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NOMENCLATURE
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a constant in heat capacity of vapor equation
b
c
2 . .constant in Downing-Martin equation
3
4
A5,
B,
3
B
5
6
|
C2
C3
Cq
Cs
Cs
enthalpy (Btu/1bm) »
constant in_Downing-Martiﬁ équation
pressure (psia)
universal gas constant
‘enthalpy (Btu/1bm°R)
temperature (°R)
specific volume (ft3/1bm)
o constant in Downing-Martin equation
P ~ conversion factor ;
B constant in Downing-Martin equation
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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
refrigerants can be ana]yzed 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, préSsure and
‘enthalpy, temperature and quality, temperature and specifi§ volume and
temperature and pressure. These six pairs of knowns allow the user to
ana]yze any thermodynamic cycle utilizing a refrigerant as the working
fluid. The Downing form of the Martin equation of state was used.
This report contains a brief description, flow chart and ]iéting of all

subroutines required.
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INTRODUCTION

This subrout1ne computes the thermodynam1c propert]es of Freon
refrigerants.. The subrout1ne was deve]oped to a]]ow for a w1de range
of applicationsrsuch that it may be used’to determine the properties
of Freon fefrigerehts in a }effigeration cyc]e or; as- the authors
developed it, for use in evaluating binary fluid cycles. This routine
can be treated as a "black box" by the'user'withva limited background
in prOQramming'or the program mey be mddified to meet the users
requirements:"This‘manua] 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
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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 liquid enthalpy and entropy. Saturated
liquid specific volume is computed as a function of temperature. .
Compressed liquid states are approximated by saturated liquid states

at the same temperature.

For eva1uating 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, bressure and quality, pressure and enthalpy
and pressure and entropy. Since pressure is a function of specific
volume and temperature, when pressure and temperature are known a
search teéhinque must be used to find the specific volume. Once the
specifjc(is found the remaining proper;ies 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
-2




as the case of pressure and temperature already described Once the
saturation propert1es have been determ1ned the effect of a glven quallty
can be determined. The cases of pressure and entropy or enthalpy as
knowns requlre a two var1ab1e search since all three of these quant1t1es
and functions of spec1f1c vo]ume and temperature. Th1s search 1s only
used in the superheated vapor*region or the'compressed 11qu1d approximated
region because for saturation states only a qual1ty need be computed. For
all searches in FREON the Newton Raphson 1terat1on techn1que was used

This method was selected for 1ts genera]]y rap1d convergence
PROGRAM DEVELOPMENT ‘ S ‘

Subroutine FREON was written in FORTRAN V for the UNIVAC 1108
series computer but should be'easd1y'adapted to”any'simi1ar FORTRAN
computer. The subrout1ne a110ws the user to use the program at two
levels, first as a "black box" (the main text descr1bes the use and
general development of the program), second the program may be mod1f1ed
to best su1t the users needs. (The rema1n1ng text conta1ns a more comp1ete
description of each subroutine.) Subroutines were used throughout
to allow for easy modification;and as a means:of tracingrany possibie
problems. This report ‘contains var1ab1e descr1pt1on tab]es f]ow charts,
equations and brief descr1pt1ons of al] subroutines.

USE OF FREON

In order to use FREON the user must supp1y to the subrout1ne
the following information: o ' o
1. The process for which properties arerto;he‘determinedx(étéLE).
The allowable values of CYCLE are the following'pairs;of“
knowns: | o
TP - temperature and pressuref'

TX - temperature and quality
..3-




" PH
PS

TV - temperature and specific volume 7 \u.j

_pressure and enthalpy

pressure and entropy

PX

pressure and quality

These arevthe only allowable values of CYCLE and the order is

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

error termihation of FREON.

2.

The value ofbthe first known specified by the value of CYCLEV
(FGIVEN). | | o

The value of the second known’specified by fhe 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 acceptab]e: 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.

\lmm;kwm

Quality - applies to saturation states (if greater than 1
then superheated vapor and if less than 1 then compreséed
liquid.)

enthalpy (Btu/1bm)

entropy (Btu/1bm’R)

specific volume (ft3/1bm)

temperature (°F)
pressure (psia)

saturated 1iquid enthalpy (Btu/1bm) 7 » ' ‘h-ﬂj

ke




8. saturated liquid:entropx,(Btu/Ibm°R)3”

9. saturated 1iquid specific volume (ft3/1bm)

10. saturated vapor eﬁfhaipy (Btu/1bm) |

11. saturated vapor entropy (Btu/1bm)

12. saturated vapor specific volume (ft3/1bm)

A typical call on FREON would look like: y
CALL FREON’('TP', TEMP, PRESS, 'F113', H, S, V,’T, P, HV, SU, VV,'
HL, SL, VL, QUAL, NPRT) o
This céTlrdh-FREON eva]uateéiproperties for FREON-113 given tempéfature
(TEMP) and pressure (PRESS) Subrout1ne FREON was written so as to be
1ndependent of the ca111ng program except for the passage of the |
above parameters, therefore no external variables need be p]aced}1n

common. - :




Q Array

- a(1,1)
A

Q(1,2)
E

Q(1,3)
L

LIQUID DENSITY

Q(1,4)
AL

Q(1,5)
B

Q(1,6)
L

Q(1,7)
D

Q(1,8)
E

Q(1,9)
a

Q(1,10)
f

Q(1,11)
ABST

Q(1,12)
¢

Figure 1.

VAPOR PRESSURE COEFFICIENTS
B ¢

Q(2,2) Q(3,2)
F v G

EQUATION OF STATE COEFFICIENTS

Q(2,3) Q(3,3)
R B
Q(2,4) , Q(3,4)
Ay B,
Q(2,5) Q(3,5)
A3 By
Q(2,6) Q(3,6)
Ay By
Q(2,7) Q(3,7)
Ag Bg
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)
HerrT NTYPE
Q(2,12) Q(3,12)
k o

Q(4,1)
D

Q(4,2)
H

Q(4,3)
Tc(°F)

Q(4,5)

Q(4,6)

Q(4,7)
c

Q(4,8)
C

Q(4,9)
d

0(4,10)

SCRIT

Q(4,11)
VertT

Q(4,12)
PeRIT

Q(4,4)
C




FREON DESCRIPTION

FREON is the’maihffOUfiné_for detekmining‘the thermodynamic propert{es

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 fokh as shown in Figure 1

FREON then must determine if the two state quantities given are legitimate

values, i.e. for temperature and qua]ity'the temperature must be less

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

between zero and one. Once the quantftiésﬁére found to be Tegitimate

FREON must determine the region to which theVpoint corresponds, i.e.

compressed 1iquid, saturated 1iquid-vapor equilibrium or superheated

vapor. Given the region FREON then caT]s the proper subroutines to

compute the remaining thermodynamic’ properties.

VARIABLE SYMBOL TABLE

VARIABLE
BTOLER =

CCYCLE ¢

- FREON
' - DESCRIPTION

“Lower ‘tolerance on convergence and
“saturation tests

" Type of calculation to be made, CYCLE

* “has the following possible pairs of

“knowns: - -
“?I;Lﬂtempérature and pressure = TP
2. temperature and quality = TX
7’3, ' temperature and specific volume = TV

2
3
4. “pressure and quality = PX
'5,- pressure and enthalpy = PH
6

'J>*bressure and entropy = PS




DELTH
DERROR
DHDT

DHDV

DPSDT

DPSDT2

DSDT
DSDV
DVLDT

F11
F12
F13
F14
F21
F22
F23

F113

hfg - calculated from Clapeyron Equatiqn ,/*}
tolerance used in checks for zero N
ah(V,T)

]
3h(V,T)

]
dPopr(T)

aT
2
d"Pear(T)
dT

as(V,T)

aT.
as(V,T)

aT
dVL(T)

dT

2-dimensional array containing the
coefficients for F11
2-dimensional array containing‘the
coefficients for F12
2-dimensional array containing the
coefficients for F13
2-dimensional array containing the
coefficients for Fl4
2-dimensional array containing the
coefficients for F21
2-dimensional array containing the
coefficients for F22
2-dimensional array containing the
coefficients for F23
2-dimensional array containing the (~=j
coefficients for FI113

-8-




F114

FGIVEN

FTYPE

HCRIT
HL
HV

LIMIT

M2
NPRT

NTYPE

PCAL

PCRIT

PSAT
PSIA

QUAL

%:saturated 11qu1d enthalpy (Btu/1bm) ’

'max1mum number of iterations allowed

“in any one search

2-dimensional array containing the

E Edef%féiénis for F114

A:iF1rst known passed to FREON, i.e.

‘ $temperature for values of CYCLE of TP )

COTX, TV and pressure for values of CYCLE o

of PS, PH AND PX (
"?reon type h

:i.entha1py (Bt&/]bm)
'cr1t1ca1 entha]py (Btu/1bm)

"saturated vapor enthalpy (Btu/1bm)
:1ndex

‘ 1ndex

unit number for printer
print seiector
NPRT = 1 print and results
NPRT # 1 do not print results
saturated liquid Spécific volume equation
selector |
calculated pressuke (psia)
critical pressure (psia)
saturation pressure (psia)
Pressure (p51a) u
2-dimentional array containing the
coefficients for the fluid to be evaluated

quality




RJ
S

SCRIT
SGIVEN

SsL
sV

T

TF
TCRIT
TTOLER

VL
vy

conversion factor = 0.185053
entropy (Btu/1bm’R)

critical entropy (Btu/1bm°R)

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

temperature (°F)

critical temperature (°F)

upper tolerance on convergence and
saturation tests |
specific volume (ft3/1bm)

saturated liquid specific volume (ft3/1bm)

saturated vapor specific volume (ft3/]bm)

-10-
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5 . START

‘ - DETERMINE PAIRS OF KNOWNS
THR TR

CHECK X

, FIND
TEMPERATI K
FIND . AND VOLUNME
TSAT SN
/
SATURATED ‘
VAPOR

- YES -

P>PSAT

y .

IngERHEATED S%ATE l

o e
COMPRESSED T R o— 1 SATURATED SATURSTE
LIQUID STATE ¢l " SATURATION LiquID LISuID
‘ ; 1: il . ETURN
( reum ) YES V Yes
1 - - 1 S<SSAT,
K  feompresse state | (b

SUPERHEATED
" YAPOR STATE

SATURATION
STATE

SATURATION
RETURN SYATE

< RETURR ’ RETURN ( RETURN )
\
\




‘ START ’

SET UP
COEFFICIENTS

DETERMINE PAIR OF KNOWNS

A4

TF=FGIVEN
PSIA=SGIVEN
T=TF+Q(1,11)

v=1.0/Q(1,4)

Ps ™ PX PH ™
PSIASFGIVEN
S=SGIVEN
Peq(e,12) DIES i
O VPEQM
NO
S<SCRIT VOLUME
v=0.9 '
YES 7=Q(4,3)+Q(1,11)
Wey
va10-2
T=Q(4.3)+Q(1,11)
SATN
SFIND
Yes
S>SV
ENTHAL
QUAL=2.0
PRINTF

‘ RETURN ’
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s TFaFGIVEN
S QUAL=SGIVEN

RETURN

RETURK

o

PSIA=EGIVEN
QUAL=SGIVEN

- VPEQH

TFeT5Q(4.3)

; ”‘ __RETURK ’

PRINTE




PSIA=FGIVEN S
H=SGIVEN TR=FGIVEN
- V=SGIVEN
T=TF+q(1,11)
YES
VPE ves
VOLUME o
VPEQM
FLQDEN
T=Q(4,3)+Q(1,11)} {1-Q(4,3)+q(1,11) o5
v=10"2 e0.9 E
| [
. VOLUME
HEIND ENTHAL
ENTROP ENTROP
\
QUAL=-2.0 QUAL=2.0
COMPUTE:
QAL
s |
v PRINTF
SAT PRINTF
)
PRINTF RETURN PSIA'PCAL
COMPUTE:
QUAL
H
s 1
RETURN ( remn )
!
PRINTF

-14-
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<]

JOELTH=RI*DPSOT* (V-VL)*T
{H=H-DELTH : :

- :{s=S-DELTH/T -

v=VL

PRINTF

( RETURY )

*T

QUAL=2.0 . QUAL=-2.0 COMPUTE: COMPS
QUAL
H
v
VOLUME VOLUME ENTHAL
PRINTF
ENTHAL DRVPT ‘ DRVPT
( RETURN ) )
ENTROP 1 exrraL DELTH=RJ*DPSDT*(V-VL )
HeH-DELTH :
QUAL®-2.0
VavlL
PRINTF ~ 1 | extrop
Al
SR = ’ PRINTF
‘ RETURN ’ : IR FLQDEN u
A :
RETURN




COMPH

ENTRCP

DRVPT

COMPUTE:
DELTH
S

Q
V=VL

PRINTF

‘ RETURN ’
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VOLUME

DRVPT

ENTHAL

ENTROP

QUAL=-2.0

COMPUTE::
~gELTH

PRINTF
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*KNUWNS'~“‘ AR *
A v.xw;“fl)«erPEknluRE-PREsSURL ST T R *
x ‘”.szrVIEmP;RATURE-&UALITY R T AR RV EERE Rt B
* ©8) PRESSURE=ENTKOPY: -"‘F”»‘INUW;V!w*~'~‘: *
* - LTy PRESSURE=ENTHALPY. ¢ x
"0 thfb)“PRLSSURt-GUALITY 13 *
* . o) IthPLRAIURE-SPthFIL VOLUME *
* COMPNESSco LleUIw STATES ARE: APPROXIMATED B\ SATURATED *
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SUBROUTINE FKEUN(CYCLEerIVENvSOIVEN'FTYPErHtSerT!PSIAv
1 HV:SViVV'HLrvava&UAL NPRT) e

PARAMETER ‘Me=6 ' : .
UIMENSIUON: Fll3(“012)'F114(4'12)0F11(4'12)'F12(4'12)0F13(4'12)0
IF14(4pi2) yF2L(%s12) ;FR2(4412),F23(4y12) :
COMMUN/FHEONL/@(“:lA)vTTOLERoBTOLERvLIMITvDERRORoNTTPE

UATA LIMIT/LERROK ¢ TTOLERYBTOLER/50+1,0E=1091.005¢0.995/"

UATA TCIFA13(1ed) el 10#)vd‘1'12)/$3 06553 =4330,98¢=9, 3635"“'

- 0600200395Ue000.070e0¢06020eUrCe0572670,09417 402224872
;T'-Q 03%90.,002618,0402=0, 01280-0 ,021495,0E~05+0¢07=6, 36E-050000'
" 0s0¢040¢040¢040,04 000.000 000e000,07Us000407963¢14159E=0U+040

ffo.Ooo 0025.198¢=0, 40552.0 1699.459 6.109 a9.3 o.o 04781.0.0.

"70e000,00498,97
uATA((FlL“(I:J)'l 1.4)vd-1 12)[27.071306n-5113 7021;-6 3086761.

I 6,913003g=-Ubr0,751421110027768,35+04000,020,020.062780607

Ui <P UN_P

20 5, 914“01L-030¢94.6J:06 32172, 3656704, 1, 0801207h-030-635b43648o




-gT-

UeO0Za 77010 0e0040590871=54333049UE=0610e16306057¢10.03049,

-30537461E-04'0.U'OoU'Oo?lei106017659EP0606’26523“1t-10'

=1 0lOBILIUE=0D2] Y 7E=TO 20U U010 e092UeGLT75,3, 49E'040-1.07E-070

06060eN1H63396:2119»=0,115137175640, 158429459 6.95. o2.u.

Ve027530006003,506e00473,1877 SET
UATAG(FLa(Lod)rI=liyg) rd=let2) 742, 147028bav-“3“4 546807- :
1=12.845907353,0,004030372507910.,0313605356,362,07+00e090e090e0
20,076LL7+0,001900388¢47904,579=3,12675941,316523E=03+=35.769990
327 Débllv-o 025541.».5751212&-0b'1 220367343,6322091 6872775-03'
4= ,BUL06CE~06r1UVr =42 825561 =2:358930E=0592 ,448303E~U8»
O=1,478379¢ . =04¢196,70003¢1,057504EU891=9,472103E04,040+0¢ Odéalb.
62, I9dddéa-04'-4.1437a4t-07 5.,999018E=11,=336,807030,50,5418,
7=0,0918395,0,17219¢459, 60112 080¢1,000, 0289?7'0 0 4,50r580,00
8639450/

DATAC(FLZ(L1r0)rI=heu)rd=1912)/739, 88351727.-3435 bagaaao
1=12,47152228,0,00473044244290,020409204090eU 90" 0.0.088734.'
20,000050938869230.70134,84,=3,409727134,3,00159434848¢=50,7627671
30,0269610,000259446349»=1.879616831E-05+1,311399084,0.834921»
4=0,0005458737007+10.0,040¢6,0268300e0r3,46683UE=399=2,54390678£=05,
5=0,6955549 =059Ue000.000e09r0+0080945/,0,000332662,=2,413896E=07>
60,72363E=1100,0,=39,59655122¢=0 0165579361.0 1359:459 6:78.6692.0v
70,02870¢0,005,475+0,0¢596,9/ ;

UATA((FLO(Ird) v 1= 1-4)-d-1.12)/25 9679749do-2709 538217

1=7,172343913+0,00254515398,0,28030109139546,00+040¢04020.00¢
20.102720'0.0046'64.00'36o069961260-3.08341792.341695E'03v
3=18421204390,0L5060( 008054 9=5,671268E=0590.571958914110

el o026004c=0391,938679E~U6,0,000,66595,290649E=069r=7:395111E=9
O=3,b/URI3E=0593,245¢=050r7.378601E071=7,455565E04¢0,000,01602,

62 ,823E=04y=1,159:=07¢10.0+0,0¢20+911¢=0,0567690,08898,459,6
T45,27102,0G90,027723910.0+4,00,625,000501,30/

DATA((F14(1'd)oI 1.&).4-1.12)/20 715453899 =2467,505285, = .
1=4,69017025+0,00004798070904770707795942440+040904000+0» 0-14193360
20400159 =50,1)39,069=2,162959,2,135114FE=05»~16,941131169,56848907,
34.404057c-05o1.ZdaaldE-Oboo.539776.4.58601139'1.921072E-049
$=3,9i8203F=0710e0136,171666159=4 ,481049E=06+9.,062318E=09»

~NC U FL




S=y, Bo0076L=099r=8,05L98989)5,83883E079=9,263923L.040040¢
63.00559504;‘0202 3704330¢CE=04,=2, 8360007IE‘OB.-2.95358800t‘119000'

cT06,10210c1(e36172028500e528410459,00100¢630011.000,0256016300,094.00¢

Bo61,1999979543 .10/

< UATACIF2A (L vd) IS0 04) 0 J=1012)/742,7908 9 =4261 34 ,=13,0295¢0.0039851

10‘.0'000!030"000'!000.0010427'000'61209'11bo37962|'7.3169‘0000“54210'
20409¢=0,05100808s=0,20382376¢0,0003593¢0.01=0,0000901+0.0¢0,0+0.0,

#3060V 02 T4 r06Ur040,0e00U0¢0206020e0427¢0,00014C0G¢e00Ue000e000e0r

404000,19069459,6012)3e45034000,0306750040+0,000,02730.07

CCUATAC(F22(ind) 0 IS1e4) 0 J=1912)/729,3575U455,-3845,193152,

1-7,86103122,0,002195939044,0,44574670396064110,0+0¢0904000,124098»
2006027204,81932,709=-44353547,0,002407252 =44 , 06686854 6344093+

" 3=0,01746497.,02789E=09911,483763930,7489291.002310142+=3.,605723E=060

40, 09=22,29256571=3, 724044E=0595+355465E=089=1,845051£.=04

**520 4732806291 ,3653875389=1,672612E05904000,0281283012.255403E=0%

6-6,509607E=0890,002574341962.4009+=0,0453335+0,16016¢459,69,
T9L,329¢13U10,000525,04004,21548420721,9006/

o WATACLFZS(Led) nIZ194) 0JS1912)/328,908539=7952,7091 3, =144 ,5142304, ,
10,242115018290.0¢0407060¢=2,128006524E=04+9,43495542E=06+0.153270+
204001259 78,75¢324 77559 =4.679499+3472778E=031=159,775232+63,37784

3=0,012475¢7.733368E=05¢5,941212+=25,30533+2,068042E=03

4=3,68U230E=0070400 1440161827 ~3,868546E=051 6445564 3E-080
' 5=7,394214E=04 y =106, 13280, 7,502357E071~1,114202E05¢040+0,07628087,

6=7,501805: =003, v 9065696E=07»=2,4549056~10¢0,0¢0.0r0,000,1198,
7439.b.60 77-1.0 O 030510 o 005.50¢520,00,701,42/
RJ-O 1850v5

n=0+0 .

S=0.0

Vﬁ0’00~’

=0.0 -~

PSIAZO0.0

Hv=0,0 '

Sv=0,0 .

vv=0 o0

HL=0,0.
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10% SL=0,u

494 vuz=0,0

407 _ WUAL=0,9

19d LF(FTYPE.tGe'Fl1l0') wu Tu 10
i0% IF(FTYPLLWe'Falur) O TU 20
410 LF(FTYPELwe'FL1?)G0 TO S0
Ali AF(F1TPEbwe 'H12Y )00 TO 4L
il LF(FIYPLoEUe'FLl3Y)uu TO 90
11J AF(FTYPEJEUs'FLUY) o TO o0
114 LF(FTYPL b We'F21%)GL TU 70
115 IF(FIYPLesLwe'Fe2')G0 TO b0
L1h IF(FTYPL.EQ.'F231)G TO 90
417 WRITE(M2¢906U) FIYPE

ilA RE TURN

114 A0 DO 15 Izl &

120 VO 15 J=lsle

125 Wllrwl=F113(ied)

Lén A5 COUNTINUL

r2J 60 TO 350

124 20 DL 2Y Izih

125 WO 25 J=l,1le

126 ACIrJ)SFLLIG (1)

127 25 COnTINUE

1eL GO TOo 350

12y 30 VL 99 lzurw

136G w0 35 Jz=1,12

L0} G(IvJISFL1(1J)

lo¢ 35 CONTINUE

133 60 TO 3%V

134 40 L0 U5 I=l,4

135 VO 45 J=lsa2

el CWlIeJd)SFLZ2(1ed)

137 45 CONT L1WE

138 00 TO 350

13% S50 wu 55 1zl,4




—‘ta-' -

40
igd
142
TR}
L4y
145
4G

L47.

140
L4G
1430

151

152
153
154
155
156
157
138
159
160
io}
162
163
io4

165 ’

166
167
168
169
176
171
172
A73
174

55

-1V

65

WO by JzleiZ
- led)SFad(led)

CUNT.LINUE ~
ov. Ty 350

w0 65 I=lv4

DO 65 u=lrle
w(frJ)=FLE(I )
CONTANUE : o0 o

© 60.-Tu 350

70

75
80
85

90

.95
‘350

VO 7Y . I=lsb

V0 7TH y=lel2
W{lrJ)ZFZl(l i)
CONTINUVE - -

00 To 3v0 -
vo 85 1zled -
vo 85 J=1ri2

CONTINVE
60 TV 350 -
PO 95 I=iisk -

CQ(1ed)SF2E(Iey)

DO 95 J=lel2 = -

Q(IrV)=Fec3(Iid)
CONTLINUE
NTYPE=Q(3»11)
HCRIT=G(&e1l1)
SCRIT=G(4,10) "
PCRIT=ZQ(4032) -
TCRIT=QG(%¢3) g
IF(CYCLE.EQ.*'TP?Y)
IF(CYCLEJEQa*TX?)
IP(CYCLEJEG«'PX?)
IF(CYCLE+EGS'PSY)
LF(CYCLEJEG:'PH?)

" LF(CYCLE.EW,*TV")

WRITE(M2,9000)

GO
6o
GO
GO
Gu
G

T0
T0
T0
T0
T0
T0

400
600

700

900
1000
1100




_aa-

Y a)
FQras)
Al
A
174
8y
10}
loé
403
484
lob
idy
1b%¢
168
149
199
194
492
199
49%
194
190
497
490
199
PN
PAVEY
<ue
U3
cUsj
203
el
207
«08
U9

«00

430

470

4ol

200

000

KE TURN
TE=Folven
PSIASSGs v
T=TF+G(l,11)
lb(TF LTew(4s3)) Gu T 4390
1.0/@(1"1'
60 Tu 480
CALL vPLuM(Pbklvlol)
IF(PSIA/PSAT GT o TTOLER«OKGPSIA/PSAT.LT, BIOLER) bu TO 470
aRKLITE(M29S0D10)
RKEeTUkn
IF(PSIA/PSAT.GTITOLER) 6O To 500
WUAL=z,0
CALL vOLUME(ToPSLANy)
CALL ENTHAL(FS1A» Ty yvoHIDHUT»DHDV)
CALL ENTHOP(ToVeSoD5CTr0SDV) .
CALL PRINIF(TorSiAeUAL IV IHIS9»0e000,090,0r0.000.000,UrFTYPEINPRT)
RETURN '
CALL VOLUME (T 9 PSAT )
CALL DRVPT (DPSUT1PST»TouPSDTR)
CALL ENTHAL(PSAT Yoy rHeDHDT »DHDV)
CALL ENTRCP(T»V,5,050T»DSDV)
CALL FLQUEN(VLeTo0OVLDT)
DELTHIRJIXCPSUT* (V=V ) *T
naH=pELTH
STS=VELTH/T
wUAL==2.0
CaLl PRI“TF(1'PSLA’QUAL'VL'H'SO0000000'0.0'0.0'000'OOOOFTYPEONPRT)
v=vbL
RETURN
IFSFGIVEN
WUAL=SGIVE
IF(QUAL"—E—.l.OCA‘J!J.GUAL.bEQOQO) 60 TO 610
WRITE(M299070) QunL
KETURN
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L XN
<33

47

248
P ]
-1
FE Y

92

€93
<H%
T &9

€Oy

- £37
RN
- &9%9
- 269
PA-31
T 262
<63
T« B
<69
- 266
267

£08

&hY)
eTn

<71
el2

273

ety

213
eTo
&1

eTa
273

960

910

vk

LALL VPru (PSTArie2)

ALK VOLOWL(lvPblA'v)

wWyav -

CCALL " SATNIPSLIAeTeVV,dV oSV e SLe VL)
AF(9/SVeoT,TTCLER) 30 TO 940
)lF(S/bL.LT.BfOLtK) au T0 960

"QUALZ (S=5L )/ (SV=5L) SR

H=(1l s U=QUAL) *HL+WUA_ *HV

VSl U‘ﬂbﬂh)*VL+uUAk*VV
GALL PRINTF( TprIA dUALvV H.prVvHVvSV VL HLoSLvFTYPEoNPRTJ

RETURN g
CALL" SFLNL(T'PSIAOV 5)

" CALL LNTHAL(PSIAvl'VvHrDHDT'DhDV)

" JUALZ240

- CALL PRIN]F(T PSIA;;UALvV'HrSoO O 0 000,000,0¢0,000,0/FTYPE,NPRT)

Y TRETURN

PSPFSIA

« CALie COMPS(PoTeVeSevic)
CCALL ENTHAL(P» T VaH,UHDOT»DHOV)
CCALL URVPT(LRPSOT e Pe T UPSET2)

| UELTHERJUXLPSUT* (Vvav ) *T

{HIH=DELTH

CAUALE=2,40

,CALL PRINTF(T PSLA: QUAL Y VLIHeS9040004090,0+040¢0,0¢e0+0¢sFTYPE,NPRT)

=VL

- RETURN

1000

PSIAZFGIVL

HISGIVEN -

CIF(PSTIASLT (4s12)) GO TO 1020
"IF (HeGTLHCRIT) GO Tg 1010

© o WRITE(M2,9050)
RETUKN

1010 1

T=G(Lle 11)4@(4.5)+10 0

V=1,0/Q(4sLd)

- 00 Tu 1040
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el

cla

el
213
cle
eln
Zid
<l7
<19
cl9
223
&él
e
z2d
2%
P73
cll
cl7
£ab
<29
230
3y
<32
233
234
235
234
237
a8
<39
c4y)
243

FL 23

43
244

6l0

030

700

710

130

600
510

30

840

900

905

1=2VF+G(iell)

AF (TRl aG(493)) 60O Tu 630
witlTE (M2,902U) ICRIT

RETURN

CALL VPeauww (PSIArT el

00 TO 80v

PSIA=rGivEw

QUAL=SUL VLN
IF(QUALoLE ¢l e 0o AIVU ¢ WUAL W LE ,0,0) ©O TO 71y
WRITE (ME92070) WUAL

RETURN

IF(PS1AeLEGi(4e12)) GU Tu 730
WRITE( Mev9030) PCRIT

RE TUKIw

CALL VPEWM(PSIAT1+2)

TF=T=Q(1,11)

IF(TE=Q(4¢3)) 830,810,010

Vv=laU/G@(4y11)

oL To 840

CALL VOLUME(TePSLAP V)

CALL SATN(PSIAsTavV,HVeSVeHL»SLeVL)

H=(1,0=QUAL ) xHL+UUAL XHV

S=(1,0=QUAL) xSL+GUAL XSV

VE(1l,0=QUAL ) *VL+WUAL*VV

CALL PRINTF( ToPSIA,QUALIVyH»SeVVIHVISVe VL

KETURN

PSIA=SFGIVEN

S=SGLIVENW:

IF(PSIA.T,Q(4rlc)) GO TO 910
IF(SWLE«SCRIT) GU To 905
S@(4e3)+u(lell)
VZ1.0/7Q(%911)

60 TO 940

ARITE (M2 904C)

RETURIN

HLeSLoFTYPE/NPRT)
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«dY)
cold
c8:?
cdd
cc4
«3%
FT.13)
2387
Pn
P2y
&N
94
298
€93
29

<95

2 D)

97 .

298
<99
300
304
302
303
Y
209
SUu
307
@0#H
309
010
Qi1
312
o13
3i4

lU&O

CALL VPeut(PSTAsi2)

CLALL \uLUlL(Tonluov)

vv=V

CALL SATH(PbleToVV HV.SV.HL.SL'VL)
*IF(H/h #0T,TTOLER) -GV - TO 1040 :
o 1r(h/HL.u1.uTOLER) g0 TO 1060
WUALE (H=AL) / (HV=tiL) 4

5>=(1, O'UUQ;)*SL+uUAL*>V

V(L 0=WUAL) *VL+QUAL_*VV .

‘_CALL PKLNTF( T PDIA.UUALrV HpSpVVoHVpSVaVLrHL'SLOFTYPEoNPRT)

1040

RETURN
(-ALL HFII!@(T PSIA,V H)

CALL ENTROP(ToVroeDSUT#OSEV)

WUAL=2,.,0.

~ CALL. FKIN]F(I PSIArGUAL sV VehS906000,000,000,090,0+0,0/FTYPE,NPRT)

4060

KETURN

P=PS1s

CALL COMHP(POT!VOHva) e -
CALL tNTKUP(fvavaSUT'USDV) o
CALL LRVPT{UPSOTP»TeDPSLT2)

. DELTH-RJ*UPSUT*(V-VL)

1100

S=S=UEL TR
wUAL==2.0
CALL PRINTF(TOPSIA'QUAL'VL H¢S00,000,000.0¢040+0+000.0¢FTYPE2NPRT)

V=Vi

RETUKN“_qh
TF=F6IVen

. TETF+6(lell) -

V=SGIVEN

IF(T.GE.TCKIT) GO To 1140
CALL VPEUM(PSAT Tel):

CALL. FLQUEN(VLvToDVLUT)

CALL: VOLUME (ToPSATrVV) .

IF(V/VL ¢LT.BTOLER) . gV TO 1160
}E(V/VV,uc,TTQLEK) 6u. TO: 1140.




—98-

o915
u&f)
al?
2148
w1l
wed
Jdes
Je2
323
S
vz
daid
227
e
3¢9
239
CIY
332
333
934
339
J90
237
334
uJ3
oY)
a4}
942
34 3
S44

345

J4d
o4 7
J48
o439

CALL SATWIPSAT»Tavy, vaSV'HLnbL'VL)
WUALS(V=VL)/(VV=vL) -
NZ (1o 0=WUAL ) xL+WUAL #HV
::(l.U-QUAL)*SL+uuAL*5V
CALL PRINTF(ToPSAL»QUAL YV arieSoVVeHV ISV VL s HL e SLeF TYPE P/ NPRT)
PSIAzZPSAT
re TURNIN
1i4y CALL LOS(HFCAL s Tav oD uToUFOVILPOVULT yUCPDTe)
- GALL edTHAL(PChice To v reirDRDT o DHOV)
CALL ENTROP(TeVeneDSuTeOSLY)
UUAL=Z .0
CALL PRINTF(ToPCALIQUAL V15900000600 0409p0e090,UrUo0¢FTYPE,NPRT)
PSIA=PCAL
RETUKN
1160 CALL VPEwiE(PSiArT 1)
CALL VOLUME(ToPSLA»vV)
CALL URVPI (OPSUT»PSIA:TLPSDTR)
CALL ENTHACIPSIAY To yVoHIUHDT yDHOV)
CALL ENTROP(ToVVeSeSUTeuLSDV)
UUAL:-ZO O
VELTH=RJ*LPSUTA (VV=y)
S=S=uklTH
HEH=DELTHxT
CALL PRINTF(T)PSIA)QUALIVIHIS1060906U20400060¢0.0920,0¢FTYPE»rPRT)
RETURN
9000 FORMAT(LH p4x, " **kE{ROR**x CYCLE = ',A3," CYCLE MUST EQUAL TP, TX,
L PXe PSy PR +/799X0 'FREON TERMINATED?)
9010 FORMAT(Llr o4X) "*xxERROR*x* TEMPERATURE AND PRESSURE ARE NOT INDEPE
LNDENT UNUER THE SATURATION DOME's//¢5Xe 'FREON TERMINATEQ?)
9020 FURMAT (LR 4K, ' *xxxERROR*x2%x A SATURATION STATE pOES NOT EXIST FOR T
lcMPERATUKES ABUVE ThtE CRALTICAL TEMPERATURE'sF10.3¢'DEGF'0// 15X
2 . YFREVH TERMINATEL') .
9030 FURMAT (1t1 ,UX ) ' *2axERROR* %% A bATuRATION STATE DOGES NOT EXIST FOR P
LRESSUKES A3UVE TrHe CRITICAL PRESSURE'1F1U+3»'PSIA'»//+5Xs'FREON TE
2RMINATED?)




;;3:"

J90 -

sl

992 -
253 =
994
-1-1- T
909
95T L
L1

GO40 FURMAT (L p4A e 'THE MART Live OU EQUATION OF STATE 15 WOT VALIu IN TH
LIS ReGIOr2ete POPC AND S3SC9//795X0 'FREON TERMINATED')

905U FORMAT (Lt o4Ar 'Tiik MARTIN HOU EQUATIOM OF STATE IS NOT VALIy IN TH
1iS REGIUNe2et e POPC AND RIHC*¢//e5X»*FREUN TERMIINATEL')

9060 FORMAT (Lt1 s4as ' xkxERRORXx% THE FLUID 'sA4,* CAN NOT UE EVALUATEU U

15ING THe SUBRUUTINE FREON? o //¢5Xs "FREOMN TERMINATED?)

T 90T0 FORMAT CLit olXy ' 2axf KKOR*x%x A QUALITY OF YoF6439'15 NUT ALLOWED".;

1/7¢ HRe'"FREON TERMINATED?)
(ALY)




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 sametemperature,

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

EQUATIONS

F
P

-n
1

3y _ aP(V,T) _

P(V,T)-P

sar(™)

= h(V T)-CONVRSE§AI(V-V )*T-h
h . T L T-henown

SAT

oT aT

dT

, |
oF d°p 4P 5\ fdV

h _ 3h(V,T) _ SAT Psat SAT)(<'L )
=T CONVR( vt ey ( )(—dT) T

o7 dT
ofF dP
h _ 3h(V,T) SAT
aV W - CONVR*—7—*T
' F oF \ /oF
. P, Y2 hY (2 Y[
Jacob1an=( av’ )( aT)' I\ 5T
P P )
v =y, - |BEaT h* 3T
i+l i
L Jacobian 5
P _ ¢ Fnl
T =7 - h* aV ~ ' p* aV
i+l i
| Jacobian ;

VARIABLE SYMBOL TABLE
BTOLER

DFHDT

DFHDV

DFPDT

lower tolerance on convergence and

saturation tests

2 : ,
% ,
th,T! SAT
RJ* —-—2—*(V-VL)*T
dP dv dp
dP -
ah(V,T SAT
__év;_l - RJ*TET“ *T
aP(V,T) _ SAT
aT dar
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DHOT
DHDV

DP2DT2

DPDT
DPDV
DPDVDT
DPSDT

DPSDT2
DVLDT

FH
FP

H
HCAL

LIMIT
M2

PCAL
PSAT

RJ

TLAST

dPsar
h calculated - RI*—— *(V-VL)*T-h

dT KNOWN

P calculated - PKNOWN

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 pressure'(psia)

saturated pressure (psia)

conversion factor = 0.185053
temperature (°R)

last temperature calculated, to be used

in next iteration
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TTOLER

VL
VLAST

XJACOB

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 iteration

Jacobian of pressure and enthalpy
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< START >

RJ=0, 185053
VLAST=Y
TLAST=T

© EOS

ENTHAL

DRVPT

FLQDEN

e | T TNYES

~I>LIMIT,
| )

FPaPCAL-PSAT

DFPOT=DPDT-DPSOT ,
FH=HCAL-RI*DPSOT*(V-VL)-H ' .
DFHDT=DHDT~RISOPSDT 2* (V-VL ) +RIADPSOT*OVLOT
‘DFHOV=OHOV-RI*OPSDT - = 7 °% ¢
XJACOB=DPDV*DFHOT-OFPOT*OFHOY
VaYLAST*(FP*DFHOT-FHYOFPOT) /XJACOB

T=TLAST-( FH*DPDV-FP*DFHOV)/XJACOB

ERROR

RETURN




<<Z]

YES
1.
T=TLAST/10.0
i |
YES e S |
VaVLAST/10.0
J
EQS
VPEQM
ENTHAL
DRVPT
FLQDEN
YES
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DN NG U E SN

oo e

**##t**##»#4**##*#*****k#***t***k***************#*****************

* )

* COMPR

x

* inlS SUBRVUTINE Flidibo THE TEWPERATURL AND DENSITY GIVEN

APRESSURC ANL civinALPY FOIR CUMPRLSSED LIQUID STATES,
Cox

AR AR AL X R K R oo K K KK i e Kok KR Kok A o A o K e o ok ok o ok KK RO OKOK ke kK ok kR
SUBRULTEnE COMPH(P)» Te Vs VL)

PAKAML LR M=o

COMMUL/FREUNL/ZG (40 12) TTuLER.uTOLERuLIMIT DERROR Y NTYPE
KJ=0,160053

VLASI=ZV

TeaSI=T

CCALL ‘LUS(PCAL Tov s DEuToOFDVLPOVUT»DP2DT ). SRR R

CALL  VPEJF (PSAT, M4 1)

rCAkL LN‘”LL(PCA&'"V'HCAL'DHDT'DﬂDV)

CALL T RVETUFSDT v PSLT i TruPSDTR)

S CALLFLUUEN( VL e ToOVLUT)

WO, 1009 fzirl IMIY

- FPEPCAL=PSAT

WFPLTSOPLT=DPSLT o R
FH-HCAL-NU*DVSUT*(V-VL)*T-H S
UFHuT:OHuI-hJ*(UHSDld*(V-VL)*T-DPSDT*DVLUT*T+UPSUT*(V-VL))
UFHRUVSONoV=kagxDPLSUT AT
AdALub‘uﬂuV*uFHOI-DFPUT*DFHDV

VEVLAST = (F P*uFHO T=Fn*UFPLT) /XJACUB
1STLAST=(FH*UPLV=FPxuFHLV) /XJACOL
IF(TelEeDed) T=TLASTZ10.U

IF(VeLEeUe0) V=VLAST/Z10,4,0

CALL EUS(PCAL e ToVeDPUTDFDVeuPOVUTDP2DT2)
CALL VPEWM(PHAT 101

CALL LilTHALIPCAL s To v r HCAL»DHDT e BOV)

CALL URVPT(LPSDT »12SAT» TePSDY2)

% * N ¥ X ¥ *
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o
L1
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[

39
%Q
Yo
+u
E XS
4o

Gt

4y

CALL FlLuuLii (vl e VouveeT ) -
L SHOAL = UmDPSU T (Ve Vil ) *T
LEAPCALZIOAT sl o T TULER AW PCAL/PSAT 5T o5 TOLLR L A o HL/H LT,
L TTOLek AL eHL/H, 0T «BIOLER) 60 YO 1050
CAF(ABSCT=TLAOT) sl e 1o 0E=04 s AND o AUS (V=VLAST) LT, 1.,0E=U7) GO T 105V
VLASIZV
FTLASI=T
10UL CUNT LU
WRITE (M9 C00U) LawlY
lub0 PzPCAL
RETURIY '
9000 FORMAT(® *1uXe ' xxxcdMPH FAILED TO CUNVERGE IN *9I5¢' ITERATIONS?)
- eivb
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COMPS DESCRIPTION

COMPS searches for the temberatﬁre and specific volume in the compressed

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

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

EQUATIONS

-n
t

= S(V,T) - CONVR SAT (v v ) *T-S

-n
L

KNOWN

S
oF dP
= 3S(V,T) _ Tsar
) 3T ar

-

aF - d°P /
S _ aS(V,T S
S - gT’ ) _ convR —SAT = AT (V=) + CONVR ( dSAT)( )
aF
S . 3S(v,T) dPear
v - oy - CONVR —= dT S
Jacobian = (M) aT) ﬂ.v_ll
3 (aF )
F ( )
Vi+1 - vi - T -"aT
_?:Jacobian §
e s ( ). -
S L ,,4599biaﬂ:~aﬁ..” i
VARIABLE SYMBOL TABLE;;¢“~='~;W et Sl
BTOLER e ?;,auxclower;to1erance on cbnvergence and
S N ST U;saturat1on tests
DFPDT e 8RN - P(T))

di?
DFSDT [




DPSDV
DP2DT2

DPDT

DPDV
DPDVDT
DPSDT

DPSDT2

DSDT
DSDV
DVLDT

FP

FS

LIMIT
M2
PCAL
PSAT

RJ

SCAL

dPe,p-(T)
asS(V,T SAT
__évz_l._ RI* —32—

as(v,T)
oT

as(V,T)

av
dVL(T)
dT

P calculated - Puryen

index

maximum number of iterations allowed
in any one search

unit number for printer

known pressure (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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T
TLAST

TTOLER

VL

VLAST

XJACOB

temperature (°R)

last temperature calculated, to be
used in next iteration
upper3£01er§nce on convergence and
saturation tests

specific volume (ft3/1bm)
saturationwliquid specific volume (ft3/1bm)
last specific volume calculated, to be
used in‘neit_%teration

Jacobian of pressure and entropy
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( START ’

RJ=0, 185053
- VLAST=Y
TLAST=T

EQS

VPEQM

ENTROP

DRVPT

FLQDEN

11 m
x»uD £S

o I=1+]1

FP=PCAL-PSAT

DFPOT=DPOT-DPSOT

FS=SCAL-RI*DPSOT*(V-VL)-S
OFSOT=0SOT-RJ*DPSOT2*(V-VL)+RI*DPSOT*DVLOT
DFSDV=DSOV-RJ*DPSDT
XJACO08=0PDV*DFSOT-DFPOT*DFSOV
V=VLAST-(FP*DFSDT-FS*DFPDT)/XJACOB
T=TLAST-(FS*DPDV-FP*DFSDV)/XJACOB

ERROR




VLAST=Y -
TLAST=T

‘Yo

~LHECK
TOLERANCE

YES
" T=TLAST/10.0
- | y
yoo DES————y
N0 VeVLAST/10.0
-
£0s
VPEQM
ENTROP
orvet -~ || ©
 FLQDEN -
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FEEEEREERR RA R KRR AR R K H A KR K R R ORI R K ok kK ok w A ok ok K o Kk Rk e ok ok Kok
»*

*
* CCimP s *
* *
* Thls SUbROUTIHE FLWuS THE TEMPERATURL ANU DENSITY GIVEN *
*PRESSURE AND ©MNIROFY FUR COMPRESSED L1GUID STATES. %
* *
B ORI K AR K AR KR N e K KK R o o o K o A o K A K o o o ok ok K KR K o oK o ok K o

SUBRVUT I, CUMPS(Fe1eVe30 VL)

PARAME TENI MczZo
COMMUIV/FREUNL/G (490 12) » TTULER ¢ 3 TOLERYLIMIT 1 DERROK #+NTYPE
Ru=0,185053

ViLASTZV

TLASTST

CALL EUSIHCAL» Ty v o DFUT Y LPDVY 1 UPDVLT D2PDT2)
CALL VPEWM(PYAT,141)

CALL tivinGR(TevaSCALPLSUTDSLV)

CALL URVFT (LFSUT P PSLT»TouUPSDTZ)

CALL FLUUEN(vLe ToLVLLT)

LU 100 izl iM]T

FPSPCAL=PSAT

VFPUTSUPLT=DFSOT
FSSSCAL=NU*DPSUT® (VaVL ) =S

UFSD M2USuT=RuxUPSLT 2% (V=VL ) +RJ*DPSDT*DVLUT
UFSUVILauV=RuxDPouT
AJACOUBZUPU v*xUFSD I =CF POTXLFSDYV
VEVLAST=(Fi?*uFSUT=FxUFPUT ) /XJACOB
T=TLAST=(FSxUPUV=FP xUFSULV) /XUACCH
IF(TOLE.UO‘J’ T:TLAST/l(I.O

LF(VeLE«O0,J) V=VLAST/10,V

CALL EOS(FCALTyVoLEJT2DFPDVIDPDVOT, DZPDTc)
CALL VPEWM(PSAT,141) '

CALL EMTROP(ToVeSCAL P LSDT v SHV)

CALL CRVIPTIUPSUTIPSLT e TaLPSDTZ)

SO————
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Y
St
27
3¢
2%
4y
43
Hg

-

uh

“e
4¢
41

N

lul¢
4050

9ulu

LAaLL FLubElviee ToLv, 0T)
bL—S\,FL"l(u"‘(V"VLJ x{-oul
LF(PCALZPSAT LT o TTuq, EreAivb, F‘CAL/PSAToGTobTOLER MJD SL/S Lro

1 FTOLLA ¢ATiU e SL/S . 0T«BI1OLER) GU TO 105v

LF(ADS(T‘1LA5T).uIoloUL-Uﬂ ANO.AbS(V‘VLAbT) LT.1. 0t‘U7) uO 10 10b0

vLASTZV

TLaASI=r

COnT LiUL
nth;(m;:?bUU) L‘MIT
FP2PCAL

K FURI

Eivp

FURMAT(Y 910X Y x2%x 0PS FAILED TU CONVERGE 1M 'vIba I1£RATION5')




DRVPT DESCRIPTION

DRVPT calculates the first and second derivative of the saturation

pressuke with respect to tempefature.

EQUATIONS
dp B+E*F LOG,~(F-T))In(10)
SAT _ - 10 C-E
7 = Peat 2 + =+ DIn(10))
2 . .
Trar _ (2((B+EF L0Gyo(F-TIIn(10) | cg
a2 SAT RS T2(F-T) T2
* VARIABLE SYMBOL TABLE
DPDT dPoat
dT
d%p
D2PDT2 SAT
dT
FT F-T
P saturation pressure (psia)
Q 2-dimensional -array containing the
coefficients for the fluid to be evaluated
T temperaturev(°R)
T2 T2
3 - 73
XX 1n(10)

=42

C




‘ START >

T2 = T*T1
T3 s T2
(2,2)-T

fFT = 1,0

XX ~ Toaf10}

dP

#lagyal FT) 720(0(3 0-Q
(1°g}?/f90(£ 1)#xx)

---? = PH{2vx10(0(2,1)40(1, 2)'0(2 2)

FT)+(0(3,1)-0(1.2)/12)

fol = po((-Xx*(Q{2,1)*Q(1, 2)*0(2.c '

'109}8(FT))/13¢xX/Tz-(o .4382¢° )

< RETURN )
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1a
1S
it

>
!

in
19
20
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1
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* *
* v RvVvPTY *
* *
* THIS SUBKROUTIWE CALCULATLS THE DERIVATIVE OF THE SATURATION *
*PRESSURL wiITh ResPeCT TO TEMPERATURE *
* *
2K o 2K o o o K o e 3 ok K KK 3K K e s A KK B Ko 3 o sk K ok 3 oK o g oK i 3K i 3K ok K g K ok R o e ok K ol ok e X ok R o ok ok K op K
SUbRVUT e DRVET(UPLT P e12D2PDTR)
?gMMU?/thQNL/@(WvIZ)vTTbLERoBTOLER'LIMIT'DERROR'NTYPE

2 = 1x

To=TerT
FT=G(2s2)=T1

IF (F1.LT,0401) +7 = 1,0
XA = ALVOL(L0,0)
uPDT = Px((=XX*(uw(2,1) + Q(1,2) *Q(2,2) *ALOGIO(FT)))/T2+(Q(3p1)-u
tle2)) /T4+a(4rd)xXX) ;
UZPDTd:P*(Z.U*&X*(u(ao1)+Q(1p2)*u(2o2)*ALOGIO(FT))/T3+
XA/Z7Tex (0, 43429448/FT)+(Q(3e1)=Q(1/92))/T2)

RE VURIV
thND




ENTHAL DESCRIPTION

ENTHAL calculates the enthalpy and’its derivatives with respect

to temperature and speéific volume for .vapor states using the Downing;"

Martin equation of state,

EQUATIONS | e
: A
h = ANT+¥TZ/24CHT3/34D¥TH/4-F/THCONVRHP*V+CONVR oy

o .
* A3 2 + A4 3 + A5 4’ﬂ+ A6 (e % *v) C ]ﬂ c ::p(:*‘;).'.l ))
2(v-g)¢  3(v-g)° 4(veg)’ © xp(a pla*V)
c3 . c4

+ CONVR exp(- K*T/TC)(1+K*T/TC)(V 3
C i 2(V 8) 3(v-g)

C6 C6 C1 ]n(c exp(a*v)+1

aexp(u*V) T exp(a*V)

Cg

4(v-g)"
+ Ah(]atent at -40°F) h(saturated vapor at -40°F)

“w‘3ﬂ§¥-11f— a+b*T+C*T2+d*T3+f/T convreyx 22LT)

2 C - C C
*
ach,,, . 2(V-s) - 3(v-g)”  4(V-g)
TSAE x. exp(a*V)+1

6 6 "1 ln( 1
aexp(a*V) N C exp(u*V)

A A
Y c0NVR*P+c0NVR*v*EEi!zll-+ CONVR(LZ— - 3 - —t—gy
i (v-8)°  (V-g) (V-B)

-'(vss)s A (exp(a*v) c 9XP(a*V)+1))+ CONVR*exp(-K*T/TC)
s ‘ff3”fc3i*i*:5car*5fszycs:- Ce C6*C,

(._
'(v-s) (V- 8)3
VARIABLE SYMBOL TABLE -

(- s) - " &xp(a) W

c , ‘{3*g,+;ﬁ2¢,;.f;',;conversion factor = 0.185053
DERROR 1 - tolerance used in checks for zero
DHDT _ . e en(N,T) -

P e e e St




DHDV

DPDT. - .

DPDV

D2PDT2 - -

 ppOVDT

EKA
EKIT

H1
H2

PART
PARTL

PART2

ahgv,rz
oV

oT

aP(V,T)
aV

3%p(v,T)

aT ,
‘angvaz :
aval
exp(a*V)

gxp(-K*T/TC)

: enfha]py (Btu/]bh)"

a*T+b*T2/ 24CHT3/ 3xd*T4/ 4= £/ T+CONVRAP*Y

A A A A
CONVR(VEB =3 o+ —d 2 +RX)
2(v-)° 7 3(v-8)°  4(v-g)
c c c
COWVR(Z + —2— + ——
. 2(v-8)"  3(v-g)

Cg

+ —2—p +RZ) (1+K*T/TC) (exp(-K*T/TC))
4(V-g)

pressure (psia)
Clexp(a*V)+1
C

&I aprey

atbToeT x4/ T4 coNVRe 220VT) y

c c, €,
-2 .3 .,

(v ATIRY:

s, 5%

3v-8)°  a(v-p)®
: - CONVR¥* KL% —K¥

+ R) (LR rexp(K 1/10),

o T

2-dimensional array which contains the
coefficients for the fluid to be evaluated

L6




RX

RZ

T2 -
T3

T4

TC
TERMA

VMB

VMB2
VMB3
VMB4
VMBS

A6(1/exp(a*V)-PART)/u

'(Cs/exp(a*V)-cﬁ*PART)/a

ﬂ'témperature (°R)

critical temperature (°R)

;f:AG(-}/exp(a*V)+C1)/(C]exp(a*v)+1)

specific volume (ft3/1bm)

V-8

(v-g)°

(v-g)*

(V-B)5




< START >

C =
T2 =
T3 =
T4 =
VB =

ViB2 =
VMB3 =
ViB4 =
VMBS o
EKIT =
EXIT =
EXA =

0.185053
TeT

T2

347

V- 0(3'3)
ViRevhn
VHS2evi
ViG3*vMB
VIBd*VMB
=0(2,12)#7/(0(4,3) + Q(1,11))
EXP(EKIT)
Q(3,12)*v

YES

EXA > 30.0

YES

ABS(EKA) < DERROR

PART = 0.0

EKA = EXP(EKRA)

85(Q(1,12)) < DERROR

NO

PART = Q(1,12)*ALOG(

+1.0)/(a(1,1

(1,12)

2)*EKA
)*EKA))

(q
2)

RX = Q
RZ =Q

TERIB = Q

(2,8 #(1.0/EKA - PART
(4,8

+q1, lZ)/(Q(l 12)*EKA

(4.8

-48-
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KA) - (Q(4,2)*PART/Q(3,12))




£05

M = Q1,991 + 0(2.9)4T2/2.0 ¢ 0(3,9)*73/3.0
{4,9)+74/4.0 - Q(1,10)/T + C*P*V
W2 = c- a(2, 4)/vm + Q(2.5)/(2.0V4B2) + Q(2,6)/
3.0%E3) + Q(2,7)7(4.0+ViB4) + RX)
K3 = C'(Q(‘ )08 + 0(4 5)/(2.00vMB2) + Q(4,7)/
(4.0*v1D4) + 0(4,6)/(3. o*vma; + R2)*(1.0
+ Q(2, 12)'T/(0(4 3) « Q1,0
HeRL+ H2 + H
Ce 24 \3) + of l ")
PARTY = 1m+ou9rr¢mawﬂzom4»ﬂs
10}/T2 + C*DPDT*
PART2 = ?(4 4)/vm + QLa.s)(2. o*vmz) + 0(4.6)/
«VME3) + Q(4.7)7(4.0°VB4) +
PART2 = -C*EKIT*Q(2, 12)"2'TITC"2'PART2 ‘
DHOT = PARTI + PART2
PART) « C*DPOV*V + C*P + C(- sz.mvmz - q(2,8)/ -
VB3 - Q(2.6)/viB8 - Q(2,7)/vMB5 + TERMA -
nmz--m4nnmz-(Aﬂnms-m4nnm4-
- Q(4, Nms-nmaom4mmUJn/
Sl U AR 0)
nnz-vunqlo+onlnﬁnnwmn

'EKIT + Q(Z to) )

OPDV = PART1 + PART2

1

((rnm )
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1,93

—
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:&NPOQGNOG$UNPOLGNam

cCoceeo

10y
105

******4*******#t********#****************************************‘

* *
* EwTHAL .
* *
*  [h1S SUBROUTLE CUMPUTES ThE ENTHALPY OF THE VAPOR. N
* *

*

*********‘*********4******¢***t***x*4**************4***********#*
SUsKULT At ENTRALIP, TeVaryDHUT 2 DHLV) :

COMMUI/FRE UiNa/Q (4 lE)oTTULLRoBTOLER LIMII!DEKROR'VTYPL
L 0. 15.)0.).5

T2=1xT

To=T2xT

T4=TI3xT

VMLESV=UW(3,3)

Viib2=vMg *xviil3 oL ' - o o
VMBJ:VMBZ*VMU o : L i . -
VMBHZ VM O* VM ) o , S
VMBOZVib4Y» VMo -

hKIT--Q(a.12)*T/(@(uv3)+u(1011))

ceKITSEAP(EXKIT)

EhA=G(3r12) 4y L :

IF (cKAOGT430,U) uO T0 105

IF (ABS(LhA). LE, ulkduR) bo IO 105

tKA = EXP(EKA) '

iF (AbLS(W(Llerl12))LE,UERRUR) GO Tu 100

PART = @(1o12)%AL0G((atlel2)2EKA+1,0)/7(Q(1, 12)%EKA))
GO TO 11v

PART = 0,C

o T 110

tKA = 0 0

O




110

115

TLRIMGZUL U

WO Tu iio -

KA = W(2r0)/6(3r12)x(1,0/70KA=PART) ’
KZ—U(“vG)/(Q(do14)*Ehﬂ)-(u(4'8)*PART/0(3'12))
TERMAZG(2¢8) % (=14 0/ERA+R(1,12)/7(0(1+12)%LKA+1,0)) .
7LRMU-Q(“vd)/:AA

CALL cO0s(reT, VouPUT.uPDVoDPDVDTouZPDTZ) '
nl-ut1.9a»r+u(¢.9)*12/a u+u(3p9)*T3/3 0+u(u.9)*T4/4 Qe
L w(lelG)/T14CxpPxy

nd:C*(uldu“)/vmufuldvb)/(z O*VMBA)+0(2’6)/(3 O*VM83)+0(207
1)/(4,0kvripd)+RX)

HIZCR(Q(494) /VMb+a(405)/(2, o»vmaa)+@(u.7)/(u o*vmaq)+a(4'6

1 )/(3. 0*vh83)+RZ)*(1.0+Q(2.12)*T/(Q(“v3)+6(1 11)) ) +EKIT+a(
22,10)

UM ZHL + b2 ¢ h3

TCzWw(%e3)+ulirll)
PARTL-G(lo9)+u(2v9)*T+@(579)*T2+u(4'9)*TJ+Q(lo10)/T2+C*UPDT*V
PAR1¢-Q(4-4)/#Md+@(h.b)/(a O0xyMB2)+Q (4, 6)/(3 O*VMBJ)+G(4o7)/(u 0*
1 viMBe ) +RrRd ‘
PAhT&-“C*LnIT*u(dolZ)**Z*TlTC**Z*PARTZ

DHUT=PARTL+PaRT2 o
PARTL-C*uFDV*V+C*H+L*(-G(2 4)/VMoZ-O(2.5)/VMB3-Q(2,6)/VMuu-u(2.7)/
1 VMigo+TRMA)

PART2= -u(4,4)/vﬂud-u(4vb)/vME3-Q(4'°)/VMu“—Q(4p7)/VMBS-1ERMb

1 +U(4r8)xG(1022) /(0 (1r12)%EKA+1,0) g
PARTZ=CHERIT#(L,04Q¢1, 1&)*T/TC)*PART2

UHUVSPAR T L4PART2

RETURN -

CEND




ENTROP DESCRIPTION

ENTROP calculates the entropy and its derivatives with respect

to temperature and specific vd]ume for the vapor region using the

Downing-Martin equation of state.

EQUATIONS

s = alnT+B*T+C*T2/2+d*T3/3-f/2*T2+C0NVR*R1n(V-B)-CONVR(-Z—

B, : B, ~ Bg Bg ( ( ) (C exp(a*V)+1)))
+ ~ + + + 5 1/exp a*V C In =
2(V-8)°  3(v-8)° a-n)” ST Gyeelet)
M T (v- 3)2 w-6)°  (v-g)®  (v-p)
Cl ' -
» 2
BULT) - o TapsertaartZe/T? - 90:—‘”2‘—'1- exp(- K*T/TC)(-(-V—B)-
- C
! ; *
. Cs . Cq R Cg . Cs _ 66*C1 ]n(clexp(a*V)+1
. *
Z(V'B)Z | 3(v'8)3 4(V'B)—4 aexp(a V) a | Clexp(a V)

VARIABLE SYMBOL TABLE
c
DERROR
DSDT

DSDV

EKA
EKIT

PART

conversion factor = 0.185053

tolerance used in checks for.zero

as(v,T)

oT

as(v,T)
oV

exp(a*V)

exp(-K*T/TC)

c, . C G
2 .3 .4 .5

el
V-8 2(v-8)°  3(v-g) a(v-p)?
C,exp(a*V)+1

Clexp(a*VT)

¢

Clln(

-52-
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PART1

PART2

RX

RZ

S1
s2

S3

S4

T2
T3
TC
TERMA

B B

' CONVR*R 52 3
- CONVR ( -
V-8 (v-g)2  (v-8)%
B B
> ;«~44_ 5 x + TERMA)
- (v-8)"  (V-8) 3
- .c2 C3 ‘ C4
CONVR*Kexp (-K*T/TC) (—"— - 3 )
N (V-8)"  (v-8)7 (V-8)
c C.*C e
5 6 1 -
'~2;:;;§ - TERMB + clexp(q*v)+1? B

2-dimensional array containing the coefficients

,for the fluid to be evaluated

B
6 ;. 1 j
P exp(a*V) PART)
C6 ) CG*PART
aexp(a*V) o

entropy (Btu/1bm°R)
aInT+b¥THCHTZ [ 2+d*T3/3-F/2+T2

CONVR*R1n(V-8)
B B B
-CONVR((VZB) 4 -3 -+ 4 .
v 2(v-g)°  3(Vv-g)

B
+ --ji-1r + RX)
4(V-8)

K G G
CONVR(-.'-.-E:-exp(-K*T/TC)(V_B + V] '
| 2(v-8)
C C
- 3(v-g)”  4(V-g)
-S(saturation -40°F)

temperature (°R)

T2

T3

critical temperature (°R)

B (ERptay * Cemp T
=53~




TERMB

VMB

VMB2

VMB3
VMB4
VMBS
1z

C6/exp(a*V)

specific volume (ft3/lbm)
(V-8)

(v-8)°

(v-g)°

(v-g)"*

(V-B)5

K2

~ exp(=K*T/TC)
TC“




( START >

C = 0.185053
VIG = ¥ - Q(3,3)
Viil2 = VHBVID
VMB3 = VIR2*VMB
VMB4 = VIBI*VMB
VMBS = VPIM'VIIB
3,1

YES .

‘ CYES -

ABS(EKA) > 30.0

ABS{EKA) < DERROR

ves

£5(001.12)) < R0}

RX = 0.0

RZ = 0.0
EKA = 0.0
PART = 0.0
TERMA = 0.0
B = 0.0

EXA = EXP(EXA). - ¢
PART = Q(l lZ)‘nLOG((Q(l.]Z SEKA
1.0)/(9(1,12)*EKA) })

Rx - 0(3 8)70{3,12)*(1.0/EKA - PART)
=19(4,8)7(a(3,12)%EKA) - (Q(4,8)/
<Q(3,12)*PART)

ERNA » (3,8)*(-1,0/EKA + Q(1,12)/
(Q(1,12)*ExA + 1.0))
TERB = Q(4,8)/EKA

G = Q(4,8)/v18 + Q(4,5)/7(2.0*v12) + Q(4,7)/
(4.0+v118a) + Q(4,6)/(3.0*V1B3) + RZ

T2 = 1™
T3 = T2*1

EKIT = -0(2 12)+1/(0(4,3) + Q(I.ll))




YES
\BS(EKIT) > 30.0

EKIT = 0.0 EKIT = EXP(EKIT)

27 = Q(2,12)*+2.0/(Q(4,3) + Q(1,11))**2,0%EKIT
ST = Q(1,9)*ALOG(T) + Q(2,9)*T + 0(3,9)*72/2.0
<+ Q(4,9)*T3/3.0 - Q(1,10)/2.0°T2)

S2 = €*Q(2,3)*ALO%, VIB)

$3 = -C*(Q(3,8)/viS + Q(3,5)/(2.0*v!82) + Q(3,6)/
3.0*vim3) + Q(3,7)/(4.0°V:1B4) + RX)

S4 = C*(Q(2,12)/(0(4,3) + Q(1,11))+EKIT)*(Q(4,8)/
8 + Q(4,5)/(2.0°1B2) + Q(4,6)/(3.0+VMB3)
+ Q(4,7)7(8.0°viBa) + P2) + Q{,10)

S« 51 +52+53+3%4

0SOT = Q(1,9)/7 + Q(2,9) + Q(3,9)*T + Q(4,9)*T2

+ Q(1,10)/T3 - C*6*22

TC = Q(4,3) + Q1,1)

PARTY = €*Q(2,3)/w8B - C*(-Q(3,4)/vMB2 - Q(3,5)/

VB3 - Q(3,6)/VIB4 - Q(3,7)/VIBS5 + TERMA)

PART2 = C*Q(2,12)*EXIT/TC*(-3(4.4)/vr2 - Q(4,5)/

ViB3 - 0(4,6)/V1B4 - Q(4,7)/V1185 - TERMB
+ Q(4,8)*q(1,12)/Q(1,12)*EKA + 1.0))
DSDV = PARTY + PARTZ .

RETURN
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100 0SG(Hel) /VMEAGILD) 7 (240xVMB2)+Q (B 7))/ (4 0xVMEL)+Q(406) / (
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=
- ENTROF
X
x*

A*‘

SUBROUT TIE EidTROP (T, VS»uSDT»uSOV)

LOMMUN/FKLUleﬁ(“OLZ"TTULEROﬂToLhR'LIMIT!DERROR!JT*PE

c= 00163\]33

VML' ~Q(J.J)

VMb“VMB*vMB

VMDS-\II”U&* Vbo

VMb““VMbJ*VMb

vmbb—vmuu*vmu L
ERA=w({Jsic) xV ‘
lf(AuS(EAA).bT.JU G bU IO 100
LF (AS (E]A) oL TeULRRCR) 60 TO 100
LF(AuS(G(lylc)).Lt.LERROK) "GO0 TO 100"
tKA = EXP(LKA)

PART = u(lold)*ALUG((u(l 12)*EKA+1 0)/(0(1 12)*&KA)),‘
.. .60, T0: 105 ' \mew,‘, AR & S -
*'wﬂl" 0 0.

KX = 0.6

eKA = 0 b ;

PART = u

TtRMA-O 0

TERMB=0,.0°

60~ TO lie:

RX =7 G(3¢8)/u(3+12)%(1.0/EKA=PART)

RZ = Gl{4rE)/Z7(Q(3912)%EKA)=(Q(4¢8)/76(3¢12)*PART)
TERMASQO(308) % (=1,0/6RA+U(1,12)7(Q(1912)%EKA+1,0))
TERME=Q (42 8) /ERA

() £ SUBNOUT;NE CUMPUTES THE EMTROPY OF THE VAPOK.

*
*«
*
*
*
*
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b
49
o1
=3
Ye
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2%
o6
Y
%0
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1 SeUxvMI) +nd
1 = T=1
1o = 1exl
ERITE=G(erle)*1/(u(urd) +u(Lrll))
AF LADLS(ERIT) 0T.30,0) GU TO 115
eniT = EAP(ERLT)
w0 Ty 1lee
115 entl = C,0
12U ¢ = w(Zrle) ¥ U0/ (wlboo) +0(Lo11)) %42 ,0xEKTT
SISl e)2ALUG(T)IH+N(C09)2T+Q(3¢C)%T2/2.040(429)xTI/3e 0=l
1 210)/7(coUnTg)
222C*G(er ) *aLOG (VMES)
BIZ=CA (U3 08) /Viintw (I39D) /(2. 0xVME2)+Q(396) / (3, 0%xVMBI) +Q (I
1 7))/ (%,Uxviabs4 ) +KA)
SUZCx(G(ep i) /(GUtue2)+G(Le1))2ERITI*(Q(428)/VMB+A (Y49 DHY/(2,0%V
1 MBZ)1u(brt:) /(0 UV yBI) 4G (407)/(4,0%VMBY)+RZ) +Q(3910)
S=51452+453+54
WOLTSW(L oY)/ 146 (cr9)+U(309)*xT4+Q (49 )2 T244(1910) /TI3=C*(*22
TC=W(4rd)4u(lell)
PARTLZCHG (g0 3) /Vimp=C* (=G (3,4)/VMb2=0(395)/VMB3=Q(3,6)/VME4=u(3,7)/
i vMpeb+TERMA)
PARTZZCRu (g o 12) e KIT/TCx(=Q(4y4) /VMB2=Q(4+5)/VMB3=Q(406) /VMbY4
1 =W (4 7)/viLO=TERMEB+Q(4,8)*xQ(1e12)/7(G(1r12)%EKA+1.0))
USOVZPARTL14PAKT2
L3I0 RETURN
LN
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EOS DESCRIPTION

EOS calculates the pressure and its der1vat1ves w1th respect to

temperature and spec1f1c vo]ume in the vapor region g1ven temperature

and specific volume by using the Downing-Martin equation of;state,

EQUATIONS

* - ] -
) . A2+B2 T+C,exp(-K*T/TC)  Ag+Bo*T+Cexp(-K*T/TC)

R*T .
A4+B4*T+C exp(=K*T/TC) A5+BS*T+CseXp(-K*T/TC) A6+BG*T+C exp(-K¥T/TC)

+ : u

(v- s) | (v-8)° * ExplaV) (17 exp{a™V))

2P(V,T) _ 2(A +B *T4+C exp( K*T/TC)) 3(A, +B*T+C exp(-K*T/TC))

4(R,+8, *T4C exp(;k*T/fC)) 5(A +B *T+C 5exp (-K*T/TC))

(v-p)° C(v-p)°
exp(a*V)+2* *Clexp(Z*a*V)
- (A +B *T+C exp(-K*T/TC)) ( - . 5
(exp(a*V)tClexp(Z*a*V))

KC,exp(-K*T/TC) " . KCyexp(-K*T/TC)
B R s ve
3P(V,T) . R, C . c
aT V-8 (V-8)2 S vog)3

KCqexp(-K*T/TC) KCeexp(-K*T/TC)  KC.exp(-K*T/TC)
4 , “5 6
B,~ B.- - B -
4 Tc 5 ~Tc~s» 6 TC
+ + — + - FTETT
(v-8)* (v-e)5 L exp(a*V) (C, exp(a*V)+1)

22P(V,T) _ K exp(gK*T/TC) S ] ';‘ ¢, 5
T2 Te (v o e et e
. Boghis
* SR exp(‘*v1+‘7 )




KCzexp(—K*T/TC) KC3exp(-K*T/TC)

2(B - )
2POVLT) . R 2 Tg o3 Zc
W (v-p)? (v-8)° (V-5)
KC4exp(aK*T/TC) KC5exp(-K*T/TC)
4(B,- T 5" T KCgexp(-K*T/TC)
- - -(B. <
. 6 T
(v-p)° (V-8) 6 c
a(l+2*Clexp(u*V))
exp (o) (THC;exp(a¥V)))
VARIABLE SYMBOL TABLE
cK2 | C,*K/TC
CK3 C3*K/TC
CK4 C*K/TC
CK5 CS*K/TC
CKké CG*K/TC
DERROR tolerance used in checks for zero
DPDT BPQV,T[
aT
DPDV aPSV,T!
v
DPDVDT 2%p(V,T)
. aVaT
4
D2PDT2 -~ a2p(V,T)
aT
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
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TC
TERM
TERMA

TERMB

VMB
VMB2
VMB3
VMB4
VMBS
VMB6
XMESS

A
72
Z3
4
Z5

6

temperature (°R)

'crffitéi témperature (°R)

1- d1men51ona1 array conta1n1ng intermediate values

‘ BG-CK exp(-K*T/TC)

; exp(d*VYTif,exp(a*V)

CCL
. R 6 - :
exp(a*V) (1+ exp(a*V))

specific volume (ft3/1bm)

v-p
(v-g)2
(V-e)sj“
(v-g)t
(V-eisj'
(V-e);
(aexp(a*V)+Z* *C exp(z*a*V))

B
3 3

<exp<afv>+cle§p(afva>>?
-cé*kexp(sK*T/TC)/Tc
*Kexp( K*T/TC)/TC
4-C£*Kexp( =K*T/TC)/TC
35 ~C¢*Kexp(- K*T/TC)/TC
Bs-cﬁ*Kexp( K*T/TC)/TC

(1+2*C exp(a*V))

9,’??13’5;"?(“ expla*V))
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DPOY = 0,0
P} = 0,0
VIS = Vv - 0(3,3)
EKIT = -Q(2 12)*1/(0(4 3) +Q(1,01))
EXIT = EXP{LKIT
EKA = Q(i, 12)-v
EXAZ = 24Q(3,12)*V
YES
YES

EXKA = 0.0
EXA2 = 0.0

EXA = EXP(EKA)
EKA2 = EXP(EKA2)

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

I=2

O s

I=1+1 ! i‘i/

FJ"°

TERM(1) = (Q(% L 42) +Q(3,1 + 2)*T

4,1 + Z)‘EKlT)/VIB"I

P1 = P1 + TERM(T)

|
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JEXA] < 0

TERKE) = 0,0] | TERIE) = (Q(2,8) + 4(3,8)eT

+ Q(4,8Y*EKIT)/

umqno~qu|ﬂ
. *EKA))

! « P1 + TERM(1) + TERM{6)
= Pl
PART(]) = ((2,3)+T/vMB*+2

1=2 YES
s o)

I=1+¢1 A,//

‘__Jno

PART(I) = l'((Q(Z.l +2)% Q(3,1+°2)*T
‘ + Q4,1+ 2)'EK1T))/(VMB"(I +1))
OPDV = DPDV + PART(I)

1

YES

I

PART(6) = 0.0

YES :
EKA2 > 30.0

i

EKAZ = 0.0

T




XMESS = <(Q(3,12)*TKA + 2,0%0(3,12)%Q(1,12) *EKA2)/
((EKA + Q(1,12)%eKA2) %+2)
PART(6) = (Q(2,8) + Q(5,8)*T + Q(4,8)*EKIT)*XMESS

DPOV = -(DPOV + PART(1) & PART(6))
VIB2 = VMG*VMB
VIR3 = VME2evMB

VIBE = VIB2+2

VMBS = VHRA*YIG

VMD6. = V'33+ViB3

T€ = Q(4,3) + 9(1,11)

CK2 = 0{4,8)*(2,12)/1C
€K3 = 0(4,5)*q(2,12)/7C
CK4 = ((4,6)*0(2,12)/7C
kS = Q(4,7)%(2,12)/7¢
Cx6 = 0(4,8)*Q(2,12)/1C
EKA = Q(3,12)*v

YES

ABS(EKA) < 0

YES

EKA > 30

TERMA = 0.0
TERIB = 0.0
26 = 0.0
EKA = 0,0

EKA = EXP(EKA) .
TERWA = (Q(3,8) - CK6*EKIT)/(EKA*(1.0 + Q(1,12)*EKA))
TER'B = Q(4,8)/(EKA*(1.0 + Q(1,12)*EKA))

26 = (Q(3,12)*(1.0 + 2,0%Q(1,12)*EKA))/(EKA*(1.0
+ Q(1,12)*EKA))

o




orpT = Q(2,3)/V1B + (Q(3,4) - CKZ*EKIT)/VMB2 k

+0(3,5) - CKISEKITI/V:I3 + (Q(3,6)
- CKA*EKIT)/WIB + (Q(3,7) - CKS*EKIT)
VIS + TERMA
D2POTZ = (2,12)**2*EXIT/TC**2+{Q(4,4)/VMB2
+ Q(4,5)V1E3 + O(I.G)I\MM + Q(4,7)/
Vi85 ¢ TERMB
21 = Q(3,4).-.Q(2,12)*q(4, 4)-sm/rc
2= 053 +5)= Q2,12)+Q(4, §)}#EKIT/TC
23 = Q{3 ; Q(2,12)*0(4,6)*EKIT/TC
28 = Q(3 0Q(2,12)*3(4,7} *EXIT/TC
25 = Q(3.8) - Q(2,12)+Q(4,8)*EKIT/TC
DPOVOT = -Q(J 2)/VMB2 - 2.0421/V¥33 - 3,0%22/
z; ;64 .0*23/VMB5 - s o-u/vnss
- &
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* *
* t OS5 -
» *
* IS SUBKOUTAVE CALCULATES THE PRESSURE FOR VAPOR STATES AND *
#[15 LERLIVATIVES Glveiv TeMPEKATURE AND DENSITY *
x *
03 oK R A o K g ok oK K KON A o oK Ak K o 2 Kok o ok R o e oK Kol K o o ok ok K ok R R koK K Kok R e KR K o K
SUBKRULT Lise EVOS(Pe T v DFUT 2 DPLVDFDVDT 2 52FDTR2)
COMMON/FREQNL/w (4o 12) o TTULERyBTOLERYLIMI T oDERKKOR e NTYFE
wdMenSIOn TERM (v)e PAKT (7)
wPuv = 0,0
Pl=0,0
VMB=V=Q(993)
EXKIT -0(¢ol¢)*1/(u(906)+0(1 11))
ERITZEXP(ENIT)
EKASW(Sedic) *v
EKAC=2.00%u(3912) %V
IF (ABS (Lhly) oLt ot RRUR) GO TO 10Y
AF (AbS(LRA) . b].ﬂuﬁ ) 6O To 105
EhA = EXP(gKA)
EKA2 = BEAF (EKAZ)
60 To 115
405 gRA = 0,0
EKAZ = G,
115 TERM(L) = w(2e3)%x1/yip
WO 125 { = 2,5
TERM(L) = (W(2e142) 49 (39 142)2T+G (4, I14+2)%eKIT)/VMb*x])
125 P1 = Pl +T1LRM(1)
AF (ABS (ERA) o LE JDLKRLR) TERM (6) = 0,0
IFCAUS (ERA) o LEOLRROR) GU TO 120
TERM (6) = (Q(2/98) + G(3,8)*T+Q(4»B)*EK1IT)/(EKA®(1,0+4Q(1,12)=E
1KA))
el Pl = Pl + TEKM(1) + TERM(6)
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39
36
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39
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G
42
4.3
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4>

47
49

49
2)
SISy

P

53
54
53

2

o6

33

0d

ol
62
63
64
0%
0d
o?
08
oY

95
97

.

=i 1 .
140 AT (1) = W(2r3)«T/vMokse
V0 150 I = 2+5 _ | |
PART (1) = FLOAT (1)#(W(zs[+2)+Q(30I+2)%T+Q(4rI+2)*EKIT)/VMoR* (141
1) _
i5U LPUY = uwrby +‘PAhi (1) _
iF (KBS (LKA) 4LE.DERROR) FaRT (6) = 0,0
LF (ABYS (ERA) oE uEKRUR) QUOTO 1495
IF (EhA2e31.30.00 ERAZ = U, o
XHESS = (u(3r10) KbRntee0kG (30 12)%Q(1012) xEKA2) / ((EKA+U (10120 4E
I A2) *»2)
ANMESS = =xmeSS -
PART (6) = (W(2r0)+G(303)%xT+G(4r8)x EKIT)*XMESS

145 JPUV ==(uPUV+PART (1) + PART (6))
vhpesvMgsvee 0
VMBIZVMUS K Vb
VMpBYSVMocrR2
VMBOSVMUdkyMo
vMbosVMB3&YMB3 -
TC=@{4r3)+a(lell)

CR2=u (%) @201 /1C
CK3IZG(4eD) 3 (2012 /T1C
CR4zu(Uro) 20 (2r1c)/TC
CKO=Q(Us7)#Q(2012)/T7C
cKe=u(dro)xu(2e1c)/7C
chRASW(3ple)xv

LF (ABS(ERN ) oLE «DERRQR) GU TO 100
IF(EKA.GT430,0) wO TO 100

KASEXP (cKA)
%EﬁMi:(@(oea)-CKbxﬁxIl)/(EKA*(1EOXO;1'12)*EKA))
TERMB=Q(4¢8) / (EKA%(1,0+3(1,12)%EKA) )
ngu(3pl¢)#(1.0+Z.O*G(lalZ)*EKA)/(EKA*(1.0+Q(1912)*LKA))
o0 TV 160

100 TEKMA=0,0
rEK“D:O . U
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do=0,0U
LAASUL0
LOU UPUT=6(2r ) /Mt (i Sr4)=Ch2REKIT)/VME24 (W (395)=(CKI*cRKIT)/VML3+
1 (W3 €)=CKYALRIT)/VIALY 4 (@ (39 7) =CKS*ERTIT) /VMBH+TERMA
VRPUTEZw (291 ) #2crERIT/TL 224 (Q (4o 4) /VMB24Q(4+5) /VMEB3+0 (496) /VMBU +
)} by 7)) /vmpo+iekivo)
L@ (e ) =g (crl2) %R (Do4) 2K IT/TC
L2ZW(O91D)=d(pl2)4Q(4eS)*EKIT/TC
YU (Or )= (cedl) %2 4o T)2EKIT/TC
LIZUW(Ir0 )=y (cri2)*Q(490)2eK1IT/TC
LOTWU(Or0) =y (o l2)xg (H98) % IT/TC
VPOVUIS=u(312) /Vii52=l e 0%L1 /VNi33=3, 0%22/VimBl =t 0% 23/ VMBS=5 . 0% 24/
1 VvinBo=Z5%c0
175 R Tukiy
" END
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FLQDEN DESCRIPTION

FLQDEN calculates the saturated 11qu1d spec1f1c vo]ume and its
derivative with respect to temperature g1ven temperature. One of three

equations is selected depending on the refr1gerant to be evaluated.

EQUATIONS

NTYPE = 1

v, = A+ (-T10) Y 3ee (1-1710)%4 %0 (1-T/TC)HE, (1-1/10)%/3

;;L = v, (3*TC (1-1/7¢)7%/ 3+ g*gc (1-1/7¢)"Y/3 4 :*ic (1-1/70)1/3)
NTYPE = 2

1V, = A +B, (TC-T)+¢, (16-T) ! 2p (1C-T) M 34 (1C-T)?

v 2 -1/2 -2/3,

—£ = v, 2 (8¢ (1c-T) V2240 (10-1)"2/3 3020 (TC-T))
NTYPE = 3

- 2
1/vL = AL+BL*T+CL*T

dv

L. g2
a7 = V(B2 M)

VARIABLE SYMBOL TABLE

DL  saturated 1iquid density (1bm/ft3)
DVLDT v m
dT
NTYPE : ' saturated liquid specific volume equation selector
P1 temporary value
P2 ’ temporary value
P3 | temporary value
P4 | temporary value
Q 2-dimensional array containiﬁg the coefficients

for the fluid to be evaluated

T temperature function
’ -69-




TC
TR
T3
VL

~ critical tempgrature}(°R)

temperature (°R)

3*TC (°R)

saturated 1iquid specific volume (ft3]bm) |




( START >

TC = Q(4.3) + Q(1.1)

NO

NTYPEy

YES

v, /dT = VL“Z'(BL/(T3'T"P2) + 2*CL/(T3'T*PI)

1/3

2/3

4/3

1 - TR/TC

A+ BL'T"Pl ¢ C

1/0L
3.0*TC

©
w
L I I A |

LTHP2 + D 4TH*P3

-t
-
. "

+ DL/TC + 4'EL/(T3'T“P1))

N\ NO
NTYPE = 2
Pl =1
P2 = 0.5
- P3E/2
P4 » 2/3 s . A
TeTC-TR - ‘ |
E - ‘ phh
COU = A ¢ B ST+ C ST4P2 4 D *T+P3 ¢ £ *tee2]
PR R A :
AV /4T = ¥ **2(B + C /(24T**P2) + D/(3*T*Pa)-
ST e e

RETURN

r

DL'AL"B

L
VL= /0L
s - *
dV! /djl’ VL"? (BL “ ,.Z’GL.Y,R)

*TR + CL'TR"Z

‘ prnen ’
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* *
Py FLGODEN *
L 3 *
* ThIS SuBROULTLE COMPUTES THE SATURATED LIOUID SPECIFIC VOLUME*
*GIVew TomPERATURE (,.SING ONE OF THREE EQUATIONS, *
* *

AR LKA o KR K AR OK K o oK o ok ok o o o Kk o oK ok ok K e o o 3K o ok o 3 o o ok K o K o oK o K ok ok
SULRUUT Live FLWUEK (VL o TRyLVLDT)

COMMON/EF R ONL/G (40 L) s TTULER)BTOLER 1 LIMIT »DERROR Y NTYPE
IC=uw(4r9)+u(diell)

oV TO (2U0,3u0,400), WTYPE

Plzl,0/3.0

P2z=E€,U0/3,0

rd=4,0/3,0

T=led=TR/T(

uL-G(l:4)+u(1'J)*l*4P1+U(1 6)*T**P2+0(1 7)*T**Pé

Ia-d.u*rg

LUVLDTSVO*22% (Q(LeD) /(TIx |1 %xxP2)+2, O*Q(1v6)/(T6*T**P1)+Q(1:7)/TC
1 +4,02G(1,8)/7(13xTx%xP1l))

RETURM

Piz=l.u

P2=1 . U/do ¢

PA3=1,0/9,.6C

PH=2,0/3,0

T2TC~TR _
UL=Y(1u4)+u(l.b)*T*;Pl+&(l.6)*T**P2+G(1v7)*T**PJ+Q(108)*T**2
vl=1,0/0u

UVLDLTSVL 222 (Q(1r5) 4@ (1e0) /(2,0%T*xP2)+Q(197) /(3. 0xT*%xP4) 42, 0%
1 @(1l,8)%T)

RETURI

ULZQ(L1o4)+Q(LleD) 2 TR+ (100) xTRR%2

VL:]. ° O/UL




axp*o.m*mo.avzuam.4,3|,*u**4;

32
TN AM
=100
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HFIND DESCRIPTION

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
Jacoban = (2{T)y h(V,T))_(3PULT)) h(1LT),
ah(V,T) aP(V,T)
‘e - [(P(V.T)-PKNOWN) T = (h(VaT)-hyyouy) 2T ]
REE Jacobian ;
PV,T) ah(V,T)
P a1 _[”“"’T)‘“mowu’ W - (POVLT)-Proun) Y ;_]
417 Y

Jacobian i

VARIABLE SYMBOL TABLE

BTOLER Tower tolerance on convergence and saturation tests
DHDT 3h(V,T)
aT
DHDV ah(v,T)
av
DPDT aP(V,T)
k)
DPDV aP(V,T)
FY
DPDVDT 3%P(V,T
A'E)
' 2
D2PDT2 3°P(V,T)
aT
H ~ known enthalpy (Btu/1bm)
HCAL calculated enthalpy (Btu/1bm)
I index )
LIMIT maximum number of iterations allowed in ’ A

any one search

~The




M2
i)
PCAL
T

TLAST
TTOLER

)
VLAST

XJACOB

unit number for printer

known pressure (psia)

qa]culated pressure (psia)
femperature (°R)

last témperature calculated to-be
used-in next.iteratiOn

upbé} toIerancé on convergence and
saturatidnvtests

spééific voldme (ft3/1bm)

last specific volume calculated, to be

-used in next iteration

_ Jacobian of bressure and enthalpy




< SIART )

VLAST=V
TLAST=T

ENTHAL

1=1

YES
I>LIN}
I=]+]1 J

l NO

XJACOB=DPOV*DHOT - DHDV*DPOT
V=VLAST-((PCAL-P}*DHOT- (HCAL-H)DPOT/XJACOB
T=TLAST - ( (HCAL-H)DPOV-(PCAL-P)DRDV)/XJACOB

TLAST=T
VLAST=Y

4

T<0 YES

ERROR

RETURN

i T=TLAST/10.0

V<0 YES

ENTHAL

NO HECK

TOLERANCE

V=VLAST/10.0




cocoOcCn

1000

105v
9000

AR KA RN KRR KA

»*
*,
*4

WFiHD

* - THIS SUBKOUTINE FINDS TEMPERATURE AND DENSITY GIVEN PRESSURE

*AND ENTHALPY FOR SUPERHEATED VAPOR STATLS.,

* .

Pt R P S b bt bbbttt
SUERUUTIRE HFIHD (s eVeH) -

PARAMETER M226 = - :
COMMUN/FKnONL/u(»rlz)pTTuLeR.uTOLERoLIMIIoDERRoR.NTYPE'j

VLAST=V
TLAST=T

CALL EUSIPCALsTeVCPOT2DFLVDPDVLTDP2DT2)
CALL'ENTHAL(PCAL.TvVvHCALvDHDTpDHDV)

WO 1000 dzleLIMIT - ~
XJACOLZUPLV*UHU T=uPL TxDHDV : ' :
v:VLAST-((PCAL‘P)*DHUT-(hCAL*H)*DPDT)/XJACOB
T:TLAbT-((HCAL—H)*DPDVé(PCAL-P)*DHDV)/XJACOB
IF(T;LE.O.O),T:TLASTIIO.O : - ‘
IF(VeLEsUosu) VEVLAST/Z10.0

_cAaLL EOS (PCAL» T o Vs DPUT ¢ DDV DPOVLT DP2DT2)

CALL ENTHAL (PCAL e Ty v o HCAL ¢ DHLT» DHOV)
lF(PCAL/P.LI.TTOLER.AND.PCAL/P.GToBTOLER.AND.HCAL/H.LT.

TTOLER 4 AidU « HCAL 7HoGT«BTOLER) GO TO 1050
IF(ABS(T-TLAST)oLTol.OE-OQ.ANU.AbS(V-VLAST)

VLAST=V
TLAST=T
COnTINUE

WRITE(M2,9000) LIMIY

RETURN
FORMAT ( *
(A1)

tplUXe "HF IND FAILED TO CONVERGE IN '¢I5¢° ITERATIONS®)

a3 o o ok K o ok R KK o K KK B R OK o kK

**********************************************

*
*
x.
*
*
*
*

LT.1.0=07) 0 To 1050




PRINTF DESCRIPTION

C

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

zero.

VARIABLE SYMBOL TABLE

FTYPE

HL
HV
NPRIN
M2

SL
)

VL
vy

fluid type to which properties have been
determined

enthalpy (Btu/1bm)

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

print selector :

unit number for printer

pressure (psia)

2-dimensional array containing the
coefficients for the fluid to bé evaluated
entropy (Btu/1bm°R)

saturated liquid entropy (BTU/1bm °R)
saturated vapor entropy (BTU/1bm °R)
temperature (°R) |

specific volume (ft3/1hm)

saturated Tiquid specific volume (ft3/1bm)

saturated vapor specific volume (ftsllbm)




S

.{ SUPERKEATED

RETURN

‘

‘ START ’

T+T1-9(1.M)

QUAL
HY HL
SV,SL

QUAL < Y.0

UAL > 0.0

VAPOR

)

-] COMPRESSED

LIQuID
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CLe N w

-~

U

lu
11

“y
[ ]

1o
1l
1y
e
17
ld
19
20
2i
2
23
24
23

a7
c8
29
30
94
52
RN
34

coocnon

A A ok o A OOk oK K R R o o K K K e 3K ok K ok 0 K ok oK o K g o ol oKk 3 g o o oK o ok K o oK K K o oK o S ok K o K
x
* PRINTF

*

* IhIS ROUTINE PRINTS THE KESULTS OF RQUTINE FREON.

*

*
&
*
*
*
*

o o K o 3 oK ok ok KK K oK A o R 3 g R o ok K K o o ok o ok K o 3K ok oK oK g o 3 ok o ok A oK K o oK o K K o
SUBROUTLNE PRINTF (T, PoGUAL sV orHeSeVV IRV SV VL vy HL»SLeFTYPE o NPRIN)
PAKAMETER M2=0
COMMON/FREUNL/Ww(%012) 1 TTOLERyBTULERILIMI T2 DEKROR ) NTYPE
T=T=d(1,11,
IF(WPRINJEWLOV) R(‘.TURN
WRITE (M29S00U) FTYFE
WRITE(M2e9010) TP
LF(@UAL.LJ;Ql.OQﬁNUoGUALQGE.(J.O) o0 TO 32850
LF(UUAL.GT,1,0) wRITE(M299020)
IF(WUAL LT 0,0) wKRITE(M2:,9030)
60 TO 3370
3¢80 WRITE(MZ2»9040) QuUAL
 WRITE (M2,9050)
WRITE(M299070) HveHL
WRITE (M2,9080) SVeSL
WRITE(M2,9060) VV,VL
3370 WRITE(M2,9090)
WRITE(M2,S070) H
WRITE(MZ2,908U) S ‘
WRITE (M2s9Y900U) V
900U FORMAT(LH1o4Xs ' x2xxTHERMOUYNAMIC PROPERTIES OF 'yA4s ' USING MARTIN-
1HOU EQUATION OF STATEX*%x')
9010 FORMAT (1n 4R 'TEMPERATURE = ' yF7419'DEG.F*¢/¢5X» "PRESSURE =
1 F1049¢'PSIAY)
9020 FORMAT(1H o4A» "SUPERHEATED VAPOR////777)
9030 FORMAT(1h 24Xy "COMPRESSED L IQUID=APPROXIMATED BY SATURATED LIQUIp®
1l v////77)




39
3%

J4
39

a0

1 -

44
by
s

U0 FORMAT (1ti sU4As "SATURATED LIGULID=VAPOR EGUILIBRUIM 0 /05X "QUALITY =
4 'eFO4)

3050 FORMAT (Lt o/7 035K ;ATUR»T&D'oBXO'SATURA]ED"/.35X0'VAPOR'0LZX'

X TLIQUID Y e/t 3(HY))

9000 FORMAT (1r o4Xp 'SPECIFIC VOLUME (CU, FT/LBM)'ubX.F9 GoBX2FYe u-/////

1 /)

“9u7u FORMAT (1lr .4x.'LNlHanr'.bxo'(BTUILBM)'.bx.F9.5oéva9 3) i: ﬁ 5
90U FORMAT (LE o 8X e "ENTROPY T 09X, " (BTU/LBM=K) ' y5SX+F9.0¢8X+1F940)
9090 FORMAT(LR o////74) :

o ReTUKN
j?ﬁNgr

- BT T I S S




SATN _DESCRIPTION

SATN determines the saturated vapor and liquid properties given &g_ﬁ
temperature and the saturated vapor and 1iquid specific volumes.
Saturated liquid properties are determined from the Clapeyron equation.

EQUATIONS

h - h . Wsat SAT ) o S
L=y - CONWR ( (Y = V)T ' .

S =S

L

y - CONVR ( SAT)(v v,)
dT

VARIABLE SYMBOL TABLE

DELTH (hL-hg)calculated from (CIQpeyron equation)
DHDT ah(V,T) ’
aT
DHDV ah(V,T)
3
DPSDT dPopr
dT
2
DPSDT2 d"Psar
dr2
DSDT 35§V,T2
aT
DSDV aS!V,T[
oV
DVLOT v,
ar
H enthalpy (Btu/1bm) .
HL saturated 1iquid enthalpy (Btu/l1bm)
HY saturated vapor enthalpy (Btu/1bm):
PSIA pressure (psia)
RJ conversion factor = 0,185053
S entropy (Btu/1bm°R)
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saturated 1iquid entropy (Btu/1bm°R)
saturated vapor entropy (Btu/1bm°R)
temperature (fR)

specific volume (ft3/1bm)

saturated 1iquid specific volume (ft3/1bm)

saturated vapor specific volume (ft3/1bm)




. < START >

FLQDEN

RJ = 0.185053

ENTHAL

DRVPT

DELTH = RJ+DPSOT
*(V-VL}oT

HL = K-DELTH

ENTROP

SL = S-DELTH/T
W=y
HY = H
SV = §

RETURN




0 b ‘
FUNEOREUEECN -~

>
| I

1o

[
~d

O SIOVE B o
-0 9vX

4?

N
L Z%

(2ol el eReNoR oK 2]

**********R**********t****************************#***************

* *
* ' S A TN . *
X ' ‘ %
* Th1S SUBKOUTINE COMPUTES. THE SATURATLD VAPOR-LIQUID *
#PROPERTLES GIVEN TeMPEKATURb ANp SPtCIFIC VULUME.W : *
* e
*********#*******##*******t***************t***********************

SUBROUTLivE - SATN(PSTae ToVeHVISVY HLeSLe VL)

* CUMMON/ZFREUNL/G (491D TTULERpBTOLER'LIMIToDERRoRpNTYPE
o CALLT FLUDEN (VLY ToLVLOT) -

7 Ruz0.185053 -

CALL tNTHkb(PSIAvl'erchDT UHDV)

CALL LRVPT(OPSUTPSIA»TUPSDT2)
UELTHZRJIRLPSUT* (VeV_) xT
MLsH=UELTh

CALL ENTROP(ToVeSeDSuTeDSDV)

SLS=UELTh/T

vv=V
HV=H
SV=S
RETURN
END




SFIND DESCRIPTION

SFIND searches for the specific volume and temperature in the

vapor region given pressure and entropy. A two variable Newton-Raphson

iteration technique is used for the search.

EQUATIONS

Jacobian = (ELaTh)ASLLT)) _ (2PQV.T), @S(V.T),

as(V,T) aP(V,T) -
1o Jacobian <
aP(V,T : 3P(v,T)
f et _[(S(V’T)'Smwon) aV = (S(V,T)=Spngun)” 3T
itl i

VARIABLE SYMBOL TABLE

BTOLER

DPDT

DPDV

DPDVDT

D2PDT2

DSDT

DSDV

LIMIT

M2

Jacobian

lower tolerance on convergence and

-saturation tests

index

maximum number of iterations allowed
in any one search

unit number for printer

known pressure (psia)
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PCAL

SCAL

TLAST

TTOLER

VLAST

XJACOB

calculated pressure (psia)
known entropy (Btu/1bm°R)
ca!cu]atéd entropy (Btu/1bm°R)

temperature (°R) .

~ last temperatpre calculated, to be

used in next iteration

upper. tolerance on convergence and
saturétionytests |

specifi; volume (ft3/1bm)

last speCific volume calculated, to
be used in.next iteration

JaCoBianﬁof\pressure and entropy
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START

y

- VLAST=Y
TLAST=T

ENTROP

Isl Aﬁ‘\\\ YES
I>LIMIT
1=1+1 /

INo ERROR

XJACOB=DPOV*DSDT-DSOV*DPOT
V=VLAST-((PCAL-P)*DSDT-(SCAL-S)OPOT)/XJACOB
T=TLAST-( (SCAL-S)OPOV~ {PCAL-P)DSDV)/XJACOB

TLAST=T
VLAST=V

i

YES
V=VLAST/10.0

T<0 YES
TeTLAST/10.0
N0
V<0
0
]

KO

-88-




2n

26
29
24
v
29
30
31

da ;::..’: ’
33 1

oo CcoooOoo

ACH A A ACK A oA ARK K oA KRR KR AR ok A KKK ok Kk R Rk AR K K Kok ok K
* .

* : ‘ SFINUD
. % '

x*
x
. . ' *
* ThIS SUBROUTINE FIWuS TEMPERATURE AND DENSITY GIVEN PRESSURE x
*
*
b

*AND ENTROPY FOR: SUPcRHEWTED VAPOR STATES,

x i

TARAR AT AR AR KRR KKK R AR ROR IR K A KKK KRR K A K
SOUBROUT Live: SFLNLLTrPeVeS)

PARAMETER -Mlz6

?LOMMUN/rNLONl/H(q 121 TTULER, BTOLER'LIMIT'DERROR'NTYPE

VLASTzV

TLAST=T

"CALL &OS(PuALpT v.u;uT OPLV e DPDVLT»D2PDTR)
CALL ENTRGP (s v.acAL'Ubar.uSUV)

DO 1000 L=l,LIMIT
fXJACUQ-UPuv*uSUT*ngT*ObuV g '
VEVLAST=((PCAL=P ) xDSUT~= (bCAL'S)*UPDT)/XJACOB
'T-TLAST-((bLAL-S)*DPuv-(PCAL-P)*DSDV)/XJACOB
LF(TekE«0:0) T=TAS1710,0 '

IF(VeLEsUL0) VEViAST/1U40 e
CALL ENTROP(TeVeSCAL»DSDTPDSDV) ‘vg s
CALL EOS(FCALr TV DEDTPOPDYDPDVUT,02PDT2) R
LF (PCAL/P, LY. TTOLER  AND +PCAL/P.GT «BTOLER,AND«SCAL/S LTe

1 TTOLEk s AND « SCAL/S+6TBTOLER) GO TO 1050
LF (ABS (T=TLAST) oL T o1+ UE=O4 AND « ABS (V=VLAST) (LT,1, OE'07) GO TO 1050‘

VLAST=V , , '
TLAST=T i

1000 COUNTINUL

WRITE(M299000) LIMIT

1050 KETURN ' g R
9000 FORMAT(?' *yL10Xs*#*xx5FIND FAILLD~[0 CONVERGE 1IN o.xs. ITERATIONS!) .

th o = - : o - BLb, 0

e‘_




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
v

—

anV!Tz

. - v _ 'P(V’T)-PKNOWN
i+l il
i

VARIABLE SYMBOL TABLE

BTOLER - lower tolerance on convergence and

saturation tests

DPDT . : aP(V,T)
: ol
DPDV | : aP(V,T)
- : 3V
DPDVDT 3%P(V,T)
. Y'ER
DP2DT2 - 3"P(V,T)
' oT
I : index
LIMIT - maximum number of iterations allowed

in any one search

M , unit number for printer

P , _ “known pressure (psia)

PCAL N : calculated preééuqe (psia)

Q , L 2-dimensional array containing the

coefficients for the fluid to be evaluated

T temperature (°R)

TTOLER upper tolerance on convergence and
| saturation tests |

v specific volume (ft3/]bm)

VLAST last specific volume calculated,vi

to be used in next jteration (ft3/1bm)
-90-




STARY

VLAST=V

l-l’l

— . “\:s :
x»Ljf:/r!ES

 VOLUME
FAILED T0 -

Y‘Es e

L

© VaVLAST/1000

Eos

N /’4m;x

TOLERANCE

RETUPN

_o1-




O NG C & %N -

cOOCOOC O

1

*4********4***********************#****************t****#*********
x *

* VoLUME *
* *
* ThIS SUBROUTINE FINDS THE VAFOR CENSLITY Y USE OF THE NEWTOiN=x
ARAPHSCH L TERATIGH M THOLY GIVEN PPRESSURE AND TEMPERATURE. *
* . *

****#*4*4#*xm*t*¢#**********t***********************»**#**********

SUBRULTINE VOLUME(T,PsV)

PAKAMETER piR=6 _

COMMON/ZFREONL/ZW(9912) s TTULERIBTOLER Y LIMITDERRORYNTYPE

VW (2e3) 2T /P

VLAST=V

CALL EOS(FLAL 1 To Vo DRUTIDFRVIDPDVLT s DP2DT )

VO 1000 1=1,.LIMIY

VEVLAST=((FCAL=F) /D; DV)

IF(V,LEUL0) VEVLAST/Z10,.,U .

CALL EOS(FCAL»T»veDELUTPDPDVDPDVDTDP2DT2)

IF(PCAL/P oL T, TIOLER ,ANDoPCAL/P.GT.6TOLER,OR,ABS (V=VLAST) . LT.
1s0E~10) ReTUKN

VLAST=V

1000 CONTINUE

WRITE(M2,900V) LiMIT

9000 FORMAT( 11Xy t#xxvOLUME FAILEU TO CONVERGE IN t,I15e* ITERATIONS?)

RETURN
END




VPEQM DESCRIPTION

\E’J 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
109, Pt = A+B/T+c*1og10T+o*T+E(f;Iologlo(r-r)

'VARIABLE SYMBOL TABLE

DELP v PKNOWN
DELT P - P
KNOWN ap CALCULATED change in temperature
SAT for next temperature
jteration
DPDT dPept
T
2
D2PDT2 d"Pear
daT
ERROR Pynown = PCALCULATED
| PknowN
FT | F-T
ITR index _
LIMIT : maximum number of iterations allowed

in any one seqrch
LOGP 1ongSAT
M ’ . | flag indicating which of temperature or

pressure is known m = 1 temperature

is known else pressure is known

P1 , ’ -~ known préSsure (psia)
P2 calculated pressure (psia)
| - Q 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 G

T3 T

TMISS ' difference of initial guess and the value

of temperature passed to VPEQM




' START »

¢ = q(a,a)i»'q(\iﬂ

- 201,00
, TMISS = (T1

I = pARS(Q(2,1)7(DLoG t0(PV)].

-T)/T

T=T

ITR= 1

ITR = ITR + 1

T2 = ToT
T3 = TeT
T = Q{2,2)

2

-1

“FAILED 70

VPEQM

CONVERGE

RETURN




LEP = Q(1,1) + QU2 1M/T + Q(3,1)e
L0G)1g(T) + Q(4,1)+T + Q(1,2)«
FT/TaL0G, 5(FT)

P2 = 10.0 LOGP

OELP = P) - P2
ERROR = DELP/PY

DABS(ERROR) < 1070

DELT = DELP/OPDT

T= T4 0ELT
e YEs
] 1
NO. T=TC

C




TN FLMLY

oOoOOOO0OD

*************#**************************************#*************
* *
% VPEGQGM *
*  THIS SUBROUTINE CALCULATES THE SATURATION PRESSURE OR *
*TEMPERATURE G1VeN THE OTHER *
* *
‘********************‘*********************************************
- SUBROUTINE VPEGM(PL1,TiM)

PARAMETER M2=6

COMMON/FREONL/Q (4 12)oTTULER.BTOLERoLIMITvDERRORoNTYPE

REAL LOGP

TC=G(4e3)+u(lell)

IF (M.EQ.1) GO TO 100

Tl = ABS(Q(2+1)/7(ALOGLI0(PL)Y=Q(1r1)))

TMISS = (T4=T)/ T1

IF (ABS(TMISS).GT..2D0 + 00) T = T2
100 VO 105 ITR=1,LIMIT

T2 = T*T
T3 = T*xT2
FT = Q(2¢2) =T

IF (FTeLkTa,1E=20) FT = '
1LO(:P:Q(I-1)+G(2.l)/T+G(301)*ALOGlO(T)+Q(4v1)*T+Q(102)*FT/T*AL0610(
FT) :
P2 = 10,0 %% 0GP
IF(M.Eutl') Pl -
DELP = Pl=P2
ERROR = DELP/P1
IF (ABS(ERROR) LT, .10=06) 60 TO 110
CALL DRVPT(DPDTrPZoT'DZPDTZ)
DELT = DelLP/DPODT
T =T + DELT
TE(TW6T.TC) T2TC .. .
105 CONTINUE : o
o WRITE (M2, 115) LIMIT




35
37




| heferences
f 1. Mechtly, E. A., The International System of Units, Physical Constants
and Conversion Factors, 2nd Revision, NASA, Washington, D.C. 19/3

2. Downing, R. C., and Knight, B. W., Computer Program for Calculating
‘Properties of "FREON" Refrigerants, RT-5Z, Du Pont Chemical
Corporation, 1971

| 3. General Equations, X-88F, Du Pont Chemical Corporation

r
-09-

*U.S. GOVERNMENT FRINTING OFFICEs 1977-740-306/262. Region 4. -






