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PHYSICAL PROPERTY CONSTANTS OF NATURAL GAS
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The followang physical property constants are lasted :
M = Molecular Weight
TB" = NommslgBoiling Point Temperature
TG#'=  Gritical Temperature
" PC & Cfitical Pressure
ZC = Critical Compressibility Factor
wi = @Acentric Factor
Components| M _ ¥F 4 2o 2y 2¢ w
R K R K Psia - |" MPa
CO2 44,010 | 350.4 185.29 54800 | 304 .44 1073.00 7.395 0.275 0.225
N, 2B.016 | 193.3 7735 227,20 | 126:22 452.00 3.381 0.292 0.040
Cl 16,042 | 201.0 111.67 34330119072 673,10 4.63% 0.250 0.014
02 30.068 | 332.2 184.54 549.77 | 305043 708.30 4,881 0.288 0.089
C3 44,094 | 416.0 231,10 665.85 | 370.00 617.40 4.255 0.278 0.152
1-C, 58,120 | 470.6 261.26 734.65 | 408.14 529.10 3.646 0.283 0.1B5
n—Cq 58,120 | 4%0.8 231.65 765.31 | 425.17 550.70 3.795 0.274 0.201
1—C5 72.146 | 541.8 300.82 829.80 { 461.00 483.00 3.329 D.269 0.222
n-C5 72,146 ] 556.6 309.22 845.60 | 469,78 4859.50 3.374 0.268 0.254
C6 B6.172 | 615.4 341.89 914.20/| 507.89 439.70 3.030 0,264 0.301
C7 100,198 | 668.9 371.58 972.31 | 540.17 396,90 2.735 0.260 0.350
C8 114,224 717.9 398.82 | 1024.31 | 569.06 362,10 2.456 0.256 0.402
C9 128.250 | 763.1 423.95 |/1073.00 [ 596€.11 345.00 2.378 0.250 0.446
€0 142.276 | B05.1 447.27 | 1114.70 | 619.28 306.00 2.108 0.246 0.489
C11 156,302 | 844.3 469,04 | 1153.70 | 640.94 282.00 1.943 0.243 0.501
L, ClZ 170.378 | 8B1.0 489.44 | 1187.70 | 659.83 263.00 1,813 0.237 0.539
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APPENDIX II

GENERALIZED VAPOR PRESSURE EQUATION FOR NONPOLAR SUBSTANCES

The reduced vapor pressure relatieonship takes the form (40)

In P, = _Befei_ - 1] % yiTo - 1] (1)
For n-paraffin, 7
F =179 (2)
) = (TB 1n PC)/(Tb - TB) (3)
of =4 ol 78295 0.089315s 8.5217/e0‘748265(4)
8 J= L4 26760 221.79 y s+ 3.8126 5
2.5 ,0.03848s5" 2272.44/s
s e e
(5)
The term is significant only with guantum gases i.e. helium, n-
hydregen, and neon. For all other substances, the term A*= 0.
¥ = as{bB (6)
A v -
a = (l/TRB - l)/(l_ThB) {6a)
7
b = (1/Tgg - 1)/(1=m) (6b)

For a substance lacking any experimental information, the
predicted will beassociated with an average percentage deviation
of 0.97, iprovided reliable values of the normal boiling point and
its corresponding critical values are available.

BEquation » () soffers; a jcapabidity to, calculate vapor
pressure of . both 'polar '‘and nonpolar 'substances. because ' ..the
heuristical development of this relationship is completely general.
The application of these relationship must be restricted to

nenpolar substances. For polar substances, correct vapor pressure

+ A

*
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parameters g, v, and m for nonpolar substances are needed in order
to establish a completely general method applicable to all type of

substances.

ﬂ‘L!EI’J‘VIEWI’iWHWﬂ’i
ammmmumwmaa
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APPENDIX IIIX

flash calculatio e ¢ -and Bubble point ulations, are

described and 1i broutines are

are written in FORTRAL ey 1d be compatible with most

’t g multicomponent

system with up to 20 om patibility with daverse,
i - they e ' o

user-written main progra lg;‘tf S of length N, where N

(£20) 1s the num heir argument

lists. Yy, , 7 \‘

ﬂUEJ’J‘VlEJﬂﬁWEﬂﬂ‘ﬁ
QW']ﬂﬂﬂ‘iﬂJ UNIINYA Y
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CHIRUERE AR AU R A ARSI TS BB R A BN A h s E bR i s dsddEit il

Cohldy JATN PRCGRAM Fdqd 949
C44 SCZALING DOWN DF FLASH CALCULATION CF NATURAL GAS A1 TH THC ERE
Cas A1) OF PSEUDDCOMPENENTS Ad

CREERES IS F RIS HEHRA IR YA B FRNRRA B AL AR b AR AR b kA hAAE BTG4
OBJECTIVES: =10 SCALE DOWN THE CALCULATIION OF PROPERTIES OF
NATURAL GAS
-TD DEVELD2 STHMPLE AND EASY  1CLLE FCR FRECICTION
LIST JF SYMB0L IN THIS ZROGRAM
N-— THE NYHBER OF CO{PONENT
M—- THE LICHTEST COMPINENT WHICH 15 GROUFED
X—— CO4POSITION 1K L3DUID PHASE
Y-— CO4POSITION TN VAZOR PHASE
K== EQUILTBRIUM RATTI (¥(EI/X{I))
1F-- FCED COMPOSTTION
P-— TDTAL PRESSURE
T—-- SYSTE4 TEMPERATURE
TC AND PC APRE/CRITICAL TEMPERATURE ANDO PRESSURE,;RESFECTIVELY
W == ACENTRIC FACITOR
FEE3-— FEED RATE [MOLE/HR )
VAP— VAPOR TC FEEG RATIOIV/ED
R=-=- THE UNIVERSAL GAS/CONSTANT
A4AD-- AVERACGE ABSOLUTE DEVIATION

2N aXsilelsialalsEaluinksiskaNalalsle

REAL LK
INTEGER IDNAME:lpiddsh
COAMON/VALUE/ N Ts PR FEEDF VAP VoL o NI T
CO4M3N/COMPO/ X220 ) . ¥( 20}, X2020) » Y1620} s X202C0, YZzI[2C ), ZF(20})
CO4H0N/PROP/IDIZ20) NAMELZONsTC 20 04BC12C1 3wl 20),KE2C,COEF120,20)
COM4ON/PSEUDD/TCLXIZO0Y TOLYIZO) ,PSTCI20)sPSPCI2L) s FSWI20142F1120)
COMADN/ERRCR/ERRX T2V ERRY 200 XXI2C H, YY(2C)
READ [5,71 N
- READ [5,3) (IL(]),T=14+N}
READ [5,9) (NAME(]1,1=14M)
READ [Sell) (ICOEF{l+JasJ=1sNIsl=l N}
READ (5,133 LTCLT}.PCLT)},WIT],I1=14h}
READ {5, BS 0 ZF 1T ) F=1 .1}
READ (5,17 VAXX(I1:1I = 1:+N1}
READ {5,189 [YY(11s1 = 14N}
READ [54,19)-FEED VAP
READ [5.21) T:P.R
ARITE (06.,25)N
WARITE {6,217} 74P4R
WARITE (6,29)FEED,VAP
T FORMAT (213)
B FORMAT (16l2})
9 FORMAT (1644
11 FORMAT (16F4e37/16F4a37 16F 403/ 16F 403/ 1GF4. 3/ O6F4,'3/1EF4D37)Y6F4: 37
¥ 10F44 3/16F4.3/16F4.3716F4e3/716F 402/ 1uF3.3/716F4 371EF4,3)
13 FORMAT (3(2F T 2¢F 54V /3 2FTa 22 F5c4 )/ 2 2F7azyF50 43/ 2(2FTe 29FE5:%)/
¥ A[2F 7621 F5.4)/12FTad:F5c41))
15LFORMAT (SRS 6/6F9.6/4F9:6)



27 FORMAT (/5X,'T = *,F
* FTs3,3Xy"PSTA-CUBI

29

S0

95
956
g7
93

103
100

105
106

115

120

130

149

FORMAT (3F6Ge 2/8F 64 3)
FIRMAT (6FGeb6/6F9.6/4F 3061
FIRMAT (2FS. 61}
FIRMAT {3F¢& 2)
FORMAT [/5Xy*THE AMOUN

¥ = *',13)

FORMAT(/5X* FEED o6y 1,5X s "VIF
T = 1
T =7
D3.90
XX(1)
YY(11
WRITE
RITE
HRITE
ARITE

FDQHAT.(TXn5O
FORMAT {/9X
FORMAT (7X

SJMY = 0.0
DO 100 1
IF(1) =
Y(1)
Su Y
X{11
SUAX = SUMX+X (1)
ARITE (6,103 11D( ; 4
FORMAT (BXy12 +7XeA%e5% vFi0sby5% 1 F
CONTI NUE Jfgr=—-—4 -
FORMAT (7X.50(¢_° -""""“'

FORMAT (20
FORMAT (7X
ARITE 164,

r

- ARITE {64.

RITE (6
Dd 123 1

IT = IT+1
CALL 5RK

Gy ﬁ’J“flﬂ'ﬂ‘ﬁWﬂ']ﬂ‘i

CONT
STOLX

" C wn

STALX
SToLy

= STOLX+ABS({TOLX{IN
CONTINUE

STOLY+ABS(TOLY L1 })

131

'y FTe 293X ' PETAY s TX5'R =

tyFI.6/7)

s :ﬁﬁﬂ'ﬁm UAIINYIAY

St COMPOSITIONT )

’
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AADXX STCLX/N
AADYY STOLY/N
1F {AADXX «LEe CoaDO05 o ANDe AADYY oLE~ 0-0CGC5) CO TC 155
DO 150 1 = 14N
(1 = X211
YIIy = Y2(1)
150 CONTINUE

L]

60 TO 115
C WNORYALIZED LICUID AND VAPOR PHASE COMPOST T10W
155 SU4X2 = 0.C
su4Yz = 0.0
DO 157 1 = 1,0
X2{11 = X2(1)
_ SUMX2 = SUMX2+x20T1)
YZ{it = YZ2idl
157 _SUMY2 = SUMY2+¥2(1)
SUAX = 0a 0
SUMY = 0.6
DO 160 T = 1N
X(1) = X2(1148UMx2
SUMX = SUMX+ X i1}
. YOI = Y2478/ SuMY2
SUMY = SUMY +.¥Y (14

160 _ CINTINUE__
SERRX = 0. G
_SERRY = 3,.C
DO 170 1 = 1.N
ERRX{Y) = xIE} - XXI1)

SERRX = SERRX + ABS{ERRXI(TI1
ERRY{It = Y{l} = YYLI}
SERRY = SERRY + ABRSULERRY{1!i1}

170 CONTINUE B
AAJX = SERRX=2100-.0/M

_._AADY = SERRY#10C.0/N
WRITE (64 1BO0IVAP:VsL
-ARITE. {64182 1T
WRITE [6,3584}
WRITE (6, 1E61 -
WRITE (64182}
ARITE (64390 )CT0LT 1o AMELT 2o XXLT ) YY LT 3 X[1)7Y13),
¥ K(I’lERRX(I’;ERRY(I]g] = 1.}
HRITE {6&,382)
ARITE {6, 194) SUMX,SUMYAADX, AADY
HRITE - (64156 - -
180 FORMAT (/T12:°V/AF = 23F11: 9/ T12:'V .=, ' eFllo 5y
- ¥ By MOLE/FRY/T12,%L = ' F1lo9:3X ,*MLLE/HRT)

182 FORMAT (/7X.,'NOs OF ITERATION = of,13/1

184 FORMAT [2X+12T7(Y_ ')

186 FORMAT (5X," IDF +SX'COMPONENT ' o BX s "X (TXPIY g7 X P YEXP}* 410X,

- . EX(MIDEL ) ' &R P YIMIDELY® s 8X s "KIMODEL) 2 OX s "ERR.. *5 21X, YERRY® I

188 FORMAT [2X.127('_*1}1}

190 FORMAT . [4X I3 3TX A4, TXyF 10654 5K FYCa 555Xy FLlaSy EXGF1CLE
% 6XeF1005 5K +F10c 595X, FLOo 6)

-192° FORMAT (2X,127(7_*3)
194 FORHAT (4BXy'SUM = '3 F11c5¢4X Fllab,14X,"3AAD = 1,F10a5,5X,F1Ce 5)
196 FORMAT (2X,127('_1'})) -

STOP

END
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CHUNRBEEdRE AR AN RGBT IR AU AR A AR RSN e I IR AR RE T E R 8y

CHRi#tE MATN PRCGRAM FAndER
C44 SCALINS DOWN OF FLASH CALCULATION CF NATURAL BAS al1+ 1HE d3
Cis AID OF PSEUNOCOMPONE'TS - LR4

CHHERAABAR SRR H bR U RAAB BB AR R RS RS B N b id R bR b hRERR AT I Ay
OBJECTIVES: ~TO SCALE DOWN THE CALCULATION CF PRIPIRTIES OF
NATUR AL GAS
-TO DEVELD® SIMPLE AND EASY MCDLE FCR FRECICTION
NOMENZLATURES TN TH1IS PROGRAM
N-= THE TOTAL NUMBER OF COMPONENT
M-= THZ LIGRTEST CCMPOMNENT WHICH 1S GRIUPED
X-— CO4PCSTTION AN LTIUID PFASE
¥Y-— CO4POSITION 1N VAPOR PHASE
K== EQUILIBRIUM BRATIDAY(T)/X[T )1
IF=~ FEED COMPDSITION
P—-= TOTAL PRESSURE
T-= SYSTEM TEHPERATUNRE
TC ANDO PL ARE CRITICAL TEMPERATURE AND PRESSURE, FESPECTIIVELY
W =~ ACENTRIC FACTOR
FEED-- FEED RATF IMOLE/HR)
VAP—- VAPOR J0O FEED RATID{V#F
R== THE UNIVERSAL GAS CONSTANT
REAL L+KykK,KL
INTEGER ID,NAME,NyNYNs",ERR
COMON//VALUES Ny NNy My TYPE TPy R, FEECs VAP, Vo Ly ERR»{2C 1 ,ERRY( 20}
COMHIN/COMPL/ X(20) (XTI 200 X11 200 s Y3 L2C) s X2 (2CY e YZL2C 1 IFT204,X%{201
COM40 I /COMPOL/ZF2 (203 s ZF3L 201, TCIIZ201,PCLI2G) w220 ,KL2D1,YYI2D)
CO4MO4/PSEUDUZCCERE20, 2005 PSTCI20)sPSPCI204PS 1200 sKK(20)1,K1{20)
COMRON/PROF/NAMEL 2D} s IBI203: XDI20 )Y LI{20 34 TCI20)1,PL L2050 20)
- COAMOI/PROPL/LTCI20) 4 LPCL203, LW (200 HTCI2C) 1 HPC{2C 1 shW{20}
READ (5,7) NgM
READ 1548) (IC(1),1=1 oh}
READ {5,9) INAMEUI¥,:)=1,1i
READ 15,11 {{COEFET L 03 d=1, N) »I= 13 N)
READ 15,130 {TCUT}sPCIT} W{I) I=1,MN}
READ 15,153 (ZFIT11+1=1 41
READ (Sydm X001 1.1 = _1,H}
- -READ (5,181 (YO({I1.1 = 1,N}-
READ {5,191 FEED,VAP
- READ -U5: 217 T4P.R-. -
ARITE {6425)N
< HRITE 1642747 4+P,R
ARITE {6429IFEED,VAP
T FORMAT (213)
8 FORMAT 11612)
9 FORMAT d1é624)
11 FORMAT [l6Fae3/16F 403/ 16F4alf16F 40 2/ 15F4u3/1¢F4c34)1¢F4c3/16F4. 3/
* lGF4 37 6Fa 3/ 10F4: 3/ 16F4a 37 16F4.3/10F4.3/16F4 37i€F 403
13 FORMAT (3(2F7e2+F504)/3l2FTc2sF5a41/2{2F7a24F30 3/212F742:F5.41/
% 3{2F 12+ F5a4) 7 {2FT02 4F504 M
15 FORMAT (6F9. 6/6F9:6/4F%%6)

OGO ODOODONODGD
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17 FORMAT (3F6o3/8F6e3)

18 FAIRMAT (6F 9 £/6FSe 6/6F G, 6}

19 FORMAT (2F9:6)

21 EIRMAT {3F6.2)

25 FIORMAT (/5% THE AMOINT OF COMPONEAT .1 = ',132

27 FORMAT I1/SXs'T = V,F7e2, 3%, FPa7X, %P = " ,FTo2,33,9PSIAY,TX4'F = 1,
% FTa3,3X, *PSTA-CUBIC FT/LB-HMOLE RY¥)

29 _FORMATI/5X.! FEED RATE = " 3F9« 642X MMCLE/HRY 45X, "V/F = Y, F9.6//7)

1T =1
T = T+480.0
20 90 1 = 14N
X0{I¥ = XCi{1)/1C0a0
80, YO{1l) = YCI(IY/100.0
HRITE (6,95)
WRITE. (6:96)
ARITE (6,971
WRITE (6,98} _
35 FORMAT (TX*INITLAL VALUE OF LIQUID AID VAPCR PEHASE CCHPOSITION')
96 FORMAT {7X,50(°L"))
97 FORMAY (/9X,"ID' 5K, "COMPONENT ¢ 7TX ¢ X3, 14X,2¥ )
98 FORHMAT (TX.501_%)} o
SU¥X = 0. O
. SUdY = 0-C
0D 103 1 = 1,N
JIFLIY = IF{3Y/71CEc0 L

Y{I) = ZF(T)

ceme .= SUMYL S SUMY+Y(D) £ e
X{I1t = 1a0O/N
SUMX = SUMX+X(1) -

ARITE &4102YID(ENNAMETTE XTI Y (T
103 FORMAT [BX,12¢7X:A%:5%:FL0a6,5%sF1Cc 6]
100 CONTINUE

- HMRITE (6,104 2
WRITE [6,1C5)SUMX, SIMY
- - ARITE. {64106}

104 FORMAT [7Xh,500°F_1))
105 FOAMAT 20X *SUM =V, F11. 66X Flls €
106 FORMAT {(7X,5C{*_*'1}

20 113" = 1,N

TCELI) = TEEI)
- PCL{Is = PCL2]
W1{1) = dH (1)
- X1y = X(D)
Yi(I} = Y1)

-~ LF243).= IF(1}
110 CONTT JUE
- L GRDJPED HEAVY-+PSEUDOCC4PINENT S{CM+)

SUMX " = 1050
--5U4Y = 0.0
SUMZF = DL.O

— J0 130 1 = M,N
SUMXT =8 SUMXsX (1)
SUMY .=/ SOMY+Y (11
1307 SUMIF = SUMZF+ZF(I}
-NN o= A -
X{4) = SUKX



135

Y4t = SUMY
LF{M} SUMZF
TCiw} TCUM+ 2D
PCLM pPC{M+2)
dli4] = W{M+2)
20 135 1 =
135 LF3(I4 =
CALL SRK
CALL FLAS

— D0 163
163
. 170 DO 165 I
165 IFII1! =
DD 175
X1y =
115 Yy =

180 COITT tUE
D0 1331 = 1,N

_ mmn KK (1)
X201 ﬂu:

ﬂﬁﬂfﬁﬂﬂfﬂiw g1

j =
?na = vz(n
c GROJPED -IEAVY—PSEUEL‘CHPONEHT 1CMEs

A W) BRYET 5N {iRiangnay

210 ZFlY) = 2F311)
LALL FLASH
NN = NN-1



220

D3 223
RKIT
XA(Y)
YYi(n
544%2
S34v2
20 247
KKLT}
X211}
SUAX2
Y2(I}
Su4Y2

I =

wononouon

I = 14N
KKAT}

XXI11
SUMKZ+X2(1)
YY(I}

SUMYZ2+Y2ilL}

L TR T}

240 CONTINUE

. SUqX =
514y =

e -0 253

250

X
SusX
YL}
sdny
CONT I

LU TRR TR 1|

— -..- SERRX

255

300

-305
31c
315

320
325

330
335
340

SERRY
Da 255
ERRX(I
SERRX
ERRY( I
SERRY .
CONTIN
--AADX =
AADY =
ARITE
HRITE

ARITE -

WRITEC
WRITE
WRITE
* KKIIJ
ARITE
WRITE
ARITE
FORMAT

0.0 -
0.0

1 = 1.N .

X2 | LigfSUMX2

SUMX + XiT}
Y2l1:1/8U¥rY2

SUMMER Y I}
UE
= 0.0
= 0,0
1 = 14N

Y= x24Ii-X01 1)

= _SERRX+ABSIERRXI[I 1

} o= ¥2(1)1=YCAY)
= SERRY+ABS [ERRY[I1} L
UE

SERRX#1CC-0/Y -

SERRY%*1000/%

(65,300 VAR V4L -

(6305111

16,3101

{6,315

(6,320)

136

(6,325 LIDTTaTARE (T XOLT ho YD (T o XL 1Y (1),

+ERRX{T)sERRY(13+1 = 1N}
{564330)

{6,335 1SLMX s SUHY A ADX G AADY
L64340)

[/T12,'W/F = "+ F11c9/T12.'V = *4yF11:9,

# 3Xp AOLE/HR T /TL124'L = *'3sF 11091 3Xy "MOLE/HR" |

FORMAT
F ORMAT
FORMAT

FORM AT

(/7X%,*NO. OF TITERATION = ¥,123/)
(2X.327{'_*))

[SX, %D 45X VCOMPONENT® s BX4 *XICXP I ,BX, *Y{EXP)',9%,
* PX(MIDEL 3 &6 X ot YIMODELY ¥, 9X, *KAMCDEL) " 7X, ' ERR

(2%1 274 M0

Y5311X,"ERRYT}

FOAMAT (44Xl 3+7Xs 844 TX9F10s555X3F1Ca545X,F10.5) EXy3FlCaby

* 6X,Fl
FORMAT
FORMAT
FORMAT
STJP
END

Oa5,5X s FlCe 5:3X« F1 061

{2X,127{"'_"})

A4BXy " SUM = "4F1le5,4,4X+sF1lcb,y 14X, 13220
[2Xe1271°_*2)

'+F1Ce555X5,F10e 6
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CIll'.......ﬂlBGﬂ'tﬂﬂOl'DCOH&"?‘OODUIEQBUO'Ck COEDCcRED L COOC O DECEDRELDR OO A
C SUBROUTINE LTGHT-PSEUDGCOMFCNMENT c

C..l.-.....2l'3.G..‘.OD..IOO....-.IIII.C... L BN L KR NN N N R NN - -]

c
SUBRIJTINE LIGHT,

COMA0N/VALUE/NsNN oMy TYPE,TsPs Ry FEED s VAP Vs Ly ERRX{2C)+ERRY(2D)
COYMON/COMPO /X120 200 4 X1L200 Y1120 X220y Y2Z(2C1,IF(20), XX 1201
COPIDN/COMPOL/ZIF21201 ZF3020),TCLI20 13 PCAT12C) s w1{2C1,KI20),YY{(20)
COMMON/PSEUDC/COEFI20420), PSTCI20),P52C(203,PSh 120} ,KK[(20),KI1{ 20}
COMMON/PROP/NANEL 20V 21 D{201:X0(2D) ¥OL2CT,TCL2C 1,PCI20, W20
COMMON/PROPL/LTC(20¥,LPL{20) LWL 201, HECH20 Y HPC 1201, Hw[20)

REAL L+LTC,LPL LW

C _GROUPED LIGHT=FSEUDGCONPINENT (Cl+)

SUMX = 5,0
SUNY =_C.0

" C NORMALIZED PSEUDOCOMPONELTICT +4

MM o= M-l

DD 299 1 = 1,N

LIC(TI) = TCLL I}

LPLCI1) = PCYIT)
299 LWIT) = WI1XD)

B3 360 1 = 3, MM

SUMX =, SUMX+X11)
300 SUNY = SUMY+Y(11

LSUNTE = 2.0 . &
SUMPL = 0.0
SUMW = 0,0_ 4

DO 310 T = 3,HM

PSTCLI) = LTC(I}*X11}
SUHMTC = SUMTC+PSTCIT
PSPC{Y ) = LPCLT)*X{LI}
SUMPC = SUMPC+PSPOIT}

- — - PSHITY = Lw{1i*X{IY
SUMW = SUMWHPSWII]
310 _EONTINUE. _
X{3) = SuwMX
Y31 = _SuUBY.. . _
LTCI3 1 = SLMTLC/SUMX
LPCL3) = SUMPCZSURMY
LWI31 = SUKW/SUMX
C . NN_= N-M+4
DO 320 1 = 44NN
XL = X[ I4-4)
YII) = yY({I+d-4}
—LTC(Id =2 LT LT 4P~4)
LPCE{T} = LPCLI+M4)
320 .~ LW T X =Ll IEM-40
00 330 I = 1,NKN
{11 = X{r}
Y{I} & Y(]1
TC(I) "= LTCIY) .
PCIIY = LPCIY)
330% - MLV =, LERI)
RETURN
ENG | Y-
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c
C-cs 2P 0P PO U RPADI OOV OCORUDCL CCRATDOLORODNTBEUTD OPBLCLOUMLEED i v d B PETPDCREDE @
¢ SUBRIUTTINE HEAVY-PSEUDCCOMFONEN] c
CQIII...OBI.Dﬂo.ﬂﬂﬂloouﬂﬁﬁlnﬁlﬁﬁﬁob cao obEocTeroo o Ve L vl DADBRLLDOL O
C

SUBRUOJTINE HEAvVY
COMAGH/VALLE/NINN, M. TY
COAMON/COMPD/ X120 YL
CIY40N/COMPDLI/2F2L
COM4ON/PSELDO/CC
CIMMON/PROP/ NAMEL
CO44ON/PROPL/LT
REAL L

C REGROJPED HEAVY-P
03 4003 I = 14N

Vs Ly ERRX{2CH,ERRY(20)
<ClyYel2C),IF120),X%[201)
VoW 320), K120y, ¥yY[20)
WI20) sKK[200,K1(20)
FoPCL2C W20

DL 120 ) +w{20)

ATty = 101
APCITY = PO
400 HWI) = 3M1{n)
SuMxX = 0.0
SUMY = 0.0
00 403 1 = M,H
SUMX = SUMX+M!
405 SJHMY = SUMY+
SUA4TC = 0.¢C
S5UMPC = 0.0
SUMH = 0,0

D0 410 1 = M,
PSTCI{IL) = KTC(I?
SUMTC = SUMIL+P
PSPCi1Y = BPCILI
S5UMPC = SUMPC+PSPC
-PSWITY .= FRITIFX{I]
SUMd = SUMW+PSWIT)
410 CONTINUE. .. __. -
X{K) = SUMX
Y{M} =.5UM
ATCIM} =
HPLEN: .=

AA(H) = SUI

NN = o V;‘
o0 420 T =1
XtI1 = X{1
YLI) = Y(1)

TCLIr-= HTCL T
PCLI RPLI T} t

*”ﬁﬁﬂﬂ?ﬂﬂﬂﬁﬂﬁﬂﬂi
AN TUUNINGAE

L-
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c
Cunnons.n:connceoebeo:uaDcnonvcoeooaono-ona\,o.oeconan:ansucn--o...unnnao
c FLASH LATICN C
C...coo..o-oocan:ooaaaonnnnwo -] c SO0 L OCLPEEE COACL VTV DEECEOOLLDOE D
C

SUBRD JTINE FLASH
c )
C*¥¥& USED VEWTON'S MET LVING ﬂ
C*¥x¥x V/F 1S CALLEC " AT L
C**x: VAP 15 NOTATI e ——

c

REAL LK
COYMDN/VALUE /Ny Iy
COM4ON/COMP
COMMIN/COM
COMMIM /PROP/N

ERRX(2C ¥, ERRY (20!
_‘[2':\),2’:120,1)0(‘20’
[2C),KI120},YY(20)
ClI,PC(200, 11201

30 CONTT NUL
VAPl =
IF {VAPl «lTe
_IF (VAPY o (T.
IF [ABS{{VAPl=-VA

VAP = VAPL
50 TO 25

S0 V = VAPL=FEED
L = FEED-V

60 CONTINUE
RETUR

END ‘i

AUEINENINYINS
RN TUNRINYINY
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c
C..I... [ F AN N ERNER Y FERFENE-RN-EEF-NN-W F I NI K- I O N0 NI PY oooneol.n....nauasaanceaou;acne
C SUBROUTINE CHECK C
c..-nnotcoco 00 NS PRV OC PR O DAVOEERPOO OO PODOTC. ECLOBRPEO w DHD OBCOPOLDLODOLLEOE O
c
SUBROJITINE CHECK . ' .
COMMON /VALLE/N NN (MyTYPE 7 4P R s VAP, VyLs ERRII2C1,ERRY[201
e . COMHON/COMPD/X(20),¥{203, X ‘ 2003 Y. L2C1 ZFL 2004 XX120)
C ONMON/COMFD1/ZF2(20), 2F3¢( J1 20 P YaW 3 2CHKI203,YYL 20!
. COMMON /PROP/NAME( 204, I D 02 CIsPCI2CI,HE20)
COMMDN/VARFD/ F(2C).D[ 201 4
o CTERAEARTa .
REAL K
_ VAPl = DoD_
900 SUME2 = 0.0
... DD 1000 ] =

F2LlI) = ZF{II%{K
~ . .SIMF2 = SUNF2+E:
1000 CONTINUE
i = - YF [SIMF2_ 4L T,

VAPL = VAPI+1
—~ . - 50 T13.900 -
11210 WRITE (6,1220)

- 1120  FORMAT. (/55X * 1

RETURN '

X
I

"

AU ININTNYINS
RININIUNRINYIAL
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Cno'tannnn-novooocoannaoaaannn:ocooooa-‘onc €L BOoRVO COLD L MO UL Dol oot BERD

C SOAVE-REDLICH KWONG ECJATICM CF STATE C

c'o----co-ulusncneoccou.ae:-nnoo-onacaucac L MECODALLELIDL iODETELEGBECPOCLEOEL D

sl

SUBRD JTINE SRK

TC AND PC ARE CRITICAL TEMPERATURE AND FRESSURE SRESFECTIVELY
oW 1S ACENTRIC FACTOR

TR IS REDUCED TEMPERATURE

COEF[HN) 15 A SYMBOL OF KI{T.J

Z 1S COMPRESSIBILITY FACTOR

InNelaNaNalel

REAL LK

. LOMMON/VALLE/N NN MeTYPE T+ Py ReFEED e VAP Wp L, ERRII20 ), ERRY(20)
COA4MIN/COMPO/ X200 )Y (200 . X1{20),Y1(2C) yX2(zCFy Y i{2C),IF{120},4XX (20}
COMMIN/COMPOL/ZF2L207, ZF31200, TC1 {204 4PCLIT2C 442020 0,K{201,YYI2D)
COMAON/PSFUDD/CCEFI 204200, PSTC{20),P SPCI201} ,PSw (20),KK[20),K1{20}
COM4ON/PROP/NAME(2DY, 1DI200,.X0020)sYDI2C),TCLZ2C 1, PC12C),WI20)
COMMON FVARL/ZZ{201,.8020148B(20) +SLCPEL 201, £012C 3, STCRE(Z2Q)
COMMD I/ VARZ/TRIZ20) AL FAT 200, PHIL( 200 ,PHIVIZC}, SLMA{2C)
COMAD N/ VARZVACALFAL20,5 200, AALFATRO0L2C) sCUMMYIL 2CT,OLMFY3(20])

oo

IPH =1 —— VAPCR PPFASE
IPH =1 4 -
DO 16 I1=1.NYy

16 ZZ{l: = YL 1}

17 SUMB = 0.0 L
_O0 25 1 = 1,NN
BLI| = 0, 0B664%R=TCI1) /BCIT)

.. BBITY = 22())%B1{1)
SUH48 = SUMB+BB(1]
25 _CONTINUE
Bl = P®SUMB/IT=*R}
D3 30 J = 1NN -- =
TR{JY = T/7CL N
SLOPE{J) = 0.48C+1a5T45W LS00, LT6FH LAl = (J)
ALFALJ) = 1+SLOPEIJI*{T-TR{Ji*%0: 5]
CALL). 5 00 42767#%0.5%RETLIJI/PCLI 1%%0. 5
30 CONTINUE

SUMAA = Q.0 i

Jd 35 1 = 1,NN

SURALYIDY = L. 0

DO 40 J = 14NN

ACALFALTeJ ) = ZZUJ)=AC(T)*ACTJI®ALFA(T I*ALTFALJ)ALL-COLF( T,d))
SUMALTY = SUMA{TI+ACALFALT 4J1

-AALFALYd) = ZZ 0T 3#ZZ 0 *ACITIAC (LI RALFALTI)*ALFALI)F(1-COEF(2,d1})
SUAAL = SUMAA+AALFALL, J)
40 - CONTINUEL - | - ;
35 CONTINUE
- A = SJOMAA¥PY/ [R:R2TET)
3 = A=B1-EBl*R}
RR = A=%]1
CALL ROOTZ(Z,Q4RR,IPH,B1]
- I'F { YPH) 790,55, 45 -
C (CALCULATE VAPCRWPHASE FUGACITY COEFFICIENT
45| D350 1 = 1NN
DUAMYL (1] = B{l1)/SU4B%{Z~1)
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DUMHYZ = ALGG(Z-Bl1

DUMMY 3T ) = [2¥SUMALT)Y/SUMAA)N~IB(I}/SIMB)

DUMMY4 = Bl/2

DJAMYS = ALOG{L1~+~DUMAY4

STOREL1) = DUMMYILI)-DNY2-A/BLI*DUNMYI{] }20UMNMYS
PAIV(IY = EXPISTOREIT})

C PHIVII) = EXPIB(I}/SUM3*(1-1}-AL0GI(Z2-31})-
C. TIA/B1#(2*SUMAIT )/SUMAA-BLT J/SUMB) #ALC5(1+BL/2) ) )
50 CONTINUE
C
C 1PH = 0 --LICUILC PHASE
IPH = O
D0 51 1 =1,KNN
51 ZZ{1} = X(Y})
GOTa 17

C CALCJLATE LIQUID PHASESFUGACITY COEFFICIENT
55 DD 60 1 = 1,NN
DUMMYL 1) =BT ) ASUAB*IT~1 )
DuMMY2 = ALOG({Z=Bl)
—— DIMMY.311) = (2%SUMA (T J/SUMTAAY-{BIT)/SUMNE)
JUMMYs = BL/Z
DUMMYS = ALOG (3 +DUMMY %D
STORE(I] = DUHMYR(TI-DUMHY2-A/B1%*DUMFY 3] )2DUMK Y5
JPHILIT)Y = EXPISTORELYL] ] 1
c PHIL{TY =FEXP(B(]3/SOMUB*{I-11~ALOG{Z-311~
C_  1LA/BL#=(2=SUMAL] )ASUJAL=B(] }/SUMB)*ALCGI1+81/2) 1))
60 CONTINUE
_ D3 TO I = 1shN
KI{T) = PHTL{I W/PHIVIT)
70. CONTIHUE
20 RETURN
- .- END__ . e
C
Cess SUBRDJTINE FOR DETERMNINI NG COMBRESSISILITY FACTIOR, 12
SUBRODJTINE ROOTZIZyQ@:RR:IPH.BLI
— IF (] 46T 333331 3070 100
IF {RR o0Te o 03704 « AND: IPH 2EQ0s 1] GOTO 110
ROOTO = _(433333)1%SQRT{ La=3.%1

2i = {«333331+RODTO

- o= 12.= 1[6433333)-RO0DTO
Fl = Z1*Z1*Z]i-21+Q1-RR
. F2 = 123122%Z2-12+0)~RR

1F (IPH ..EQ. 0} GOTJ 200
m- - IF {F2-+LTs C) GOTD 11D

1 =12
Bl =-B1%{14F2/RR) - . R
RETJRN

100 13 = 4332333 o .
£3 = 1235 (|Z3% 23-23+Qt+RR
- - IF (F3 »GT. O) GCTO 150
110 Z = 1.0
120 FZ = _Z#%33-7%%2+7%Q-RR
IF"TA35(FZ) «LTe 0.20D001) RETURN
- DIFFT = 3#%7%%2-2%7+]
's, I=%2/DIRED
GOTD /120
150 2 = 0.0
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G373 120
1F (Fl 6T« 001 GOTD 150
Z= 2} % |
Bl = Bl=*{14F1/RR

RETURN
END |

AULININTNEINS
ARIAATUAMINYAE
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Coatolnnnnoocnbbnno&nACOOOIQODIQOIoQ.b.cl.B- BEE D LU VUG LS bt OCCIBO U TOE D

c

DEW anD BUIBLE POINT CALCULATICHN c

C.-nn-a..00--rnceo-e-croou)-nneocln-or--oa PUB SO ABCDI D SESLLOUSPLEIRDLE DR

SJBRIJTINE DEwWBUB
C TYPt = 1 CALCULATES DE+ AND BUBBLE-PCINT TEMPERATULRE FCR GTVEN
€ PRESSURE AND FEED CCHMPDSITIDN X,
€ TYPE = 2 CALCULATES DEW= AHD BUBBLE~POINT PRESSLRE FOR GIVEN
C TEMPERATJRE ANC FEED COGAPOSTTICN Yo
c THE EQUILI3RIUM RATIOS ARE ALSO PROVIDED EBY THE SLBRCUTINE.
c

REAL L
COAMIA/VALUE/ NalNN M TYPE T s Py R FEED, VAP V3 Ly ERRA[2C) ,ERRY{ 20}
COMMONJCOMPO/ XTI 20 1a YT 201 X1 (201 ,Y1(20) X2l 20T, Y(2C ) IF{2014XX {20
COMMIN/COMPOL LZF2 (200, ZF3120) 3 TCLI20 1 PCIC2C o h J(2C ), K[201,YY{2D?
COMM3IA/PSEUDC/CCERE20420 3 PSTR (20142 SPC{2C1,PSh t20) sKK{20),K1120)
CIMMON /PROP/NANMELZ0 )1 TDI201,X81201+Y0D{ 20, TCL2C1,PCI2CY, W20,
C CHECK FOR VALID FEEC L£IMPDSITION
S5ddz = 0. C
003 100 1 = },N
IFL = IF(1)/1€0.C
100 SUMI = SUMZ ¢ IFZ
IF {1TYPE EQs & AMD. ADBS{J.0~SUMZ) . LE. Ce001) GC TC 110
IF (ITYPE EQ. 2 ANOy ABS{]lesl=SUMZ) LE. C.001) GC TC 300
L DE4 POINT TEMFERATURE CALCULATION [TDEW)
lig THEW = 1
SUMY = 0.0
001201 = 14N
Y{1} = ZF(I)
120 SJMY = SUMY+Y(I1
23130 1 = 14N
130 XiIt = 1.0/
14¢C CALL 3RK
SUNX1l = O.
JJ 150 I = 1,H
X1L1r = YOIy /K1)
150 SUMXL = GUMXI+X1(I?
FO = ALOG PSURXLG
-- IF {435 (FB) .lE. 0.001) GO TO 19C
2D 160 1 = 1,N
160 - XI[I) .= X1I(1]
CALL SRK
SUMX2 = (.0
33 173 1 = 14N
X211} = Y{1V /B3
170 SIHX2 = SUMXZ4XZLT)
-~ Fl .= ALBGISUMX2)
Tl = {Fl=FC)*TLER
T2 5, TDEW*FO0/(T+1.01
TOEW = T1/(F1-F2)
- 33 180 1 = 1N
180 X113 = X2{1)
CO'TJ 140
190 33 1951 ="14N
195 X(I) "="XT1 717 SUMX1
C " BUBBLE POINT TEMPERATURE CALCULATICN (TBUB)
Taua = 7T
J) 200 1 = 1,N
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200 X{I} = X{11/1C0.0
SIMY = 0.0
J0 223 1 = 14N
YIIt = IFL1)

220 SJAY = SUMY+HY ()

230_ CALL 3

0=
=

5JMY1

240

C DEW PJOINT
- 300 POEW =

SI4Y = 0,0
93 313 1 = 1,k
YiI) = ZFi1)
~310 _ SJMY MY
325 =15 07H —
-330 + @Al
5114
- nD 340
1 {1} Y{IW/K{T)
340 SUHXL SUMX1 +X1{1}

mL#n SUMXI=10C
.LE. C.00211 @@’ To0 355

A USSR VN

0 X{11 = X111
GD Tao 330 ‘-
355 D3 380 1 = 1,N

AR B N8 Y



410

C ESTIYATE INITIAL VAPOR P

420
425

430

440

450
. 460

DI 410 J = 1.N
X{1) = X(11/100.G

5J4Y = Ca0
93 420 1 = 1.N

YII) = ZFLY) 4
SHHY = SUMY+ =
CALL SRK ’
SUMYL = Qo -lld
0d 430 1
111 =
SUAYl =
TaL2 = SUM?Y
IF (TOL
pgus = P
01 440 1
Y(I) = ¥
GJ TO 4
Nl 460 ¥
YT =
WRITE
FORMAT
* TXe*3UBD

ﬂ‘iJEl’JVIEWI?WEI”Iﬂ'i
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