70208%X01TCm) yp7eCsEXs 'HEGR ,F8e&)
FORMAT(Y ',1eX, tXMRRY ) F i eks5X, " XMAR! ,F1Be4,5X, 'Xan!
1sFhe2,5X02 IX38) yp4e2,8Xs 'ARRTE 1 ,FlGed)
FCRMAT (1 ':lbxo!FU'JF603:5XI’FTP":F603:5X1'FSC"IF6033
FCRMAT (! ';;kxa'CSPB':FI@OQJ&X;'LTP"pFIﬂO#JSXJ
1'GSCa'sFlLet)
FGFHAT('v'IlzxjlT“OSP"IF?Q£}5Xl'TAOTP"IF7'2)5XI
1V TACSCRY2F7e225%0'TACE1sF7e2,5Xs 'TRO=)F7e2)
EnC
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CCNCENSER SIMULATICON FRCGRAV

FRCCRAM FCR CCMPLTING CCNLENSER FERFC-MANCE
AIk CCCLELC, PLATE«FIN, CRCSSF_LOW TYPE

INFLT CATA FRCM CALRC REACER (DESCRIBEC FULLY BELCw)
NRULNSCEA)CER,CELTA)FP I XKF s AAFsGASNTHINSECT,HCONT,
STonToTAILlsCTASNTEMPITSASDXMRISXMRISJNXMRY TR

CUTFLT
C = TCTAL FEAT THANSFER RATE (BTU/HR)
TAC = AVERAGE AIR TEMFERATLRE LEAVING CONDs (F)
TRC = TEMFERATURE CF REFRIGERANT LEAVING CCANCe (F)

RRC * ENTrRaLPY GF REFRIGERANT LEAVING CCNDe(BTU/ZLBM)

REMARKS
TriIS FRCGKRANM CALLS SUBRCUTINE SPHTC TO CETERMINE
SINGLE PrHASE FEAT TRANSFER CCEFFICIENTS
TrRIS FRCGRANM CALLS SuerCUTINE SEFF TU CETERMINE
SLRFACE EFFICIENCY OF FINMNEL SURFACE
TrFRIS FRCGRAM CALLS SuBRCLTINC SATP<P TO DETERMINE
SATURATICN Trer¥CODYNAMIC PREPERTIES
THIS FRrCGrAM CLLLS SLBrCuTIne CHTC TO DETERMINE
TrE CONCENSATICN TwC=FrASE HeAT THAANSFER CUEFFICIENT
FCR FORCELS CONVECTION CCNDENSATION INSICE Tuges
TrIS FrCGRAM CALLS SLe~CLTINE VAPCR TO CETERMIME
TRERMCLYNAPIC FROFERTIES OF SUPERFEATED REFRICGERANT
VAPCR
Trls FRCORAM CALLS SUBRCLTIANE EXCr TO DETERMINE
Tt CYERALL REAT EXCRHANCGER PeRFURNMANCE, HEAT T<ANSe
RKATESs, AIS TEMFERATURES &£TCe.
TEIS FPrCCRAM CALLS SUBRCOUTINE PURCP TO DETERMINE
PRESSLRE CRCe CF REFRICERAAT FLCWIANG IN THE CCIL
TRIS FRCGRAM CTALLS FUNLTICN BSUBFRCGRAM TSAT TC
CETERMINE SATURATICN TeMPERATLRES CCRRESFCONCING
TC GIveN FREGSLRES
CCMMCN CFA RASSFFFXsMRYpRLSCFRLICPRV, XMRyXMA, X3,
L1TRIJFTP,F)FTFIFQCsSFsGTPaGSC,TACSP,TAOTPSTAQSCHTAQ,
E2TRCHARRT

swpnacsntcenncegs INFUT CATA CONSTANTS covacsasavecsaes

AIR PRCFERTIES

FRA = FRANCTL NUMBER COF AIR

xXMLA =  yISCCSITY CF AIR (LBM/FR=FT)

RKAL = LUNIVERcAL GAS CCMNSTANT FCR AIR (FT=LBF/LBEMeR)
Pa = ATMCSFLERIC PRESSURE (PSIA)
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CFA = SPECIFIC REAT AT CONSTFRESCF AIR (BTU/LBMaR)
CATA PRAIXMUASRAUIFPA/ 07149 eC43,53034,1407/
CPA = 24

REFRIGERKANT FROPERTy VARIATION CCEFFICIENTS
AR = NUMBER CF REFRIGERANT (12,22, OR 502)
NREF = AUMBER CF REFRIGERANT (USUALLY SAME AS NK)
SLPEMV & XINMV e COEFFICIENTYS FCR VISCOSITY CF VaAPCR
SWLFEKV & XINKV e COEFFICIENTS FGR THERMAL
CONDUCTIVITY OF VAPOR
CCEFFICIENTS FOR TrERMAL
CCNCJUCTIVITY CF LIWUID
XM1 « XM4 = CCeFFICIENTYS FUR VISCOSITY CF L1Qe
CF1 & CFre = (COEFFICieNTS FCR SPECIFIC KEAT
: AT CONSTe PKESe CF LIQUID

SLFEKL & XINKL

ANk = 22
DATA NREF,SLFEMy)XINMV,SLFEKV,XINKV,SLPEKL, XINKL
17225 oL@PCTEGse2p)2seCUCER S e0LHRBCI®e L1530 46239/
CATA XM1IXNMZyXNAXPh/ =S ecSE=Bsle825L o 5sm2F8ZE=3)
leclhey -
CATA CF1sCP2/CecBEwiibsaS75/

»xux’\CTt = Thig ABCVE REFRIGERANT PROFERTY COEFFICIENTS
ARE FCR REFRICERANT 22 UANLY

AIR SICE FLCh» CHARACTERISTICS (SAME FCR BCTH EVAPACOND.
IF TrkYy ARE CF TkE saME TYPE)
ClaeCeA « CUEFFICIENTS FCR EXPRESSING TrE
AIR SICE HEAT TRANSFER CCEFFICIENT
XLLA = L OWER REYNCLCS NUMEER LIMIT FOR LAMINAK
FLOw Cn AIK SICE
VLA e _FPER REYNCLCS NUMBER LIMIT FOR TURBULENT
FLOM CN AIR SICE
CATA C1A»C2A,C3asChasCOA,CEA)XLLAILLA
1702435223850 ¢2043,20385,02243,=¢385,1200¢02200¢+¢/

REFRICERANTY SICE FLcw CRARACTERISTICS (SAME FOR BCTH
EVAP«& CCNCe IF THEY ARe CF SAME TYPE)
CiR=C6ER = CCEFFICIENTS FCR EXPRESSING THKE
REFRIGERANT SICE SINGLE PrASE HEAT
TRANSFER COEFFICIENTS
XLLR e LOWER REYNCLCS NUMBER LIMIT FOR LAMINAR
FLC» CN REFRIGERANT SIDE (SINGLE PHASE)
ULR « LPPER REYNOWCS NUMBER LIMIT FCR TURBULENT
Fi.Gm CN REFRIGERANT SIDE (SINGLE PHASE)
CATA CLlRIC2RICIRICURICER,CER) XLLRIULR
171016422 9782420,C42345 o 49SBS) ¢226679=02837,24KC Q023500 0/

sonnsamacuiNC Cfp INPUT CATA CONSTANTS T L T LI LT
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CLTER LCCP FCR MULLTIPLE RLANS WHILE VARYING KEAT
EXCraNGER CHARACTERISTICS

REAC (B,53u) NRUA
CC sg¢  IN = 1,8ARUN

emcasemerccmssnbEAT EXCHANGER CHRARACTERISTICSe===e==

-y e« CUTSICF CIAMETER CF TUBES (FT)

CER INSICE CIaAMETER CF TLBES (FT)

CelLTA = FIN TrrCKKESS (FT)

FP = FIN PITCF (FINS/FT)

XKF o ThERMAL CCNCLCTIVITY CF FINS (BTU/KR=FTeF)

AAF = reghT BExCrANGER FRONTAL AREA (SG FT)

GA = AIR FLOm RATE (CL FT/MIN)

NT = NUMEER CF TLZ2ES IN DIRECTICN CF AIR FLCw

NSECT e« AULMBER CF PA~ALLEL CIRCLITS IN KHEAT EXCHANCER

FCCAT = CCNTACT RESISTANCE BETwEEN FINS AND TucgES
(BTL/FrRe3GC FT=F)

ST e VERTICAL SPACING CF TUBE PASSES (FT)

wT = SPACING CF TLBE RCwnS IN CIRWCF AIR FLCw (FT)

CSIGA = SIGMA Alk (AIR FLCw AREA/FRCI.TAL AREA)

ATRC = (RUSSecb(TICNAL AREA CCCUPIEC BY TUBE (SG FT)

FTEC =« CulTTER PERIMETER CF TUEBE (FT:

ALFAA o ALFrA AIR (AIR SICE KEAT TRANSFER AREA/TCTAL
VCLLME CF HEAT EXCrANGER =1 /FT)

ARFT @ (ROSSegt(CTIONAL FLCW AREA INSIDE TUBES (SC FT)

F - INSICE FERIMETER OF TLEES (FT)

ALFAR = ALPrA REFRIGERANT (REFRICERANT SIDE HEAT
TRANS o pREA/TCTAL vOLyMe CF HEAT EXCHANGERe1/FT)

FAR e KATIC - FIN rFrEAT TRANSAREA/TOTAL FHeTe ARKEA
ALF e LENGTE Cr FINS (FT)

ARFT ® TUTAL REFGeSICE HEAT TRANSe AREA/NSECT (8G FT)
CAR e KATIC o« FIN FEAT TRANSeAREA/CONTACT AREA

TC ACCoUNT FCR CCNTACT RESISTANCE BETWEEN
FINS AONC TUBES
KEAC(8s6€e) CEAJCERSCELTA,FP,XKFsAAF,QASNTINSECT
REAC (8,611 FCCAT, STenT

SICA = (STwleA)al{le¢=CELTA®FP)/ST
ATEC = 3via4sCEAs®2/402
FTEC = 3eié4wlEA

ALFAAS(Zo (ST TwATEC)®FF +(1+C="CELTA®FP)*PTBO)/(STaWT)
ARFT = ZelusCERw®2/408
F = ZeléwltER

ALFAR = CeléesCER/Z7(STEnT)
FARSZ oCxFFPw(STs,TeaTBC )/ (2e0*FP*(STxWT=ATBO)+PTBC*

1(1egFFxLELTA))

XLF = S7/¢ceC
ARFT = FLUCATINT y#3.14%CER®AAF/(STxFLOATI(NSECT))
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CAR =2¢Q%(STenTo3¢142CEARS2/4,2)/(3¢14%DEA®DELTA)
WRITE(S,S1€)

WRITE(E,ECC)ICEA,CERICELTALFP)XKFIAAF,GAS ARHT,NT,INSECT
WRITE(E,SLL) FCONT,STanT

eseccace~ENL CF WEAT EXCHANGER CHARACTERISTICSeewecesws

INITIAL VALUES gCR AIR ANC REFRIGERANT FLOW CONCITIONS

TAIT « AIR TEMFERATURE ENTERING CCNOENSER (F)

Cta = AIR TE~vP«INCKEMENT (F)

NTEMP = NUMBERK CF AIsx TEMPSs EXAMINED

TSaA = KEFRIGERANT SATURKATION TEMP. (F)

CXMRI = REFRIGFRANT FLOA RATE INCREMENT (LBM/KR)
XMRI o INITIAp TOoTAL REFRIGERANT FLCOW RATE (LBM/HKR)
AXFR = NUMBER CF KEFRIGERANTY FLOw RATES EXAMINEC
TRE » TEMF«0F KEFRIGERANT yAPCR ENTERING CCNECe (F)

KEAC(8,61C) TALTI)LTANNTEMP,TSA H,CXMRILXMRI,NXMR,) TR
VA = GARELel/ISTCARAAF)

LCCP FCR VARYING AIR TEMPERATURE ENTERING CONCENSER

TAI = Tall

CC 4Q¢ I=1,NTEMp

WRITE(S,S42) 1

TAI = TAl +CTaA

CA = VAvFuxlabep/(RAUR(TAL + 4e@eg))

ACVF = LKIT RFFRIGERANT SICeE HEAT TRANSFER AREA/ UNIT
AIR FLCw KkaTE (eG FT=FR/LBM CrRY AIR)

ACM =& FLCATINT )P/ (ST«GAsSIGA,

SUBCIVICE FLCw INTC PARALLEL CIRCULITS AND TREAT EACK
LIKE A StrFARKATE rEAT EXCHANGER = CONVERT BACK TO TCTAL
FLCw AT TrE END

XMA = ECecsGASPAR144eC0/ (RALX(TAL + 462e@)*FLOAT(NSECT))
CETERNMINE AIR STCE HEAT TRANS,COEF«!'HA'(BTU/HR=SG FTeF)

CALL SFFTC(CEA)FA}ClA)C2A1C3A3C4AIC5A)C6AJXLLAJULAJ
IXVLA‘CPAJFRA)REAI HAY)

CETERMINE CVERA[{L SURFACE EFFICIENTCY 'SEFFX?

CALL SEFF(XKF,CELTA,HA,XLF,FAR,CAR,HCONT,SEFFX)
ICNT = 1

LCCP FCR VARYING REFRIGERANT FLOW RATE
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XMR = XMRI/FLCAT(NSECT)
CXMR = CXMRI/ZFLCAT(NSECT)
CC 2¢C X=1,MNXME
WRITE(S,54C) K

XMR = XMPR 4+ [XMR

CETERMINE SATLRATICN PROPERTIES CF REFRIGERANT

CALL SATFRKPINR,TSA ,PSAT,VFsVG)HSATL,~FG,HSATV,SF,SG)

KECYy = 194 /VG

RrCL = 1eg/VF

IF{ICKRT«EGel) Fp = PSAT

XMLL = XM1wTSA %3 ¢ XMZ2aTSA #eZ + XM3I®TSA  + XM
CPRL = CF1=FSAT + CPZ

XkR, = SoFEKL*Tca « XINKL

XMLRY = SLPEMVYRTEA ¢ XINMYV

X3 = Q¢

FRRL = XMUL=CFRL /XKRL

GR = XMR/ZARFT

CETERMINE CONCENSATICON TwWwC=PHASE KEAT TRANSCCEFo'RTP!

(8TU/FR=SQ FT=F,

CALL ChTC(DERICRIXISPRRL ) XKKL,XMLRV,) XMUL,RKOL,RHCV,HTF)

CETERMINE SINGLE FRASE LIGULIC WEAT TRANSFER CCEFs
‘R Y (BTL/RR=S; FT=F)

CALL SPHRTC(CERIGRICIRICERSCIR,C4RsCEBRS,CERIXLLR)ULR,
IXMULICFRLyPRELIRERL s ML)

CETERMINE SINGLF PrRASE VAFCR PROPERTIES

CAtiL VAPCR(NRITRIsP2sv2I,r2Isgel)

XMURY = SLPEMV=(TSA ¢+ TRIV/2.2 + XINMV
XKRY = SLFEXKV®{tSA + TRI)/2e¢p + XINKvV
CPRY = (FZlewrSEATYV)I/(TRI=TSA |

PRRAVY & XMURV&CFRV/XKRYV

CETERMINE SINGLF PHASE VAFCR HEAT TRANSFER CCEF.
tHRY! (BETU/HR*Sg FTe=F)

CALL SFrTCICER,)GR2CLIRIC2RIC3IR,C4RICER,CERY XLLR,ULR,
IXMURVICFRY PRRV ,RERVIHRV)

LSE SUBRCLTINE gxCk TC PDETERMINE CONCENSER HEAT
TRANSFER FERFCRMANCE AND RETURN ALL RESULTS THROUGK
CCMMCN
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CALL EXCK{4,)ACM,ALFAR,ALFAA,TSA,TAL,,HFG)
CZTPaFTR*ARKT/F

CZV = FadRnT/F

CZL = FSCsARKT/p

XIC = 1.¢

E = SelE"co

LSt SUBRCLTINE pCRCP TC DETERMINE PRESSURE DROP CF
REFRICERANY THRCLGR CCNCENSER 'PC!' (PcSI)

CALL FCRCF(4,CEXIESGRIXMURVIXMULIRHCOV,RHOL,)RERY»
IRERL)CZTF)X3yXIrsVZ1aCZVIC2L,sPD)

GC = GSP + GTF . GSC

XMA w XMARFLCAT (NSECT)

XMR = XMRWFLCAT(NSECT)

CONVERT EaCK TC TCTAL FLOw ANp OVERALL PERFORMANCE
ANC PRINT RESLLTS

GC = GCeFLCAT(NGECT)

WRITE(S,528)

WRITE(S,Sz¢) TAT,TSA »XMR,TR]
WRITE(E,E835)

WRITE(S,S32) XMask2Isv2l,s2l,ppsGC
WRITE(E,852) CA,REA+asSEFFX
WRITE(E,262) CGR,RERVaFRV
WRITE(S,8€5) RERLsHRLIRTP
WRITE(SE,27¢) FHorTP,FSC
WRITE(S,E822) GSpruwTPsuSC )
WRITE(E,25¢) TARSF,TACTP,TAQOSC
CALL SATFRPINR,)TKC,PIVFIVGIRKRQsHFGoHG,SF,SG)
WRITE(E,S¢2) TACSTRONARHTSKRO

XMBA = XMA/FLCAT (NSECT)

XMR = XMR/FLCAT(NSECT)
iF{ICNTeNECLl) Ge Tg 19S

CrECK CRCF IN SATURATICN TEMPERATURE CUE TO PRESSURE
CRCP IN CCIL = 1F THE CRCP IN SATLRATION TEMPERATLRE
IS GREATER THAN 2 CEGREES F e REFEAT ALL CALCULATIONS,
USING AN AVERACGE VALLE OCF SATURATION TEMPERATURE

PCLT = PSAT + Pp )
TSATC = TSAT(NR,FCUT)

WRITE(E,EZEC) FCIiT,TSATO

IF(({TSA =TSATC) . LEe2e2) GC TO cee

TSA = (TSA + tSaATO)/22

ICNT = 2oy

GO YC &¢
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TEA = ceyxTSA = TSATO

ICNT =

CCATINLE

CCANTINLE

CCNTINLE

FCRMAT( ' )BF1Z2.62214)

FCrMAT (! FCCNT='yFle3, ! ST=',F1245,! WTe!,F12.5)

FCRMAT ('L, CEa (FT) CER (FT} CELTA (FT) F@¢
120" (FINS/FTIXKE(BTU/ZRRFT) AAF (SGFT) GA(CUFT/MIN)!
225" ARRT (SGLFT) NT NSECT ')

FCRMAT ('€ 'y 4F 1l .4)

FCrRMAT('1', '  Tal (F) TSAT (F) XMR {(LBFM/HR) TRI (F))
FCRMAT ('L ,eFi8,.4)

FORMATMYE T, v xMa (LBM/KHR) P21 (BTU/LEBM)  Vv2I (CL=FT/!
125'LEM)Scl (BTL/LBMeK) PC (PSIA) GC (BTU/RR) ")
FCRMAT(I4)

FCRMAT(I1e)

FCRMAT(7F12e602 1100

FCRMAT (P i€ o4 sl 1Ls3F1C o4, 118 F1Le4)

FCRMAT(3ri8e5) )

FCRMAT (! FCUT=',F1Q@¢5," TSATCmt ,F842)
FOCRMAT( 'L 'y Sxs'4am' )F1E02, " (LBM/KHR=SiwFT)'y5X,'REam?
10F12e2s5X,'HA=" ,F1€e22"' (BTU/HR=SG FT=R)',5X,'SEFFX="
2rF€Ee3)

FCRMAT('E ' yoXs'nhkmt ,F 1203, (LBM/FRaSG=FT)')5X, 'RERV=!
1oF1Ce2sEX, ' rRVE1)F 7415 (BTU/WR®SG FT=R) ')

FOCRMAT{ 'L 'y luXp 1 RERLE" ) F1Ce2s8Xs "FRLa ') F 701, (ETU/!
1ss'rRke=S0 FT-k)',sx,'HTpc';F7.1,' (BETU/HReSE FTerR) ')
FCRMAT(1E 1yl e X st F=t yFoad,5Xa 'FTFERY ) Fp el 5X, 'FSCE'sFbeb)
FCRMAT( ' 5 leXs10SFataFiCe2s! (BTU/RR)I,BX,'3TP="
1sF1cecs LBTU/RR) Y, BX,'LSC="HF 1L, (BTUu/KRY Y

FORMAT (YY) i2xs 1 TACSPE 1 FT 02,0 (F)')5%) 'TACTFP=1,F742,
1" (F)'s5X, "TACSrat,F7e20" (F)1)

FCrRMAT Y 'Q'IIEXJ'TACI')F7'2;' (F)'2a8Xs'"TRO="2F 722

1V (P )'ssX,y tARF TR s F1le4st (SG FT) KOy F 1724
2' (eTU/sLEM)")

EnNC
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APPENDIX J

COMPLEMENTS TO HEAT EXCHANGER ANALYSIS

Presented here are derivations of an expression describing over-
all surface efficiency of finned circular tubes, including contact
resistance between fins and tubes, and of a closed-form expression
for cross-flow effectiveness, both fluids unmixed, when using the

effectiveness-NTU method of heat exchanggr design. Program listings

"~ are included.

Overall Surface Efficiency

Figure J-1 gives a drawing of a typical finned tube heat
exchanger, while Figure J-2 shows an electrical analogy to the heat

flow of such a configuration,

fin

-]——— Refrigerant .
g _

FINNED SURFACE

FIGURE J-1
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Unfinned Tube
Heat Transfer
Resistance

—N\N NN\

Wall

Resistance

ELECTRICAL

FIGURE

From the electrical

Fin
Resistance

Contact
Resistance

ANALOGY OF FINNED SURFACE
J-2

analog, we see that

AN AN

Tube Temp Tw 4-—-————~—4Tair

1
= +
Rtotal Rrefrig 1 + 1
Runfinned (Rcontact + Rfinned)
We know however, that

q = hdA AT vV =1R

g = I

AT —V
. R —_— 1
o * hdA neglieible

R A = 1 Ty + Resisyince of
refrig hrefrig inside tubes tuhe/wall
1

Runf inned h .
air

1

dAhnfinned tubes

R
ac
contact hcontact

contact
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1
R, = . .
fin nfin hair dAfin heat transfer

As discussed in Kreith, Principles of Heat Transferl, and Rohsenow

& Choi, Heat, Mass, and Momentum Transferz, fin efficiency nfin
for plate fins can be expressed as:

Tanh (m 2)
nfin = m L

1/2

_ where k = Thermal Conductivity of Fin Material

fin

afin = Fin Thickness

hai} = Air Side Heat Transfer Coefficient

L

Effective Fin Length
= Tube Spacing/2
2 =5/2
As discussed in Rohsenow & Choiz, rg. 307, overall éurface efficiency

no 18 defined as

n = dq
° dAtot hair(Tair_Twall)

where Atot = Total Air Side Heat Transfer Area = Annfinned + Afinned

Hence, for the present case, we have

(hA)

° A'tot hair

equivalent
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,[1 + 1 7
_ Runfinned (Rcontact + Rfinned ﬂ

n =
° dAtot hair
n = "h dA + 1
o air unfinned 1 + 1
cont dAcont nfin hair dAfin
dA h .
tot air

dAunfinned +
o} dA

tot hair dAtot + 1 -dAtot

cont dAcont nfin dAfin

or similarly

n =1 - dAfinned + dAfinned 1
© dAtot dAtot ( hair\ dAfin + 1
‘ hcont/ dAcont Nein
n =1- dAfinned 1 - 1
° dAtot [(dAfin \(hair ) + 1 }
dAcont} hcont nfin

Using this expression for no , we find

1
R =R +
tot refrig no dAtot hair

R =1 + 1
tot href dAinside no dA'tot hair
tubes
and
(T -T )
dq = air refrig bulk

R
tot
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Subroutine SEFF, when given the necessary inputs, produces a value

for overall Surface-efficiency, using the expression for fin efficinety
and the latter expression for overall surface efficiency. For further
details, see comments in the program listing at the end of this secfién.

Cross=Flow Effectiveness

The énalytical expressions for»cross-flow effectiveness with Both
fluids unmixed are not in closed form, and are hence, normally presented
in graphical form as in Kays & Londona. A correction f#ctor to
counterflow effectiveness has been empirically determined which, as

-shéwn in Figure ﬂ:}_, approxiﬁates the actual cross-flow effectiveness

within about 3% over the entire range. - The resulting expression is:

ecounter flow

€ = C
XF C | min)
[1+ G2 0an)] —l
nax | max
where :
C
NTU
€ = i—;rﬁfﬁ'(counter flow) for Cmin =]
_ _ max
cmin
(1- c
1 - e-NTU max c
ecf = min
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cf = counter flow

(@]
]

il Cp = Heat Capacity Rate

Smaller of the Two Heat Capacity Rates

cC. =
min
max Larger of the Two Heat Capacity Rates
AU .
NTU = (Dimensionless)
C
min
AU = Rl = (Overall Conductance
tot

Subroutine EXF uses the above expressions to evaluate cross-flow
effectiveness for given operating conditions. See comments in the

program listing at the end of this section for more details,
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SLERCLTIh; SEFF(XRSCELTA rAs XL, FAR,CARNSHCUONT,SEFFR)

FLURFCSE
TC CETERMINE THE SCLRFACZE EFFICIEANCY
FCR A FINNel S RFACEs ACCCUNTING FCR CONTACT
RESISTANCE BETwWEEN FINS ANC EBASE

CESCRIFTICN CF FARAMETERS

INFLT
Xk =  TreRMAL CCNCUCTIVITY CF FIN (BTL/RRaFT=F)
CelTas  FIN THICKNESS (FT)
Fa e EXTERNAL rEAT TRANSSCCEFe(ETL/KR=EE FTmF)
XL - LeNGTF ZF FIN (FT)
FAR = RATIC = FIN FEAT TRANSSARFA/TCTAL FeTe ARELA
CAR = RATIC * FIN rEAT TRANSGAREL/CCNTACT AKEA
TC ACCCULNT FChR COMNTAJT RESISTANCE £ETAEEN FINS
ANC BACSE
FCCANT=  CCNTACY RESISTANCE (ETL/rR=SGC FTeF)

CLTFLT

SeFFR® CVERALL SULRFACE EFFICIENCY

4]

FIN EFFICIENCY
XF = SGRT(Zeg®rpa/(XK2(ELTA))

FINEF = (EXF(XMaXL)wEXFlaxMsX )}/ ((EXF(XMRXL)+EXF (mXp
PaXL)yexrMexy)

SURFACE EFFICIENCY
SEFFR=1elorAR® (10l ed/{CARHA/FCCNT 1 eR/FINEF))
RETULRN

eEnC
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SUBRCLTINE EXF(RTCTSCA,CR,CMIN,EXFR)

PLURPCSE :
TC CETERMINE THRE EFFECTIVENESS OF 4 CROSE FLOw KEAT
EXCrANGER ULSYNG THE EFFECTIVENESS=NTYU METROD

CESCRIFTICN CF FARAMETERS
INPLT .
RTCT = TCTA; KESISTANCE TC HEAT FuLOw
BETWEEN FLLINS ((HReF)/BTU)
CA = TCTA; HEAT CAPACITY CF FLUID A (ETU/R)
CR = TCTA, FEAT CAPACITY CF FLUID R (BYU/R)
CUTFLT
CVMIN = TRE cMALLER CF CA aNC CR (BTU/R)
+ EXFR ® EFFEFTIVENESS CF CRCSS FLOw HEAT EXCHANGER

CETERMINE CMIN ANC NTuy
IF(CR/7CA*LTeeSSe) GC TG B
IF(CA/CRe . TesSCSa) GC TC 1€
CVIN = (4
Crax = CK
XNTL & 14/ (CMIN=RTYOT)
ECF = XATL/Z(1¢€@ « XANTU)
CC TC 2¢

& CFMIN = CK
CMAX = CA
GC 1C 13>

i1e CMIN = (C4
Cvax = CK

15 XNTL = 1e¢/(CMINSRTOT)

EVALLATE CCUNTER FLCW EFFECTIVENESS
ECF 3 (1oZaEXF (o XNTUS(102=CMIN/CMAX)I))I/Z(1e2=CMIN/CMAX
S1EXF(=XNTL®(1e2 = CMIN/CMAX)))

APPLY CCRRECTICN FACTCR TC COUNTER FLCW EFFECTIVENESS
TC OHTAIN CRCSS FLCw EFFECTIVENESS

2 EXFrw ECF/((142 + +247%CMIN/CMAX)SXNTUSS
1(e236*CMIN/CrAXY)
RETURN
ENC
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APPENDIX K

HEAT TRANSFER COEFFICIENTS

This section outlines the basis for all heat transfer coefficients
used in the present study. Briefly, these are: Condensation (two-
phase) heat transfer coefficient, evaporation (two-phase) heat transfer
coefficient, and single phase refrigerant and air side heat tramsfer
coefficients. The three subroutines used for computing these coeffi-
cients are described, and listings are included at the end of the
discussion.

Condensation Heat Transfer Coefficient

Condensation of R-12 and R-22 in forced convection was studied
by Traviss, Baron, and Rohsenowl using the Lockhart-Martinelli two-phase
flow pressure drop correlation. (See Appendix L ). The following
relations are found from a quite general derivation, and are hence
believed applicable to condensation of other fluids.

The local heat transfer coefficient hz is correlated within

+ 15% by
NuzF2
< -
ASF (X)) <1 e 9 F@X.)
1'2 e£

Nu F

1<F (X ) <15 z 2 = Fx, )P

tt P .9 tt

ToRey

where
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1l -0476

F(X,,) = .15 [X "~ + 2.857 X, 1
' .1 LS
H 9. p
2 l1-x v
X = (—) (— =
) tt N x oy
Re, < 50 F_. = ,707 Pr, Re .3
) % 2 = 2 ey
SO < Re, < 1125 F. =5 Pr, + 5 fn [1 + Pr, (09636 Re "> - 1)]
2 2 % Py (o %
Re, > 1125 F.=5Pr, +5 fa(l + 5 Pr,) + 2.5 &n(.00313 Re,"°1%)
2 2 % % . . %
Re, = G (1-X)D
2 Mo

X = Local Quality
The length of tube Az required to change the quality Ax from

an energy balance is

Az =
4 hz AT

Using this expression, the length of tube 2z to change the quality
' from x, at inlet to x, at exit may be found by dividing the
. calculation into steps of Ax = .05 or .10. However, for cases
of approximately constant AT , as in many air-cooled condensers, the

above expressions may be combined and integrated to yield an expression

for the overall average heat transfer coefficientl:
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1 . 1 f toax
h (x. - x) b4 h
avg i e e z

As can be seen, this expression is a function only of quality. The
average heat transfer coefficient may thus be obtained by dividing

the calculation into septs of Ax = ,05 or .10, and performing a
simple step-wise-constant integration. Subroutine CHTC has been
programmed to do such an integration and return a value of the average
condensation heat transfer coefficient, independent of length. See
comments in the program listing at the end of this section for more
details.

Evaporation Heat Transfer Coefficient

A good discussion of two-phase boiling and evaporation is

given in Tong, Boiling Heat Transfer and Two-Phase Flowz. An expression

for the average evaporation two-phase heat transfer coefficient from
entering quality X to exit quality xe , assuming constant AT between
tube wall and fluid is as follows.

Ky g 8 My Chy e b, 17
g = (.023)(.325)(2.50);;—2- ) (—p:)(u_"_)j

((xe - xi)

«325 _ .325)
xe xi

(

The length of the evaporating region can then be found from an energy

balance yielding:
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@ h :
L = 1B
tpt ATan.P havg

(z, - x;)

where P 1is perimeter of flow passage, Subroutine EHTC uses the
above expression to compute the average two-phase evaporation heat
transfer coefficient. See comments in the program listing at the

end of this section for more details.

Single Phase Heat Transfef Coefficients

- Kays & London, Compact Heat Exchangers3presents.heat_transfer

)

informatién'on a number of different heatrexchanger configur#tions;'

The correlations used in the present work for single phase réfrigerant-
side coefficients are developed frdm data on flow inside circular tubes,
shown in [Figure K-1], (Kays & London type ST-1). Kays & London

suggest that for air-side coefficients, better correlation of data

is achieved using outside tube diameter; rather than the equivalent
diameter as is used in their book. For this reason; the Kays & London
data has been replotted, correlated on the basis of tube outside diameter,
fof heat exchangers with round tubes in cross-flow, The results are

_ shown in [?igure.gzg_].

The heat transfer coefficients obtained from the above correlations

can be modeled in general form by the following expression:



Where:

S,E
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= A Re

GD
o
u

We find from [Figures _K-1 and g-2 ]

Refrigerant-side

Laminar flow

Re < 3500

Transition flow
3500 < Re < 6000
Turbulent flow

Re > 6000

Air-side

All flow regimes

ST Pr

2/3

= Tube Outside Diameter

1.10647 Re °’8992

3.5194 x 10~/ Rel+03804

.01080 Re *13790

.2243 Re *383

Subroutine SPHTIC is structured to accept values of the constants

in the various flow regimes and to produce a value for a single phase

heat transfer coefficient based on the computed Reynolds number.

The

inputs for this program are structured as follows:

Laminar flow

Re < XLL

Transition flow

XLL < Re< UL

S_Pr

2/3



1.

2.

3.
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Turbulent flow

Re > UL s Pr

For more information, see comments in the program listing.
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Tong, L.S., Boiling Heat Transfer And Two-Phase Flow (New York:
John Wiley & Sons, Inc., 1965) CPT 5,

Kays, W. M. and London, A.L., Cdmpact Heat Exchangers, (Palo Alto,
California: The National Press, 1955).
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r HEAT TRANSFER CORRELATION FOR SINGLE 1
PHASE FLOW INSIDE CIRCULAR TUBES
se pr2/3 = (1.10647)Re™" 78992
2/3 _
st PFZ/B st Pr</> = (.01080)Re
Re = GD st Pr2/3 = (3.5194)Rel" 038
H
10-3 - A "14 & s " 11]
10 10 10
Re ——o
FIGURE K-1
-1
10 ~ -
X AIR SIDE HEAT TRANSFER CORRELATION FOR
- CROSS FLOW OVER BANKS OF FINNED
[ CIRCULAR TUBES
St Pr2/3
1072
I Best Fit
> =G -
Re ;2 st pr2/? = (L22643)Re”38% _
-3
10 1 ll‘ 4 A lllll‘l A L Llllnl‘
10> 103 10% 10

Re —

FIGURE K-2

-.1375
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SUBRCUTINE CHTCU(CE,GoXE,PRLsXKLIXMUV ) XMUL»RHOLY
1RROV,HAVCE) .

FURPCSE
TC CETERMINE Thg FCRCEC CONVECTICN CONDENSATICN
TwC=PFASE FEAT TRANSe CCEF, FCR FLCW IN TUBES
(BASEC CON CCRRELATICNS BY TRAVIS)

CESCRIPTICNS CF PARAMETERS

INPLT
Ce = EGUIVALENT DIAMETER CF FLOw PASSAGE (FT)
G = MASS FLCOw FER UNIT AREA {(LBM/HRe«SGE FT)
XE = eXIT gquaALITY
FrRL = PRANPTL NUMBER CF THRE LIGUID PHASE
XKL = TrERMAL CCNCe CF LIGe PHASE(BTU/FReFTeF)
XMUV = VISCrSITY CF VAPCR PRASE (LBM/RReFT)
XMUL = VISCOSITY CF LIGe PRASE (LE2M/HReFT)
kmCL * DCENSTYTY OF LIGe PHASE (LBM/CU FT)
"RmOY = DENETTY GF VAPCR PRASE (LBM/CU FT)
CLTFLT

FAVG = AVERAGE CCNCENSATICN TwO=PRASE
REAT TRANSFER CCEFe (BTL/HreSG FT=F)

INITIAL CCNCITIENS
P = 5¢pl.g
FIINT = 2.

INTEGRATE FRCM QULALITY EGLALS 1 TC GUALITY EGUALS XE
Yy = {e€

CX = oS

£C te Isl,2¢

X = Xe=CX _

IF(XeLE+XE) GC vC 15

XTY = (XFLUL/ZXMLY )20 ol 8 (RHNCV/RKECL ) #xebn( (1 egmX)/X) %409
FXTT =2 o158 (1e2/XTT + 2e85aXTTan(wb476))

REL = GxCex(1e2aX)/XMLL

IF(EELOLTOS@!C)'FE = ¢7C7*FRLxREL=wes
IF((RELeCE+SUYZ) o ANDe(RELeLE«1125¢0)) FombedxPRL + S,
IC®ALCG (Ll e +PRL®| ¢ 2C6364REL®®e5585m] ("))
IF(RELeGTe11Z%e01) F2 = DeunPRL + Helx4L0G(1e¢@ + SeQx
IFRL I +2¢5%AL0C e 313%RELR*4812)

IF{FXTTebEeol) ~C TC 9

EVALLATICN GF LACAL WEAT TRANS. CCEF.
IF(FXTTelTelel) FLOCEXKL®FPRLYREL®*«eS=FXTT/(LE*F2)
IF(CFXTToGE Lol ) o ANDe (FXTTeLT41502) )HLOC=XKL«PRL*REL
1=8¢SaFXTTawl el (CESF2)

IF(FXTTeGEeiho2y, GC TC 9

HINVM = (1e8/kLrC + L1eé/KP)I/240

FP = HLCC
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FIINT =elXxsrmINV)P ¢ HIINT
GC TC 1¢

IF(I-GTels) GC <C 12
ARITE(E,S¢E) FXxTT

1€ CCOANTIMNLE

n

INTEGRATEC AVERAGE HEAT TRANS, CCEF.
15 +AVG = (XEwle@)/kRIINT
RETLRN o ,
B¢ FCRMAT('C*,1CX,1FXTT LIMIT EXCEECED FXxTT=',F1€.2)
ehC
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SLERCULTINE ErTC(CELGoaXIaXESPRL XKL e XMLV, XMUL,RRCL
1RFCV,FTC)

FURFCSE ‘
TC CETERMINE THE EVAFCRATICN TWCeFRASE HEAT TRANS,
CCEFFICIENT FCR FCRCEL CCNVECTICN FLOW
INSICE T BES

CESCRIFTICN CF PARAFMETERS
INFLT
Ce = EGUIVALENT CIAMETER CF FLCw PASSAGE (FT)
G MAES FLCw FER LANIT AREA (LBM/KReSE FT)

-

X1 = INITIAL GULALITY
XE = ExIT GLALITY
FRL <« - PRANCTL ALMEER CF THE LIGUIC PRASE
Xkl = THERMAL. (CNCe CF LIGse FRASE (RTL/HRaFTe=F)
XMUV = VISCCSITY CF VAFPCR FPRASE (LBM/hR=FT)
XMl = VISCCSITY CF LIGUIC FFASE (LBM/RKe=FT)
KeCl = CENSITY CF LIGLIC FeASE (LEM/CU FT)
KkrCV- ® CENSITY CF VAFCR PRASE (LBM/CUu FT)

CLTFVT ’ )
FTC ® EvAF.FEAT TRAASe CLEFe(BTL/HR=SS FleF)

FTC =& oZcC®e3CSuceSPeXKLa(G/XPLL)*¥neBslCan(=e2) PR xx
1eds (RrCL/ZRRUOV ) on s J7S8 I XNMULV/ZXML )25 el 750 ({XEnX] )/
CIXEseeZzEwX][nsa3EE ]}

RETLRN

ENC
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SURRCUTINE SFRTF(CESG,C1,C2sC3,C85C5,C6sXLLILLSXML,
1CF,FPRIREIFTC)

PLKPCSE
1C CETERMINE SINGLE PHRASE KEAT TRANSFER

CCEFFICIENTS ANC REYNCLCS NUMBERS
IN LAFINARKSTRANSITION, CR TUKBULENT FLOW

CESCRIFTICN CF PARAMETERS

INFLT
cE = EGULIVALENT DIAMETEKR CF FLO-~ PASSAGE (FT)
G = MASS FLCw PER (NIT AREA (LEM/HR«SG FT)

C1=Ce&= CCNSTANTS CESC~IBING CESISED mEAT
TRANGFER COEZFFICIENT RELATICN
XLL ® LCWEwr REYNCLCS NUMBRER LIMIT FCR LAMINAR FLOW
LL * UFFER REYNCLLS NUMBER WIMIT FOR TukBe FLOW
XMU *  VISCASITY CF FLUID (LBM/FR-FT)
CF  SFECIFIC HEAT AT CONSTANT PRESe(BTU/LBM=R)
FR = PRANRTL NUMBER
CLTFLT

RE = REYNALLCS NUMBER
FTIC = SINGI E FHASE HWEAT TRANS.COEF«(BTU/HR=SG FT=F)

RE = CE»C/XML

LAMVINAR FLCw REGIME
IF(REoLToXLL) HTC = CisGe(CFsPRres(=esbb7 )*REx*C2

TRANSITICN FLCw REGIME

IF{{RE«GEeXLL) eaANDo(REeLTolLL)) RHT(C=C3=GuCPsPRuen{=eg67
1)skb*=Cy

TURBLLENT FLC» REGIME

IF(RESGELLL) FTr = CS5=G*(CP*PRuasx(mepb67 )1 5RkE*2Ce
RETURN :
ENC
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" APPENDIX L

" PRESSURE DROP RELATIONS
Discussed in this section are féfrigerant two-phase and single
phase pressure drops in the heat exchangers, single'phasé pressure
drops in connecting piping, and heat exchanger air-side pressure
" drop. Derivations and program iistings are included.

Two-Phase Pressure Drops

As described in Travissl and Toﬁgz, the method of Lockhart and
Martine1113 can be used to express the total two-phase préssure drdp

~in either evaporation or condensation in the following manner:
dP dp dp dpP
dz (dz)f + (dz) + (dz)

g m

Where (%5 is the component due to friction

(E; is the component due to gravity and static head

(gg) is the component due to momentum change
m
sz
-(5_9 w2
0523, ,2
dzf g, ? va tt
= ” | subscript v for vapor
_Gv-(G)bd

subscript £ for liquid
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x = Quality D = Tube Equivalent Diameter
ol
H P..eS .9
2 v 1l -x
X =0(G= =) )
tt (nv pz X
GZ
@ p
dP v 1 L
) = (=) -Ba]
dzg g,D F 2 Py
T
é
2_ P _ Py Py
F = B =
r abD pv

o= 1
2/3
1+&;x)é?/
i (%S N 5 1/3 o 213
@ = - 7%~ caoux+u-zw%? +(1-u)$?

P
—2(1-9%%1
2

Now, using a given or assumed quality vs length profile (usually assumed
linear), the calculations can be separated into steps of Ax = .05 or .01
and the results summed to give the total pressure drop. Alternatively
we may integrate the expressions as follows:

Rearrange to obtain



383

dp
(a;)f
_ : S ' 3
.2 | o1 .5..523 (.9)(.523)
1.8 u o]
- .09) (Y ) ¢ % 1.8 :[ Yoo Py ] o l-x
: ("v Erz)x Piteas gD 6D =5
@ -2 [P ) 1 _
dz g 8o 1Py Py Lox Py 2/3 >
1+E2H D
, . .
' J
& -
1/3 23
2 P P )
-G R/ v : . v, , dx
S [2x+ (1 -2x @5;) + (1 -2 x)(E;? - 2(1 -x)(sz)] =

Let us integrate to find the pressure drop due to momentum change

P b 4 2

f f ’
& “h”-& S 1 1ax
i i pvgo
B =P, =
) o 173 . 2/3 . , ¢
-G 2 v 2 v 2 v X
by B [ x+(-p—z-) (x‘-x)+(p—£-) (x-x)‘-zb;(x-z—)]
, X
2 0 0. 1/3 2/3
G v v v 2 2
P.=-P) = —m{[1+ (- - 1¢( - )
£ 1 m Py & Py Py Py g "1
1/3 2/3
pV pv pv
- [2 (3;) - (BI) - (-5}") ] (!ff - x:l.)}
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Next consider the friction term.

Assume that quality varies linearly with length,

x=C,dz + B

1
dx=Cldz
P X
£ £ 4702
J; d P, = J;. c, {1+ Cy ( - )  } ox dx
i i
where
(.09 pv.2 cl-8
C, = o )
lgopv
.0523 .262
£ pv
Cy = 2.85 ) —)
uv p!l.
X5 47 94
- 1-x° 2 1 -x"' 1.8
B - B Lic2[1+zc3(x) N R
2.8 *¢ Xe W47
- X _ _ 1.33
¢ 78 Ixi 2 ¢ C3J;: @-x =7y

, Xe .9 .86
-('.'2 C3 I(l - X) X dx
Xi

Using the binomial expansion

2
(lix)m=limx+ m(mzrl)x i_m(m—l) gr‘n—Z) = ..

0<x<1

We may evaluate the last two terms above. Consider first:
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47 1,33
.f(l - x) x dx =

1.33 3
fo (1 - a7x + LA CSD 2 GAD) 5D LD L gy

47 1.33
_f(l - x) x dx =

2.33 3.33 4.33 x

5.33 £
X =47 x  _ (L47) (.53) (.47) (.53)(1.53)
{ 2.33 _ 3.33 (2) (4.33) % =T (6) (5.33) x + ‘“”xi

Now calculate the ratio of the first and second terms, the second and

third terms, and the third and first terms

4.33
(.47) (.53) «x
(2) (4.33)

3-2 (.47) x3.33
(3.33)

= ,204 x

R

.2 2
Ry, = (.204) (.329) x = .0672 x

Since O f.x.§.1

We see that we may truncate after the first 3 terms to get

Xe 47 1.53
J; 1 -x) x dx =
1
Xe
Ll 47 (L47) (.53) .2, 2.33
G5 -333= (2) (4.33) x} x lx

i
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Performing a similar expansion on the second integral and truncating

after the second term we find

X

f .94 .86
- L _ 9%
j;i a-=x =x da={7F RT3 x} x x

1.86 *f
i
If we neglect the gravity or external acceleration force term,

(%5 = (0 , we arrive at the following sxpression

(®. =-P)) = (P

£ 1 -P) -+-(Pf -P

)
total I ¢

0 0 1/3 0 2/3
-G Yy - (T - (Y 2_ 2
- P)) {1+ G " 6 G 1 %

£ i m pv g,

(63

o, pv 1/3 pv 2/3 }
[2 65;) - (5;? - (3;9 1 (g - x,)

2.8 . 5 233
—cz{.357 X +2 c3[.429 - .141 x - .0288 x ] x

(P, - P))

1.86 *

) £
+C,° [.538 - .329x] x  } |

X

.0523 «262
c. = 2.85 1) oy,
3 uv pz
.2 1.8
c = (.09) uv G

2 1.2
c1 go pv D

X. = X
C=.g.__f__iL
1 (zf - zi)
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The above expressions for total two-phase pressure drop, along with
expressions for single phase region pressure drop, are used in sub-
routine PDROP to determine total pressure drop in the evaporator and
condensgr. See comments in the program listing at the end of this

section for more details,

Single Phase Pressure Drops in Heat Exchangers

Derivation of the vapor region pressure drop in the heat

exchangers, accounting for density change, is as follows:

G2 1 1 A 0
P, -P_= ¢ - ) + 4f — + gp - h,)
i f a Pf Pi D 2 pm f i
1 1
G- +
= P pi
o 2
o ~1
1
N = =
p
(. - B.) = 6% [(v, ~v,) + £ (v, +)]
i 3 f i D f i
vapor
where

f = Moody Friction Factor
The expression of the liquid phase pressure drop in the heat exchangers

is the normal incompressible flow relation

2
D 2 Py

Where f = Moody Friction Factor.
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See comments in the PDROP program listing at the end of this section

for more details.

Single Phase Line Pressure Drops

The equivalent length method is used to account for pressure
drop in the connecting piping. The standard incompressible flow
relation is used except that an estimated equivalent value of L/D
is used, instead of the actual L and D,

G2

AP =4 £ @) T

Where £ = Moody friction factor.
Subroutine DPLINE is used to calculate pressure drops in this manner.
For more details, see comments in the program listing at the end of
this section.

Note that the programs previously described used subroutine
FRICT to estimate the Moody friction factor. This subroutine accepts,
among other inputs, a value for the tube wall surface roughness,
and it can reproduce the entire Moody friction factor plot as shown

in Figure L-1 4. This has been used instead of the standard laminar

and turbulent limits for smooth pipe because in some applications, the
connecting piping can be far from smooth. See comments in the

FRICT program listing at the end of this section for more details.

Air-Side Pressure Drops

Kays & London suggest in, Compact Heat Exchanggrss, that for
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air-side coefficients, better correlation of data is achieved using
outsiﬁe tube diameter, rather than the equivalent diameter as is used
in their book. For this reason, the Kays & London data for tubes with
“plate fins has been replo;ted, correlated on the basis of tube outside
diameter, for heat exchangers with round tubes in cross-flow. As seen
in Figure L =2 there is generally poor correlation betweén different
heat exchangersrfor the friction factor, The author has developed

a new method of correlation which accoﬁﬂts for 0 = alr flow area/total
frontal area. As can be seen in Figure L-3 , acéounting for this
effect in the indicated manmer produces excellent correlation between
different heat exchangers. The resulting expfession is

o] _ -.108

fair = ,367 Re

and the total air side pressure drop expression becomes:

. 2
APair - fair ‘4to 2 pG g
ﬁ;—- ] air "o
air
Where:
g - Air Flow Area

Total Frontal Area See Discussion

a - Total Air-Side Heat Transfer Area of Evaporator
air Total Heat Exchanger Volume por

and Condenser

r
n

Total Thickness of Heat Exchanger
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G

u

Re

D = Tube Outside Diameter

These relations can be used to estimate the magnitude of air-side

flow losses through the coils,
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10 —
3 KAYS & LONDON AIR SIDE FRICTION FACTOR
i CORRELATION FOR CROSS FLOW OVER BANKS
i OF FINNED CIRCULAR TUBES
f
Friction
Factor
Re = GD
H
D=Tube OCD.
- Aa g 2 i £ .2 1.8 a3 1 [ | 1 el
1022 1 . | 13 14 L 5
10 10 10 10
Re
Reynolds Number
FIGURE L-2
100 N
L IMPROVED AIR SIDE FRICTION FACTOR CORRELATION
5 FOR CROSS FLOW OVER BANKS OF FINNED CIRCULAR
- TUBES - BY HILLER
'a ! Best Fit
£ i £7 = (.367)Re”" 108
-1 D=1Tu]n)eno:]?.- | 'y e s 2 2224l i WYY |
10 "5 3 4 5
10 10 10 10

Re — =

Reynolds Number

FIGURE L-3
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SUBRCUTINE PCRCP(N,CsE,G,XMUV, XMUL,RHCV,RHOL,REV,REL,
ICZTFE S XF ) XTI ,VVaL7VsLZL,PL)
FURPCSE
TC CETERMINE BRCTH SINGLE PHASE AND TwO=PHASE
PRESSLRE LCRCpS FOR FLCw IN TLBRES

CESCRIFTICN CF PARAMETERS

INFLTY i
N = INCICATOR (2 CR 3 MEANS EVAPORATOR)
™ * EGUIVALENY CIAMETER CF FLCw PASSAGE (FT)
£ = SURFACE ~FOUGHNESS CF FLUW FASSAGE (FT)
G = MAES FLCw PER UNIT AREA (LEM/HR®SQ FT)

XMUV =  VIECNSITY CF VAPCR PRASE (LBM/RR=FT)
AMLL = ISCASITY CF LIGe PRASE (LEM/mreFT)

KimCy = LCENSTITY (F VAPCR PRrASE (LBY/Cu FT)

ARrRCL = DENSTTY OF LIG. PrASE (LBV/CU FT)

"REV = REYNGLDS NuMbBin CF VAFOR PHA3E REGION
kel ® REYMNeoLES NuvBek CF LISUIC FHASE REGION
CZTP = LeNGYr CF TwOeFHASE KEGICN (FT)

xF * FIN&) GULALITY

xI = INITrAL QUALITY

V¥ = ExIT SPECIFIC vCL«OF VAPCR PHASE (Cu FT/LBM)
CZV = LENGTr Cr SINGLE PRASE vaAPCR REGION (FT)
CZL = LENGTR CF SINGLE FRASE LIGe REGICON (FT)

CLTPUT
CPv = PrRES,CHRCP IN SINGLE PHASE VAPOR KREGION (PSI)
CPL = PRES, CROP IN SINGLE FHASE LIGe REGION (PSI)
CFTP = FRES.CKCP IN Tn(C=PrASE REGION (P3I)

FC e TCTA) PRESSUKE LCRCP (FSI)

sexk CALTICN o WATCi SIGN CONVENTICN *swrwxrumns

REMARKS
THIS FROGRAM CALLS SUBKRCUTINE FRICT, FOR
CETERMINING yrHE GENERAL MOQCY FRICTION FACTOR
FCR SINGLE FkASE FLOW IN TuRES

MOMENTLM CCMFCMNENT OF TwQe=FRASE FRES. DROP

CPM =((XFeszeXla%Z)%()el+hrCV/RHCL =(KHOV/RKOL)*%e333
1= (RrCV/RFCL) #3067 )= (XFoXI)*®(2e*RHCV/RROL=(RHOV/
2RPCLI*% 0 333=(RFrV/RHOL ) * %0667 ) ) «G* %2/ (RHOVE32e2%
3367 2sCwwinlibiuel,

Cl = (AF*xI)/LCZ7TF

L2 = sEG*XPUVE® 2GRl o8/ (CL¥RECVAD®%x10z2832+2%360¢ 0
1222at400)

C3 = CoBSs (XMUL/XMUV)IS®o@gs23% (KROV/RHCL ) *xe262

FRICTICN COMFCNENT OF TW0O-PHASE FRES, DROP
CFF 2C2% 4307 % (vFe%2e8mX]s%2e8)+Ce0%CI%{e429n(XFe*®2e33
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loXIwsZ2e33 )meldlui{XFarx3e33nX[2u3e33) e ey 2R87%(XFr24e¢33
CoX]%24e32) )+ Cvul®(e53B*(XF %] 8EmX]nn]linb)=e329%(XF
J¥%x2 e REmXInu e 86 ))

TCTAL TvCewPI-ASE PRESSURE CROP
CPTIF = [CFM « CPg

CALL FRICT(REVspaL,FFV)
IF((NGEGez)eChoeMNefEGe3)) GO TQo 2¢

CCNCENSER SINGLE PHASE PRESSURE CKOPS

CPV2Ceec® (1 e2/RuCVaVVeFFrVelZVe(1&/R-CVeVV)/D)Y/
(S eZn36Cils®%Ca1440k)

CALL FRICT(RELsF,)C,FFL)

EEL-E f-z~FFL-C7Ltc~-2/tc-RhoLsaa-ataéem.ewna-1~u-a)
> 1 e

EVAFCRATCR SING E PHASE PRESSURE DROPS

CPVaCe* 8 (Ve lep/RUVSFFVR{UZVa(VVe1eZ/RROVI/C) Y/
1(32ec36len®mPalbioel)

CPL = Kok

TCTaL FRESSUKE pRCP

FC = «(CFTP « CsVv + CPL)

WRITE(SsZ¢e) C2ZysCZLsCZTP,CPV,CFLIDPTP

RETURN B

FCRMAT(? CZVE1sF 1Dk, C2L='sF1Cebs'CZTP=',Fil b,
1 CPVa',FiCes, CPL=1,F10,4s" CPTP=',F{let)

ENC
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SLBRCLTIME CPLINE(C,XLEG,E,XMR,RFCsXMLLCPLANE)

FLRFCSE
TC CETERMINE SINGLE PRASE FRESSURE CROPS.

CESCRIFTICN CF PARAMETERS

INFLT
c = EGUIVALENTY CIAMETER CF FLCw PASSAGE {(F7T)
XLEG = EGUIVALENT LENCGTF (L/C = NCN CIMEASICAAL)
£ * SURFACE RCULCFNCSS CF FLCw FASSAGE (FT)
XMR = MASS FuLCwn RATE (LBNM/FR)
RFC =  CENSITY CF Fulll (LBM/Cu FT)
XMU =  VIECCEITY CF FLLIC (uLeEM/FR=FT)

CLTFLT

CFeNE= SINGLE FrASc FRESS_URe CRCP (FPS])

REMARKS
TrIS FRCGRAM CALLS SUBRCLTINE FRICT FCR
CETERMINING THE GENeRAL MCCLCY FRICTION FACTCR
FCKR SINGLE FRASE FLCw IN TLEES

RE = 4Lo@oXMR/(F.14%08XM0)

CALL FRICT(RESE,C4FF)

CPLNE s4oilsFFax ECu{4e2®XMR/ (Jelbsluns) a2y

1(C ol aRFCHCC ezl CeR*2C%1bbkeQ)

RETLRN

ENC
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SUBRCUTINE FRICT(RE,E,LCI,FF)

FURPCSE ,
TC CETERMINE THE GENERAL MCCCY FRICTION FACTOR
"FCR SINGLE PRASE FLCW IN TUBES

CESCRIPTICN CF pARAMETERS
INPLT
RE = REYNCLDS NUMBER
£ = SURFACE RCUGHNESS OF FLOW PASSAGE (FT)
C1 « EGLIVALENT CIAMETER CF FLOw PASSAGE (FT)
CLTPUT A
FF = MCCCv FRICTION FACTCK

LAMINAR FLCw REGIME
IF(REsLE®Z3¢w Q) FF = 16«2/KE
IF(RE*LE*z3Uv¢ 2, GC TC 3@

TRANSITICN ARC TURRULENT FLCw REGIMES
C =1

FF = oQzU

CF = wegls

CC ee¢ I = 1,3¢€

FF = FF + CF _

IF(FFelLbeCel) Fr = ,2C01

A ® eZef"ALCCL2(Ze591/(RESSCRT(4eC*FF)) ¢ E/(3e7%C))
£ = 1eC/SGRT(%epsFF)
IF(ABS(AE)eLEere221%E)) GC Tg 3¢
IF(A=B) 1z,3¢s20

FF = FF = CF

CF = CF/EOQ

CONTINLE

WRITE(Ss1cQ)

RETURN

FCRMAT(! »swmeFRICTION FACTCR FAILS TC CONVERGE**suax!)

ENC
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APPENDIX M

DETAILS OF CROSS-FLOW EVAPORATOR MODELING

Details of the general air-conditioning or heat pump type
cross—=flow evaporator model 'EVAP', and of the special case, finned
tube evaporator model, are given in this section, follpwed by

computer program listings for each.

General Model 'EVAP'

The effectiveness - NTU method of heat exchanger analysis is
applicable in the single phase region of the evaporator, or for thé
entire evaporator if no-moisture removal occurs. The analysis is
exactly the same as for the general condenser model 'EXCH' of
Appendix I, except that in the evaporator, the air is the hotter
fluid instead of the colder fluid.

In the event of moisture removal, which is determined automatically
by the model, a modified version of the effective surface temperature
approach discussed by McElgin and Wileyl is used. It is assumed that
all moisture removal, if it occurs, takes place only in the two-phase
region., The effective surface temperature approach assumes that the
air side heat transfer coefficient is unaffected by the presence of
water on the surface of the coil, and uses a heat transfer-mass transfer
analogy to determine the amount of moisture removed. A total driving
enthalpy difference between bulk air and effective surface conditions,

accounting for enthalpy of the moisture in the air, is used to determine
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the heat transfer rate, Full psychrometric chart data is used in
the modified method presented here, as opposed to the approximate
method used by McElgin and Wiley, which linearized local sections
of the psychrometric charts. Subroutine 'XMOIST', as listed at the
end of this section, i1s a program which produces psychrometric
chart data in the range =30 < T . .. < 100°F.

The procedure for determining sensible and latent heat transfer
characteristics, and fractions of coil used for evaporating and

superheating, as shown in the flow diagram in Figure !1-1, is as

follows:

Determine the representative coil characteristic 'COIL' using
the representative surface temperature technique.
The heat transfer through the coil surface can be modeled by the

following two analogous electrical circuits:
ase surface

T
hair T
air —\/\/— '“—JAV/\/\“* refe.

Rair - Rrefe
R R
fins contact
and
Rair Rlumped
T
air — N W—— AN —— Trefs.
hair Tf
ES

(Effective Surface Temp.)



399

Now, since it is assumed that the presence of water droplets

on the coil surface does not affect the resistance to heat transfer

we can define 'Rtot' » the total resistance to heat transfer:

R
tot

also

tot

where:

o

L 2 +h;1
d R] air
t "o'a @
.__]'___.;+
h dA Rlumped

Overall surface efficiency, allowing for an extended
surface on the air side, and including contact

resistance, as described in Appendix J.

Heat transfer coefficienct (Btu/hr—ftz-oF)

Air side heat transfer area/total heat exchanger volume (%EQ
Refrigerant side heat transfer area/total heat exchanger
volume (%EJ

Unit Heat transfer area on refrigerant side

Unit heat transfer area on air side
Subscript indicating air side

Subscript indicating refrigerant side



400

Hence:
_ 1
Rlumped Rtot ha dA

%ht

Then the total heat 'dq' lost by the air in passing over an element

of wetted area dAw is:

“ - is)
dg= h dA —/———
a w pr
Where
i = Bulk enthalpy of the air (including moisture)
(Btu/1bm dry air)
18 = Enthalpy of the air at the surface of the coil
(Btu/1lbm dry air)
prs Moist air specific heat (Btu/lbm dry air -°R)
Similarly
-1 -
dq = 3 dA, (Tpg - Tp)
lumped
Equating we find:
'COIL' = (TES -'TR) - ha R1umped
- - is) pr

Where pr can be approximated by the normal dry air specific heat

over our range of interest,

Cp_=Cp, = .24 (Btu/lbm dry air =°R)
w

providing we use wet bulk temperatures when computing enthalpy change

of the air.
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Next determine the amount of‘heat .'Qtp transferred in the two-

phase region,'assuming complete evaporation

Qtp = mp 1- X‘) hfg | (Ftu/hr)
‘where

hfg = TLatent heat of vaporization (Btu/lbm)

X4 = Quélity of mixture éntering-evaporator'

ﬁR'. = Mass flow rate of refrigeranﬁ (1bm/hr)

Then, using subroutine 'XMOIST' for psychrometric chart data,
determine the dew point temperature of the entering air.

Determine the bulk air dry bulb temperature when the surface

temperature ‘T drops below the dew point,

wall
a. h
r . [+ + 22 _1
11 h R
T bl R Rp sat
db ( 1 aa ha }
MR [— + — ] -1
Mo o By '
tp

Where subscripts mean:
db = Dry bulb
sat = Séturation condition
tp = Two-phase region
MR = moisture removal
Determine NTU.and effectiveness in two-phase region, assuming

no moisture removal.,
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I AOM
tp c [“a L1
Fa L ha %2 ' :
tp
-NTU )
tp
etr = ] -
Where:
AOM = —Bt
dm
a

d ﬁa= Local flow rate of air (1bm/hr)

Using the above effectiveness, determine exit air dry bulb temperature,

assuming no moisture removal.

T = T - (T -T )
a tp a
outtP in inub sat
If T < T s then moisture removal occurs, hence do moisture
a - 7db
outtp MR

removal analysis. If moisture removal did not occur:

F, = tp
3 e ¢ -
p_ (T T, )
a tp a a Rsat
where:
F = Two-phase fraction of total heat exchanger surface

tp

and go to the superheatine reocion analveis
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Moisture Removal

If T < T » then moisture removal begins on the leading
a, db
indb MR

edge of the coil hence find the effective surface temperature at the

leading edgé. This is an iterative process

—=Guess '1‘Es
Find 1ES
. ,
T =T + (i, - ) (CcoiL)
ES - Rsat in iES
£ * '
—If Tg £ T

If T > T s find fraction of thickness of coil 'F '

ainab dbMR SENS
which is used only for sensible heat transfer.
o (Tain ) TRsat)
. [1 . a } ln[ db
Fsens = Ta CPy [MoPy O thp (TdbMR i TR at)

Akht g
where

Anh = Total refrigerant side heat transfer area (ftz)
t

ﬁa = Mags flow rate of air (1bm/hr)
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The fraction of coil thickness 'FMOIST' used for mositure removal is
thus

Fyorst = 1 ~ Fsens.
Next, deivide the moisture removal fraction FMOIST into two equal

parts and analyze the moisture removal in two steps.
Iterate to find 12 and TESZ » the bulk air enthalpy and -
effective surface temperature at the end of the first moisture

removal section.

*Guess Tﬁsz and find Twallz and iwallz from psychrometric
data (T -T )
ES, R
4 =4 + sat
2 wall2 COIL

. {1; - _Mﬁlﬂ (A%) (--) (b)) (wau wallz)}

i =
2 . (twalll TRsat)
(COIL) (in,) (sz) In [(Twall - Ty ) ]
2 sat

—1e 4, F 1,

Repeat the above for the second moisture removal section. Then,
determine exit air wet bulb temperature and the fraction of the
total heat exchanger surface occupied by the two-phase region,
= QtP

“a (iin - iout)

Ftp
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and complete the moisture. removal section by finding the exit air
dry bulb temperature, and the total amount of water removal from
the air

ho o= W -w ) (F_)d

"H,0 %n  %our P 3
where

Rate of moisture removal (1bm/hr)

of
Q
t

,
"wé; =‘7Entering'moisture content of air (1bm water/lbm:
= dry-air)
w = Exit moisture content of air (lbm'water/lbm dry air)
out :

Superheating Region

If Ftp 2 1, then evaporation is incomplete, and there is
no superheating region. In the present model, if such is the case,
calculations are terminated. The case of incomplete condensation

could easil& be handled, however, merely by iterating on exit

quality.
If Ftp < 1, then the superheating fraction 'FS' of total
heat exchanger surface is:

F =1=F
s tp

and we can determine exit refrigerant temperature and heat transfer

in»the single phase region:
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o= (FS) L
s

c, = (& ) (CPa)
s s

C -

R = (ﬁ:R) (CpRv)

C . = smaller of C and C
min ag R
s
Cmax = larger of Ca and CR
s -]
a
R 1
[ + 1
n o h hR
R .0 a a S
tot (F) (ARh )
s
t
1
NTU =
s (Rtot) (Cmin)
_ min
€XF = f (C . NTUS)
s max
= c .)
T ) tlyp ) min g -T. )
out sat s (CR ) a R c
s db sa
Q = C, (T -T )
SP RS Rbut sat
Where
o
TR = Temperature of superheated vapor leaving evap. ( F)

out
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,che Specific heat at constant pressure of superhegted

vapor (Btu/1bm - °R)

s = ' Superheated region

XF cross—~flow"

sp single phase

For more information, see comments in the program listing for sub-

routine 'EVAB' at the end of this section.

Modeling a Finned Tube Evaporator

The geometry faétprs necessary for use of general model 'EVAP'
are the‘samé as those required in the general condenser model 'EXCH',
discussed in section 2.3 and Appendix I, and will not be repeated
here.

Having'determined the geometry factors, the procedure for
.deterﬁining total evaporator performance, as outlined in the flow
chart of Figure M~-2, is as follows:

Split the evaporator up into equivalent sub-circuits-

- mB'

sect

N
sect

o
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Where:
Nsect = Number of parallel flow sub~circuits in the heat
exchanger

Then:

Using thermodynamic properties corresponding to the states of
interest, determine the heat transfer coefficients as described
in Appendix XK.

Next, use general evaporator model YEVAP' to determine performance,
for the given geometry factors, temperatﬁre, and flow rates.

Using the results from "EVAP', determine the length of the

two-phase and superheating regions:

DZTP =
T Di
) (r )
_ s t
DZV = T Di
Where:
Di‘ = Inside diameter of tubes in the heat exchanger

And then determine the tctal pressure drop 'PD' as described in
Appendix L.

Convert results back to total flow notation:

ﬁa = (ﬁa) (Nseet)
By = ) Ogge)
Qtot = (Qtot) (Nsect)
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Finally, using the value of total pressure drcp through the
coil, determine the drop in saturation temperature through the
coil corresponding to the pressure drop. If the drop is greater

than 2°F, repeat the analysis using

(TR + TR )

t " “sa
= fa
Tsat : . qu

avg 2

For more information, see comments in the program listing for the

finned tube evaporator simulation at the end of this section.

REFERENCES

1. McElgin, J., and Wiley, D.C.,, "Calculation of Coil Surface Areas
for Air Cooling and Dehumidification", Heating, Piping, & Air
Conditioning, (March, 1940) pg. 195-201.
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FIGURE M-1

FLOW CHART FOR GENERAL EVAPORATOR MODEL 'EVAP'

Input
Geometry factors, heat trans. coef., flow rates,
temps., humiditv, thermodvnamic prop.

I

Determine
Coil characteristic

<

Determine
Two-phase heat trans.
assuming complete evan.

v

Determine
Bulk air drv bulb temn. when
moisture removal would beoin

v

Determine
NTU & effectiveness in two-phase region
assumine no moisture removal

¥

Determine
Exit air drv bulb temp. from two-phase region,
assuming no moisture removal

v

Is the exit air drv bulb temp. No
less than that at which
moisture removal would begin ?

Yes

Netermine
Two-phase fraction
of heat exch.

v
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_ l |
|
Is inlet air drv bulb temvo. |
‘less than that at which
" moisture removal would begin ? *
No

Iterate to find
wall temp. at which
moisture removal begins
on the leadine edee
of the heat exch.

A 4 : _
. Determine ' -
Fraction of thickness of coil which
is used only for sensible heat transfer
(in two-phase repion)

5

Determine : :

Fraction of thickness of coil use
for moisture removal
(in two-phase region )

y

Divide moisture removal region
. into two equal parts

~ Iterate to find exit air enthalpv and wall
temp. at end of first moisture removal reeion

|

Iterate to find exit air enthalpv and wall
temp. at end of second @oisture removal repion

l.

Iterate to find exit air wet bulb temn.

Netermine
Two-phase fraction of heat exch.

I
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v

Iterate to find exit air drv bulb
temp. & amount of moisture removed

(;Is evaporation commlete ?

Yes

Determine
Superheating fractior of heat exch.

v

Determine
Heat transfer & exit vanor temp.
in superheating region
using NTU method

v

" Determine
Total heat transfer
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FIGURE M-2

. FLOW CHART FOR FINNED TUBE EVAPORATOR MODEL

" Define
Constants for thermodvnamic pronerties
" and heat transfer coef.

Repetitive loop
For changine input data - = - "[ .

Innut - 1 | l

T k] T v Tp ’
%rin ‘a'%rm ‘sat "R
'(CFM’dr, h4, dimensions

v

Calculate geometrv factors

Repetitive loop -
r' - for varying 'I'
in

l | Repetitive loon
for varying T — —
. ég in _]

Calculate h '
air

v

Determine
.Overall surface efficiency

'




Repetitive loop ,
for varving refrigerant flow rate
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Convert to parallel - flow
sub-circuit notation & analyse
onlv one of the circuits

v

v

Determine

Saturation properties of refrieerant I' |

!

Determine
Single phase vapor heat trans. coef.

v

Determine

FEvaporation two-phase heat trans. coef.

v

Use general model 'EVAP'
to determine heat trans. performance
(see flow chart for 'FVAP' )

v

Determine
Pressure drop through heat exchanger

L I e e e T e T o T o e~ PN S ——

Is drop in
TR §_2°F T

sat sat

through coil ?

Yes

‘Egd
my

loop
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v

Convert back to
total flow notation
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EVAPCRATCR SIMULATICN PRCGRaM

PrRCcrRAM FCR CCMPUTING EVAFPCRATCR FERFCRMANCE, INCLLCING
MCISTURE REMCVAL s FCR AIR IMN CRCSS FLCW, PLATE=FIN TVvFEg

INPLY CATA FRCM CARC REACER (CESCRIBEZC FULLY pELCwH)
NRUNSJCEA)CER,CELTAFP O XKF o AAFIGASNTINSELT,=CONT,
CETonToTAIIICTASANTEMPITSASCYMRIVXMRISNXMRsHe, TaeIl,
CTWEI»NTWBIRKISINCIC

CLTFLT ,
TCT = TCTA, FEAT TRANSFER KATE (BTu/smR)
GLAT = LATEAT REAT REMCVAL RATE (BTU/RR)
TC8g3 = AlR rKRY BLLB TEMPs (F) LEAVING EVAP.
TWES = AIR AET BULE TeEMFe (F) LEAVING EVAP,
TRC = TENMF,CF REFRIGERANY VAPOR LEAVING EVAP(F)

REMARKS
THIS FROGKAM CALLS SUBROUTINE SPHTC TO CETERMINE
SINGLE FruSE FEAT TRANSFER CCEFFICIENTS
TrIS FRCGRAM CALLS SUBROULTINE SEFF TC CETERMINE
SURFACE £FFIFIENCY OGF FINNEL SURFACE
TrIS FxCGrAM CALLS SUEB~CLTINE SATP~P TC DETERMINE
SATLRATICN TRERMZIUDYNAMIC PRCPERTIES
TFRIS FrROG=AM CALLS SUBROLTINE EHTC TO CETERMINE
TrE EVAPCRATICN ThCerraSc wEAT TRANSFER COBRFFICIENT
FCR FLARCEC COeNVECTICN EVAPCRATICN INSICE TULBES
TriS FROGRANM CALLS SUBRCUTIANE VAPOR TO CETERMINE
TrekMCCYNANMIE PROFPERTIES OF SUPERREATED REFRIGERANT
VARCH
THIS FRCGRANM CALLS SUBROLTINE PORCF TO CETERMIMNE
FaeSSLrE CRCP OF REFRIGERANT FLCWING IN TRE CCIL
THRIS FARCGRAM CALLS FUNCTICN SUBPROCKRAM TS5AT 10
CETERMINE SATLRATICN TEMPERATURES CCRRESPCNDING
TC CIVeN FREGQSURES
TFIS PrIGARAM CALLS SUBRCUTINE EVAF TU DETERMINE
TrE CVERALL WEAT EXCRANGER PERFORMANCE, HEAT THRANSFER
RATES? Al~ TE~*FERATURES, ETCe

ALL TEMFERATORES ARE IN LCECGREES F

ALL mEAT TRANSFER RATES ARE InN BTU/HR

ALL MASS FLCw RATES ARE IN LBM/RR

CCMMCN CFA RASSLFFXyFERVICFRY ) xMRIXMA, X4, HTP,F,FTP,GSP,

1GTP s TACSF )y TACTR ., TRCAARNT ) XFH2 s TWEIHREILINDIC,PAS Y

messsenerenw=na,n [NPUT DATA CONSTA“TS oreteMTaGwTa o e

AIR FRCFERTIES
FRA = FRANCTE MUMBER CGF AIR
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c XxMLA = VvISCCSTTY CF AIR (LBM/KHR=FT)
(o RAU e ULNIVERGAL GAS CCASTANT FCR alR (FY=_LEF/LEMeR)
C Pa e ATMCSFRLERIC PRESSURE (PSl1a)
c CFa e CPECIFTC WEAT AT CCNSTeFRES.CF AIR (BTU/LBMeR)
CATA PRAJAMUAIRAL/ 971450843253 e34/
PA = 14e7
CPA = +24
C
C REFRIGERANT PRCPERTy VaRIATICN COgFFICIENTS
C N = ANUMEER CF REFRIGERANT (12,22, OR 502)
C NREF e NLMEER CF REFRIGERANT (USUALLY SAME AS NR)
C SLPEMV & XIANMV = CCEFFICIENTS FCR vISCOSITy CF VAPCR
C SLFeKV & XINKY e (CCEFFICIENTS FCR. THERMAL
¢ CCADUCTIVITY CF VAPOR
C SLFEKL & XINKL e (CCEFFICIENTS FCR THRERMAL
C CONDUCTIVITY OF LISUID
o SLPCPV & XINCPY @ CCEFFICIENTS FCR SFECIFIC HEAT
C AT CONSTePRESe CF vAPOR ,
C XML = XM « CCEFFICIENTS FCOR VISCOSITY OF LIG.
C CFy & CFc e CCEFFICIENTS FCR SPECIFIC HEAT
o AT CONSTe PRESs OF LIGUID
c VISCCSITIES IN | EM/(RR=FT)
c TreRMAL CCNCULCTIVITIES IN BTU/(HReFTeF)
C SFECIFIC REATS TN RTU/Z(LBM=R)

N = 22
Cata NREF,SLFENMVIXINMY, SLFEKV ,XINKV, SLPEKL s XINKL
17225 e2CCC7552 905722020025 oLE482I=eCL L1595 9£R2Y9/
CATA SLFCPvaxINCFV/e7RC433s91354/
CATA kF11Xﬂ2aXVsika/-50625E'Caa1-525&‘050-20982E'®3)
1egbe/
CATA CPL1ICPE/ 2.S8E=Q49 2575/

CeseanhCTE = THE AECVF KEFRIGERANT CCEFFICIENTS ARE FOR

o REFRIGEKANT £2 oNLY
c
C AIR SICE FLCw ChARACTERISTICS (SAME FCOR BCTH EVAP&COND.
C IF Trey ARE CF TrE gAME TYPE)
C Cia=Cea - CCEFFICIENTS FCR EXPRESSING ThE
c AIR SICE REAT TRANSFER CCEFFICIENT
C XLLA = LCwER REYNOLDS NUMBER LIMIT FOR LAMINAR
C FLC» CN AIR SICE
C ULLA = LUPPER REYNOLCS NUMBER LIMIT FOR TURBULENT
c FLGw Can AIR SIDE
CATA ClAarC2a»C30sCHAsCBA,CEA XLLASLLA
1/022h3:"385:'EFQS;--BSb;¢2243;"385J1@2@~Z:2@@W'5/
c ‘
C REFRIGERANT SICE FLCw CHARACTERISTICS (SAME FOR BOTH
C EVAPe& CCNCe IF TrHEv ARE CF SaAME TYFE)
C CiR=Cé&R e COEFFICIENTS FUR EXPRESSING THE
c

REFRIGERANT SICE SINGLE PrASE rEAT
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TRANSFER CCEFFICIEATS
XLLR « LOWER REYANOLCS NUMBER LIMIT FOR LAMINAR
FLCr C\ REFRIGERANTY SIDCE (SINGLE PHRASE)
LLR - _PFER REYNDLLS NUMBER LIMIT Flk TURSLENT
FLCw CN REFRIGERANY SICE (SIANGLE FrRASE)
CATA ClR2C2rsCERICURICER,CERIXLLIJULK

1/101€4sms 78202 epClZS4hs 1495859422667 smel837224LD0s 3500/

cenomcmamnfNC C;  INPUT CATA CCNSTARTS memwcese=ecas

CUTER LCCF FCR MULLTIFLE RULNS WHILE VAFRYING HEAT
EXCrANGER CrAKAFTERISTICS

o o= €

REAC(8,85S¢) ARLN
CC ce&ae IN = 1,ARUN

cemmconcecmmr=noriAT EXCHANGER CHARACTERISTICSes=cceee

LEA CLTSICs CIAMETER CF TUBES (FT)
CER = INSICE CIAMETER CF TUBES (FT)
CELTA = FIN TrtCKKESS (FT)
FF « FIN FITCr (FINS/FT)

AKF e« THEKNMA| CCNCUCTIVITY GF FINS (BTU/KR=FTe=F)
AAF « FEAT EyCraNGER FRCNTAL AREA (SG FT)

GA e AIR FLrw KaTiE (CL FT/MIMN)

NT e« NUNMHBE= CF TUZES IN CIReCTICN OF AIR FLOw

NSECT = ANUNMEER CF PAnALLEL CTIRCLITS IN HEAT eXCHANGER

RCCNT = CCMNTACT RESISTANCE BFTwEEN FINS AND TUBES
(BTL/FR=3G Flek)

ST = VERTICasL SPACING CF TyBE PASSES (FT)

wY « SPACING OF TiLBE RCwS IN CIRCCF AIR FLGwW (FT)

SIGA = <S1GrA palR (AlR FLCw AREA/FRCNTAL ARgA)

ATRC =« C(RCStegECTICNAL AREA CCCUPIEL BY TuBE (SG FT)

PTEC e« CuUuTTER PERIMETER OF TULEBE (FT)

ALFAA = ALFKFA aIR (AIR SICE wEAT TRANSFER AReA/TCTAL
VCLLME CF KEAT EXCrHANGER w=i/FT)

ARFT = (xUOSSeciECTIOMAL FLCw ARcA INSIDE TUBcS (Sg FT

F « INSICE FERIMETER CF TUBES (FT)

ALFAK = A_LPrA REFRIGERANT (REFRIGERANT SICE REAT
TRANS e pxEA/TCTAL vCLUME CF HEAT EXCHANGER=1/FT)

FAR e« KATIC - FIN REAT TRANSAREA,/TOTAL HeTe AREA

XLF - LENGTR CF FINS (FTI

ARFT = TCTAL REFGeSICE rEAT TRANSe AREA/NSECT (E8G FT)

CAR e RATIC « FIN FEAT TRANSeAREA/CONTACT AREA

TC ACCeULNT FCR CCNTACT RESISTANCE BETWEEMN

_ FINS ANC TUBES
REAC(R,6€7) CEA,CERICELTAIFPIXKFIAAF)GA,NTINSECT

REAC(&,611) FCCATs STawT
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(STeCEA)a(ieg=CELTASFP) /ST

SICA =
ATEG = 3vlexCEAu=2/40L
FTEC = 3eilex’ER

ALFAAS(Zepe (ST, T=aTBCI®FF *{1eL"CELTASFR)eFTEQ)/{STRwT)
ARFT = 3eiumCER®C/ 40

F = 3eléw[tk

ALFAR = Zel4%CER/(ST*nT)

FAR=Z oCaFie(STa, T= ATEC)/(cOZ‘FP‘(ST*kT-ATEG)+PTEC*
$(lewFFabLTA))

XLF = ST/cek

ARFT ® FLLAT(NT 1 »3,14sCER»AAF/(STsFLC.TINSECT))
CARSEQZ‘(\T'hT‘1'14lpEA‘.&/“'V)/(301“*DEA'CELTA)
WRITE(S,S1¢)

WRITE(E,Z¢ Z)LEA,CER;CELTAJFP’XKFI AAF,GA, ARHT;'\T;'\SECT
WNRITE(S,Z21) RCANT,STywT

cerwenewENl CF REAT EXCHANGER CrARACTERISTICSewseceoe=

INITIAL VALUES FCR AIR ANC REFRIGERANT FLOW CCNDITIONS

TAI] = AIR CRy EULB TEMFe ENTERING EVAPCRATCR (F)
CTa e AIR CRy BLLB TEMPe INCREFENT (F)

NTEMF « NLMBEER CF AIR CRY EBULR TEMPSe EXAMINED

TSA e« REFRIGERANT SATURATICN TEMP, (F)

CXMRY o REFRIGEFRANT FLCWw RATE INCREMENT (LBM/KR)
XMRI ® INITIA, TCTAL REFRIGERANT FLCw RATE (LEM/KEK)
NXMR ® AUMBER CF REFRIGERANT FLCw ~ATES EXAMINEC

Fa « ENTFALPY CF REFRIGERANT ENTEKING EVAPJ(BTU/LEM)
TWwBII = AIR wEv BLLEB TEMPe EMTERING EVAPe (F)

CTwEl « AIR At BLLE TEMFe INCREMENT (F)

NTwi - NUMEER CF wWET cULB TEMFELRATURES EXAMINED

RkI e RELATIVE RUMICITY CF AIR ENTERING EVAPORATCOR
INCIC = INFPLT TINCICATCK

IF "INCIC' EGUALS 1, INPUTS ARE TCEs ANC TwB

IF *INCIC' EGLA S 2, INPUTS ARE TCB, AND KH

REAC(8561¢) TAIT)CTASNTEMP,TSA ,CXMRI,XMRI,NXMR, k&
REAC(Es622) TWETI,CTWBIANTWEB,RIRISINDIC

LCCP FCK VARYING AIR wET BULB TEFMPe ENTERING EVAF.

Twel = Tagll

EC 41T Ing = 1,nTwe
”NITE‘UJV“’Z) Ihp
TwBI = Twgl ¢ CTwBI

. LCCP FCR VARYING AIR CRY BULB TEMP., ENTERING EVAP,

TAD = Tal}
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CC 422 I=1,NTEMe

WRITE(E,Ewe) 1
TAI = Tal +CTa

WRITE(E,€7C) TAT2C
FRCVISICN FOR Ri:hNeTIME INTERACTIVE CATA INPUT

FEAL(6867E,ECHCxE)

WRITE( s€7¢) TATSGA

VA = GAsEL /(S TCASAAF)

GA = VasFamlatep/ (RALS(TAI ¢ 4e€e2))
ACM = FLULTINT ) wF/(STeGASIGA)

SUBLIVILE FLCw INTC PARALLEL CIRCUITS AND TREAT EACH
LIKE A SEFARATE rEAT EXCHANGER « CCNVERT BACK TO T0OTAL
FLCA AT TrE EAND

XMAZEL oL ®GASFAR L4/ (RALUSFLCAT(NSECT)®(TALI+4EC02))
CETERMINE AIR ST1CE REAT ThRANS,COEF+'RA' (BTU/HReSG FTe=F)

CALL SFrRTCI(LEAIRALCL1A,C2A,C3A,C4A,C80,CoArXLLA,ULA,
IXMUA,CFASFRA REASFA)

CETERMINE CVERA| L SURFACE EFFICIENTCY 'SEFFX!

CALL SEFF(XKFICFLTA,RASXLF)FAR,CAR)FCCNT,)SEFFX)
ICNT = 1

LCCP FCR VARYING REFRIGERANTY FLOw RATE
XMrR = XMRI/FLCATI(NSECT)

CXMR = CXMRI/FLrAT(NSECT)
CC 2¢€ x=1,NxMR

WRITE(LIEG4E) K
XMR = XMR o4 UXMg
LETERMINE SATULKATICN FROPERTIES OF REFRIGERANT

CALL SATFRP(NR,TSA,FPSATIVF,VG,KSATL,~FG,HSATV,SF,SG)

RECv = tegsVve

RRCL = 1ei/VF

CFRL = CF1wPSAT + (CP2

X¥LL = XMiwTShsa3 ¢ XMPaTSA%as ¢ XM3eTSA + XMa
XARL = SLFERL*TcA + X INKL

XKRY = SLFEAKVvETeA « XINKY

XMURY = S PebMVesTSA + XINMV
FrRRL = xMLLe(FRI /XKKL
CFRY = SeFCFVveFgAT + XINCFV
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PRRY = XMLRVSCFRV/XKRV
GR &= XMR/ZARFT

CETERMINE SINGLF PHASE VAFOR REAT TRANSFER CCEF.
'RRY! (BTL/RR=SQ FTeF)

CALL SPRTC{CER,GRsC1IRIC2RIC3R,C4R,CHRICERIXLLRHyULR,
IXMURVICFRV4PRRYV ,RERV2-RY)

X4 m (k4 o« REAT| )/rFG

IFtx4oLTogod) WRITE(G27EQ) X4

CETERMINE EVAFPCRATICON TwCePHASE HEAT TRANSe COEF«'HTP!
(BTU/HReSE FT=F)

CALL ERTC(DERSICKIX4s1e0sPRRL)XKRL)XMURV,XMUL,RHOL,
1RFCVY~TF) ’

USE SLERCLTINE FvaP TO CETERMINE EVAPCRATOR HEAT

TRANSFER FERFCKNMANCE AND RKETURN ALL RESULTS THROUGH COMMON
CALL EVAF(AUOMJA L FARJALFAA,TSA,TAI,HFG)

RETURN TC TOTAL FLCW KATE REPRESENTATION AND
PRINT CVERALL RFSULTS

GTCTsFLCAT(NSECT)*(GSF+UTF)

GLAT = FLCAT(INSFCT1aXMRHCEEZs1E€57.2
XMAsXMAXF _LCAT(NGQECT)
XMRa=XMR*«FLCRAT{NcECT

WRITE(L ,812) CTnT,yxMRaXMA,GLAY
ARITE(GIEEZ)IKISFFFXINT,P,8TsCpasGA
WRITE(L2€62) SInA,aLFAR,ALFAA
WRITE(L26€69) RA,FRY,FRVIKHTP
WRITE(LI¥EC) ARLTIRG2 X4

CZTP = FTFPeARFT /F

CZv = FubrkT/F

CZL = Qg€

t = BeQEvie

USE SUBRCUTINE pCRCP TO CETERMINE PRESSURE CRCP OF
REFRIGERANTY THROLGH EVAPCRATOR 'PD!' (PSI)

CALL PCRCP(3)CERJEJGRJXMURVIXMULJRHOV}RHOLJRERVJ
IRERLSICZTF,1eCoXusVGsD2ZVILLLIPL)

WRITE(L2E538)

ARITE(LSS32) XMaASPLLGTOT

WRITE(W,EEQ) CA,REA,HALSEFFX

WRITE(Ws%2€?) GR,RERVsHRY

XVA 2 XMBLFLCAT(NSECT)

XFRaXMR/FLCAT(NGECT)

IF(ICNTeNEWLl) G To 1S5
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CrECk CRCF IN SATURATION TEMPERATURE CUE TOQ PRESSULRE
ERCP IN CCIL = 1F THE CRCF IN SATURATICN TEMPERATLRE
1S GREATE~ TrAWN 2 CEGREES F » REFPEAT ALL CALCULLATICNS,
USING AN AVERAGF VALUE CF SATURATION TEMPERATLRE

PCLT = PSAT = Fp
TSATC = TSAT(NR,FCUT)
WRITE(.2832) PCHiT,18ATO
IF(ABS(TSa «TSaTC)eLEe2eg) GO TO 200
TSA = (T€SA + tSATC)/Ce2
ICNT = 2
GC 7C c¢¢

1S5 TS84 = 2ec#754 = TSATO
ICANT = 1

cce  CCANTINLE

47¢ CONTINLE

412 CCNTINLE

58€ CCNTIANLE

bkd FCRMAT('C',8F12,€2214%)

Sl FCAMAT(! HCCNTB ' ,F1Ce3,! STE')F1Ce5,! WTe',F12.5)
51€¢ FCRMAT('27,' CEa (FT) CER (FT) CELTA (FT) FP?
155" (FINS/FTIXKE(BTU/ZRRFT) AAF (SGFT) QA(CUFT/MIN)!
2ss' ARPT (SGFT) NT NSECT 1)
B3¢ FCRMAT('€',3F1E,4)
B3t FCRMAT('2',' XMa (LBM/HR) PO (PSIA) GE (BTU/HRI ')

S4i FCRMAT (14

5SZ FCORMAT(I1Q)

6l FCRMAT(7F12e6s211¢€)

61¢ FCRMAT(CFICo4211Cs3FL1Ced,J1CsF104)

611 FCRYAT(3FiSe5)

62y FCRMAT(ZFrilecslqCsFiCeSs110Q)

65K FCRMATU(!' 25X 1kat,I12,0Xs "SEFFX=! ,,F4+s2,5X,'NT=?,12,
1CX ' FE P E o3 4X,"'Sa )F603,)5Xs1CPAR )FBe3,5Xs 1GA"
CrFlled )

662 FCRMAT(® t,lcx,TSIGAa',F8-3:5x,'ALFAR:';FS'B,SX:
1'ALFAA=T1)FBe3)

665 FCRMAT(' 1,1¢Xs1hA=t)F10eks5X, 'FRSPVE1 ) F1Leb,5%)
1'FRSFV"JF1§}.‘+;5X; ‘HRTP= , P 1@ .4)

67¢ FCRMAT( Tal = '"4F7<25! A B 'HFiZe2)

675 NAFELIST ¢ INPUT VARIABLES ARE ?') ( TAIL,GA»J)

7¢2 FCRMAT(' mxmasweXh IS NEGATIVE & X4=!1,F10e5,tunnnsnnl)

&1 FCRMAT({Y GTCT="»F1%e&2! AMR=')F1Ceup? Xttast.
1sF ety GLATg'sF1Se4)

B¢ FCRMAT(? ArhT=tsF1€eba ! Rom! F12eSy ! Xemt)Flge5)
83¢ FORMAT(! FCLT=',F1Ee5,! TSATO=',F8e2)
Sk FCRMAT('C',Exs'ah=t,Fl¢e2, ' (LEM/HR=SU=FT)',5X%,'REA=!

1oF1Ze2s8Xp bt ,Flge2s' (BTU/pR=SG FTeR)'")5X, 'SEFFX=!
2sFEe3)
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BEC FCRMAT('@',Exs'GRuv,F10e3," (LBM/HR=SGeFT)',5X, 'RERVs"
15F1€e2s5Xs 'HRVE1)FT7els "' (BTU/KR=SG FT=R) ')
ENC .
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SUPRCUTINE EVAF (ACMSALFARJALFAASTSA)TAL)HFG)

PLRFPCSE
TC CETERMINE FEAT TRANSFER, MCISTURE REMOVAL,
ANC RESULTING TEMPERATLRES AND HUMIDITIES
IN THE EVAFCRATCR, GIVEN AL CF T-t KNECESSARY
CCEFFICIENTS ANC OTrER CETAILS

CESCRIPTICN CF FAKAMETEKS
INFLTS
rEAT EXCrHANGER CEOMETRY
ALFAK = A FrpA REFRIGERANT (REFRIGERANT S]ICE
e AT TRANSFER AREA/ZTOTAL VOLUME CF FEAT
ExCraANGER = L/FT)

ALFAL o A Frs Al% (AIR ©IDE HEAT TRANSFER AREA/

ToTap vipUMe CF wEAT EACHANGER =1/FT)
ARkT  »  ToTr, ReFfGe SICF HEAT T-ANSe 2REA S0 FT)
ACH = ULANIT ReF=mlIGERANT SICE HEAT TRANSFER

AREA/UNIT AIR FLCa RATE
(sG FTerrR/LEN CRY ALlR)
FEAT TRANSFEF CCEFFICIENTS

A ® AYR SI0E HEAT TRANSOCCeFFe(BTU/FR=SG FT=F)

FTF = FKeFe SICE TwC=FraSE HEAT TRANS,
CreF, (2TU/FR=S; FTwf)

RKV = REFe SICE SINGLE FRASE VAPOR HEAT
TIANGWCCEF e (ETL/RR"SG FTeF)

REFRICERANT FRCFERTIES
TEA « REFRIGERANT SATRATION TEMPS (F)
HF G = LATENT eNTRALFY CF VAFQ~IZATION CF
THrE REFRIGERANT (BTU/LEY)
X4 = ENTERING GUALITY CF TrE REFRIGEKANT
XMk MeSS FLUW RATE CF REFRIGERANT (LBM/FR)
CFRV SFECIFIC REAT AT CCONSTAANT PRESSURE
Cr The REFRICGERANT VAFOR (BTU/LEM=R)
AIR PRCPERTIFS .
CFa = SrECIFIC PEAT AT CCMNSTANTY PRESSULRE CF
TwE AIR {(B8TL/LEM=R)

XA = MaSS FLCW RATE CF AIR (LBM/HMHR)

TA] « [CRY BuLt TEMFeCF AIR ENRTERING EVAPe (F)
TwBl = weT Buce TEMFeCF AIR ENTERING EVAPe (F)
RE I = RKRFLATIVE PUMICITY CF AlIx ENTERING EVAP.
INCIC = I.PLT INDICATCR

IF "INDICY EGULALS 1, INPUTS ARE TAI, AND TwBl
Ir LINCIC' EGLALS 2, INPUTS ARE TAI, AND RNMI
Pa « ATVCEePFERIC PRESSURE (PSIA)
CTHER INPLTS
SEFFX « S  RFACE EFFICIENCY CF FINNED SURFACE
CLTFLTS
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F = SINGLE PKHASE VAPCR FRACTION OF TCTAL
HEAT EXCHANGER SyURFACE

FTP = T.C=PHASE FRACTICN OF TCTAL HEAT
ExCHANGER SURFACE

GSP @« WFEAT TRANSFER RATE IN SINGLE PHASE
VaPOR REGICN (BTU/RR)

GTP » FFAT TRANSFER RATE IN TwO=PHASE
ReCICN (BTU/kR)

TKO = T:;MP.OF REFRIGERANT LEAVING EVAP, (F)

XVMrEZ = KATE CF MUISTULRE REMOVAL FROM™ AIR (LEBM/HR)

TACSF w ExIT AIK TEMFeFRCM SINGLE PrRASE REGICN (F)

TACTF = ExIT AIR CRY EyLe TEMP, ASSUMING

' Ne MCISTURE REMOVAL CCCLRS (F)

TwBSE = wWrT BuULB TEMPe LEAVING cVAP- IF MOISTURE
RePCGvaL OCCLRS (F)

TCBS e ExIT AIK CRY BULB TEMP.LEAVING EVAPs,
AgSLFMING MCOISTURE REMOVAL OCCURS (F)

REMARKS

ThIS FROGRAM CALLS SUBRCUTINE XMCIST TO DETERMINE
TRE RUMICITY » AND CerUMIDIFICATICN BEHAVIOR
CF TrE EVAFCRATCR
TrIS PRCGFAM CALLS SUBKCUTINE EXF TO DETERMINE
TrE EFFECTIVFNESS IN CRCSS FLCW
(THIS PFRCGRAM USES THE EFFECTIVENESSeNTU METHOC
CF CALCULATING REAT TRANSFER FERFCRMANCE IF NC
MPCISTLRE KEMeVAL CCCURS, ANC IN THE SINGLE PHASE
VAPCR REGICN,
CCMMCN CFA,FASSFFF X, HRVICPRV ) XMR)XMA, X4, KTP,F,FTP,GSP,
1CTF,TACSF  TACTF, TROJARKT yXMH2@, TWBIJR+IL,INDICIPAS U

CETERMINE THE RFFRESENTATIVE COIL CHARACTERISTIC 'COIL!

COIL=HAR(ALFAR/ (FTP=ALFAR)+1eQ/(SEFFXsHA)=1+¢/HA)/CPA
CTP s XMRs(1e€ w X4 )srFG

CETERMINE BULK AIR LRY BULE TEMPe'TADKI' WHEN
CERUMICIFICATICN CR MCISTUKE REMOVAL HBEGINS

CALL XMCIST(TAL,TWBI,RHILINCIC,PA,HAIRI,WSATI,WAIRI,
1TWaALLI)

WRITE(Ws715)TAL, TuBI,RHI,INCIC,HAIRI, wSATILWAIRI, TWALLI
TACHI=(HATHALLY®(1eC/(SEFFXRpA)+ALFAA/(HTP*ALFAR))
1=TSAY/(hbw(1eC/ (SEFFXeMA)+ALFAA/ (HTP*ALFAR) )=1e@d)
CETERMINE NTU ANC EFFECTIVENESS FCR CSENSIBLE KEAT
TRANSFER IN TFE TwC=FrRASE REbIcN, ASS_MING NO MOISTURE
REFCVAL CCCUKS

XNTUTP=ACKM/(CFAw(ALFAR/ISEFFXuMHA®ALFAA)+1@/HTP))
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ETF=leCeEXP (=XNTLTP)
xMATP=CTP/(ETFPerFAs(TALI=TSA }
FTFexMATF /XMa )
IF(FTPeGTolsek) ~RITE(L271C) FTP

CETERMINE THE ExIT AIR TEMFe'TACTP' FROM THE TwO=FKASE
REGICNs ASSUMING NC MCISTULRE REMCvAL CCCURS

TACTP=TAlGTP/(xMATP®CPA)
WRITE(Gs»7¢E) TArkI,TACTP

CrECK TC St€& IF MCISTLRE REMOVAL ACTUALLY CCCLRS
IF MCISTURE REMpPVAL CCES NCT QCCUR, leEe TADHWI IS LESS
TmAN TACTF, Tren SKIP TrE MCISTURE REMOVAL SECTICM

IF(TACHFIeLT«TACTP) TDE3=TAQTP
IF(TACFI«LTeTACYP) GC TC 14¢

.----.--.----.-HCISfL;RE REMOVAL SECTICN-.-----.--------

(0]

NCTE: IT IS ASS|/MEC THAT MCISTURE REMCVAL ONLY OCCURS
IN THE Tw(CePFASE REGICN CF THE CCIL

IF TACKRI IS GREATER ThAN THE INITIAL CRY BuULB
TEMFERATULRE 'TAT', THEN MCISTURE REMCOVAL BEGINS AT TKE
LEACING ECGE CF TreE CCIL = FHENCE SKIP TO STEP 36

IF(TACFIGTeTAL, GO TC 36

CETERMINE THE FrRACTION 'FSENS' OF THE LEADING EDGE OF
THRE COIL SURFACF wkICr IS USED ONLY FCR SENSIELE
FEAT TRAMNGSFER

FSENS=XMA2CPA®(qeQ/(SEFFXsrA)¢ALFAA/ (RTPxALFAR) ) *
IALCGI(TAl=TSA)/(TACHI=TYSA) )/t ARKRT®ALFAA/ALFAR)
IF((FSENSoGTeleg ) o CRe(FSENSeLTeCoil ) I)wRKITE(Us72@) FSENS
GG 1C 37

ITERATE TC FINC THE CCRRECT waLlL TEMP«'TwALLI' AT WHICH
FCISTURE KEMCVA; BEGINS CM LEACING EDGE CF CoIL

T = YSa

CT = 1.¢

CC 3¢ L = 1,5¢

T =71 + (7

CALL XMCIST(TsT,RH,1sFAIRWALLI,WWALLI,WAIR, TWALLIL)
TS = TSA 4+ (FAIR]I = kFWALLI)e*cCIL

WRITE(L2716) TornaLLI WhALLI,WAIR,TWALLI,TS
IF(ABS({T=TS)sLE.*2}) GC TC 35
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IF(TeTS) 32,358,575
T « TaCT
CT = CT/c.C
CONTINLE
WRITE(E,717)
TwaLlLl = 7T
FSENS = e
TACHI = T4l ,
KAIR1 = FAIR] « CPas(TAl=TACKI)
FMCIST = 1.8 =FgENS -
WRITE(us716) GTPsXMAsXMR,FSENS,FMCIST,HAIRL1,FTP

SPLIT MCISTURE REMCVAL REGICN INTO 2 PARTS

ITERATE TC CETERMINE EXIT AIR ENTRALPY t'HAIK2', ANDC
WALL TEMFe'TaAL  2' AT THE END OF THE FIRST MCISTURE
REMCVAL REGICAN

wRITE(J,732)

T « TSA

CYT = 1.¢

CC &g L = 1,3¢

T =717 ¢« (7

CALL XPCIST(Ts»T,RF,1sPAskwALLP,WWALL2,WAIR2,TwALL2)
HRAIRZ = FwallZ & (7TeTSA /CCIL

FAJRES® FAIK1<FpCIST/2¢6waRHTSALFAA/ALFARSHA® (TwWALLI
1o TWALLE)Z(COILwyMAwALCG(THALLI=TSA)/(TWALL2=TSA))*CPA)
wRITE(WL?735) TH1rToRHsFWALL2sWNALLZ,WAIRZ, TWALL2Y
thAlRZsFALRES

IF (ABS(HAIRZ=FATRZS)eLE»e2S) GO TO 6&¢
IF(FAIRZ=FALIRES) 5€s6¢s45

T =7 e« (7

CYT = DT/ce¢

CChTINLE

WRITE(G»744)

TwalLL2 = T

WRITE(L,750)

ITERATE TC CETERMINE EXIT AIR ENTHALPY 'HAIR3', AND
WALL TEMF.'TwAlL| 3' AT THE END OF THE SECONC MCISTLRE
REMCvAL REGICAM

T = TSA

CT = 1.2

CC se L = 1,3¢

T=71T+ (7 .

CALL XMCIST(TsT,RE,1sPAsRwALL3, WHALL3)WAIR3,TwALL3)
HAIR3 = PuaLL3 &+ (T = TSA )/CCIL
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FAIRZS=RAIRE"FMrIST/2e7%ARKToAL FAA/ALFARSHA®(TWALLZ
1o TWALLI)/Z(COILnyxMARALCG(TnALL2=TSA}/{THALL3=TSA))

c*CPL)

WRITE(ws735) TorTsRKsRWALLI2WWALLI WAIR3,)TWALLS,
1RAIR2,kAIK3S

IF(AES(HAIR3=FATRIS)eLE®eZE) GC TC 12€

IF(FAIRS = RAIKRS) SCslkl,8C

T=7174eCL(T

CT = CT/2+¢

CCNTINLE

TAALLS = T -

ITERATE TC LCETERMINE THE wET BULEB TEMP«'TWB3' LEAVING
THE EVAFCRATCR

T = 7S4A

CT = 1le¢

CC 1¢e5 L = 1,3¢

T =7 + C7

CALL XMCIST(TsT,RF,1,PASKAIR3G,wSAT3,nAIR,TWALL)
WRITE({ws7€3) TorT,rAIR3IHAIRIS,wSAT3,wAIR
IF (23S(HAIR3S=FalR3)eLEselE) GC TO 1Ce
IF(FAIR3IS=HAIR3) 125,106,104

T « T = L7

CT = CT/ce

CCNTINLE

WRITE(Ls764)

Twg3 = T

CETERMINE THE FRACTION 'FTP' CF THE HEAT EXCHRANGER
WHICK IS IN TwCaFHASE FLOW

FIP=GCTP/(XMA® (HLIRI=HAIR3))
WRITE(Gs772) The3,E7P
IF((1el=FTF)elT,<e2) GO TC 19¢

ITERATE TC CETERMINE THE AMOUNT CF WATER REMCVED FROM

TRE AIR '"XMREE' 5 AND TRE FINaAL CRY BULB TEMPe 'TCBR3I!
LEAVING THE EVAPCRATCR

T = TWES3

CT = e8¢

CC ize L = 1,8¢

T =7 + L7

CALL XMCIST(T,TuB3,RH3,)1,PASRAIRIRSAT,WAIR3,TWALL)

XMr2g = (hAIRIw AIRI)*FTPaXMA

PAIRES*JE%*(T'E;OQ) +WAIRI®({1PER*S + osbol=xT)
WRITE(GSs775)TsETsTWEISRHI,FAIR,FAIR3S, HAIRI) WAIRS ) XMR2EZ)WSAT, T!
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IF(ABRS(MAIRIS=mAIRZ)oLE®s¢S) GC TG 137
IF(HAIR3S=RAIR3) 110,136,12¢

T = T «CT7

CT = CTr2«¢

CCANTINLE

WRITE(L27E2)

1063 = 7

ceeeensce==== EN[ OF MCISTURE REMgOVAL SECTION e=weeccces

14¢

1@
630

635

"CETERMINE FRACTTICN CF REAT EXCRANGER 'F' USED FOR
SINGLE PFASE VAFCR (SUFERFEATING) REGION

F = 1et = FTF
WRITE(L27S€) TCu3sF

IF 'F' IS LESS vrAN ZERO, INCGMPLETE EVAPORATION CCCURS
FENCEs PRINT AN ERKOR MESSAGE

IF(F) 19¢,145,18¢E
XMASE = FesxMA

USE THE EFFECTIVENESS=NTU METRCC TO DETERMINE HEAT
TRANSFER IN THE SINGLE PrASE vAFOR (SUPERHEATING)

REGICN

CA = XMASFs(FA

CR = XMR*(CFRV ‘

RTCT = (ALFAR/(GEFFX*HA®ALFAA)+Le@/FRV )/ (F®ARKT)
CALL EXF(IRTCTsCaAsCR,CMIN,EXFR)

'CALCLLATE ANC FRINT TrE KEAT TRANSFEKR RATES
ANC TEMPERAT_REe CF INTEREST

TRC = TSA +EXFR«CMIN=(TAI«TSA )/CR

GSEF = CR*(TRC=Tga )

WRITE(UsEZY) FTERsF,xMASP _

WRITE(, 2€25) CA,CRH,EXFRsTROsGSP

TACSP = TAJaGSP,CA

WRITE(Las€4) GSpaGCTP

WRITE(Ls755) _

WRITE(ws8e2) TAT,TwBl,TOB3,Twe3,7SA ,TRO,TACTP
RETUSXN

WRITE(Ws842) FTp

RETURN ]

FCRMAT(! ', 1R tFTP2! )F4e2s5X 2 F=sFhe2,5X, 'XMASPS)

1,F1de4) -
FCRMAT(Y 1,85Xs'rAmt ,F18edsSXp'CREY,F1QBeb,5Xs 'EXFR="



7¢3
7¢&4

776
775
78¢

7<

n
(61BN

8LE
84¢

430

15F4e2sEXI ' TRC=" ,F12e4s5X, 'GSPutsFlCes)

FCRMAT(! ',12X,¢GSPa',FlQe4soX,'GTPa"',F1@eb)

FCRMAT (! TALFT=',Fllec,! TACTP=',F1C2)
FCRMAT(! mw=eFTp IS LARGER TRAN 1 FYPa',Fl@s5,'se*s!)
FCRMAT(3F1Ce2s11€saF1249)

FCRMAT(7F1Ses)

FCRMAT(! wexn oxeaNC SENSIBLE HEAT REMOVAL'!

124" ITEKATICN CCES NCT CONVERGE#®#s**sswun?)

FCRMAT(! sx=wsFgENS IS IN ERRCR FSENS=',F1@ebHstness!)
FCRMAT (! T o7 "k HwALL2 '
1ssVWnALLE mAlxe TwapL L2 HAIK2 HAIRR2S!')
FCRMAT(GF 1L eS)

FCRMAT(!' memsmsgwnsFIRST MCISTURE REMOVAL REGION ITER!
125 'ATICN CCES NCT CONVERGE®sssgussnekas!)

FCRMAT( T (0h § RH HWALL3 '
1ostmihALLE watk3y TwALL3 FAIRS HAIR3S')
FCRMAT (' sxssvsysSECCND MCISTURE REMCvAL REGION ITERA!
155'TICN CCES NCT CCNVERGE#»**xyaxx!)

FORMAT(6F 158

FCRMAT (! senems, s2e]TERATICN ON Twis3 COES NOT !

123 '"CCNVERGE #»ss,xssan!)

FCRMAT (! TaBas!',F7¢2s"! FIPm'yF1@+5)
FCRVAT(4F&e227G15e8)

FCRMAT(' »wammey eneEXIT DRY ByuLB TEMP DOES NOT !

122 'CCNVERGE wnsysuxz!)

FCRMAT( TCRS=?:F8021' Fe'yF1d45)
FCRMAT (! Tal TWEI TC8a TWB2 TSAT '
1,2'TKC TaCTe ')

FORMAT({7Fz o2}
FURMAT(? »wwxsINCOMPLETE EVAPQORATION FTIP=',F1@¢5, ' %)

ENC
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SUBRCUTINE XNMCIST(TCB,TWB,RH, INCIC,PATM, HATR, wSAT,

I1WATIR, TwALL)

FURPCSE
TC CETERMINE THE ENTHALPY, SATURATICN MCISTURE
CCNTENT, ANC ACTUAL MCISTURE CCNTENT OF MCIST AIR,
AND ALSCs ThF NECESSARY WA L TEMPERATURE TC INCUCE
MCISTURKE REMeVAL, CIVEN CRy BULB TeEMPERATURE 4AANC
EITHRER WET 21 LB TEMPERATURF CR RELATIVE RUMICITY
(NCTE = ThIS PRCGRAM ESSENTIALLY REPRODUCES
FSYCRRCMETRIFr CrharT CATA)

CESCRIFTICN CF fFARAMETERS
INFLT

TCH = CORY sLLB TEMPERATURE (F)
TaR = wET aLie TeMPERATOURE (F)
R = RELATIVE KUMIZITY
INLIC= INFLYT INCICATCR ,
IF *YINCIC' = 1, INFUTS ARE TCE, ANC TwB
CIF *INCIC' = 2, INPULTS ARE TCE, ANC RH
PATM ® ATMCeFrgRIC PRESSURE (FSIA)

CLTFUTS

FAIK ® ENTRaALPY CF MCIST AlIR (BTU/LBM CRY AlIR)
wSAT =  SATLRATICN HUMICITY (LB WATER/LEM CRY AIR)

CCRRFSPCALCING TC ThE EXISTING WET BULE TE“P.
wAIR = ACTiLAL RUMICITY (LeiM AATER/LeM CRY AlR)
CCRReSFCENCING TC TeE GIVEN DrY RULEB TiElMPe,
PRES,» aNC RebLerULMICITY Cr weT Bilb TeFPo
TwALL® SATLRATICN Cr LCew #CINT TEMPERATURE (F)
CCRRESPCNCING TC Twg GIVEN TOBsPATNM, AMND

Tnes CR Rn
K = @
I =1
IF{INCICeNESL) nC TO 3@
T = TwE

CETERMINING SAT|.RATICN PARTIAL PRESSURE 'PS' (PSIA)
CF WATER VAPCK AT ThE GIVEN TeMPERATURE
IF(TeLEoL o) FS2aQQL77%T + +L185
IF(TeGTele@) FS=elR124%T + (182
IF(TeCGToelued) FemegilSexT + o113
sFlTeGTeCLel) Fg=eg22317%T = #2129
IF({TeGT el el) Fe= olid1a82T & JLh4y
IF{TeGT ol eld) Fao = slkBohleT a ¢1K354
IF{TeCTeSLed) Fgo o 7015%T = 21284
IF(TeCTetlsy) Pg s L1COER®T ®» L3&45H
IF(TeCGTe/lsil) Pe 2l 143x%T = L6435
SF{TeCTet ) P& e21313%T = 1235
IF(TeGTeSLed) Ps 21T = 4,56L>
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) = 1*0Q4*18 ,21%PS/(28+S67a(PATMeFS))
IF(KehEeR) GC Tr E¢

IF(INCICEGeZ) £C 10 4@

IF(IsNEel) GC T~ E¢

1 =2

hSAT =

WATK = wSLT we@pC236%(T0B »T)

FAIR = ocax(ThBa3Z2e€) + WSAT®(1CEL«T + sibixTnp)
FabATM/(leCuv1ReZ2]1/(CB2567%nalR)+142)

T = TCB

¢C 1C 1¢

FINCING THRE CCRRESPCNCING RELATIVE HUMIDITY,

GIVEN THE wET Bi LB TEMPERATURE
Rk = P/FS

GC TC <<

T =« TC8

CL 7C 1¢

F = Rr=pPS

FAIR = RFswx(FATMaPS)/{PATM=P)

FINCING THE CCRRESPCNCING wWET RULB TEMPERATURE,
CIVEN TrE RELATIVE RUMICITY

T = aliey

CC 7¢ K=l,3¢

T & T+CT

GC 7C 1¢

"S m = lVe236x(TCE=T)

IF(aPS(nwSenAlk) LEsei2eS) GO TC 8¢

IFtwSenalR) €Zp22,7¢

T e T=(T

CT = L1/€e¢

CCNTINLE

WRITE(S,1Q)

Tap = 7

wSAT & W

FAITK = oCux(ThRa32.C) + WSAT®({CECeT + shb4xThp)

CETERMINING THE SATURATICN CR CEW POINT TEMP. 'TwWALL'

CCRRESFCANCING T THE GIVEN PRFSSURE, CRY B8LLRB

TeMPERATU=E, ANR RELATIVE HRUMIDITY CR WET BULE TEVNMP.

IF(PeLEs*2185) ThiaLL=(P=el185,/02277
Tr(P-Cn--v'“~) Thile = (Pe=ellRS)/ 20124

1+
1

ir{Fe ,.-- P3¢ TwALL={PmeZl]13) /0L 156
PP eCTevlBYUE) TRALLE(P+4Zi28)/seli¥317
IF(P.GT--zaa:) TAALLE(PYeldbl)/e2lblus
iF(reCTeelz17€) ThalL®(PeelC394)1/0€5641
IF(PeGTee17811) TaALL=(FeeZlCr41/ 0075819
iF(PeCTeoZ863) ThALL=(Pve384h)/elllcer
IF(PeGTe9363l) Thape = (Peeb435)/7e21438
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IF(PeGTose26S) TWALL = (Pel1e¢p235)1/.21913
IF(PeCTooecgE) ThlLlL = (PeleSgeEl/elP21
FOREMAT(Y wwsex yTERATICN IN XMLISET LCES NOT
RETURN

ENC

CONVERGE !

\



Condenser 6330 CFM ,
Evaporator 10000 CFM ,
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APPENDIX N

CAPACITY CONTROLLED 50 DQ 016 STUDIES

PIF = 9425 Btu/hr

Entering Air
Entering Air 857 R.H.

70°F

POF = 5300 Btu/hr

OUTDOOR Q HP*(IOOO'S of Btu/hr) COP No Fans

AIR TEMP conv  53%°8P 37°8P  10%8P | conv 53%°P 37°%P 10°BP
(°F db)

62.5 218 195 144 72 3.62  3.95  4.50  4.93
57.5 205 196 145 74 3.60  3.73 4.25  4.68
52.5 192 146 75 3.56 4.05  4.43
47.5 180 148 77 3.53 3.85 4,25
42,5 168 152 78 3.49 3.67  4.05
37.5 155 153 81 3.45 3.48  3.87
32,5 144 82 3.41 3.67
27.5 132 84 3.36 3.52
22,5 119 85 3.30 3.35
17.5 108 86 3.20 3.22
12.5 95.6 88 3.10 3.10

7.5 83.1 2.90

2.5 71.1 2,65
-2.5 0 1.0

¥ + ¥

OUTDOOR COP OUTDOOR FANS COP BOTH FANS

AIR TEMP .

(°F) conv.  53%°P  37°BP 10°BP| conv  53°P 37%°BP  10%BP
62.5 3.28  3.56  3.85  3.67 3.01 3.15  3.30  2.82
57.5 3.25 3.37  3.68  3.55 2.97 3.05 3.18  2.77
52,5 3.20 3.54  3.42 2.93 3.06  2.72
47.5 3.18 3.38  3.30 2.87 2.95  2.67
42,5 3.14 3.25  3.20 2.80 2.85  2.62
37.5 3.08 3.11  3.08 2,77 2.77  2.55
32,5 3.03 2,98 2,67 2.48
27.5 2.95 2.87 2.60 2.43
22.5 2.88 2.80 2,52 2.37
17.5 2.78 2.70 2.42 2.33
12.5 2.63 2.60 2.30 2.26

7.5 2.43 2,15

2.5 2.16 1.93
-2.5 1.0 1.0
¥ v ¥

* QHP -~ Does Not Contain Indoor Fan Motor Heat




Air Cond. = 4500 CFM

Air Evap. = 7500 CFM
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T

(o}

= 70°F

Air Cond.

R.H..

*
Q HP (1000's Of Btu/hr)

= 85%

PIF

POF

= 6919 Btu/hr

= 2650 Btu/hr

*
Q HP - Does Not Contain Indoor Fan Motor Heat

OUTNOOR COP No Fans
AIR TEMP
(°F)  conv. 30°8P 20°BP  109BP | conwv 30°8BP 20°BP  10°BP
62.5 200 120 100 72 3.30  4.30 4.53 4.67
57.5 191 122 102 74 3.30 4,12 4,32 4.45
52.5 179 124 103 75 3.29  3.93  4.12 4.25
47.5 169 126 104 76 3.26  3.75 3.92 4.05
42.5 158 127 105 78 3.23  3.57 3.75 3.85
37.5 147 128 106 80 3,21  3.40 3.56 3.67
32,5 135 130 107 82 3.18  3.24 . 3.40 3.50
27.5 125 108 83 3,13 3.24 3.36
22.5 114 108.5 84 3,10 3.12 3.25
17.5 103 86 3.05 : 3.15
12.5 92 88 2.97 3.02
7.5 81 2,85
2.5 71 2.65
‘2.5 0 1.0
¥ +
OUTDOOR
AIR TEMP COP OUTDOOR FAN COP BOTH FANS
(°r) conv 30°8P 20°BP  10%BP | conv  30%°BP 20°BP  10°BP
62.5  3.24 3,96 4.08 4.00 | 2.98 3.40 3.40 3.15
57.5  3.20 3.80 3.90 3.83 | 2.95 3.28 3.28 3.09
52,5  3.17 3.62 3.73 3.68 | 2.93 3.17 3.17 3.01
47.5  3.15 3.45 3.57 3.55 | 2.89 3.05 3.05 2.95
42,5  3.11 3.30 3.42 3.41 | 2.86 2.95 2.95 2.87
37.5  3.06 3.15 3.27 3.27 | 2.80 2.85 2.85 2.80
32,5 3.00 3.04 3.12 3.16 | 2.75 2.77 2.77 2.72
27.5  2.95 3.00 3.05 | 2.69 2,69 2,65
22.5  2.87 2.87 2.95 | 2.65 2.65 2,63
7.5  2.83 2.85 | 2.55 2.50
2.5  2.75 2,75 | 2.45 2.44
7.5  2.65 2.30
2.5  2.53 2,15
-2.5 1.0 1.0
+ +
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. _ - (o) -
Air Cond., = 3165 TAir Cond 70°F PIF = 3535
Air Evap = 5200 R.H. = 85% PoF = 1818
OUTDOOR Q HP*(IOOO'S Btu/hr) COP No Fans
AIR TEMP
(°F)  conv_ 23°BP  14°pP conv  23°8P  14°BP
62.5 184 101 82 2,89 4,06 4.35
57.5 176 102 83 2,89 3,88 4,17
52.5 167 103 84 2,89 3,70 3.98
47.5 158 104 85 2,89 3,56 3,80
42.5 148 105 87 2,89 3,40 3.62
37.5 139 106 88 2.89 3,25 3,45
32.5 128 108 89 2,89 3,12 3.30
27.5 120 110 90 2.89 2.97 3,15
22.5 110 91 2.89 3.03
17.5 101 92 2.88 2.90
12.5 90 2,82

7.5 83 2.74

2.5 72 2,64
-2.5 0 1.0

¥ + +

OUTDOOR COP OUTDOOR FAN COP BOTH FANS
AIR TEMP
(°r)  conv 23°8BP 14°BP convv  23°8P  14°BP
62.5  2.80 3.87 3.95 2.75  3.47  3.50
57.5 2,80 3.68 3.78 2,75 3,35 3,38
52.5 2,80 3.52 3.63 2.75  3.21  3.27
47.5  2.80 3.37  3.47 2,75 3,10 3,15
42.5  2.80 3.20 3.35 2,75 2.97 3.05
37.5  2.80 3,07 3.20 2.73  2.85 2.92
32.5  2.80 2.92 3.07 2.70 2,75 2.82
27.5 2.80 2.83 2,95 2,67 2,70 2.75
22.5 2,77 2.85 2.63 2,65
17.5  2.72 2,77 2,58 2,60
12.5  2.65 2.52

7.5  2.56 2.45

2.5  2.38 2.33
-2.5 1.0 1.0

¥ v +

*
Q HP - Does Not Contain Indoor Fan Motor Heat
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~ APPENDIX P
WEATHER DATA

Hours Spent in. 5__°F Temperature Bands — 10 Year Averé-gel

TEMP SAN FRANCISCO CHARLESTON NEW YORK BOSTON OMAHA MINNEAPOLIS

' 80-84

(°F) (HOURS) (HOURS)  (HOURS) (HOURS) (HOURS) (HOURS)
105~109 . . - 1 '
1 100-104 + 1 + + 13 -+
' 95-99 1 20 5 10 44 8
- 90~94 5 137 28 39 149 54
85-89 15 425 96 127 288 147
40 . 724 265 245 445 295
75-79 ‘99 1143 ' 604 433 610 468
70-76 285 1267 926 676 726 621
65-69 - 665 . 1090 877 819 721 690
60-64 1264 889 - 754 804 606 695
55-59 2341 787 745 781 558 602
50-54 2341 - 651 722 766 539 538
45-49 1153 576 796 757 543 482
40-44 449 434 838 828 543 500
0 35-39 99 321 858 848 655 560
- 30-34 10 192 603 674 663 632
25-29 79 330 429 511 609
- 20-24 27 188 256 390 514
15-19 5 96 151 287 383
-10-14 26 76 189 311
5-9 - 10 35 135 246
0-4 + & 93 186
-1- =5 1 9 40 119
-6 - =10 1 15 62
-11 - =15 - + 3 31
-16 - -20 10
~21 - =25 4
-26 - =30 2
. =31 - =35
Total Hours 8767 8768

8768 8766 8767 8769

+ Indicates 0 < t < .5 Hours

1 U.S. Dept. of Commerce Weather Buréau, Climatography of the U.S.-

Series No. 82, Decennial Census of U. S. ‘Climate,Summary of Hourly
Observations,



