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ABSTRACT

This program was written to be used as a subroutine. The program
determines the thermodynamics of Freon refrigerants. The following
refrigerahts can be analyzed F-11, F-12, F-13, F-14, F-21, F-22, F-23,
F-113, and F-114. The subroutine can evaluate a.thermodynamic state
for these refrigerants given any of the following pairs of state
quantities: pressure and quality, pressure and entropy, pressure and
enthalpy, temperature and quality, temperature and specific volume and
temperature and pressure. These six pairs of knowns allow the user to
analyze any thermodynamic cycle utilizing a refrigerant as the working
fluid. The Downing form of the Martin'equation of étate was used.
This report contains a brief description, flow chart and listing of all

subroutines required.
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NOMENCLATURE

‘a constant in heat capacity of vapor equation

constant in Downing-Martin equation

(] (e) (g
(87} L~ w

[ep]
(o)

h enthalpy (Btu/1bm)

i ; K constant in Downing-Martin equation
P

pressure (psia)




< -1 uv =X

universal gas constant

enthalpy (Btu/1bm°R)

temperature (°R)

specific volume (ft3/1bm)

constant in Downing-Martin equation
‘conversion factor |

constant in Downing-Martin equation
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INTRODUCTION

This subroutine computes the thermodynamic properties of Freon
refrigerants.. The subroutine was developed to allow for a wide range
of applications such that it may be used to determine the properties
of Freon refrigerants in a refrigeration cycle or, as the authors
déve]oped it, for use in evaluating binary fluid cycles. This routine
can be treated as a "black box" by the user with a limited background
in programming or the program may be modified to meet the users
requirements. This manual was written to assist the user in which
ever manner he intends to use this subroutine.

DEVELOPMENT OF PROPERTIES

The basic equation used is the Downing form of the Martin equation

of state which have the form:
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The above equations only predict properties in the vapor region.

In order to determine saturated liquid properties the Clapeyron equation
iS used to compute saturated 1iquid enthalpy and entropy. Saturated |
Tiquid specific volume is computed as a function.of temperature.
Compressed liquid states are approximated by saturated liquid states
at the same temperature.

For evaluating an ideal cycle the following processes are employed,
constant entropy(turbine, pump and compressor), constant enthalpy

(expansion valve), constant pressure(heat exchanger). In order to

determine properties for these processes, properties must be determined
with one of the following pairs known (Recall that a thermodynamic

state requires that two state quantities be known and for saturation
states temperature and pressure are dependent): temperature and pressure,
temperature and quality, pressure and quality, pressure and enthalpy

and pressure and entropy. Since pressure is a function of specific

volume and temperaturé, when pressure and tehperature are known a

search techinque must be used to find the specific volume. Once the
specific is found the remaining properties may be calculated. The
saturation pressure is known as a function of temperature, thus allowing

“saturation conditions of known pressure or temperature to be solved




as the case of pressure and temperature already described. Once the
saturation properties have been determined the effect of a given quality
can be determined. The cases of pressure and entropy or enthalipy as
knownsvrequire a two Qariab]e search since all three of these quantities
and functions of specific volume and temperature. This search is only
used in the superheated vapor region or the compressed liquid approximated
region because for saturation states(on]y a quality need be computed. For
all searches in FREON the Newton Raphson iteration technique was used.

This method was selected for its generally rapid convergence.
PROGRAM DEVELOPMENT

Subroutine FREON was written in FORTRAN V for the UNIVAC 1108
series computer but should be easily adapted to any similar FORTRAN
computer. The subroutine ai]ows the user to use the program at two
Tevels, first as a "black box" (the main text describes the use and
general development of the program), second the program may be modified
to best suit the users needs. (The remaining text contains a more complete
description of each subroutine.) Subroutines were used throughout
to allow for easy modification and as a means of tracing any possible
problems. This report contains variable description tables, flow charts,
equations and brief descriptions of all subroutines.

USE OF FREON

In order to use FREON the user must supply to the subroutine
the following information:
1. The process for which properties are to be determined (CYCLE).
The allowable values of CYCLE are the following pairs of
knowns:
TP - temperature and pressure

TX - temperature and quality




TV - temperature and specific volume
PH - pressure and enthalpy

PS - pressure énd entropy |

PX - pressure and quality

These are the only allowable values of CYCLE and the order is

important, i.e., PT or SP, etc., are illegal and will generate an

error termination of FREON.

2.

5.

The value of the first known specified by the value of CYCLE
(FGIVEN).

The value of the second known specified by the value of

CYCLE (SGIVEN).

Freon refrigerant type (FTYPE). FTYPE is formed by placing an
F in front of the refrigerant number. The following values
are acceptable: F11, F12, F13, F14, F21, F22, F23, F113

and F114,

Print selector - if NPRT = O then do not print out results,

otherwise print out results

FREON will return the following information:

1.

Quality - applies to saturation states (if greater than 1
then superheated vapor and if less than 1 then compressed
Tiquid.) _

enthalpy (Btu/1bm)

entropy (Btu/]bm’R)

specific volume (ft3/1bm)

temperature (°F)

pressure (psia)

saturated liquid enthalpy (Btu/1bm)




11.
12,

saturated liquid entropy (Btu/1bm°R)
saturated 1iquid specific volume (££3/1bm)
saturated vapor enthalpy (Btu/1bm)
saturated vapor entropy (Btu/1bm)

saturated vapor specific volume (ft3/1bm)

A typical call on FREON would Took like:

CALL FREON ('TP', TEMP, PRESS, 'F113', H, S, V, T, P, HV, SU, VV,

HL, SL, VL, QUAL, NPRT)

This call on FREON evaluyates properties for FREON-113 given temperature

(TEMP) and pressure (PRESS). Subroutine FREON was written so as to be

independent of the calling program except for the passage of the

above parameters, therefore no external variables need be placed in

common.




FREON DESCRIPTION

FREON is the main routine for determining the thermodynamic properties
of the Freon refrigerants. The routine selects the correct set of
coefficients for the fluid to be evaluated. These coefficients are
stored in the'array Q which has the form as shown in Figure 1 .

FREON then must determine if the two state quantities given are legitimate
values, i.e. for temperature and quality the temperature must be less

than or equal to the critical temperature and the quality must lie

between zero and one. Once the quantities are found to be legitimate
FREON must determine the region to which the point corresponds, i.e.
compressed 11quid, saturated liquid-vapor equilibrium or superheated
vapor. Given the region FREON then calls the proper.subroutines to
compute the remaining thermodynamic properties.

VARTABLE SYMBOL TABLE

FREON
VARIABLE DESCRIPTION
BTOLER Lower tolerance on convergence and

saturation tests

CYCLE Type of calculation to be made, CYCLE
has the following possible pairs of
knowns:

1. temperature and pressure = TP

2. temperature and quality = TX

3. femperature and specific volume = TV
4, pressure and quality = PX

5. pressure and enthalpy = PH

6. pressure and entropy = PS




DELTH hfg - calculated from Clapeyron Equation
DERROR tolerance used in checks for zero
DHDT ah(V,T)
)
DHDV ah(V,T}
S aV
DPSDT dPsar(T)
dT
d%p_,-(T)
DPSDT2 SAT
dT?
DSDT aS(V,T)
aT
DSDV S (V,T)
aT
DVLDT v (T)
dT
F11 2-dimensional array containing the

coefficients for F11

F12 2-dimensional array containing the
coefficients for F12

F13 2-dimensional array containing the
coefficients for F13

F14 2-dimensional array containing the
coefficients for F14

F21 2-dimensional array containing the
coefficients for F21

F22 2-dimensional array containing the
coefficients for F22

F23 2-dimensional array containing the
coefficients for F23

F113 2-dimensional array containing the

coefficients for F113




F114

FGIVEN

FTYPE

HCRIT

HL

HV

LIMIT

M2

NPRT

NTYPE

PCAL

PCRIT

PSAT
PSIA

QUAL

2-dimensional array containing the
coefficients for F114

First known passed to FREON, i.e.
temperature for values of CYCLE of TP,
TX, TV and pressure for values of CYCLE
of PS, PH AND PX

Freon type

enthalpy (Btu/1bm)

critical enthalpy (Btu/1bm)

saturated liquid enthalpy (Btu/1bm)
saturated vapor enthalpy (Btu/1bm)
index

index

maximum number of iterations allowed
in any one search

unit number for printer

print selector

NPRT = 1 print and results
NPRT # 1.do not print results

saturated liquid specific volume equation
selector
calculated pressure (psia)

critical pressure (psia)

- saturation pressure (psia)

Pressure (psia)
2-dimentional array containing the
coefficients for the fluid to be evaluated

quality




RJ

S
SCRIT
SGIVEN
SL

SV

T

TF
TCRIT
TTOLER

VL
Vv

conversion factor = 0.185053

entropy (Btu/]bmfR)

critical entropy (Btu/1bm°R)

second known passed to FREON
saturated Tiquid entropy (Btu/1bm°R)
saturated vapor entropy (Btu/]bm°R)
temperature (°R)

temperature (°F)

critical temperature (°F)

upper tolerance on convergence and
saturation tests

specfficAvolume (ft3/1bm)

saturated 1iquid specific volume (ft3/lbm)

saturated vapor specific volume (ft3/1bm)




LIQUID DENSITY

Q(1,4)
A

Figure 1.

VAPOR PRESSURE COEFFICIENTS

Q(2,1) Q(3,1)
B c
Q(2,2) Q(3,2)
F G

EQUATION OF STATE COEFFICIENTS
Q(2,3) Q(3,3)
R 8
Q(2,4) Q(3,4)
A, B
Q(2,5) Q(3,5)
A3 3
Q(2,6) Q(3,6)
A, B,
Q(2,7) Q(3,7)
Ag By
Q(2,8) Q(3,8)
A Bg

HEAT EQUATION COEFFICIENTS

Q(2,9) Q(3,9)
b c

Q(2,10) Q(3,10)
X Y

Q(2,11) Q(3,11)
HCRIT ‘ NTYPE

Q(2,12) Q(3,12)
k ‘ a

Q(4,1)
D

Q(4,2)

Q(4,3)
Tc(°F)

Q(4,9)
d

Q(4,10)

SCRIT

Q(4,11)
VertT

Q(4,12)
PeRIT

10




- -
. TR - By gL ey . - . - .

DETERMINE PAIRS OF KNOWNS

PX T Ten
CHECK X CHECK X No
P<Pc
YES FIND
TEMPERATUKE
FIND AND VOLUME
TSAT
RETUR:! |
SATURATED SETURATED
VAPOR vaeca
YES
H>HSAT
P>PSAT y
] o _ NO ) ISUPERHEATEO STATE ]
COMPRESSED ! * SATURATED .
LIQUID STATE SATURATION : LIQUID - f?ég%r-n
. STATE RETURH
< RETURN > . YES YES
RETURN ‘ ; H<HSAT i - - S<SSAT,
* ' NO [COHPRESSED STATE ] M
& T ARE NOT
SUPERHEATED INDEPENOENT |

' SATURATION SATURATION
VAPQR STATE STATE STATE

< RETURN ) ( RETURN ) RETURN ( RETURN )

Ui

-LL
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( START >

SET UP
COEFFICIENTS
( DETERMINE PAIR OF KNOWNS :)
™ PS ™ PX PH v
TF=FGIVEN PSIA=FGIVEN
PSIA=SGIVEN S=SGIVEN .
T=TF+Q(1.11)

P<Q{4,12) ‘Y
VPEQM
¥=1.0/Q(1,4) YES
- VOLUME
VPEQH
V0.9
T=0(4,3)+Q(1,11) |
VVay
va1g~2
PSIAGPSAT T=Q(4,3)+Q(1,11)
SATN
SFIND
YES
ENTHAL
5
QUAL=2.0
PRINTF

RETURN




13-

f

TF=FGIVEN PSIA=FGIVEN
QUAL=SGIVEN QUAL=SGIVEN

T=TF+Q(4,3)

RETURN

RETURN

TF=T-Q(4,3)

J

T=q(4,3). YES

V=1.0/Q(4,11)

VOLUME

SATR

COMPUTE:
H

S
v

PRINTF

‘ RETHRN ’




ear- "

14 -
PSIA=EGIVEN
H=SGIVEN TE=FGIVEN
¥=SGIVEN
T=TFQ(1,11)
VPEY s
VOLUME NO
=y VPEQM
SATH
: FLQDEN
T=Q(4,3)+Q(1,11}] J1=q(4,3)+¢(1,11)
V=10~ N=0.9 EOS
- YES ]
VOLUME
HEIND ENTHAL
N0
YES ENTROP ENTROP
NO |
QUAL=-2.0 QUAL=2.0
COMPUTE:
QUAL
s
! PRINTF
SATH PRINTF
PRINTF RETURN PSIA=PCAL
COMPUTE :
quaL
s
< RETURN ) RETURN
PRINTF

QFETHLY




QUAL=2.0 QUAL=-2.0 COMPUTE: COMPS
QUAL
H
v [
VOLUME VOLUME ENTHAL
, PRINTF \
ENTHAL DRVPT DRVPT
|
RETURN )
ENTROP ENTHAL DELTH=RJYDPSDT(V-VL )*T
H=H-DELTH
QUAL=-2,0
Vvl
PRINTF ENTROP
[
y
PRINTF
( Remuen ) FLQDEN
i
RETURN

15,

DELTH=RJI*DPSOT*(V-VL )*T
H=H-DELTH
S=S-DELTH/T

V=VL

PRINTF

RETURN




v

COMPH

ENTRCP

* DRVPT

COMPUTE:
DELTH
S

Q
V=Vl

PRINTF

( RETURN }

16

VPEQM

VOLLHE

DRVPT

ENTHAL

ENTROP

QUAL=-2.0

COMPUTE:
DELTH
S
H

PRINTF
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* *
P F Re ON *
* *
* THIS SUBROUTINE CALCULATES TrHE THERMUDYNAMIC PROPERTIES OF *
*FREONS oY USING ITHE MARTIn=HOU EQUATION OF STATt. THE TYPES OF %
ASTATES wHICH CAn e EVALUATED ARE, GIVEN THE FOLLOWING PAIKS OF =
AKRNONNS ; *
1) TEMPEKATURE=PRESSURL *
) TEMPERATURE=GUALITY *
J) PRESSURL=FENTKOPY ' *
4) PRESSURE=ENTHALPY x
9) PRESSURE=QUALITY _ *
6) TeEr PERATURE=-SPECIFIC VOLUME x
COMPRESSED LiuwUju STATES ARE APPKOXIMATEL BY SATURATED *
*L10ULD STATES. THIS PROGRAM wWAS WRITTEN BY DAVIU He. RIEMER *
* *
AR AOKOR K AR ok K K oo o K 3o 3 50K o ok 3K ok o KK ok Kk ok A K ok o R R K K K o ok ok K o K
SUBROUTINE FREUN(CYCLEPFOIVENISGIVENIFTYPE sHeS»V»TePSIAY
1 HVeSVavVeHL e SL VL » GUAL yNPRT)
PARAMETER m2z=6
UIMENSIUN F113(4012) o FL114(4012)0FL11(4912)sF12(4,12)0F13(4012)
IF14(4012) )F2Ll(%912) ,F22(4912),F23(4,12)
COMMUN/FREONLZW(4¢12) 9o TTOLER)BTOLER»LIMIT ¢DERRORNTYPE
VATA LIMLT yUERRORY TTOLERYBTOLER/50,1,06=-10,1,005,0,995/
VATA ((Fal3(led)el=104)9J=1+12)733,0655)=4330,98/9=9,2635,
060020039)Ualr0.02UeUP0e090eUrCeUDT25010,0941749122.872,
=L e03510.002018,040¢r=0,01289=0,021495,0E=0590¢0¢=6¢36E=05¢0e07¢
0 0r0e0r0e0r04Us0e0004090e020e0r040r0e010e0796391e¢159E=04+0400
¢010,40125e1989=0,40552¢0,1699,459,6,109,4993.0¢0, 02781+0.00
0 000,00498,9/
uATA((Fll“(I J)elzZ1,4)0d=1,12)72740713069-5113,70219=6.3086761
1 b FLlo003L =yt U,70142111002¢768,3500,0920.0¢0.000,062780807»
el e FIRULTE=031294¢35136,32/9)=2.36850704,1,0801207=039=6,5043648)

IR 2R R 2R 2R R o

O F UGN

LL
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3ix
Ny}
b
99
4
41
44
+3
44
43
0
47
4
432
39
Vi

53
DY
55
S0

o0
oy
oy
ol
02
ol
o4
o9
06
07
0o
Q3

UeOLa 77101 0e0040520071=543330494E=061y,1636605T10.03049,

-3.oufqdlt-04'0.u.O.Uvu.7186r1.6017659Er06o6.2632341t-10o

-l.Olcbdlﬂé-Ub-1.975-00v0.0'Q-OvU.OoU.0175p3.49E'U4v-1.b7E—07v

0oU'U.OOCboségbudll'—0.1151371756'0.158“2'459.6'950“'2000

UeU780000.4003,000e0r473,187/
uATAc(Fxx(l:d)rl:low)oJ:lo12)/42.147028bbu-4344.545807v
1=12.84090753,0,0040,;0372907910.0313605356,862,07¢0e0¢GelUr0e00
ZU.U7vll7:0.00190noaa.47r94.57,-3.126759o1.31&523&-03;-35.769990v
997,036119=0,02534114.0751212E-05+1,220367943,63220,1.687277£~03
4=1,0UL062E~00r1UsUr=0tceB25560=¢4358930E=0592,448303E=08
5‘1.47ﬂ579i‘04006.70005.l.057bUQE08.-9.472103E04p0.0'0.0258159
6&.796626L-0“'-L.1:3794L~U7.5.999018E~11p-536.807030.50.5418o
7=0,0918395,0,172:9+1459,69112,08001,010,028927+10.,0014,50¢580,00»
8039.50L/ :

UATAC(FLa(lru) v I=L0a) 0d=1012)/39,88381727+=3436,032228
1-12.4715¢228.0.UO“?}O““ZHQQr0.0v0.0:0.0v0.0'0.0o0.086734v
€U.U000509388091c304711134.05,=3,40972713490,001594348481=56,7027671
30.02096.0.00023944654.-1.879615“51[-05'1.311399084'0.834921o
4=0,000548737007+1040,040r0,026831.040¢3,466834E=099=2,54390678£-05,
b-U.bb5549t-05vu.Oo0.0nO.U.o.0060945ou.000332662.-2.413896E-07o ,
60.72365L'110U.Uv‘$9.556551229-000165579361'0.1359v459i6r78056'200'
70,02870+0,005,47500,0+596,9/

UATACGFLO(Ird) v IShog) 2Jd=1112)/25,967974989=2709,538217»
1-7.172345913;0.00254515598.0.2805010913.546.00.0.0oU.OO0.0v
20,1027209C,0040,84,00930,06996125+1=3,083417,2+341695E=03
3=16421204390,015000 (¢ 0D86549=5,671268E=0590.571958,1+110,
4'1004600;L-05'1.358b79E-Uﬁp0.D'6.665'5.290649E-069-7o395111&-9'
5-3.6/44J3E-05pJ.Zubg-OSo7.378601E07o-7.465565E0490.0v0.01602v
62-525E'04r-l.159c-07r0.0!0.0!20-911"0.05676'0.088980459.6'
T45,2711240690,027723910,0+4,00,625.000501, 30/

GATACIFL4(Lrd) v I=10)rd=1912)/720,715453389,=2467,505285,
1=4,090170¢510.000047980709047707077959U42440004090e070+0+0412193367
20.0015'-30.1'39.06.-2.162959.2.155114E‘05o-18.941151a69.56848907o
S4 0404057 =03114,282810E=0590¢539776+4,58661139+11.,921072E=04»
4-&.9162635-07'0.0.55.171b6015,-4.u81049E-06o9.062318E-09'

~C C ¥
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5'4obaob/dL-Obv°d.05b9638$05.6568&3E07.-9.263925L04v0.0'
bb.UUbb9QUEﬁ‘U202.6704555&&-040-2.856000775—08'-2.953568005-11oOoO'

760.1U2104r0.6617&32500.55849459.Dv100.630!1.0'0.02560165'0-00“.00r

Bobl,199997y543, 1o/

DATACLFRL(L o) p IS8 et 9U=1012) /42,7909 ~4261,349=13.0295+0404359851 s
1000!000'UoU'UoU'U.O.U.l0427DO.O'61209!11b.37962'-7.316900004bu210'
ZU.Ur-O.03100608o-0.2058£d7600.0005593o0.Oo—O.OOOUSOIrO.OrO.O'0.0.
500U'Uo0'000'0.0'0-0|OOU'UoU’U00'U00427'0.0001“COOQOOUaOIOOOIO.O'
404000619069 4959.06+123,4503,090,03067500,0+0,090.0r75007

UAWA((Fdé(ivd)'I=lp4)od:lo12)/29.3575u450o-3645.19515Zo
1'7.60105122-0.004190959044.0.445746703,bo6,1.0,0,0,0.0,0.0,124093,
€0,0029204,81932,/09=4,353547,0,002407252, =44 ,066868,5%,6344093,
3-0.017404.7.b2789t‘obp1.483763p30.74892ou.0023101429-3.6057<3E'00'

40001 =22,¢9250579=5, 724044 =0595,355465E~08,)=1 845051 =04 »

S20,473200t211,305387£081=1,672612E0500,0,0,028128367+2 255406 =04
0=0,509007¢~0010,0r2574341,62,4009,=0,0453335,0,16016/+459,69,
791632991 0010.030025,0e004,20548420721,9067

UATAL(FZ3(Led) 1 I=194) 0J=1912)/328,90853,=7952,70913,=144,5142304,
10,2421150182+040010,070400=2,128006524E=041+9,43495542E=05610,153270»
€0460125¢78,73032477559=4,67949993,472773E=03+=159,775232¢63,37784
3=0,01e47997,733368E=0515,9412121=25,30533+2,068042E=03»
4=3,684230E=0090,09144,16182/)=3,868546E=0596,455643E-08
S=7,394214E=049=106,132807,502357E07 r=14114202505+0020,07628087,
6=7,5018008=00+3,9065696E=07 9 =2 454905E=10+0.0r0.000+0¢0.1198,
T459.6160,77+14U90.030510+0,0,5,500520,00,701,42/

RJ=0,1850%3

A=0.0
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10y
1J%
dU77
1Ud
iU
R
il
llc
149
g
115
L1k
117
alf
114
izn
123
Lle
429
il
12h
126
127
L2k
129
196
19l
19¢
133
134
135
el
i3
1o
139

10

)
20

ol=U U

VL:OQO

WUALZ=0,D
LF(FTYPEJtQs'Fllot) wu TU 10
IF(FTYPL LW tFalyr) U Tu 20
LF(FTYPELwe "FLLY )G, TO 30
LF(F](PLctuo 'flé' Youu TO +0
LFFIYPLtUa 'F13Y )50 TO D0
AF(FTYPEGEQ'FLG" )50 TO o6
LF(FTYPL bWe"F2LY )G TU 70
IF(FIYPLsbve*Fe2' )60 TU bU
IF(FTYPE €W, 'F23" ) TO 90
WRITE(MZ05060) FI1YPE

RE TURN

DO 1D [=1sé

LO 1b Jzl/ile
WllrU)=F113(i,0)

CONT [ivUL

oV TO 350

U0 29 Iz=is4

w0 25 Jz=lrle
Q(LeJ)=FLll4 (1 J)

> CONTINUL

U T 200

VIV I Yo I=i,4

wl 95 Jzil.l2
W(IrJ)=F11lu1lpJ)
CONTINULE

00 To 350

Lo 4o Izl

VO 4D Jz=lirse
Wllrd)=F12(ledJ)
CONT I1UE

G0 TO 35y

LY YL 1zl,4

0¢



140
iq}
iwg
149
L44
445
L4
i47
40
L8G
A20
151
15¢g
153
1954
459
i26

157

438
i5¢y
160
io}
log
163
iy
165
loe
167
16§
i99
174
ir7l
17¢
173
174

210

65

70

75

ou

85

90

95
350

WO Db Jzlié
w(lrd)ZFa2(l,d)
CUNT LivUE

ov Tu 350

vl 05 Izl

UG b yzlyie

WL rJISFLY(I )
CONT A NUE

o0 Ty 3%0

VO 79 I=1l,4

WO 75 Jyziyle
W(led)ZFl(l,y)
CUNTINUE

o0 Tu 3L0

v 85 1=1l,4

wo 85 yz=1,42
Q(lod)=Fec(Ivd)
CONTINUE

60 Tu 359

VO 95 1z1,4

DO 95 uzl,ie
Q{Irv)zFed(l,y)
CONT1INUE
NTYPE=Q(3,11)
HCRIT=G(c,11)
SCRIT=G(4,10)
PCRIT=G(4,12)
TCRIT=ZW(4,3)

IF (CYCLEtWs TP
IF(CYCLEJEUs ' TX Y
IF(CYCLE+Eue'PX?)
IF(CYCLL JEGo'FSY)
LF(CYCLE oE Qe YPHi?)
LF(CYCLE sEWe ' TVY)
WRITE(M2/y9(0u)

GO TO
6u 710
GO T0O
Ge TO
Gu TO
6e TO

400
€00
7060
900
1000
1100

Le




i e}
VAT
477
170
174
lay
40
iog
L0
1434
lob
L
Loy
1o
149
19
194
19
490
A9
1494
19
197
199
499
eJdy
<1
<ue
VR
c Uy
0>
cU3
27
«<Ul
cu9

4y

43u

470
Loy

o200

000

KE TURIY
TF=Folven

FOLAZSG L vy

T=TF+G(1l,11)

LF(TFoLT e 493)) Gu TG 430

VZle0/d(lyw;}

oV Tu 48y

CALL VPEWM(PSAT,1,1)
IF(PSIA/PSAT.G1.TIOLtR.OH.PSIA/PSAT.LT.BTOLER) Lu TO 47¢
WRITE (M) 9Y1y)

Ke ) Uk

IF(PSIA/PS»T.GT.IIOLER) GO0 Ty 500

QUAL=<,0

CALL VOLURE(ToPSEayy)

CALL ENTHAL(PSAA'T.VoH;DhUTwUHDV)

CALL EhThUP(lvvaonUToubDV)

CALL PRlN]F(frFSLA'uUALoVoHvSpOoU!O.U'O.Uvo.UvO.OOU.U'FTYPEONPRT)
RETURN

CALL VOLUME (1 9PSAT,y) ’

CALL URVPT(UPSuToPsA1pT'UPSDTZ)

CALL ENTHAL(PSATOTvy!H'DHDT!DHUV)

CALL EN]HUP(T:V;S;USUTODSDV)

CALL FLQUEN(VL» ToDVLDT)

DELTh:Rd*UPSU]*(V-V;)*f

AsH=pELTH

STS=LELTH/T

WUAL==2,0 ‘
CALL PRIHTFHpPSlAvGUAL'VL,H.S.0.0.0.0.0.0.0.0.0.0'OoOvFTYPtoNPRT)
vavl

RETUKRIN

lFsFGive, ‘

WUALZSGI vk

1F(WUAL.L-L.1.OQA“IJ.(JUALQUt.Oqo) 60 TU 610

WRITE (M2,4470) QUL

KETUKTH

ac



olQ

030

700

710

130

00
ole

030

a4y

900

905

1=1kF+G(inil)

AF (TR LG (403)) 6O TU 630
WiKlTE(M20902U) ICKRIT

RETURMN

CALL VPEW“(PSIAslel)

00 TO &0u

PSIAZFGivew

WUALZSOL VL

LF(QUAL G LE 1,00 AU UUALSGE,0,0) O TO 71y
WRETE(ME9Q070) QuaL

RETURN

IF(PSIA.LEG(U4eL2)) GU Tu 730
WRITE( M&rY9030) PCRIT

CALL VPEUM(PSIAl102)
TF=T=Q(1,11)

IF(Tr=@(4¢3)) 330,810,610
vZleUrsG(4y11)

QU Tu 84¢

CALL VOLUME(TP3iAr, V)

CALL SATHN(PSIA»TrvV,HVeSVHL,SLPVL)
HZ(1,0=QUAL) *HL+UUAL *HV
S=(1,0=QUAL) xSL+GUAL %SV
VE(1,0=QUAL) *ViL+LUAL*VV

CALL FPRINTF( ToPSLA,QUALYVyHeS»VVIHVISVeVL

RETURN

PSIAZFGLVEN

S=SGIVEN

IF(PSIA.LT,Q(4r1e)) GO TO 910
IF(S.LEWSCKIT) Gu To 905
T=@(403)+u(lsll)
VZ1l40/7Q(4y11)

0 TO 940

WRITE (M2,9040)

RE TURIx

HLSL'FTYPE ¢ NPRT)

£e



LN
P
e/
<44
<4
59
«Ji
92
«2d
«H%
<9
<9y
<37
P
<9
A3
<ol
<02
cb)
cHy
<6b
268h
267
<08
<Y
<70
PRAY
<72
<7y
<7h
el
clo
<77
<o
P

910

Y4y

960y

1000

1010

CALL VPeuw s (PoTiari r2)

CALL VULUr L (T ePSEAY )

VVzV

CALL SATWN(PSIAYTovV, VoSVl eSLr VL)
LF(S/9V.06T,TTCLER) 50 TO 940
AF(S/9L LT, BTOLER) 40U TO 960
WUAL=(S=0LL) /7 (SV=5L)

H= (Ll U=QUAL) *HL +WUA_ *HV
Va(1,0=WUaL) % VL +WUA,_*xVV

CALL PRINTF( T.PSIA.GUAL,V,H,S.VVrHV.SV.VL.HLoSLoFTYPEoNPRT)
K TURN

CALL SFLNC(TIPSIAIV,S)

CALL ENTHALIPSLIA» Ty Y e HIDRDT P LHDV)
WUAL=Cc,.0

CALL PRINTF(TpPSlA-QUAL.V'H'S'0.0'0.000.0'O.O'O.U'O.OOFTYPEONPRT)
RETURIN

PIFSIA

CALL COMPS(PyTevVeSyvin)

CALL ENTHAL(PY TV v H,UHDT » DO V)

CALL URVPT(UFPSUT P T UPSETR2)
UELTHERU*LPSDT & (Vve=vi ) *T

HaH=DELTH

QUAL:"zoO

CALL PRlNTF(fvPSlArGUALvVLoHoSo0.0'0.0'0.0oO.OoO.O'OoOOFTYPhrNPRT)
vavia

RETURN

PSIAZFGIVL_(

M=ESELIVEN

IF(PSIALT W (4r12)) GO TO 1020
LF(HeGTWHCRIT) GO TL 1010

WRITE (M2,9050)

RETUKIN

TGl 11)4Q(493)410G.0

V=1.0/Q(4,11)

00 TU 1u4n

124




<d?)
cold
etd?
PR
<G
<3%
p-1)
<37
P
c69
e
eIl
<3
PN
<Y
<99
'3
<37
<38
<99
300
S04
302
303
AW
NI
RITTY)
307
w04
09
217
o1l
312
ol3
944

luco

1040

1360

1100

CALL \PiuV(PSIAvGoZ)

CALL VULULE (T oPSinsy)

vvzV

CALL SATN(PSLIAPTHVV,iiVeSVeHL,SLP VL)
LF(H/FV .0l ,TTOLER) gL TO lg4g
iF(H/HL. LT, TOLER) 50 TO 1066

GUALZ (H=i{l.} 7 (HV=11L)

DS (l U=uuiL) 2SL+uuUa x5V

V(1 0=QUAL) *VL+WUA, 4VV _
CALL PRINTF( TePolAWUAL sV H) Sy VV o HV ISV vL o HL ¢ SLeFTYPE »NPRT)
Rt TURN

CALL HFINL(T2PSIAIV,N)

CALL ENTROP(ToVySeDSLTrOS0V)

WUAL=2,0 o

CALL PRINTF(l.PSlA.QUALoVohoSpO.Ov0.0o0.010.09O.OvU.O'FTYPEoNPRT)
RETURN

PIPSiA

CALL COmMPH(PsTeVeryyl)

CALL ENTRUP(ToVeSs0OSLTIUSDY)

CALL URVPT({UPSOTP»T+DPSLT2)
DELTH=RU*UPSLT*(V=Vi)

SI=S=VELTRH

\IUAL:"‘Z. 0

CALL PRINTF(T:PSLA;QUAL:VL.H'So0.0»0.0-0.090.0.0.0'0.0oFTYPEpNPRT)
VIVl

RETUKN

TFaFeIVin

TaTF+Gu(le1])

VZSOIVEN

LF(TWOEICKET) GU To 11l4u

CALL VPEGW(PSAT,T,1)

CALL FLQUEN(VLeTeuvDT)

CALL VOLURE(TrPSAT ) yV)

LF(V/VL LT, BTOLER) 0 TU 1160
LF(V/VV,L0T,TTOLER) U TO 1140

1



o1hH
wif
217
ol
vl
e
[Srsuy
el
98
oral
VP34)
[OYg5)
327
DE
Sy
o3
oo
S92
233
234
939
930
937
234
NG L)
4 )
i)
o42
I43
S44
Sith
a40
w47
J48
a3

CALL SATWPSAT Tovy, tive SVl s SLr vl )
WUALZ(V=VL )/ (Vv=vi)
0= (1, 0=wung) wHL+WJA; *#HV
a:(l.U-GUAL)*SL+uUAL*SV
CALL PRINTF (O e PSalyUAL Y Y UMIS'VV'HVOSV'VL!HLPSLoF TYPE o NPRT)
PSIAzHSAT
e TUR
lidu calLi LOb(rCAL'I'VoUHu'QUFDV'DPDVUTcUZPDTc)
CALL LJTHA;(VCAL!fuJ!dvUHUT'UHDV)
CALL ENTRCPUT o V5o UsuTeUSLY)
UUAL:Z-O
CALL PRINTF(IoVCAL'uUALvVvHvSpOoU'OoOoU.UOO.OvO.U'UcU'F1YPE'NPRT)
PS1A=PCaL
NE.]UN‘\
116U CALL thuF(PﬁlArltl)
CALL VOLUYE (T ePSing v V)
CALL URVPI(UPSUT PSTAN TyUPSUTE)
CALL elTithc (PSLA o o Voo UHDT y GHOV)
CALL ENTROUP(T ) Vv uSuTeusSnV)
UUAL:'aoO
VELTHIRJALPSUT* (vy=y)
S=S=uelTH
HEH=DEL TrH* | :
CALL PRLNTF(T.PSlA,@UAL'V'H'Sv0-0rO.UpO.U'OgU'O.UvO-U'FTYPE'NPRT’
RETURN
G000 FURMAT (LA p8x, " k4 aE [{RUR®% 4 CYCLE = '4A3,' CYCLE MUST EQUAL TP, TX,
L PXo FSe PHY /795X VEREUIN TERMINATED ')
J010 FORMAT ( Lri 14X " xxxERROR* 2% TEMPERATURE AfND PRESSURE ARE WOT INDEPE
LNUENT LINLEK THE SATURATION DOME'+//+5X, "FREOIN TERMINATED?)

Y020 FURMAT(LH o4X, " %+ %ERROR® S A SATURATION STATE UOES NOT EXIST FOR T

LoMPERATURES ABOVE Tk CRITICAL TEMPERATURE ' vF10.3¢'0EGF " 1// 75X
2 YFREVE TERMINATALY)

9030 FURMAT (Lt ,Ux ) " ¥4 2ERKOR¥ %4 A SATURATION »>TATE DOES NOT EXIST FOR P
IRESSURES #GuVE Tre cRITICAL PRESSURE ' 1F1U43, 'PSIAY,/7/+5X, 'FREON TE
erRMINAtED )

92



uou FUL0 FORFAT (Ll 4y ' Tt wARTLivmpiOU EQUATIUN OF STATE 15 NOT VALIL IN TH
ool 115 RevlOng2ens POPC ARG S5SCY9//15Xs "FREON TERMINATED ')

Vo2 FUSU FURMAT (Liy p4as ' Titk #ARTIN HOU CQUATION OF STATE 1S WNUT VALIU IN TH
953 1iS KEGLUni2,t. POPC AND HitC Yo // 10X "FREGN TERMIWATED')

294 FUbU FORMAT (LIt 4 Xy " x %4 EKROR®2 % THE FLUID YpAds® CAN NOT GE EVALUATED U
959 A5UNG THe SUBRUUTLINE FREOINY o7/ 45X, 'FREON TERMINATED?)

oo JU70 FORMAT (Liy p Xy ' v KKOK®Xx% A QUALITY OF "IF6.3, %15 NUT ALLOWED'»
057 /70 R0 "rREON TERMINATEDY)

996 b

LZ
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COMPH DESCRIPTION

.COMPH searches for the temperature and specific volume in the
compressed liquid region given pressure and enthalpy. The compressed
liquid region is approximated by saturated liquid at the same temperature.

A two variable Newton-Raphson iteration technique is used in the search.

EQUATIONS

dp
- SAT T
Fi, = h(V,T)-CONVR—7— (v VU T-henoun
% _ ap(v,T) _ dPSAT
o1 31 dT
2
oF d°p dp dp dv
h _ ah(V,T) SAT SAT SATY( 'L )
5T 3T - CONVR( de —32(V-V )*T+7Tr-4v vL) -(7Tr—>( dT) *T
oF dp
“h _ 3h(V,T) SAT
3V - eV - CONVR*—F—*T
F aF oF
N PR YA T A Y
Jacobian '( 3V )( aT)' aT )\ 5T
A Py
V. =y, - p* oT h* 3T
i+l ! Jacobian ;i
F 9P ¢ Efllq
T. =7 - |_h*3V " p*3v
+] 1 Jacobian ;
VARIABLE SYMBOL TABLE
BTOLER lower tolerance on tonvergence and
saturation tests
DFHDT 3h(V,T) d2PSAT
e NT ¥ J * - *
T RJ* ‘;ﬁ:?‘ (v vL) T
dp dv dp
SAT L SAT
“ar T T (V)
dp
DFHDV ah(V,T) SAT
v - R T
DFPDT ap(v,T)  9Psar

31 T T




DHDT

DHDV

DP2DT2

DPDT

DPDV

DPDVDT

DPSDT

DPSDT2

DVLDT

FH

FP

HCAL

LIMIT
M2

PCAL

PSAT

RJ

TLAST

29

L
dT

dp
h calculated - RI*—SAL *(V-V, )*T-h

dT KNOWN

P calculated - PKNONN

known enthalpy (Btu/1bm)

calculated vapor enthalpy (Btu/1bm)
index number

maximum of iterations allowed in any one search
unit number for printer

known pressure (psia)

calculated preséure (psia)

saturated pressure (psia)

conversion factor = 0.185053
temperature (°R)

last temperature calculated, to be used

in next iteration




TTOLER

VL

VLAST

XJACOB

30

upper tolerance in convergence and

_ saturation tests

specific volume (ft3/1bm)

saturated liquid specific volume (ft3/1bm)

‘last specific volume calculated, to be

used in next jteration

Jacobian of pressure and enthalpy




( START >

RJ=0.185053
VLASTaV
TLAST=T

EOS

VPEQM

ENTHAL

DRVPT

FLQDEN

I=1

YES

I>LIMIT
1=+ j

FP=PCAL -PSAT
DFPDT=DPOT-DPSOT
FH=HCAL-RJ*DPSOT*(V-VL)}-H

DFHDT=DHDT-RJ*DPSOT 2*(V-VL ) +RI*DPSDT*DVLOT

DFHDV=DHDV-RJ*OPSOT
XJACO0B=DPDV*DFHOT-DFPDT*DFHOV
V=VLAST*(FP*DFHDT-FH*DFPDT)/XJACOB
T=TLAST-(FH*DPDV-FP*DFHOV }/XJACOB

ERROR

RETURN

31




VLAST=V
TLAST=T

1<6 YES '
T=TLAST/10.0
N0 T
V<0 VS oo
0 V=VLAST/10.0
T
£0S
VPEQM
ENTHAL
DRVPT
FLQDEN

RETURN
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*

*
* C O MPR *
* L 3
* inlS SUBQUTINE Fiiluo THe TEMPERATURL AND DENSITY GIVEN *
FPREODURC ANL wini AL PY FOR CUMPRLUSSED LIQUID STATES,. *
* *
b R LS R S R EE S TEE TR T N UL L PR TR W R RS PR R G g g ng e g grp e

SUBRUL T Lk COMPH(PyTrVelirnvL)

PAkAML L Mézo
COMMUIV/FREUNLEZG (40 12) o TTULER)GTOLERYLTMIToDERRORy NTYPE
RJ=U,ib0Uh3

VLASTZV

fuasi=T

CALL LULIPCAL» Tov e DT rOFDY e LPDVLT,,DP20T)
CALL VPESF (PSAT, 1,1)

CALL elNinAL(PCALr Ty v e HCAL 1 DHDT ¢ GHDV)

CALL URVPT(UPSOT ST TruPSDT2)

CALL FLUuei(vL e TouvLuT)

LU 1000 fxisLIwId

FPZPCAL=PSAT

wFPLT=OPLT=UPSULT
FHEHCAL=KUXDPSUT R (VaVi) kT =y

VFHUTZOHU T=RJx (UPSD 126 (V=VL ) 2 T=DPSDT*DVLUTxT+0PSLT4 (V=VL))
UFHUVZOhuV=kuxDPLSUT %1
AJACVLZUFUVERUFHO T =DEPOT *LFHDV
VEVLALT=(F 2x F RO M=Fr*xuFPL T )/ XJACUH
TSTLAST= (FH*UPLV=FPxUFHDV ) /XJACOB
LF(T.LE.‘JQJ) T:TL.ASI/].U.U

IF(VeLEUL0) V=VLAST/ZL10,0

CALL cUSIPCAL» ToVoDROTPDFDV e uPOVLT»DP2DTR)
CALL VPEUWM(PLAT» 10 1)

CALL LiiTHAL(CAL s Vg ot HCAL » pHU T2 OOV

CALL URVPT(UPSDT 1S T TePSDTR)

€€




iuuy
luby

9000

Akl Fluulbi(vlelyuvicT)
HLZHCAL = U5 P SU T2 (Ve Vil ) *T
LF(PQAL/rbAI.Li.ilULLN.Ahu,PLAL/PSAT.GT.uTOLLh.ANU.HL/H.LT.

1 TTOLLR AL o HL/H, 0T WBIULER) 60 TO 1050
xF(Aub(T-]LAaT).LI.1.Ut-Uu.ANU.AuS(V-VLAbT).LT.l.OE-U7) GO Tu 105y
ViadSizv
fLaST=7
CUNT Livue
wRITe (Ve SQ0y) LaetlY
PP AL
N TURI
FORMAT (' Yy 10Xy txxxCOMPH FAILED T0O CUNVERGE 1IN *»I5¢' ITERATIONS?')
eIvl

ve
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COMPS DESCRIPTION

COMPS searches for the temperature and specific volume in the compressed

1iquid region given pressure and entropy. The compressed liquid region
is appkoximated by saturated liquid at the same temperature. A two

variable Newton-Raphson iteration technique is used in the search.

EQUATIONS

Fo = PV.T) = Pgur(T)
Fo = S(V P sar
= ,T - -
g = S(VsT) = CONVR —=== (V- )*T-Sp o
F
%o _asv,T) _ Psar
oT oT dT
s as(v,T) Pyt dPSAT av
il 3T - CONVR ——— = (V-VL) + CONVR (—5— )(—HTJ
s _a5LT) | convr sat
oV oV dT
oF aF
o P(v,T), 'S aP(V,T)y,°'s
Jacobian = (T )iy - (TR0 wy)
v IV Fp(aT 37 - S( BT)
i+l = Yy )
| Jacobian j
e oy L (s
i+1 i .
Jacobian j
VARIABLE SYMBOL TABLE
BTOLER lower tolerance on convergence and
saturation tests
DFPDT d(P(V,T) - Pepr(T))
: dT
DFSDT 3S(V,T dPoar(T)
aT ‘(R;* —ar ")
dP T dv
s SATH Y

dT dT




h ]

DPSDV

DP2DT2

DPDT

DPDV
DPDVDT
DPSDT

DPSDT2

DSDT
DSDV
DVLDT

FP
FS

1
LIMIT

M2
PCAL
PSAT

RJ

SCAL

P calculated - PGIVEN

S calculated - SGIVEN

index

maximum number of iterations allowed
in any one search

unit number for printer

known pressuré (psia)

pressure calculated (psia)
saturation pressure (psia)
conversion factor = 0.185053

known entropy (Btu/1bm°R)
calculated entropy (Btu/1bm°R)
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TLAST

TTOLER

VL

VLAST

XJACOB

37

temperature (°R)

last temperature calculated, to be

used in next iteration

upper tolerance on convergence and
saturation tests

specific volume (ft3/]bm)

saturation liquid specific volume (ft3/1bm)
last specific volume calculated, to be
used in next iteration

Jacobian of pressure and entropy




SRSk e &N

(9

( START ’

RJ=0, 185053
VLAST=V
TLAST=T

EQS

VPEQM

ENTROP

DRVPT

FLQDEN

I=[+]

1-1 \
I>LD YES

FP=PCAL-PSAT

DFPDT=DPOT-DPSOT

FS=SCAL-RJI*DPSDT*(V-VL}-S
DFSDT=DSOT-RJ*DPSDT2*(V-VL}+RJ*DPSDT*DVLDT
DFSDV=DSDV-RJ*DPSDT
XJACOB=DPDV*DFSDT-DFPDT*DF SOV
Y=YLAST-(FP*DFSDT-FS*OFPDT}/XJACOB
T=TLAST-(FS*DPDV-FP*DFSDV)/XJACOB

ERROR

RETURN
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VLAST=Y
TLAST=T

NO

YES
o T=TLAST/10.0
R
V<0 YES ———oonoo——
NO V=VLAST/10.0
) |
£0S
VPEQM
ENTROP
DRVPT
/
FLQDEN

HECK

TOLERANCE

RETURN
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37
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23
2H
2k
Py

2g
2y
30
DY

33
34

alaNaN ol eNoNal e

R e R R N L B R S S A o I L S ur TP,
*

X
* CC it P o *
¥ *
* Thls SUbROUTIHE FLNUS THE TEMPERATURL ANU DENMSITY GIVEN *
*PRESSUKe ARG LNIKOFY FUR COMPRLESSED L1GUID STATES, *
* *
**t**w***w;4*******¢******¢****x************4*************#*******

SUBRULUT Liv. CUMPSFeT IV D Vi)

PARANME TR Mezo ,
;UMNuh/FKLuNL/U(WoIZ)vTTULERo&TOLERoLIMlloDERHORoNTYPE
Rw=U,182053

VLaSiTzv

TLAST=T

CALL tUthCALp]pvpUFUT'UFUVoUPDVuT'DZPDTZ)

CALL VPEWM(PSAT 11

CALL tivInGRF(T o veSCALPLSUT 2 DSLV)

CALL URVEIT(LESUT S, T TruPEDTE)

CALL FLUWUEN(vL s TyVLULT)

LU 1uul i=l,LimlT

FPSPCAL=ISAT

VFFOT=UPLT=0FSOT

FOSSCAL=NURLPSUT R (VaVL ) =S :

. UFSDTZUSUT=KU*LPSDT 2% (V=VL ) +RU*DPSDT*DVLLT

UFSUVZLOUV=Ru*Db 50T
AJACUBSUPUVvXUF ST i =G POT*LFSDV
VEVLAST=(F*uFSUT=Fe*UlFPLUT ) /XJACOB
T:TLAST-(FS*UPuv-FP*UFSUV)/XqACCG
LF(TWLE WO oU) TETLRST/L0L0

CALL EOS(HCALY TV yLFuT20FOVDPDVLT,D2PDT2)
CALL VPEWM(PSAT,1,1)

CALL EMTRUP(T o VeSCAL P LSDT P SLV)

CALL LEVPT(uPSUTPSLTrTaLPYDTZ)

0)7
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e
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Gu
GL
Y¢
“+7

lulu
+UD0

940y

CALL FLuwbEl(vice Touv, 1)
SLESCAL=rtur (Vv=vL ) %0 50U ‘ , _
lF(PCAL/HSAT.LU.1TULLH.AhU,PCAL/PSAT.GT.bTOLER.AHD.SL/S.Lr.

FTO0LLn AU SL/ZS . 0T WBTULER) GU TO 165u ' )
LFCABS(T=TLAST) o) o Lo UE=Ub ,AND o ABS (V=VLAST) (LT.1.06=U7) w0 TQ 1050
VLASTZV ‘
fuaSli=T
CUnT LU
whlTe(mde¥uluy) Lamly
F=PCAL
e F UK o )
FURMAT (Y 'y 10Xs "4 0nPS FAILED TU CONVERGE LM *,15,' T1ZRATIONS?)
EiNU

87
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DRVPT DESCRIPTION

DRVPT calculates the first and second derivative of the saturation

pressure with respect to temperature.

EQUATIONS
dP B+E*F LOG,~(F-T))In(10)
SAT _ - 10 C-E
—at " Psar A 2 + =5+ 0In(10))
2
2  SAT 3 2 2
dT T T°(F-T) T
VARIABLE SYMBOL TABLE
DPDT dPoat
dT
d%p
D2PDT?2 SAT
de
FT F-T
p saturation pressure (psia)
Q 2-dimensional array containing the
coefficients for the fluid to be evaluated
T temperature (°R)
T2 12
T3 T3

XX 1n(10)




< START >

T2 = o1y
LR P
T = 0(2,2)-1

YES

FT<0.01/

NO

FT .
XX = loa{1n)
dP
= PH-xx(0(2,1)40(1,2)#Q( 2,
*10gy0(F1)))/72+(Q(3,1)-Q
(1, 2}0macai 1y onn)
dar

=5 = P20+ (0(2,1)40(1,2)*q(2,2)

ar"  *1oayn(FT})/T3+XX/T2%(0.4342¢ -
{8

FT)+(Q(3,1)-0(1,2)/12)

[

‘ © RETURN ’
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o

.

X

i

le
13
1l
lh
it
17
lo
19
24

cCcooco.cC

*******4**;***#*********4#*$************************#*************
. .

* L RV P T
*

*PhedSSURe wWiTh ResPpCT TO TEMPERATURE
*
#*******************************************************4********
SUBRULT L DRVPT(OPLT e P 1,p2PDT2) '
?gMMUH/PNLUNl/Q(lez)vTTULER.BTOLER!LIMIToDERRORvNTYPE”

e = 1x7

To=TexT

FT=G(cre)=1

lF (F1-L100|Ul) r] - 100

XA = ALUVUL(40,0)

wPLT = Pr(=XX%x(w(2,1) + G(1,2) *xQ(2,2) *¥ALOGIO(FT)) ) /T2+(Q(3¢1) =G
L(le2)) /T+g(ard)xxxy
uZPUTz:P*(Z.U*KX*(u(291)+0(102)*u(2r2)*AL0610(FT))/T3*

i XX/T¢*(0.464494&8/FT)+(Q(6'1)-Q(lr2))/T2)

RE VUK

Ny

*
x
* THIS SUBROUTINE CALCULATLS THE DERIVATIVE OF THE SATURATION %
b 4
*
*x

4%
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ENTHAL DESCRIPTION

ENTHAL calculates the enthalpy and its derivatives with respect

to temperature and specific volume for vapor states using the Downing«

Martin equation of state.

EQUATIONS
. A
h = A*T+b*T2/2+C*T3/3+D*T4/4—F/T+C0NVR*P*V+CONVR (YV:%Y
A A A A C,exp(a*V)+1
R R S 6 1

1
33 av-p)? ' Gy - C11"(c1exp(a*V)

2(V-8)%  3(V-g

C2 C3 C4
+ CONVR exp(—K*T/TC)(1+K*T/TC)(V_B + 5 + 3
2(V-8)"  3(v-g)
*
+ACS . C6 i C6 C1 ]n(Clexp(a*V)+1
4(V-B)4 dexp(a*V) a Clexp(a*v)
+ ah(latent at -40°F)-h(saturated vapor at -40°F)
B0ULT) - arprtecxT2agx e T2 convReys 2E(LT)
2 C C C C
. CONVRNCT exp(-K*T/Tc)(VfB i S S T
T 2(V-g)"  3(v-)"  4(V-s)
* *
. C6 ) C6 C1 ]n(clexp(a V)+1))
aexp(a*V) o Clexp(a*V)
3h{V,T) 3P(V,T) -Ay Ay Ay
-‘%ETL—_ = CONVR*P+CONVR*Y* 3V’ + CONVR( i 7 - 7
(v-8) (V-8) (V-8)
Ag 1 ¢
—_— _ _K*
T Ty s Glay * Tpelenyr)) CONRReR (KET/TC)
. : ' *
e B B S - % ., % CL*V )
. . * +
(v-8)°  (v-8)3  (vp)*  (v-g)® - &xPla*V) " Ciexp(o*V)
VARIABLE SYMBOL TABLE
C conversion factor = 0,185053
DERROR tolerance used in checks for zero
DHDT ah(V!Tz

aT




DHDV

DPDT

DPDV

D2PDT2

DPDVDT

EKA
EKIT

H1

H2

H3

PART

PART1

PART2

46

ah(V,T)
Y

3P (V,T)
aT
3P(V,T)
Y
32P(V,T)
3

oT

2%P(V,T)

aVvaT
exp(a*V)
exp(-K*T/TC)

enthalpy (Btu/1bm) .

3/ 3%d4*T4 /4 £/ TH+CONVR*PHV

a*TH+D*TZ/ 24CHT
A A A A
CONVR(VfB 3 o 5 )
2(V-g) 3(V-g) 4(v-g)

c, C4 c
CONVR(= + +
V-8~ 2(V-B)2

4
3(v-s)3

C
--Ji-ja +RZ) (14+K*T/TC) (exp(-K*T/TC))

4(V-g)

+

pressure (psia)
Clexp(a*V)+1
C.,In{(

1 Clexp(a*VT)

atb*THCA T2+ o4 /T2 coNVRe 2PL0T) 4y

5T
S B B S
V-8 2(v-p)? 3(v-g)3 4(v-s)4
2
+ Rz) (CONVR*K *expé-K*T/TC))
T, '

2-dimensional array which contains the

coefficients for the fluid to be evaluated




RX

Rz

T2
T3
T4
TC
TERMA

VMB

VMB2
VMB3
VMB4
VMBS

A6(1/exp(a*V)-PART)/d
(C6/exp(a*V)-C6*PART)/a

temperature (°R)

critical temperature (°R)

A6(-1/exp(a*V)+C1)/(C]eXD(a*V)+])

specific volume (ft3/1bm)
V-8

(v-p)?
(v-8)°
(v-g)*
(v-8)°
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PR, ..umtwnwm—-'

‘ START >

T2
T3
T4
VM8
vmB2
VMB3
vig4
VMBS
EKIT
EKIT
EXA

= 0.1585083
TT

T2T

13T

v - Q(3,3)
vievig
VHSI*VIB
ViG3*vMp
VIBA*VMB
-0{2.12)*7/(Q(4,3) + Q(1,11))
EXP(EKIT)
Q(3,12)*v

EKA > 30.0

ABS(EKA) < DERROR

EXA
RX

PART
TERMA
TERMB

LI I I I T
ococoooo
e e e e s
[=Re=jalote)-)

PART = 0.0

EKA = EXP(EKA)

BS(Q(1,12)) < DERROR

NO

PART = Q(1,12)*ALOG((Q(1,12)*EKA
+ 1.0)/(Q(1,12) *EXA) )

RX = Q(2,8

RZ = Q(4,8
TERMA = Q(2,8
+ 1.0

Q{3,12)*(1.0/EKA - PART)
(Q(3,12)*EKA) - (Q(4,2)*PART/Q(3,12))
(=1.0/EKA + Q(1,12)/(Q(1,12)*EKA

/
/
*
1.0))
/

)
)
)
)
)

TERMB = Q(4,)/EKA
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~

PO etk

£0S

Hl =
H2 =
K3 =
H=
TC =
PART] =
PARTZ =
PART2 =
s 3} =
PARTY =
PARTZ =

PART2 =
DPOV =

Q(1,9)*T + Q(2,9)*T2/2.0 + Q(3,9)*T3/3.0

+ 0(4,9)*T4/4.0 - Q(1,10)/T + C*P*y
c*(Q(2,4)/vtB + Q(2,5)/(2.0+vMB2) + Q(2,6)/
(3.0%vMR3) + Q(2,7)/(8.0*VMB4) + RX)
c*(Q(4,4)/vB + Q(4,5)/(2.0*vMB2) + Q(8,7)/
(4.0%V1B4) + Q(4,6)7(3.0%vMB3) + RZ)*(1.0
+Q(2,12)*7/(Q(4,3) + Q(1,11)))*EKIT + Q(2,10
H1 + H2 + H3

q(4,3) +Q(1,M)

Q(1,9) + Q(2,9)*T + Q(3,9)*T2 + Q(4,9)*T3
+ Q(1,10)/T2 + C*DPDT*V

Q(4,4)/vMB + Q(4,5)/(2.0*VMB2) + Q{4,6)/
(3.0%v83) + Q(4,7)/(4.0*VMB4) + RZ
-C*EKIT*Q(2,12) **2*T/TC**2*PART2

PART1 + PART2

C*DPOV*V + C*P + C*(-0{2,4)/viB2 - Q(2,5)/
VB3 - Q(2,6)/vHB4 - Q(2,7)/VMBS + TERMA
-Q(4,4)/viB2 - Q(4,5)/viB3 - Q(4,6)/vMB4

- Q{4,7)/VBS - TERMB + Q(4,8)%Q(1,12)/
{Q(1,12)*EKA + 1.0)

C*EKIT*(1.0 + Q(1,12)*T/TC) *PART2

PART1 + PART2

‘ RETURN ’
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Ly
15
iln
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29
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<93
39
32
33
34

cc.occ oo

10y

105
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* Ew T HAL *
x *
* (115 SUBKROUT ik CUMPUTES ThE ENTHALPY OF THE VAPOR, *
* *
TR KR AOK K K R 4 Ok K op 0K R KRR gk K KR o K A KKK 0K AR o K ok 4 OK B KKK K kR AOK o ok K

SUBRULT ot ERTHALIP, 1o VariyDRUT P DHDV)

COMMULL/ZFrne Una /G (40 12) s TTULER yBTOLER» LIMI T DEKRQR ¢ NTYPE
C=0e 185HYLY

T2=Tx1

TozTexT

(4zTIxT

VMLEV=W (3¢ 3)

Viib2= vMig Vi

VMBI= v MBa# Vi

VMg vMUy O Vig

VMBOZVMbY4* yMp

EKIT==Q(2012)* T/ (W(493)+G(1v11))

cRITSEAP(LKIT)

ChRAZQ(3r 1) xy

IF (cKA.GT,30,V) G0 TO 1us

IF (ABS(ckA)e LE, UrKRUR) GO TO 105

tKA = EXP(ZKA)

ir (ABS((1ri2)) JLE UERRUR) 60 Tu 100 »
PART = G(lole) #AL0G((QtLlrL2) #EKA+L,0)/(Q(1012)%EKA))
GV TO 11lv

PART = 9,C

wJo Tu 110

TExrMAZ0,0

0S




32
9
37
33

4
[

43
n'* l
42
43
4+
43
45
47
443
43
59
21
oe
93
2%
29
o)
)
20
BY
0
ol
o2
oK)

Lring=U, u
el Tu iio
ilU rX = u(z;n)/u(J,Lg)*(l.o/LKA-pAR])
HZ:U(“r&}/(Q(Jrlc)*EKA)‘(d(“v&)*PART/Q(3;12))
rERMA:U(éod)*('l.U/tﬂA*Q(lc12)/(U(1012)*LKA+1.0))
TdRMu:Q(Hod)/LKu
41O Call QOb(PvTrV'UPUT.UPUVOUPUVDTOUZPUTQ)

nlzu(l»9)sr+u(a.V)»12/2.u+u(3.9)*T5/3.0+u(4.9)*T4/4.u-

L w(lelG)/14Ckpay
n&:C*(u(a.u)/vmu+u(aoS)/(Z.O*VMba)+Q(2.6)/(3.0*vM85)+Q(2v7-

L)/ (%, 0%viipw) +1ia) .
HJZC*(Q(4-4)/VMb+a(urb)/(2.0#VMB2)+Q(4a7)/(ﬂ,0*VMB“)f@(4oo

1 )/‘JoO*VMB3)+RZ)*(1.0+Q(2.12)*T/(Q(“-3)+0(1v11)))#EKIT+@(

22+10)
H Tl + e + 13
TCxw(wed)+ulloll) .
PARTI=Q(1-9)+u(2:9)*T+Q(éy9)*]2+u(419)*TJ+Q(1010)/T&+C*DPDT*V .
PAH]d:Q(»c*)/VMd+u(u'b)/(a.0*VM6£)+Q(4.6)/(3.0*VMB$)+G(4.7)/(Q.U*

1 ViBY ) +Re .
PANT&:*C*LKII*u(e.12)**2*T/Tc*t2*PAR12
VHUTZPART J+PaT2 -
PARTL:C*uFDV*V+C*w+C*(~U(2.Q)/VMbZ-G(z.S)/VMBs-u(2.@)/Vmuu-u(2.7)/

1 VMEO+ T KivA ) ) N
PAHTZ:-Q(4'4)/vaa-u(4vb)/vMBJ-Q(QvO)/VMUQ-Q(Q.?)/VMBS-‘tRMb
1 +u(4-a)*u(1.12)/(a(1.12)*EKA+1.0)

PANTZ:C*LKIT*(l.U+O(1p12)*T/TC)*PART2
UHOVIFAR | L+PART2

K TURIN

enND

g

 \\
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ENTROP DESCRIPTION

ENTROP calculates the entropy and its derivatives with respect

to temperature and specific volume for the vapor region using the

Downing-Martin equation of state.

EQUATIONS
B
S = a‘nT+B*T+C*T2/2+d*T3/3-f/2*T2+CONVR*Rln(V-B)-CONVR(V%E

B3 B4 B5 B6 Clexp(a*V)+1
2 *\/ ) -
; : + 2 Werplarn)-e Loy

+
2(v-)%  3(v-g)®  a(v-g)?

3S{V3T) _ CONVR*R -B, B, By By
oV Vg - COWR(—" - 3" T~
(V-8) (v-8) (V-8) (V-8
¢
+Bg (-1/exp(a*V)+ Clexp(a*v)+l))

)5

aS(V,T) = a/T+b+C*T+d*T2+f/T3 - mg‘*f“ exp(-K*T/TC)( Vgs

5T -
c
C3 Cq Cg Ce Ce*Cq : (Clexp(a*v)+1
+ + + - n
2(v-8)2  3(v-g)  a(v-g)F cexp@V] " a C,exp(a™V)

+

VARIABLE SYMBOL TABLE

C conversion factor = 0.185053

DERROR tolerance used in checks for zero

DSDT | 8S(V,T
3T

DSDV . aS(V,T)
vV

EKA exp(a*V)

EKIT exp(-K*T/TC)

A

V-8B ov-g)?  3(v-g)°  4(v-g
Clexp(a*V)fl

PART Cl]n( Clexp(u*V))

+ RZ

)4
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PARTI CONVR*R -8, By
| Vog - CONVR (—=—y - 3
(v-8)"  (V-g)
B B
- - 2+ TERMA)
(v-8) " (V-8)
-C2 C3 C4
PART?2 CONVR*Kexp (-K*T/TC) ( 5 = 3 - 7
(V-8) (V-8) (v-8)
C C.*C
5 6 1
- - TERMB + VA )
(V-B)5 Clexp(d V)+1
Q 2-dimensional array containing the coefficients

for the fluid to be evaluated
B

RX 6 1
7 exp(a*V) PART)
R7 C6 ) CG*PART
aexp(a*V) o
S entropy (Btu/1bm°R)
S1 a]nT+b*T+C*T2/2+d*T3/3-f/2*T2
S2 CONVR*RIn(V-8)
B B B
$3 -CONVR((VZB) . -
2(V-g)~  3(V-g)
B
+ ———§——z.+ RX)
4(V-g)
« G ‘3
S4 CONVR(TE?exp(-K*T/TC)(V_ + >
B 2(v-p)
,_ta - ¢ o+ R2) + AS(1atent at-00°F)
3(V-8) 4(V-8) ' B

-S(saturation -40°F)

T | temperature (°R)
T2 12
T3 13
TC critical temperature (°R)
’ C
-1 1
TERMA B6(exp(a*v) * Clexp(a*V)+1)




TERMB

VMB
VMB2
VMB3
VMB4
VMBS
7z

C6/exp(a*V)

specific volume (ft3/1bm)

-553 exp(-K*T/TC)
TC“
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v NI . Rl G . @2t o Kyt b %

YES

< START )

C = 0.185053
VIG = Vv - Q(3,3)
Viiz2 = VMBAVHB
VHB3 = VHR2*VMB
VM34 = VIB3*VMB
VMBS = VMB4*VIMB
EKA = 0(3,12)*V

YES

ABS(EKA) > 30.0

YES

ABS(EKA) < DERROR .

85{Q(1,12}) < DERRO

EKA = EXP(EKA)
RX = 0.0 PART = Q(1,12)*AL0G((Q(1,12)*EKA
RZ = 0.0 ® 1.0)/(G(1,12)*EKA))) .
EXKA = 0.0 RX = Q(3.8)/Q(3,12)*{(1.0/EKA - PART)
PART = 0.0 RZ = Q(4,8)/(Q(3,12)*EKA) - (Q(4,8)/
TERMA = 0.0 Q(3,12)*PART)
IERME = 0.0 TERMA = Q(3,8)*(-V.0/EKA + Q(1,12)/
(Q{1,12)*EXA ¢ 1.0))
TERMB = Q(4,8)/E¥A
[
G = Q(4,4)/v1B + Q(4,5)/(2.0*v1B2) + Q(4,7)/
(4.0*v11B4) + Q(4,6)/(3.0*VIB3) + RZ
T2 = T+T
T3 = T2*T
EKIT = -q(2,12)*7/(Q(4,3) ¢ q(1,11))
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YES

AN

NO

EKIT = 0.0 EKIT = EXP(EKIT)

emiien o .....__!:/‘ P SR DL

77 = Q(2,12)%%2.0/(Q(4,3) + Q(1,11))**2,0%EXIT

S1 = Q{1,9)*ALOG(T) + Q(2,9)*T + Q{3,9)}*T2/2.0
+ Q(4,9)*T3/3.0 - Q(1,10)/2.0*T2)

$2 = C*Q(2,3)*ALO%, ViB)

$3 = -C+(Q(3,4)/ViB + Q(3,5)/(2.0%VB2) + Q(3,6)/
3.0%VMB3) + ({3,7)/(4.0*VI1B4) + RX)

S4 = C*(Q(2,12)/(G(4,3) + Q(1,11))*EKIT)*(Q(4,4)/
VB + Q(4,5)/{2.0*VIB2) + Q(4,6)/(3.0%VMB3)
+Q(4,7)/7(4.0%v1B4) + RZ) + Q(,10)

§S =51 +5S2+53+54

DSDT = Q{1,9)/T + Q{2.9) + Q(3,9)*T + Q{4,9)*T2
+0(1,10)/73 - c'r.* 144
TC = Q(4,3) + Q(1.11)
PARTY = c*o(z.a)/vnu - C*(-Q(3,4)/vMB2 - Q(3,5)/
VIB3 - Q(3,6)/VIB4 - Q(3,7)/VMBS + TERMA)
PART2 = C*Q(2,12Y*EKIT/TC*(-2(4,4}/V122 - Q(4,5)/
v.xaa - 0(4,6)/V134 - Q(4,7)/VIts5 - TERMB
+Q(4,8)*0(1,12)7Q(1,12) KA + 1.0))
D3OV = PARTI + PART2

‘ RETURM )
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EEFEKRRE RN LKA R R F DK bk o Mg R ook % o Ko kKo ko ok Kok K ok ok K ok KOk R & kb o Kok K K

ENWT ROF

* H R ® x

*
*
*
THIS SUBKOULTLHE CuMPUTES THE EMTROPY OF THE VAPOK,. ‘ *
*
*

HOK A A OB 1 KOk kK KOk K g AR K K b o ok o KK K 3Kk R K o ok e K ok K ok T gk ok K ok kK R Kk Ok Ok o K o K
SQUBLRUGUTLNE EfiTROP (T, VeSeuSHTyuSDV)
COMMUIVIFREUNL/ZQ (49 22) 9 TTULERyBTOLERYLIMIT 1 DEKROR ¢ ITYPE
C=0,155093
VMESV=W (o)
ViibesvidB» v Mp
VML IT VMt * VMo
VMbLYZ VMBI * My,
VMDBOZ VMY * v hiis
ERKASuw(Jdrice) xV
1F(AD5(EKA).U1'SUQU) L0 10 1u0
LFCABS(EAR) s ToULRRKR) GO TO 100
P (AbS(R(lsle) ) iLE . ERKOK) GU TO 100
KA = EXF(LKA)
PART = Gi(lele) *ALUG((W(1e12)2EKA+1,0)/(Q(1,12)%EKA))
60 TO 100
400 RA = 0,0
K = (6,0
cthA = OoU
PART - UoU
IERMA:OnU
TERMB=0,.0
w0 TO 140
105 RX = w(de8)/U(3+12)%(1.0/EKA=PART)
RE = wllr&)/(Q(3012)%EKA)=(Q(498)/0(3912) %PART)
TERMAZOQ(O98) % (=1,0/enA+Q(1,12)/7(Q(1012)%EKA+1,.0))
TERML=Q (&) /ERA
il =G4 r8)/VMEAGILD) /1 (2402VMB2)+Q (W97 ) /7 (4, 0%VMBL)+Q(406) / (

LS




l .j.U*V'.":L;J)'Ol\Z
& = T»i
190 2 x|
ERITZ=G(cric)* 1/ (u(ard) +u(Lrll))
1F LADS(ERIT) 40T, 00,0) GU TO 115
EniT = BEAP (LRLT)
00 Ty LG
id5 enil = G0 ~
12U &2 = u(Z'la)**é.OU/(u(“oa)+u(lvll))**2.0*EKIT
:l:utlrV)*ALuu(T)+u.éo9)*T+O(Jr9)*TZ/2.0+O(M;9)*T3/5.0-u(l
1 0 10)/ (e UnTye)
5220 kG (€1 3) ¥al UG (Vi) :
55:—;*(0(3.4)/\Mu4g(3.5)/(2.U*VM52)+Q(3'6)/(5.U*VMBS)+Q(59
L T/ (M. UxVbY ) KA '
54:C*(G(¢'12)/(u«».:)+0(1.11))*EkIT)*(0(4.4)/VM5+Q(4'5)/(2.u¢v
l Mna)#u(qpt)/(J.U*VNUJ)+u(497)/(4.U*VMb4)+RZ)+Q(3v10)
S=51452+4534+5y
us&l:u(l.y)/l+u(c.9)+u(3.9;*r+q(~'9)*T2+u(1le)/TS-C*G*ZZ
1C=Q(493)40u(lrll)
PAHTl:C*h(E;J)/Vmﬁ-c*(‘G(3,“)/VMU2-Q(3'5)/VMB3-Q(3p6)/VMB“‘U(3v7)/
1 VME O+ TERMA )
PAR12=C*u(i'12)*LKII/TC*(-Q(“04)/VMBZ-Q(Q:S)/VM85~Q(496)/VMbq
1 =G4 7)/vMLO=TERME+QA(4,8)%Q(1912)/(G(1r12) %EKA+10))
USOVzZPART 14PAR12
1430 RETURNK
ciNw
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y EOS DESCRIPTION

EOS calculates the pressure and its derivatives with respect to
temperature and specific volume in the vapor region given temperature

i and specific volume by using the Downing-Martin equation of state.

EQUATIONS

A, +B,*T+Coexp(-K¥T/TC) A +B,*T+C exp(~K*T/TC)
3

275 s
V-8 (V-g)? (V-8)

*T+C,exp(-K*T/TC) A +BS*T+Csexp(-K*T/TC) A6+86*T+C66xp(-K*T/TC)

4 " .5 N ,
* *
(V-B)4 (V-3)5 expla V)(1+C1exp\a V))

3P(V,T) _ =R 2(Ap*Bp THCoexp(-KT/TC))  3(A3#By*T+Caexp(-K¥T/TC))

o (V-g)° (v-8)° ) (v-g)*
exp(-K*T/TC))  5(Ag+B*T+C exp(-K¥T/TC))

3)6
2% *( exp(Z*a*V)

) 4(A4+B4*T+C4 ‘
' (V-s)5

- (A6+86*T+C6exp(-K*T/TC)) (

exp{a*V

5
(V-
)+
(exp(a*V)+C, eXP(2*a*V))
KC2exp(-K*T/TC) KC3exp(-K*T/TC)
B,- T By~ T
3P(V,T) _ R, C . C
KC,exp(-K*T/TC) KCgexp(-K*T/TC) KCgexp(-K*T/TC)
B,- B .- B -
4 T, 5 T. 6 T,

X * (V-8)5 " expa*V) (C,exp(oV)+1)

+
(V-8

lrr1) | Kep(oyre) (2, %, W

12 1.2 v-°  (v-8)°  (v-8)"  (v-8)°

+ C6 )
exp(a*V)(Clexp(a*V)fTT
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KC,exp(-K*T/TC) KC.exp(-K*T/TC)
2 28, ) 38y —— )
3°P(V,T) _ R _ C ) ‘ .~
avaT (v-8)2 (v-8)° (V-8)
KC,exp(-K*T/TC) KC.exp{-K*T/TC)
4(B,- —2 5(B - —>
4 Te 5 Te KC6exp(-K*T/TC)
- 5 - 6 -(Bg- T
(V-8) (V-8) C
a(1+2*C1exp(u*V))
(SR (T exp (1))
VARIABLE SYMBOL TABLE
CK2 C2*K/TC
CK3 C3*K/TC
CK4 C4*K/TC
CK5 C5*K/TC
CKé6 C6*K/TC
DERROR tolerance used in checks for zero
DPDT aP(V,T)
3T
DPDV 3P (V,T)
oV
DPDVDT 22p(V,T
aVvaT
D2PDT2 3P(V,T
3T?
EKA exp(a*V)
EKA2 exp(2*a*V)
EKIT exp(-K*T/TC)
I index
P pressure (psia)
PART 1-dimensional array containing intermediate values
P1 pressure (psia)
Q 2-dimensional array containing the

coefficients for the fluid to be evaluated




TC
TERM
TERMA

TERMB

v

VMB
VMB2
VMB3
VMB4
VMB5
VMB6
XMESS

Z1
72
Z3
z4
Z5

A

61
temperature (°R)
critical temperature (°R)
1-dimensional array containing intermediate values

BG-CKGexp(-K*T/TC)

exp(a*V) (1+ exp(a*V)

C
N 6
exp(a*V) (1+ exp(a*V))

specific volume (ft3/1bm)

_ (oexp(a*V)+z* *Clexp(z*a*V))

(exp(a*V)+Clexp(2*a*V))2
BZ-CZ*Kexp(—K*T/TC)/TC

B3-C3*Kexp(-K*T/TC)/TC

B4-C4*Kexp(-K*T/TC)/TC

-C.*Kexp(~-K*T/TC)/TC

Bg-Cg

Bs-Cs*Kexp(-K*T/TC)/TC

(1+2%C exp(aV))

exp(a*V)(1+ exp{a*V))




< START >

pPoY = 0,0
F1 = 0.0
VMR = Y - Q(3.3)
EKIT = -(2,12)*7/(Q(4,3) + Q(1.,11))
EKIT = £XP{LKIT)
EKA = O{1,12)%y
EKAZ = 24Q(3,12)%V
YES
YES
s Q> 30
EKA = 0.0 NO
EKA2 = 0.0
EKA = EXP(EKA)
EKA2 = EXP(EKA2)

TERM(1) = Q(2,3)*T/V!B

I=2 \vzs

1>5

(Q(2,1 + 2) + Q(3,I + 2)*T

TERM(T)
® Q(4,1 + 2)*EKIT)/ViB**I

P1 = PY + TERM(I)

|




|EKA| < 0

EER.‘:(G) a2 0,0

TERM(6) = (Q(2,8) + Q(3,8)*T
+ Q(1,8)*EKIT)/
(EKA*(1,0 + Q1,12)
“EKA})
Pl = PY + TERM(1) + TERM(6)
P =Pl
PART(1) = Q(2,3)*T/VMB**2

PART(6) = 0.0

PART(1) = 1*((Q(2,1 + 2) + Q(3,I + 2)*T
+ Q4,1 + 2)*EKIT))/(VMB*+(1 + 1))
DPDY = DPDV + PART(I}
YES
' ABS(EKA) < 0.0
YES

|

EKA2 = 0.0

L

EKA2 > 30.0
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XMESS = =(Q(3,12)*TKA + 2,0%0(3.12)%Q(1,12) *EKAZ)/
((EKA+ Q(1,12)*EKAZ) *+2)
PART(6) = (G(2,8) + Q(3,8)*T + Q(4,8)*EKIT)*XMESS

DPDV = -(DPDV + PART(1) + PART(6))
VMB2 = VME*VMB
VIB3 = VHE2*VMB
VIBS = VIB2+*2
VMBS = VHR4*VMB
VMBE = VMI3*ViB3

TC = Q(4,3) + o(1, 1)
CK2 = Q(4,4)*q(2,12)/7C
CK3 = 0(4,5)*Q(2,12)/7C
CK4 = Q(4.6)*q(2,12)/TC
CK5 = Q(4,7)*Q(2,12)}/7C
CK6 = (4,8)*Q(2,12)/TC
EKA = Q(3,12)*y

YES

ABS(EKA) < 0

YES

TERMA
TERMD
76
EKA

u“ o

o000
P
ocoooo

EKA > 30

EKA = EXP(EKA)
TERMA = (Q(3,8) - CKE*EKIT)/(EXA*(1.0 + Q{1,12)*EKA))
TERB = Q(4,8)/(EKA*(1.0 + Q(1,12)*EKA))
26 = (Q(3,12)+(1.0 + 2.0%0(1, lZ)‘EKA))/(EVA"(\ 0
+ Q(1,12)*EKA))

€4




oPOT = Q(2,3)/ViB + (0Q{3,8) - CKZ*EKIT)/VMB2
+Q(3,5) - CKI*EKITI/V:33 + (Q(3.6)
- CKA*EKITY/VIB + (Q(3,7) - CKS*EKIT)
VIBS + TERMA

D2PDTZ = Q(2,12)**2*EKIT/TC**2*(Q(&,4)/VMB2
+ Q(4,5)vi83 + Q(4,6)/vMBa + Q(8,7)/
Vi85 « TERMB
21 = Q(3,8) - Q(2,12)*Q(4,8Y*EKIT/TC
22 = Q(3.5) - Q(2,12}#Q(4,5)*EKIT/TC
73 = Q(3.6) - Q(2,12)*0{¢,6)*EKIT/TC

24 = Q(3,7) - Q(2,12)*q(4,7;=EKIT/TC
25 = Q(3,8) - Q(2,12)*Q(4,8)*EKIT/TC
DPOVDT = -0(3,2)/VMB2 - 2.C*Z1/%33 - 3.0%22/
YMB4 - 4,0%23/VMZ5 - 5.0%24/VMB6
- 15*26

Hon

b e

e e b ot

h1‘EZ;;

‘ RETURN ’
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* IHIS SUBKROUT inE CALCULATES ThE PKESSURE FOR VAPOR STATES AND *
#0015 LERIVATIVES Glveii TUMPERKATUKE AND DENSITY *
. *
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SULRULT IiINE EUS(P oY o v o 0FUT 2 OPLV e DFDVDT 2 L2FDT2)

COMMON/FreOnNL/w (4 12) o TTULERyBTOLERYLIMI [ 9 DEKKOR Y NTYPE

viMenSIOn TERM (L) e PAKT (7)

wPUV = 0.0

Pl=0,0

VMBESV=Q (9 3)

EXIT==Q(erl2)*xT/(0(qe3)+6(1011))

ERIT=EXP (ENIT)

EKAZO(Sric)*xy

EKACZ2e 00 (3p12) aV

LF (ABS (Lhh) oLb s UERKUR) GO TO 105

AF (ABS(LRA) L1 4u0,2) GO TQ 105

thA = EXP(gKA)

tEKA2 = BEAF(EKAZ)

6L TO 11

409 gKA = 0.6

EKAZ2 = (e
115 TERM(1) = g{2e3)x1/ymb

WO 125 i = 2,5

TEKM(I) = (W(2rI+2) 40 (39 1+2)xT+G (4 I4+2)4LKIT) /VMB%x!
125 Pl = F1 +TiRM(1)

LF(ABS(LNA) sLEJDLRRCR) TERM (6) = 0,0

IF CAUS(ERA) JLELULKRGR) GU TO 120

TERM (6) = (Q(290) + G(Ar8)*T+Q(4»8)*EKIT)/(EKA*(1,0+Q(1,12)%E

1KA))

10 Pl = P1 + TEKNM(1) + TERM(6)

99




N9

96
S
Y.
L)
40
G
42
43
Gy
iy b
o
“7
49
4 ‘j
29
bl

e

23
o4
93
53
27
ST
33
g
ol
e
03
64
0%
09
o?
08
oY

1490

0L

l4d

100

=i 1

PART (1) = W22 3)aT /Vriuerg

Do 150 [ = 2,5 ' |

PART (L) = FLUAT (L)% (Ul +2)4Q(39I+2) % T+Q (42 I+E) %EKIT) /VMOR® (L +1
1)

LPLUV = urbyv + PARID (L)

AF (AbS (LRA) oLELUERRUR) FaRT (&) = 0,0

iF (ABS (ERA) WELUEKROR) 6y TO 145

IF (EhALe 214,304,005 ERae = 0,0 ‘
AMESS = (G301 %b K, +2e0%G (39 12)%Q (19 12) %EKA2) / ((EKA+G(L 1 12) %E
lhag)x»2)

ANMLSD = =amess

PART (0) = (UW(2r0) 40 (303)2THG (U B) x EKIT)*XMESS

JFUV Z=(UPyv+kART (1) 4+ PaRT (6))

vMb ez VN * v

Vil 3z VMU % yhin

VMgl o VMo s k2

VMBOZ VMUY * vy

vMboOSVMUIRYME 3

TC=uw(4r3)+t(lell)

CREzu(4r4) xQ(2r 1) /TC

CKS:Q(Q'D)*Q(Zvlc)/1C

ChUzu(lro)ab(2ele)/7C

CKOZQ(4y7)4Q(2012)/1C

VROZUW(4rb)xu(201c)/1C

ERAZW(Sple)xv

LF (ABS(ERA) o LE W DERKRIR) GU TO 100

IF(EKALGT,30,0) GO TO 100

EKASEXP (CirA) _

TERMAZ (W(098)=CKOXER[T)/(EKA%(1.04Q(1912)%EKA))
TERMBZQ(498) / (EKA%(1.,0+2(1,12)xEKA))
COZU(Srlci*(leU4c,0nu(lyl2y*hA)/ (EKA*(1,04+Q(1,12)%EKA))
U To ls0

TERMAZ0,0

TekMpz0.U

{9
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/2
K
/4
75
n
77
76
/9
(3]
o1l
oR
L)
94

é°=U'U. K IT)/VML 3+
Lhﬁzu.?z )/v:h+(((l'“,-bha*EKI[)/VMu2+(u;$;§6;;2i;EamA
40U pPUT=6 (e ; 2 (3 b (@(307) =CKOAER ! : —
! ‘u‘J'S)I&?::L:éli4j¢tt:2*(Q(upu)/VMaa+Q(ﬂob)/VMd5+0(*' )
wePulezw(2)le c. .
a(h.?)/vmuv+ltkng) ]
lal'&(soﬂ)-u(aola)tQ(4'g;:pzi¥;{g
- LY} t
LZ:u(oob)-J(deZ)*Q( I TC
Fulonli-d(2ele) «3 49 7)sEK]
::-::g:b)-u(c.12)#0(4vg:*5K%::Ig, os.0eses
- - . . GoYy *C A 4 ‘ _ 23/ YMES=5 .
LOTW(deb) u(cold)*u(_ VMG3=3 40422 /VimnB4 40
2 1= 30« v =Ze 0%l /7VNi3 . ’
WPUVLIZ=w(3rc) /Viup2 .
1 V|'o[5°-£b*‘.°
175 meTukii
eNw
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FLQDEN DESCRIPTION

FLQDEN calculates the saturated liquid specific volume and its
derivative with respect to temperature given temperature. One of three

equations is selected depending on the refrigerant to be evaluated.

EQUATIONS

NTYPE = 1

/v, = AL+BL(1-T/Tc)1/3+cL(1-T/TC)2/3+DL(1-T/TC)+EL(1-T/TC)4/3

dv B 2% C 4*E

L_y 2 L -2/3, -1/3 L 1/3

7 = V. (e (1-1/TC)° 3*TC (1-T/7C)7° + =6 (1 T/7C)™"7)

NTYPE = 2
= _ n1/2 1/3, 2
1/VL AL+BL(TC T)+CL(TC T) +DL(TC -T) L(TC-T)
Yoy (B, +C, (TC-T)"Y/2/24D, (1C-T)"2/3/342%€, (TC-T))
dT L L 7L L L
NTYPE = 3
- 2
1/VL = ALfBL*T+CL*T
dv
L _ 2
ar T V(B2 M)
VARIABLE SYMBOL TABLE
DL saturated liquid density (1bm/ft3)
DVLDT dv, (T)
dT

NTYPE saturated 1liquid specific volume equation selector
P1 ' temporary va]ué
p2 temporary value
P3 temporary value
P4 temporary value
Q 2-dimensional array containing the coefficients

for the fluid to be evaluated

T temperature function




TC
TR
T3
VL

70

critical temperature (°R)
temperature (°R)
3*TC (°R)

saturated Tiquid specific volume (ft31bm)




( START )

TC = Q(a.3) + ¢

NTYPE = )

P1 = 1/3
P2 = 2/3
P3 = 4/3
T~ TR/TC
DL = A+ B *T**P1 4 C *T*+P2 + D *T*+P3
VL= 1/0L
T3 = 3,007C .
IV /T =V *224(8, /(T34T*4P2) + 2%C, /(T3+T*P1)
+ D /TC + 4% /(T3+T#+P1))
RETURN
NO
NTYPE = 2
YES
Pl =1
P2 = 0.5
P3 = 1/2
P4 = 2/3
T=1C-TR

DL = A + B *T ¢ € *T*4P2 + D +T+p3 4 £ *trs)

VL = 1/0L
= - o *7 *
dv, /4T Vrr2e(s + L /(207#2p2) + 0, /(3*1+pa)

+ 2¢€+T

RETURM

6

oL = AL + BL'TR + CL"TR"Z

VL = /D
2 . *2w *C *TR]
dVl /0T VL' 2 (BL .2 CL R}

]

g
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x . *
* F L @DEN *
* *
* ThIS> SuBrULTLNE COMPUTES THE SATURATED LIQUIL SPECIFIC VOLUME=*
*olVer TevPERATURE .SIiNG ONE OF THREE EQUATIONS, *
* *

*********t***‘**********t***************4***********w*************

SULRULT LG FLUWWENtV o TRYLVLDT)

COMMUN/FREONL/e (40 L) o TTULER)BTOLER P LIMIT 2 DERROR Y NTYPE

1CzU (49 3)+u(dell)

ou Tu (2L0,3u0,400), WTYPE

Plzl,0/3.0

Pezg.u/3.0

PI=4,0/73,0

T=le0=TR/TC

ULSGUL %) +u (Lo D) % 1% 4PL+U(L1,6) % T*4P2+0 (10 7) % T4%P3

V=i, U/un

13z3,uxl

UVLDTIVO #4425 (QULeD) s (T3# 1 %xP2) 42, 0%Q(198) /(T3%xTx%xPL)+Q(1¢7)/7TC
+4,046(1,8)/7(13xTxxP1l))

RETURMN

Pi=1l,u

P2z1,u0/2.0

P3=1,0/9,.C

PY=2,0/3.0

T=TC=1R

VLW (1lrd)+u(leD) xTxxPl+a(1, 6)*T**P2+u(1'/)*T**p5+@(1 8)*T%xx2

viz=l,0/00 _

UVLLTIVL*x2% (Q(L1r5) 4w (L) (2, 0%T*xxP2)+Q (10 7) /(3 0%T*xPU)+2,(0*
Wileo)xT)

RETURIN

UV wlZQ(lo4)+d(LloD) 2 TRyw(lr0) s« TRRk%2

vi=l,0/0L

¢l
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OVLODTEVLsr2x (=0 (LeD)=u(lyb) %2 ,0%TR)
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HFIND DESCRIPTION
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HFIND searches for the specific volume and temperature in the vapor

region given pressure and enthalpy. A two variable Newton-Raphson

iteration technique is used for the search.

EQUATIONS

Jacobian = (aP

i+l ~

Tie1 =

VARTABLE SYMBOL TABLE

vV,T) P(V,T),,ah(V,T
(aT )-(2 (aT ))( (av ))

[(h(V,T)-

BTOLER
DHDT

DHDV

DPDT

DPDV

DPDVDT

D2PDT2

HCAL

LIMIT

ah(V,T) aP(V,T)
Penoun) 2T = (hOVT)-hpaun) 8T ]
Jacobian ;
3P (V,T 3h(V,T)
hevoun) 3V - (POLT)-Pryaguy) 3V __]

Jacobian

lower tolerance on convergence and saturation tests

ah(V,T)

aT

ah(V,T)
3V

3P(V,T)
3T

aP(V,T)
av

3%P(V,T)

avaT

32P(V,T)
3T
known enthalpy (Btu/1bm)
éa]cu]ated enthalpy (Btu/1bm)
index
maximum number of iterations allowed in

any one search




M2

PCAL
T

TLAST

TTOLER

VLAST

XJACOB

unit number for printer

known pressure (psia)

calculated pressure (psia)
temperature (°R)

last tempekature calculated to be
used in next iteration

upper tolerance on convergence and
saturation tests

specific volume (ft3/1bm)

last specific volume calculated, to be
used in next iteration

Jacobian of pressure and enthalpy
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( START )

VLAST=V
TLAST=T

ENTHAL

1=1 \ YES
I>LIM]

I=1+1 j

XJACOB=DPOV*DHDT - DHOV*DPDT
V=VLAST-( (PCAL-P)*DHDT - (HCAL-H)DPDT/XJACOB
T=TLAST- ( (HCAL-H)DPDV-(PCAL-P)DRDV)/XJACOB

TLAST=T
VLAST=V

4

L

1<0 YES
’
<>E
NO
1

S
V=VLAST/10.0
E0S
ENTHAL

NO HECK

TOLERANCE

ERROR

RETURN
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Hal® ol S T

-1

2t

47
<7
<o
29
S
31
Se

SR

coCcoOoCeC o

ludo

1050
9000

1

KK R KA KRk R Kk AR K ok Ok OK R KOk %ok Kok K ok ok o K ok %R K e o ok K K ok ok KK ok K oK ok K ok K
* X
* WF &MU *
* *
* THIS SUBKOUT InE FINDS TEMPERATURE ANU DENSITY GIVEN PRESSURE *
*AND ENTHALPY FUK SUPERHEATED VAPOR STATLS. *
* *
AR R kR K ok ok R KO K K R o KR KO KK Kb K K o oK K o K KOF K o K K K o ok K o K
SUEBROUTINE HFIHDCTeo V)
PARAMETER M2z6
COMMUIN/FREONL/W (90 12) » TTULER,BTOLER)LIMITyDERRQR» NTYPE
VLASTzvV
TLAST=T ’
CALL EUSIFCALTovLiUToDFLVDPDVULTDP2DTZ)
CALL ENTHAL(PCAL» 1y v e HCAL»CHDT » UHDV)
LO 1060 i1=z1,LINMIT
AJACOLZUPLV*DHU T=uRL T*DHUV
VEVLAST=( (FCAL=P) *UruT=(HCAL=H)*UPDT) /XJaCOB
T=TLAST=( (HCAL=H) *LPLV=(FCAL=P)*UHDV) /XJACOB
IF(TEL0,Q) T=TLAST/10,0
LF(VsLEeU,u) VEVLAST/1040 .
CALL EOS(PCALeTovOPUT»DFDV 1 LPDVLT 1 DP2DTR)
CALL ENTHAL(FCAL s Tov e HCAL »OHUT »DHDV)
AF(PCAL/P LT TTOLER ,AND oPCAL/P 6T eBTULER(AND « HCAL/H oL T,

TTOLER AU HCAL/HGTETOLER) GO TO 1050
AF CABS(T=TLAST) ol T o1 0E=04 ,AND ¢ ADS(V=VLAST) LT.1.0E~07) 6O 7O 1050
VLAST=V '
TLAST=1
CONTINUE
WRITE (M2y9Q00) LIMIT
RETURN
FORMAT (' tyluxs'tiFIhD FAILED TO CONVERGE IN 'pI150 ITERATIONS')
ehD

L
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; ; PRINTF DESCRIPTION
PRINTF prints the final results of FREON if NPRIN does not equal

zero.

VARIABLE SYMBOL TABLE

FTYPE ' : fluid type to which properties have been
determined |

H | ~enthalpy (Btu/Tbm)

HL saturated 1iquid enthalpy (Btu/1bm)

HV ‘ saturated vapor enthalpy (Btu/1bm)

NPRIN | print selector

M2 unit number for printer

P pressure (psia)

Q - 2-dimensional array containing the

" coefficients for the fluid to be evaluated

S entropy (Btu/1bm°R)

SL saturated liquid entropy (BTU/1bm °R)

SV saturéted vapor entropy (BTU/1bm °R)

T temperature (°R)

v specific volume (ft3/1hm)

VL saturated liquid specific volume (ft3/1bm)
Vv saturated vapor specific volume (ft3/1bm)




RETURN

SV,SL

( START ’

T=T-Q(1,11)

SUPERHEATED
VAPOR

_\

- ‘
et
NO

COMPRESSED
LIQuID

79




T~ Cd LN =

lu
13
Le
io
1l
1o
igs
17
ddcd
19
<9
2a
24
23
24
23
PN
27
ctd
2%
39
J 4
S

ST

coccoon

AR R Rk A Ok O K K Ok R KK K Ok ok Kk KOk Kk K m R K ok K R o KR K ok oK Ok K K K ok & Kk ok ok ok K kK

*
* PRINTF
*
*
*
AR OK AR AR A ok K K R K o K K R K K g ok K oK ok ok g K ok K K K gk ok K 0K AR Ko K K K
SUBROUTLE PRINTF (T, PoGUUAL s VareSeVV oFIV oSV VL o HL s SLeFTYPE o NPRIN)
PAKAMLTEK M2=o
COMMON/FREUNL/W(9r12) o TTUOLER, BTULERILIMI T DEKRQOR, NTYPE
T=T=u(l,ll,
IF (WPRINSEW,U) KETURNN
WRITE(M22S00U) FIYPE
WRITE (MceS010) Tor
AF(WUAL o LE 41,00 AlNULQUALWGE,0,0) GO TO 3240
IF (UUAL.OGT,1.0) wRITE(M2y9320)
IF (WUAL LY ,0,0) wKITE(M209030)
GO TO 357¢
3¢60 WRITE (M2 Y04Y) QuaL
WRITE (M2 (b0)
WRITE(M299070) HvaeHL
WRITE (M2 9080) SVSL
WRITE(M2+9060) VV,VL
3370 WRITE(M2,9090)
WRITE (M2eS90Q70) H
WRITE (M2e908BL) S
WHKITE (M299Q00) V
FUUU FORMAT (11 o4Xy ' % xxTHERMODYHNAMIC PROPERTIES OF 'yA4s' USING MARTIN=
IHOU CQUATION OF STATE*¥x')
VL0 FORMAT (Lt ob4Xs "TLMPERATURE = 90F 7419 'DEG.F*s/+5X» 'PRESSURE ="
1 F10.90 'PSIAY)
9020 FOURMAT (14 rUa» *SUPERHEATED VAPORY v ////777)
F030 FORMAT (Lit +4Xs "COMPRESSEL LIQUID=APPROXIMATED BY SATURATED LIQUIp!
1 v ///7/7)

*
*
*
IhIS ROQUTINE FRINTS THE KESULTS OF RQUTIME FREON. *
*x
*

08




Sh)
33
S7
KT
39
44
41
4z
43
4%
+5

U0 FORMAT (1ti
1 YeFbJ4)
YY0C FORMAT (L

t4AY 'SATURATED LIOQULID=VAPOR EQUILIBRUINM® 9 /05X *QUALITY

0/ 7035R 0 P SATURATED Y 98X "SATURATED " 0/, 35X *VAPUR ' p 12X

1 TWIWUIG v/ eDAs ("))

9000 FORMAT (ir
1 /)
GUTU FORMAT (114
JUoU FORMAT (L
990 FORMAT ¢ Lri
Re TUif

END

pHA» "SPECIFIC VOLUML (CU.FT/LBM)'o5X.F9.QoBX;F9,“o/////

PHX TEINTHALPE 96X 0 " (BTU/ZLBM) ' 99XeF9,38X9FY,3)
PR TENTRGPY " 99X, " (BTU/LEBM=R) ' y5X9F9.0¢8X1F%.6)
0 /77777 )

L8
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SATN DESCRIPTION

SATN determines the saturated vapor and 1iquid properties given
temperature and the saturated vapor and liquid specific volumes,

Saturated liquid properties are determined from the Clapeyron equation.

EQUATIONS
dp
h = h _ __SAT -
L v CONVR ( ET——)(VV VL)*T
dP
) SAT\/y
SL = SV - CONVR ( o )(Vv VL)
VARIABLE SYMBOL TABLE
DELTH (hL-hg)ca1cu1ated from (Clapeyron equation)
DHDT ah(V,T)
a7
DHDV ah(V,T)
sV
DPSDT dPsar
dT
d2p
DPSDT? SAT
dr2
DSDT 3S(V,T)
aT
DSDV 3S(V,T)
avV
DVLOT v
dT
H enthalpy (Btu/1bm)
HL saturated liquid enthalpy (Btu/1bm)
HV ' saturated vapor enthalpy (Btu/1bm)
PSIA pressure (psia)
RJ conversion factor = 0,185053

S entropy (Btu/1bm°R)




SL
SV

VL
Vv

83

saturated Tiquid entropy (Btu/1bm°R)
saturated vapor entropy (Btu/1bm°R)
temperature (°R)

specific volume (ft3/1bm)

saturated Tiquid specific volume (ft3/1bm)

saturated vapor specific volume (ft3/1bm)




( START )

FLQDEN

RJ = 0.185053

ENTHAL

DRVPT

DELTH = RJ«DPSDT
+(V-VL) T

HL = H-DELTH

ENTROP I I

!

SL = S-DELTH/T
Wway
HV = H
SV =§

< RETURN )
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i

CLWT-HdT e o~

oo oO

LR Ry e N L T I L IS e T T E T s P P P P PR SRS T TSI IITITYL

Py *
* S ATN x
* *
* Thls SUBKOUTINE COMPUTES THE SATURATLD VAPOR=-LIQUID *
*PROFERTIES GIVEW TiMPERATURE ANU SPECIFIC VOULUNME. *
* *
R AR R AR K A K R KK KR A R K Kk o ok ok Ak Kk ok AR K K K ok ok K Rk K R OK o K R

SUBROUT [ivio SATN(PSIar ToVeHV ISV eHLISL VL)
CUMMON/FREUNL/G (49 1.) o TTULERYBTOLERWLIMIT 1 DERRQR» NTYPE
CALL FLuuein(vLeTouvipt) '
Rw=0,185053

CALL ENTHAL(PSLIA» Ty e DRDT P UHDV)

CALL LRVPT(DPSUT»PSTIA»TeuPSDT2)
VELTHIRU*LPSUT* (veV_) *T

HL=H=UEL I+

CALL ENTROP(T»VeSe0suTrDSOV)
SLES=UELTh/T

Vvav

. HV=H

Sv=S
RETUKRN
LND

a8




€
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SFIND DESCRIPTION

SFIND searches for the specific volume and temperature in the
vapor region given pressure and entropy. A two variable Newton-Raphson

jteration technique is used for the search.

EQUATIONS
. aP(V,T),3S(V,T) aP(V,T)y ,35(V,T)
Jacobian = (S (") E (=7 =) (
3S(V,T) aP(V,T) -
iy (POV,T)-Penoun’) 3T - (SOVST)-Spoun? 27
1+1 1 Jacobian 3
aP(V,T) aP(V,T)
I [(S(V,T)-SKNWON) WV = (S(VLT)-Spoun) 2T
i+l ! Jacobian J;
VARIABLE SYMBOL TABLE
BTOLER lower tolerance on convergence and

saturation tests

DPDT aP(V,T)
a7
DPDV aP(V,T)
oV
DPDVODT 2°P(V,T)
avaT
2
D2PDT?2 3°P(V,T)
oT
DSDT 3S(V,T)
~ 3T
DSDV A 3S(V,T)
3V
I index
LIMIT maximum number of iterations allowed

in any one search
M2 unit number for printer

P known pressure (psia)




PCAL

SCAL

TLAST

TTOLER

VLAST

XJACOB

calculated pressure (psia)

known entropy (Btu/1bm°R)
calculated entropy (Btu/1bm°R)
temperature (°R)

last temperature calculated, to be
used in next iteration

upper tolerance on convergence and
saturation tests

specific volume (ft3/1bm)

last specific volume calculated, to
be used in next iteration

Jacobian of pressure and entropy
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( START >

VLAST=Y
TLAST

LJ
—

ENTROP

r‘lm

ERROR

XJACOB=DPDY*DSDT-DSOV*DPOT

V=VLAST-{ (PCAL-P)*0SDT- (SCAL-$)DPDT)/XJACOB
T=TLAST-{ (SCAL-S)DPDV~ (PCAL-P)DSDV)/XJACOB

RETURN

TLAST=T
VLAST=V

T=TLAST/10.0

T<0 JES
10
v<0 YES
5
f—

0

V=VLAST/10.0

NO

RETURN
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N

-~

.
[V o

3]

5

9
4
L
id
13
1

in
17
18
1y
ras

o |
ol

2n
dv}
2hb
2%
2()
=
ol

30
34
da
33

cCcCcOoCoco

1000

1050

KRR AN Rk ok KRR K g op 4K KR K Kok 4k KOk A R R R ok K oK ok K g Ak Kok kR KOk R 4 K ok ko K g K
» x
« S F Il NuU *
* *
* TrlS SUBROUTINE Fluub TEMPERATURE AND DENSITY GIVEN PRESSURE *
*AND ENTROPY FOR SURcRHERTED VAPOUR STATES, *
* *
AR R AR KK A o Kk KRR R R Ak KK OK R K ok kK ok K R K KR OK s Kk K o K o K g ok ok K o ok K o K ok ook o K K
SUBROUT Livg SELINL LT s eV eS)

PARAMLTEIK #Md=6 '

COMMON/FREONL /4 (4012) » TTOLERyBTOLERYLIME T2 DERRORYNTYPE
ViLAST=V ‘

TLAST=T
CALL EOS(FCAL v Tyv o0 UT»OPUVeUPDVUT»DEPDTE)

CALL ENTROP{ )V enCALrua0TpSLV)

DO 1000 s=lyLImIT
KJACVLZOPLVRUSLT=uP L T40S0LY
VEVLAST=((PCAL=P ) xpSul=(SCAL=~ S)*uPDT)/XdACOB
TSTLAST=( (SCAL=S) *D1-UV=(PCAL=P) *0SDV) /XJACOB
lF(ToLtcooU) T=TLAS]/10.U
LF(VLE.UL0) V=VLaST/10,0
CALL eENTROP(ToVeSCAL P DS0Ty0SLV)

CALL EOS(FCALYToviDEOT»OPDYDPDVLT,,02PDT2)
LF(PCAL/P LT o TTOLER ,AND o PCAL/P 6T oBTOLER,AND +SCAL/ZS LT,

1 TTOLLK AND «SCAL/S+6TBTOLER) GO 10 1050
LFCALS(T=TLAST) oL T 41+ UE=04 ,AND o ABS(V=VLAST) LT.1.,0E=07) GO TO 1050
VLAST =V
TLAST=T
CORT InUL
WRITE(MZ99000U) LimMIYT
RETURN

9000 FORMAT (' 'yL0Xs ***xxSFIND FAILED TO CONVERGE IN *yI5s' ITERATIONS')

ENL
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VOLUME DESCRIPTION

VOLUME searches for the specific volume in the vapor region given
temperature and pressure by using a single variable Newton-Raphson

iteration technique.

EQUATIONS
PV,T)-Pynoun
Viep = Yy - [ SPIV.T) ]
. —r

]

1'

VARIABLE SYMBOL TABLE

BTOLER o lower tolerance on convergence and

saturation tests

DPDT aP(V,T)

aT
DPDV 3P(V,T)
DPDVDT 22P(V,T)

aVaT
DP2DT2 2%P(V,T)

2

aT
I index
LIMIT . maximum number of iterations allowed

in any one search

M2 unit number for printer

P known pressure (psia)

PCAL calculated pressure (psia)

Q 2-dimensional array containing the

90

coefficients for the fluid to be evaluated

T temperature (°R)

TTOLER upper tolerance on convergence and
saturation tests

v specific volume (ft3/1bm)

VLAST last specific volume ca]cu]ated,vi

to be used in next iteration (ft3/1bm)




< START )

V=RT/P
VLAST=V

EOS

I=1+1

1=1 Aﬁ‘\)
I>Ljf:[vzs

NO

PCAL-P

VaVLAST- (——)
P

4l

YLAS

VOLUME
FAILED TQ
CONVER

RETURN

1

V=VLAST/10.0

Il

EOS

NO [ligd 4

TOLERANCE

RITHFN
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CWL O NG U & aDy

ie
13
1G
15
ity
Fy

14
iy
22U
21
e
23
2k
2h
cn

cooaCcoocC o

TR R IR KAk gk A K KK K A A R A OK A o % oK R R KK R Kk ok R KK e RO R OR K K A KR ok K K ok K

* *
* V OLUME x .
* x
* ThIS SUBROUTInE FINDS THE VAFOR CLENSLTY gY USE OF THE NEWTON=x
ARAPHSCH L TERATIGH L THOLY GIVEN PPRESSURE AND TEMPERATURE . *
» *

B AR RE KRR F R A K o R A K ok ok ok K OR KRR R A ok KO g ok X i KR O ok R X ok K ok K ok Kk K
SUBhULT LineE VOLUMe (T, P V)

PAKAMETER pid=6
CUMMON/ZFREUINL/U(9912) s TTULERYBTOLER»LIMI T »DERRORINTYPE
V=G(203) T /P

VLASTZV

CALL £OS(HCALP oV o DL T rUrLVDPOVLTLP2DTE)

w0 1000 =1,LImIl

VEVLAST=((FCAL=P) /Ui LV)

LF(VelEsU0) VZVLAST/10.U

CALL ELOS(FCAL» T oveDRHLT»OFPDV e CPDVLTDP2DTR2)

IF(PCAL/P LT, . TI0LEK ,AND FCAL/P,OT.BTOLER,OR,ABS (V=VLAST)} LT,
1 1,0£=10) ReTukiv

VLAST=V

100U CONTINUE

WRITE(MZ2,900U) LLIMLT

9000 FORMAT( L1Xet'#xxvOLoME FAILEL TO CONVERGE IN *,IS5e' ITERATIONS')

RETURN
ENU
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VPEQM DESCRIPTION

93

VPEQM calculates the saturation pressure given temperature or

searches for the saturation temperature given pressure. The Newton-Raphson

iteration technique is used for the saturation temperature search,

EQUATIONS
1091 9Psat

VARIABLE SYMBOL TABLE

DELP

DELT

DPDT

D2PDT2

ERROR

FT

ITR

LIMIT

LOGP

P1
P2

F-T
= A+B/T+C*1oglOT+D*T+E(—T~é1oglo(F—T)

PyNOWN

Pynown = PCALCULATED

- change in temperature

dpSAT ~ for next temperature
dT , iteration
dPopy
d
2
d"Pspr
412
p - P
KNOWN CALCULATED
PkNOWN
F-T
index

maximum number of iterations allowed

in any one search

1091 0Psat

flag indicating which of temperature or
pressure is known m = 1 temperature
is known else pressure is known

known pressure (psia)

calculated pressure (psia)
2-dimensional array containing the

coefficients for the fluid to be evaluated
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T temperature (°R)

TC critical temperature (°R)

T1 initial guess for temperature search (°R)
T2 T2

T3 I

TMISS difference of initial guess and the value

of temperature passed to VPEQM




( stawr )
TC = Q(4,3) + Q(l:llj

T1 = DABS(Q(2,1)/(DLOG 10(P1}
- a0, 1))
TMISS = (T1-T)/T)

T=T

ITR =1

ITR = ITR + 1

T2 = TaT
T3 = TeT2
FT=0(2,2) - 1

- YES
"T<1020 £

VPEQM
FAILED TO
CONVERGE

NO
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b 7

Leap -

P2 = 10,0 LOGP

A1)+ QT + Q3000
L0Gyp(T) & Q(4,1)+T + (1,2)«
FT/T.LOG‘O(FT)

DELP = P1 - P2
ERROR = DELP/P}Y

DABS(ERROR) < 1n0

DELT = DELP/OPDT

TeT+ DELT
Ts1c YES
] &
%o T=TC
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LCOoONTUTErLte

OO0

100

105

20K 2K A KO K ok 2k K kAR K R K g ok K R X K K g oK o o sk B K K ok 3 o K ok 3Kk o ok 3K K K o ok 3k %K o ok ok ok ok ak K 30K o ok XK ok ok
* *
* VPEQM *
* THIS SUBROUTLINE CALCULATES ThHE SATURATION PRESSURE OR *
*TEMPERATURE G1VeiN THE OTHER *
* *
A o o K kKR o ok R KK K o e 3 K 3K Kk 3 K s 3K o 3K K ol o o K o XK K o 3K o o o ok K o ok K KK K KK o ok Kok Kok K
SUBROGUTINE VPEGM(PL,ToM)

PARAMETER (i2g=6
COMMON/FREONL1/Q(4¢12) » TTULER)BTOLER»LIMIT»DERROR¢NTYPE

REAL LOwP

TC=@ (493 )+uiloll)

IF (M.EG.1) GO TU 100

Tl = ABS(8(2+1)/(ALOGLICG(PL)=Q(1r1)))

TMISS = (Ta=T)/ T1

IF (ABS(TMISS)WGT.,2D0 + 00) T = T1

VO 105 JITRzl,LIMIT
T2 = 17

T3 = TxTe

FT = @(2e2)=T7

IF (FT.LT,,1£=20) FT = 1,0
LOGP=Q(Le1)+W(291)/T+Q(391)%xALOGLO(TI+Q (42 1) XxT+Q(192) *FT/TRALOGL0 (
1 FT)

P2 = 10,0 *%_0GP

DELP = Pl=pP2

ERROR = DELP/PL

IF (ABS(ERRUR) (L.T,,.1p=06) GO TO 110
CALL DRVPT(DPDTP2,T102PLT2)

DELT = OelLP/DPOT

T =T + DELT

IF(T.6T.TC) T=TC

CONT INUE

WRITE (M2, 115) LIMIT

L6




35

37

410 RETURN
1 .FORMAT
ENOD

116"ITERA710NS,

)
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