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Appendix

4 i

Computer Program Flow Chart

' START '

MAIN MENU
) ) 0] ® @
Characteristic Feed Data Edit Input

Exit to Dos of Column (Liquid & Vapor) Data Run

SRK model
STOP
—GRK modell
@ 3 ) Q)
Components Operating Initial Save Input
Database Conditions Conditions Data B

A) Program Structure



COMPONENT

MENU

1 1

(1.1) (1.2) (1.3)
Component Component Append
Library Selection New Comp.

|
Input

No. of Comp.
(NC)

Input
Component Name

name(j)

Read
Physical Const.&Coef.
mwl,tbl,tel,pcl,zcl,wl,
aal,aa2 aa3,aad,aas

A
g
2

Print the selected
component

Goto
MAIN MENU

1) Component Database



Y

CHARACTERISTIC
OF COLUMN

|
Input

Total Number

of Plates (NT)

Y

Input
No. of trays in stripping sec., Weir hight,
Weir Length, Column diameter, Volumetric holdup
in column base and reflux drum
NF, WHS, WHR, DS, DR,
WLS,WLR, MVB, MVD

Goto
MAIN MENU

2) Characteristic of Column

96



Y

OPERATING
CONDITIONS

Input
Pressure in top and bottom PD, PB
Reboiler heat-duty QR (x1,000)
Reflux rate R
Vapour product from reflux drum DV
Murphree vapour-phase tray eff. EFF

Goto
MAIN MENU

3) Operating Conditions

Y

FEED DATA
Input Input
Liquid Feed flow rate Liquid Feed flow rate
Liquid Feed temperature Liquid Feed temperature
FL, TFL EL,;TFL
................ m C m D
.Q,NC N
) w /
Composition Composition
XF() YF(J)

................ .‘-._...-. GOto
MAINIMENU - S Nl o O

4) Feed Data




¥

INITIAL
CONDITIONS

i

Input
Temp. in column Base TB

Input Temp. & Liq. Flow
TAN), LON)

Input X(N,J) ‘

Input
Temp. in reflux drum TD

Goto
MAIN MENU

k4

5) Initial Conditions
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Y

EDIT OLD DATA
FROM FLOPPY DISK

Y

. Input Filename

(XXXXX.DAT)

Read all DATA
from data file

Goto
MAIN MENU

6) Edit Input Data

Y

SAVE NEW DATA
TO FLOPPY DISK

Y

Input Filename
(XXXXX.DAT)

Write all DATA
into data file

Goto
MAIN MENU

7) Save Input Data
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CALL ENTH
TFL, P(NF),XF, YF,HLF ,HVF

:

CALL MWDENS
XB, TB, PB, MWA, DENSA

;

MB = MVB*DENSA/MWA

8.1) Running SRK model
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8.1) CONTINUE

CALL MWDENSS
XX, T(N), P(N), MWA, DENSA

:

LV(@N) = LON)*MWA/DENSA
L(N)= LO(N)
HFOW = (LVN)/(999. *WLS))**0.66667
MV(N) = (HFOW+ WHS/12.)*3.1416*DS*DS/(4.*144.)
M(N) = MV(N)*DENSA/MWA

CALL MWDENSS
XX, T(N), P(N), MWA, DENSA

'

LV(N)= LON)*MWA/DENSA
L(N)= LON)
HFOW = (LV(N)/(999. *WLS))**0.66667
MV(N) = (HFOW+ WHS/12.)*3.1416*DS*DS/(4.*144. )
M(N) = MV(N)*DENSA/MWA

= (L)

e

8.1) Running SRK model (Continue)
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8.1) CONTINUE

‘ [May,D = M, | A

| 4

CALL MWDENSS
XD, TD, PD, MWA, DENSA

’

MD = MVD*DENSA/MWA

;

V(NF) = 822.

8.1) Running SRK model (Continue)
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8.1) CONTINUE

Main Loop for each time step

CALL ENTHS
TB, PB, XB, YB, HLB, HVB

XX()= X(1,J) i

CALL BUBPTS
T(1), XX, YY, P(1), KII

gt

¢

¥(1,7) = YB(J)y+ EFF*(YY(J)-YB(J))
YY) = Y(1,)) A

From
BB

CALL ENTHS
[(1), P(1), XB, YB, HL(1), HV(1]

s

8.1) Running SRK model (Continue)

{
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8.1
CONTINUE

g

XX(J)= XQN,J) A

CALL BUBPTS
T@V), XX, YY, P(N), KII

g

g

Y(N,J) = YY(J)}-Y(N-1,))*EFF+ Y(N-1,J]
YY) = _YN.D '\

CALL ENTHS
T(N), P(N), XB, YB, HL(N), HV(N)

—

8.1) Running SRK model (Continue)



8.1
CONTINUE

e

XX(J)= X(NF+1,])

CALL BUBPTS
T(NF+ 1), XX, YY, P(NF+ 1), KII

e

YAV(J) = (YF(J)*FV+ Y(NF,J)*V(NF))/(V(NF)+ FV)
Y(NF+ 1,J)= (YY(D)-YAV(D)*EFF+ YAV())
YY(J)= Y(NF+1,J)

@I!; i

CALL ENTHS :
T(NF+ 1), P(NF+ 1), XB, YB, HL(NF+ 1), HV(NF+ 1)

e

¢

8.1) Running SRK model (Continue)
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8.1
CONTINUE

o

XX@)= XON) A

CALL BUBPTS
T(N), XX, YY, P(N), KII

Y(N,J) = YY(J)-Y(N-1,1)*EFF+ Y(N-1,7)
YY(J) = Y(N.J) A

f

CALL ENTHS
T(N), P(N), XB, YB, HL(N), HV(N)

A
<

CALL BUBPT TD, XD, YD, PD, KID
CALL ENTH TD, PD, XD, YD, HLD, HVD

S

8.1) Running SRK model (Continue)
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8.1
CONTINUE

VB = (QR*1000.-L(1)*(HLB-HL(1))}/(HVB-HLB)
B=L(1)-VB
V(1) = (HL(2)*L(2)+HVB*VB-HL(1)*L(1)/HV(1)

VAN)=HLN+1)*LAN+1)+HVN-1)* V(N-1)-HLN)*LAN)YHV(N)

V(NF)=(HL(NF+1)*L(NF+1)+HV(NF-1)*V(NF-1)-HL(NF)*L(NF)+HLF*FL YHV(NF)
V(NF+1)=(HL(NF+2)*L(NF+2)+HV(NF)* V(NF)-HL(NF+1)*L(NF+1 y*H VF*FVYHV(NF+1)

VAN)=HLN+)*LAN+)+HV(N-1)* VN-1)-HL@N)*L(N)YHV(N)

V(NT) = (HLD*R+HV(NT-1)*V(NT-1)-HL(NT)*L(NT)YHV(NT)
DL=V(NT)-DV-R
DM(1) = L2)+VB-V(1)-L(1)

e

8.1) Running SRK model (Continue)



DMMN)=L(N+1)+V(N-1)-L(N)-V(N)

DM(NF)=L(NF+1)+FL+V(NF-1)-L(NF)-V(NF)
DM(NF+1 Y=L(NF+2)+FV+V(NF)-L(NF+1)-V(NF+1)

DMN)=L(N+1)+VN-1)-LIN)-V(N)

DMNT)=R+V(NT-1)-L(NT)-V(NT)

DO F1
J=1,NC

DXB(J)=(X(1,7)*L(1)-YB(J)*VB-XB(J)*B)/MB
DXM(1,])=X(2,J)*L(2)+YB(J)*VB-X(1)*L(1)-Y(1,))*V(1)

8.1) Running SRK model (Continue)
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8.1
CONTINUE

e

DXMN,TFXN+1,)* LN+ HY(N-1I)* VIN-1)- XA I PLON)-VON)* YN,T)

DXM(NF,J)=X(NF+1,])*L(NF+1)+Y(NF-1,])* V(NF-1)-X(NF J) *L(NF)-V(NF)* Y(NF,])+FL *XF(J)
PXMNF+1,1=X(NF+2,7)*L(NF+2)+Y(NF,J)*V(NF)-X(NF+1,))*L(NF+1)-V(NF+1)* Y(NF+1,J+F V*YF(J)

DXMMNJFXMN+L)*LEN+HDHY(N-1,1)*VN-1)-XINI)*LIN)-VAN)* Y(N,T)

A
'icci

DXM(NT,J)=XD(J)*R+Y(NT-1,J)* VINT-1)-X(NT,J)*L(NT)- Y(NT,J)*V(NT)
DXDI=(VNT)* Y(NT,J)-DV*YD()-R+DL)*XD(J)YMD

S

8.1) Running SRK model (Continue)
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GOTO
MAIN MENU

|

YES

WRITE THE RESULTS
TO DATA FILE

M(N)=MN)+DMN)*DELTA , l

G

XB(J)=XB(J)+DXB(/)*DELTA

XM(N,J)=XM(N,J)+DXM(N,J)*DELTA
XINLI)=XM(N,JYMN)

From
DD (x1)

S S a—

8.1) Running SRK model (Continue)



8.1
CONTINUE

XD(J)= XD(J)+ DXD(J)*DELTA

A

o >

G

XX(Ty= X(N,J)

Ml =

CALL HYDRAUS

P(N), M(N), TQN), XX, L(N), WHS, WLS, DS

XXX = XXX+ 1.0

GOTO
Main Loop for each time step

8.1) Running SRK model (Continue)
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|_RUN |

PON)= (PB-N*(®B-PD)YNT| A

ELTA = 0.0001

'

TIME = 0.
TPRINT = 0.

#

CALL ENTHGR
TFL, P(NF),XF,YF,HLF,HVF

Y

CALL MWDENSGR ,
XB, TB, PB, MWA, DENSA

;

MB = MVB*DENSA/MWA

8.2) Running GRK model
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8.2) CONTINUE

CALL MWDENSGR
XX, T(N), P(N), MWA, DENSA

;

LV(N) = LON)*MWA/DENSA

L(N)= LO(N)
HFOW = (LV(N)/(999. *WLS))**0.66667
MV(N) = (HFOW+ WHS/12.)*3.1416*DS*DS/(4.*144.)
M(N) = MV(N)*DENSA/MWA

XX(D= XN,)

CALL MWDENSGR
XX, T(N), P(N), MWA, DENSA

'

LV(N) = LON)*MWA/DENSA

L(N)= LO(N)
HFOW = (LV(N)/(999. *WLS))**0.66667
MV(N) = (HFOW+ WHS/12.)*3.1416*DS*DS/(4.*144.
M(N) = MV(N)*DENSA/MWA

A

&)
e

8.2) Running GRK model (Continue)
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8.2) CONTINUE

CALL MWDENSGR
XD, TD, PD, MWA, DENSA

1

MD = MVD*DENSA/MWA

;

V(NF) = 822.

8.2) Running GRK model (Continue)
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8.2) CONTINUE

Main Loop for each time step

—*

CALL BUBPTGR
TB, XB, YB, PB, KIB

Y

CALL ENTHGR
TB, PB, XB, YB, HLB, HVB

XX(0) = X(1,J)

{

CALL BUBPTGR
T(1), XX, YY, P(1), KII

e >=

¥ (1,7) = YB(Jy+ EFF*(YY(J)-YB(J))
YY) = Y(1,)) A
From
BB

CALL ENTHGR
(1), P(1), XB, YB, HL(1), HV(1

e

8.2) Running GRK model (Continue)
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8.2
CONTINUE

XX() = XNNJ) A

CALL BUBPTGR
TA), XX, YY, P(N), KII

e =

Y(N,J) = YY(J)-Y(N-1,0)*EFF+Y(N-1,7)
YY() = YQN) A

CALL ENTHGR
T, P(N), XB, YB, HL(N), HV(N)

i

8.2) Running GRK model (Continue)



8.2
CONTINUE

8

XX() = XQOVF+1,]) A

CALL BUBPTGR
TNF+1), XX, YY, P(NF+1), KII

YAV(Q) = (YFQY*FV+Y(NFJ)* VINF)(VINF)+FV) | A
YNF+1,7)=(YY()- YAV()*EFF+YAV())

YY() = YONF+1,7)

CALL ENTHGR
T(NF+1), PONF+1), XB, YB, HL(NF+1), HV(NF+1) .

o

8.2) Running GRK model (Continue)
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XX(@)=X(N.J)

CALL BUBPTGR
T, XX, YY, P(N), KII

DO Al
I=1,NC /™

Y(N,J) =YY(J)-Y(N-1,D)*EFF+Y(N-1,J)
YY()=YN,)

EhAwerie

CALL ENTHGR
T@), P(N), XB, YB, HL(N), HV(N)

CALL BUBPT TD, XD, YD, PD, KID
CALL ENTH TD, PD, XD, YD, HLD, HVD

s

8.2) Running GRK model (Continue)
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8.2
CONTINUE

VB = (QR*1000.-L(1)*(HLB-HL(1))V/(HVB-HLB)
B=L(1)-VB
V(1) = (HL(2)*L(2)+HVB*VB-HL(1)*L(1)YHV(1)

VN)=HLN+1)*LN+1 )+HV(N-1)*V(N-1)-HLN)*LN)YHV(N) ‘

V(NF)=(HL(NF+1)*L(NF+1 +HV(NF-1)* V(NF-1)-HL(NF)*L(NF)+HLF*FL YHV(NF)
VNF+1)=HL(NF+2)*L(NF+2)+HV(NF)*VNF)-HL(NF+1)*L(NF+1 *HVF*FVYHV(NF+1)

S

VAN)=HLN+1)*LAN+)+HHVN-1)*V(N-1)-HLN)*LAN)YHV(N) i

V(NT) = (HLD*R+HV(NT-1)*V(NT-1)-HL(NT)*L(NT)YHV(NT)
DL=V(NT)-DV-R
DM(1) = L2)+VB-V(1)-L(1)

e

8.2) Running GRK model (Continue)
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8.2
CONTINUE

&b

DMN)=L(N+1)+V(N-1)-L(N)-V(N)

A
DM(NF)=L(NF+1)+FL+V(NF-1)-L(NF)-V(NF)
DM(NF+1)=L(NF+2)+FV+V(NF)-L(NF+1)-V(NF+1)
S
DM©)=L(N+1)+V(N-1)-LN)-V(N) i

DM(NT)=R+V(NT-1)-L(NT)-V(NT)

DXBI)=X(1,))*L(1)- YB(J)*VB-XB(J)*B)/MB
DXM(LI=X(2,)*L(2)y+YB()*VB-X(1))*L(1)-Y(1,9)* V(1)

w . T{e:;“

8.2) Running GRK model (Continue)



121

82
CONTINUE

G

DW(NJFX(N+1,J)‘L(N+1)+Y(N-LJ)‘V(N-I)-X(NJ)'L(N)-V(N)‘Y(N,J) i

DXM(NFJ)=X(NF+1J)‘L(NFH)*Y(NF-LD‘V(NF-I)-X(NF J)‘L(NF)-V(NF)‘Y(NFJ)*'FL*XF(J)
DXM(NF+1,J)=X(NF+2,J)*L(NF+2)+Y(NF,])‘V(NF)—X(NF+1,J)‘L(NF+1)-V(NF+])‘Y(NF+1,J)i-FV‘YF(

% S\

DXM(NJ)=X(N+1,J)‘L(N+1)+Y(N-1J)‘V(N-1)-X(N,J)‘L(N)-V(N)‘Y(NJ)

A
icci

DXMNT,))=XD(J))*R+Y(NT-1,Jy* V(NT -L-X(NT,J)*L(NT)- Y(NT,J)*V(NT)
DXDI)=(V(NT)* Y(NT. »-DV*YD(I)-R+DLY*XD(T)yMD

LT

8.2) Running GRK model (Continue)
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YES
GOTO
MAIN MENU [+
YES
WRITE THE RESULTS
TO DATA FILE
MQN)=MN)+DMN)*DELTA A
F
XB(J)=XB()+DXB(J)*DELTA
ED>-
XMN,7)=XM(N,J)+DXMN,))"DELTA A
XN, J=XMN,TYM(N)

From
DD (k1) -

8.2) Running GRK model (Continue)
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8.2
CONTINUE

XD()=XD()+DXD(I)*DELTA
\ XXD=XN) A

M1 -

CALL HYDRAUGR
PQN), M(N), TQN), XX, L(N), WHS, WLS, DS

XXX =XXX+1.0

GOTO
Main Loop for each time step

8.2) Running GRK model (Continue)
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DELTA = 0.0001

!

TIME = 0.
TPRINT = 0.

'

CALL ENTHPR
TFL, P(NF),XF, YF,HLF,HVF

'

CALL MWDENSPR
XB, TB, PB, MWA, DENSA

{

Al

MB = MVB*DENSA/MWA

8.3) Running PR model



8.3) CONTINUE

CALL MWDENSPR
XX, T(N), P(N), MWA, DENSA

;

LV(N) = LON)*MWA/DENSA
L(N)= LO(N) -
HFOW = (LV(N)/(999. *WLS))**0.66667
MV(N) = (HFOW+ WHS/12.)*3.1416*DS*DS/(4.*144. )
M(N) = MV(N)*DENSA/MWA

CALL MWDENSPR
XX, T(N), P(N), MWA, DENSA

'

LVN) = LO(N)*MWA/DENSA
L(N) = LON)
HFOW = (LV(N)/(999. *WLS))**0.66667
MV(N) = (HFOW+ WHS/12.)*3.1416*DS*DS/(4.*144.)
M(N) = MV(N)*DENSA/MWA

ks (L)

Sn

8.3) Running PR model (Continue)
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8.3) CONTINUE

CALL MWDENS
XD, TD, PD, MWA, DENSA

:

MD = MVD*DENSA/MWA

;

V(NF) = 822.

8.3) Running PR model (Continue)
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8.3
CONTINUE

Main Loop for each time step

—‘

CALL BUBPTPR
TB, XB, YB, PB, KIB

Y

CALL ENTHPR
TB, PB, XB, YB, HLB, HVB

LA

CALL BUBPTPR
T(1), XX, YY, P(1), KII

¢

—
Y(1,9) = YB(J)+ EFF*(YY(J)-YB(J)
YY) = Y(1,) A
From
BB
T
CALL ENTHPR

[(1), P(1), XB, YB, HL(1), HV(1)

8.3) Running PR model (Continue)

{
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8.3
CONTINUE

............................................

XX = XN.J) ‘

CALL BUBPTPR
T(N), XX, YY, P(N), KII

e

(N,J) = YY(J)-Y(N-1,1))*EFF+ Y(N-1,J]
YY()= Y(N,J) A

CALL ENTHPR
T(N), P(N), XB, YB, HL(N), HV(N)

"

8.3) Running PR model (Continue)



8.3
CONTINUE

e

XX(J)= X(NF+1,J) i

CALL BUBPTPR
TQNF+ 1), XX, YY, PONF+ 1), KII

YAV()) = (YF(J)*FV+ Y(NF,J)*V(NF))/(V(NF)+ FV)
Y(NF+ 1,J)= (YY(J)-YAV()))*EFF+ YAV(J)
YY(J)= Y(NF+1,J)

CALL ENTHPR
T(NF+ 1), PNF+ 1), XB, YB, HL(NF+ 1), HV(NF+ 1)

L

8.3) Running PR model (Continue)
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8.3
CONTINUE

L
Qe

XX()= X(N,J) ?
y
z [ ‘
CALL BUBPTPR
T(N), XX, YY, P(N), KII
YY()= Y(N,J) A

CALL ENTHPR
T(N), P(N), XB, YB, HL(N), HV(N)

CALL BUBPT TD, XD, YD
CALL ENTH TD, PD, XD, YD, HLD, HVD

e
>
5

8.3) Running PR model (Continue)
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8.3
CONTINUE

VB = (QR*1000.-L(1)*(HLB-HL(1)))/(HVB-HLB)
B= L(1)}-VB
V(1)= (HL(2)*L(2)+ HVB*VB-HL(1)*L(1)yHV(1)

V(N)= (HL(N+ 1)*L(N+ 1)+ HV(N-1)*V(N-1)-HL(N)*L(N)YHV(N)

()

V(NF)= (HL(NF+ 1)*L(NF+ 1)+ HV(NF-1)*V(NF-1)-HL(NF)*L(NF)+ HLF*FLYHV(NF)
NF+ 1)= (HL(NF+ 2)*L(NF+ 2)+ HV(NF)*V(NF)-HL(NF+ 1y*L(NF+ 1}+ HVF*FVYHV(NF+ [1)

VN)= (HL(N+ 1)*L(N+ 1)+ HV(N-1)*V(N-1)-HL(N)*L(N)YHV(N)

V(NT) = (HLD*R+ HV(NT-1)*V(NT-1)-HL(NT)*L(NT)YHV(NT)
DL= V(NT)-DV-R
DM(1) = L)+ VB-V(1)-L(1)

T

8.3) Running PR model (Continue)
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8.3
CONTINUE

DM(N)= L(N+ 1)+ V(N-1)-L(N)-V(N)

DM(NF)= L(NF+ 1)+ FL+ V(NF-1)-L(NF)-V(NF)
DM(NF+ 1)= L(NF+ 2)+ FV+ V(NF)-L(NF+ 1)-V(NF+ 1)

DM(N)= L(N+ 1)+ V(N-1)-L(N)-V(N)

DM(NT)= R+ V(NT-1)-L(NT)-V(NT)

DXB(J)= (X(1,7)*L(1)-YB(J)*VB-XB(J)*B)/MB
DXM(1,3)= X(2,)*L(2)+ YBU)*VB-X(1,J)*L(1)-Y(1,J)*V(1)

8.3) Running PR model (Continue)
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8.3
CONTINUE

e

OXM(N,J)= X(N+ LI)*L(N+ 1)+ Y(N-1,7)*V(N-1)-X(N,J)*L(N)-V(N)*Y(N,

DXM

DXM(NF,J)= X(NF+ 1,J)*L(NF+ 1)+ Y(NF-1,J)*V(NF-1)-X(NF,Jy*L(NF)-V(NF)*Y(NF, J)+ FL*XF(J)
(NF+ 1,J)= X(NF+ 2,J)*L(NF+ 2+ Y(NF,J)*V(NF - X(NF+ 1,J))*L(NF+ 1)}-V(NF+ 1)*Y(NF+ 1,J+ FV*YF(J)

DXM(N,J)= X(N+ 1I)*L@N+ 13+ YON-1,J)*V(N-1)-X(N, J)*L(N)-V(N)*Y(N, J)

A
fee

DXM(NT,J)= XD(J)*R+ Y(NT-1,J)*V(NT-1)}-X(NT,J)*L(NT)-Y(NT,J)*V(NT)
DXD(J)= (V(NT)*Y(NT,J)-DV*YD(J)-(R+ DL)*XD(J))/MD

&

8.3) Running PR model (Continue)




8.3
CONTINUE

' YES
GOTO L&
MAIN MENU
YES
WRITE THE RESULTS TIME= TIME+ DELTA
TO DATA FILE
DYNAMIC #
OUTPUT @ -
M(N)= M(N )+ DM(N)*DELTA
:
XB(J)= XB(Jy+ DXB(J)*DELTA
<>
KM, J)= XM(N,Jy+ DXM(N,J)*DELT
X(N,J)= XM(N,J)/M(N)

From
DD

o

8.3) Running PR model (Continue)
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XD(J)= XD(Jy+ DXD(J)*DELTA

' 8.3
CONTINUE
A
i

s 53
&Y
G

i XXy X(N,) !

M1 =

CALL HYDRAUS
P(N), M(N), TQN), XX, L(N), WHS, WLS, DS

XXX = XXX+ 1.0

’

GOTO
Main Loop for each time step

8.3) Running PR model (Continue)

L



HYDRAUS
P,M, T, X, L, WH, WL, DCOL

CALL MWDENSS
X, T,P, MWA, DENSA

%

CONST=183.2*M*MWA/(DENSA*DCOL*DCOL)
-WH/12.

L=0.0

IF CONST <0

NO

L=DENSA*WL*999_*(183 2*M*MWA/
(DENSA*DCOL*DCOL)-WH/12.)**1.5)/MWA

o - )

SUBPROGRAM HYDRAUS
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ENTHS
,P,X,Y,HL,HV)

GC =1.986, K1J = 0.001
HL =0.0, HV = 0.0, HLS1 = 0.0, HVS = 0.0
SUMAL = 0.0, SUMAYV = 0.0, SUMBL = 0.0,
SUMBYV =.0., SUMATL = 0.0, SUMATV = 0.0

/Dol

=1,NC

TR(J) = T/TCQ)

MI(J) = 0.48+1.574*W (J)-0.176* W(J)**2
ALPHA()) = (1+MI(J)*(1-TR(J)**0.5))* *2
ACI(J) = 0.42748*(GC*TC())**2/PC(J)
AI(J) = ALPHA())*ACI(J)

BI(J) = 0.08664*GC*TC(JyPC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBY + Y(J)*BI(J)

SUMAL = SUMAL+X(D)*X(J)*(AI()* AI(J))**0.5*(1-K1J)
SUMAV = SUMAV+Y(D*Y(J)*(AID* AIQ))**0.5*(1-K1J)
SUMATL = SUMATL+X())*X(J)*MI(J)* (AI()* ACICJ)*TR(J))**0.5*(1-KLJ)
SUMATYV = SUMATV+Y(D* Y()*MIG)Y*(AKD* ACI(J)*TR(J))**0.5*(1-K1J)

AL = SUMAL*P/(GC*T)**2
AV = SUMAL*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
BV = SUMBV*P/(GC*T)

;

CALL NEWTON
AL,BL, Z1, 22,23

CONTINUE

SUBROUTINE ENTHS
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NO

ZL=71 | [ zL=22 | [ ZL=ZJ]

CALL NEWTON
AN, BVpZY;22-73

HLS(I) = A1(T)*(T-460.)+A2(1)/2*(T-460.)**2+ A3(T)/3*(T-460.* *3+
A4(IY/4%(T-460.)**4+AS5(1)/5*(T-460.)**5
HLSI = HLS1+X()*HLS()
HVS = HVS+Y(I)*HLS()

HL = (ZL-1-AL/BL*(1-SUMATL/SUMAL)* ALOG(1+BL/ZL))*GC*T+HLS1
HV = (ZV-1-AV/BV*(1-SUMATV/SUMAV)*ALOG(1+BV/ZV))*GC*T+HVS

RETURN

(oo )

SUBROUTINE ENTHS (Continue)



NEWTONS
A,B,Z1,22,73 ] .

Z01 =-10
L=1
|

139

YES
IF L> 5000
NO Z01=71
L =L+1

FZ1 = Z01**3-Z01**2+(A-B-B**2)*ZO1-A*B
DFZ1 =3*Z01**2-2-ZO1+(A-B-B**2)

NO

Z202=0
Ll1=1

L -
YES
L1> 5000
NO ZO2=22

FZ2 = Z02**3-ZO2**2+(A-B-B**2)*Z02-A*B
DFZ2 =3*Z02**2-2-Z02+(A-B-B**2)

L1=L1+1

NO

Z03 =10
L2=1

l —
YES
L2> 5000
e ZO3 =

FZ3 = Z03**3-Z03**2+(A-B-B**2)*Z03-A*B
DFZ3 = 3*Z03**2-2-ZO3+(A-B-B**2)

L2=L2+1

NO

SUBROUTINE NEWTONS
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Z(1)=121
Z(2)=22
Z@3)=23
JUMP =3

JUMP = JUMP/2

YES §=ZM)

NO

Z1=2Q)
22=17Q)
Z3=20)

SUBROUTINE NEWTONS (Continue)
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MWDENSS
X,T,P,MWA,DENSA

DENSA = 0.0, MWA = 0, GC = 1.986, KIJ = 0.001
HL =0.0, HV =0.0, HLS1 = 0.0, HVS = 0.0
SUMAL = 0.0, SUMAYV = 0.0, SUMBL = 0.0,

SUMBV =.0., SUMATL = 0.0, SUMATV = 0.0

A DOy

=1,NC

TR@) = T/TCQ)
MIQJ) = 0.48+1.574*W(J)-0.176* W(J)**2
l ALPHA() = (1.0+MI()*(1-TR(J)**0.5))**2
ACI(J) = 0.42748*(GC*TC(J))**2/PC(J)
AIQ) = ALPHA(J)*ACI())
BI(J) = 0.08664* GC*TC(JYPC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBV = SUMBV + Y())*BI(J)

SUMAL = SUMAL+X(D*X(J)*(AI(* AI(J))**0.5*(1-K1J)

SUMAYV = SUMAV+Y(D)*Y(J)*(AI(D* AI(J))**0.5*(1-K1J)
SUMATL = SUMATL+X(I)*X(Jy*MI()*(AI(T)* ACI(J)* TR())**0.5*(1-KLT)
SUMATV = SUMATV+Y(D* Y(3)*MIG)*(AID* ACIF)*TR(J))**0.5*(1-K1J)

AL = SUMAL*P/(GC*T)**2
AV = SUMAL*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
BV = SUMBV*P/(GC*T)

CALL NEWTONS
AL,BL,Z1,72,7Z3

i

!CONTINUE!

SUBROUTINE MWDENSS
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<

VV =ZL*GC*T/P

BTN

1,NC

MWA = X()*MW(I)+MWA

DENSA = 1(VVIMWA)

E

&
c
@ §

SUBROUTINE MWDENSS (Continue)



BUBPTS
T. %%, B, KI

GC =1.986, K1J =0.001

YES

KII) =15./1
YD =KIM*X()

P

LOOP=0

LOO

=LOOP+1 I

SUMXA, SUMYA, SUMXAH,SUMYAH,SUMAL,
SUMAYV, SUMALH,SUMAVH, SUMBL,SUMBV

=0.0

TIH=T*T0
i 10 i

YES
IF LOOP > 5000
NO THE CALCULATION
DOES NOT EXIST
SUMY =0.0
SUMYH =0.0

'
!CONTINUE!

SUBROUTINE BUBPTS




DO1

=1,NC

TR(J) = T/TC()
TRH(J) = TH/TC(J)
MI() = 0.48+1.574*W(J)}-0.176* W(J)**2
ALPHA() = (1.O+MIQJ)*(1-TR(J)**0.5))**2
ALPHAH(J) = (1.0+MI(J)*(1-TRH(J)**0.5))**2
ACI(J) = 0.42748*(GC*TC(J))**2/PC(J)
AIQJ) = ALPHA())*ACI(J)
ATH(J) = ALPHAH(J)*ACI(J)

BI(J) = 0.08664*GC*TC(JYPC(J)
SUMXA = SUMXA+X(J)* AIJ)**0.5%(1-K1J)
SUMXAH = SUMXAH+X())* ATH(J)**0.5*(1-K1J)
SUMYA = SUMYA+Y (J)*AI(J)**0.5%(1-K1J)
SUMYAH = SUMYAH+Y(J)* AIH(J)**0.5*(1-K1J)
SUMBL = SUMBL+X(J)*BI(J)

SUMBYV = SUMBV+Y(J)*BI(J)

SUMAL = SUMAL+X(I)*X())* (AI(D* AI(D))* *0.5*(1-KLJ)
SUMALH = SUMALH+X(D* X(J)* (ATH(I)* ATH(J))* *0.5*(1-KLJ)
SUMAV = SUMAV+Y(D)*Y(J)*(AI()*AI())**0.5%(1-KLJ)
SUMAVH = SUMAVH+Y(I)* Y(J)*(ATH(I)* ATH(J))* *0.5%(1-K1J)

AL = SUMAL*P/(GC*T)**2
ALH = SUMALH*P/(GC*TH)**2
AV = SUMAV*P/(GC*T)**2
AVH = SUMAVH*P/(GC*TH)**2
BL = SUMBL*P/(GC*T)
BLH = SUMBL*P/(GC*TH)
BV = SUMBV*P/(GC*T)
BVH = SUMBL*P/(GC*TH)

! CONTINUE |

SUBROUTINE BUBPTS (Continue)
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=

CALL NEWTONS
AL,BL,Z1,72,73

NO

IFZ1<0

=

[ zL=22 | LZL z3 |

A
CALL NEWTONS
ALH,BLH, Z1,272,Z3

NO
. IFZ1<0

[ zLH=21 | [ zZLa=22 | [zm zs]

CONTINUE

SUBROUTINE BUBPTS (Continue)
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DO 15
=1,NC

APRIMEX(T) = 1.0/SUMAL*(2* AI()* *0.5*SUMXA)
APRIMEXH(I) = 1.0/SUMALH*(2* ATH(I)**0.5*SUMXAH)
APRIMEY(D) = 1.0/SUMAV*(2*AI(1)**0.5*SUMYA)
APRIMEYH() = 1.0/SUMAYH*(2*AIH(I)* *0.5*SUMYAH)

FIL(D) = EXP(BI()/SUMBL*(ZL-1)-ALOG(ZL-BL)- AL/BL*(APRIMEX(I)-
BI(I/SUMBL)* ALOG(1+BL/ZL))
FILH(I) = EXP(BI(I/SUMBL*(ZLH-1)}-ALOG(ZLH-BLH)-ALH/BLH*
(APRIMEXH(I)-BI(ISUMBL)*ALOG(1+BLH/ZLH))
FIV(I) = EXP(BI()Y/SUMBV*(ZV-1)- ALOG(ZV-BV)-AV/BV*(APRIMEY Ty
BI(T/SUMBV )* ALOG(1+BV/Z))
FIVH(I) = EXPBI(IYSUMBV*(ZVH-1)-ALOG(ZVH-BVH)-AVH/BVH*
(APRIMEYH(I)-BI(I/SUMBYV)* ALOG(1+BVH/ZVH))
KI() = FIL(IYFIV(D)
KIH = FILH(IYFIV(T)
SUMY = SUMY+X@)*KI()
SUMYH = SUMYH+X(D*KIH(I)

IF ABS(SUMY-SUMYZ)
>1E-3

! 10 |
‘ RETURN ’
F = SUMY-1.0

FH = SUMYH-1.0
TSLOPE = (FH-F)/1.
T = T-F/FSLOPE

@

SUBROUTINE BUBPTS (Continue)



HYDRAUGR
P,M, T, X,L, WH, WL, DCOL

CALL MWDENSGR
X, T,P, MWA, DENSA

¢

CONST=183.2*M*MWA/(DENSA*DCOL*DCOL)
-WH/12.

YES

L=0.0

IF CONST <0

NO

L=DENSA*WL*999.*(183.2*M*MWA/
(DENSA*DCOL*DCOL)-WH/12.)**1.5)/MWA

1% )

SUBPROGRAM HYDRAUGR
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ENTHGR
,P,X,Y,HLHY,

GC =1.986, K1J=0.001
HL = 0.0, HV =0.0, HLS1 = 0.0, HVS = 0.0
SUMAL = 0.0, SUMAV = 0.0, SUMBL = 0.0,
SUMBYV = .0.,

/Dol

=1,NC

TR@) = T/TC(J)
ACI(J) = (0.4278/TR(J)**2.5*PC()))**0.5
AIQ) = ACI()

BI(J) = 0.0867/TR(JYPC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBV + Y(J)*BI(J)
SUMAL = SUMAL + X(})*AI(J)
SUMAYV = SUMAYV + Y(J)*AI(J)

AL = SUMAL
AV = SUMAL
BL = SUMBL
BV = SUMBV

.

CALL NEWTONGR
AL,BL,Z1,Z72,73,P

CONTINUE

SUBROUTINE ENTHGR



NO

NO

YES
| zL=21 | [ zL=22 | [ZL=Z3—I

SRR\

CALL NEWTONGR
AV,BV, 21,72,Z3

=1,NC

HLS(I) = A1(1)*(T-460.)+A2(1)/2*(T-460.)**2+A3(I)/3* (T-460.* *3+
A4(1)/4*(T-460.)**4+A5(IY/5*(T-460.)**5
HLS1 = HLS1+X(D*HLS(I)
HVS = HVS+Y(T)*HL S(I)

HL =ZL -1-1.5*AL**2/BL*ALOG(1+BL*P/ZL))*GC*T+HLS1
HV =ZV-1-1.5* AV**2/BV*ALOG(1+BL*P/ZV))*GC*T+HVS

RETURN

=D

SUBROUTINE ENTHGR (Continue)
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WTONGR
A, B, Z1,22,Z3

Z01=-10
L=

&4
5

1
YES
IF L> 5000
NO

150

FZ1 = Z01%*3-Z01**2+B*P*(A**2/B*P-1)*Z01-A**2/B*(B*P)**2
DFZ1 = 3*Z01**2-2-ZO1+B*P*(A**2/B-B*P-1)

Z01

=71
L+1

NO

202=0
L1=1

I —
YES
L1> 5000
NO

FZ2 = Z02%*3-Z02%*2+B*P*(A**2/B*P-1)*Z02-A**2/B*(B*P)**2
DFZ2 = 3*Z02**2-2-ZO2+B*P*(A**2/B-B*P-1)

202
Ll=

=Z2
L1+1

NO

Z03=10
L2 =1

l ——
YES
L2> 5000
NO

FZ3 = Z03**3-Z03**2+B*P*(A**2/B*P-1)*Z03-A**2/B*(B*P)**2
DFZ3 = 3*Z03**¥2-2-Z03+B*P*(A**2/B-B*P-1)

Z03
L2=

=23
L2+1

NO

SUBROUTINE NEWTONGR
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Z(1)=21
zZQ)=122
Z@3)=23
JUMP=3

JUMP = JUMP/2

YES S =Z(M
2> 2(73) Zg();){ass)

NO

60

Z1=2Q)
22=7Q)
Z3=170)

SUBROUTINE NEWTONGR (Continue)
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MWDENSG
X,T,,MWA,DENSA

DENSA = 0.0, MWA =0, GC = 1.986, KIJ = 0.001
SUMAL = 0.0, SUMAV = 0.0, SUMBL = 0.0,
SUMBV =.0,,

'/301

=1,NC

TRQ) = T/TCQ)
ACI(J) = (0.4278/TR(J)**2.5*PC(J)))**0.5
AIQ) = ACI(D)

BI(J) = 0.0867/TRU)Y/PC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBYV + Y(J)*BI(J)
SUMAL = SUMAL + X(J)*AI(J)
SUMAYV = SUMAV + Y(J)*AI(J)

AL =SUMAL
AV =SUMAL
BL = SUMBL
BV = SUMBV

:

CALL NEWTONGR
AL,BL,Z1,272,73

CONTINUE

SUBROUTINE MWDENSG
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T

VV = ZL*GC*T/P

I

J=1,NC

MWA = X@)*MW(I)+MWA

DENSA = 1(VVMWA)

El

&
d
@7 §

SUBROUTINE MWDENSG (Continue)
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BUBPTGR
T, X, Y, P, KI

GC =1.986, K1J =0.001

No

YES

KI@)=15/1
Y(D) = KID*X(D

LOOP = LOOP+1

SUMXA, SUMYA, SUMXAH, SUMYAH, SUMAL,
SUMAYV, SUMALH, SUMAVH, SUMBL, SUMBV,
SUMBVH, SUMBLH = 0.0

TH=T+1.0
i 10 i

YES
IF LOOP > 5000
NO THE CALCULATION
DOES NOT EXIST
SUMY =0.0
SUMYH = 0.0
A
CONTINUE

SUBROUTINE BUBPTGR
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DO1
=1,NC

TRQJ) = T/TC(J)
TRH(J) = TH/TC()
ACI(J)) = (0.4278/(TR(I)**2.5*PC(J)))**0.5
Al(J) = ACI()
ATH(J) = (0.4278/(TRH(J)**2.5*PC(J)))**0.5
BI(J) = 0.0867/TRJ)/PC(J)

BI(H) = 0.0867/TRH(J)/PC(J)
SUMBLH = SUMBLH + X(J)*BIH(J)
SUMBVH = SUMBVH + Y(J)*BIH(J)

SUMAL = SUMAL + X(J)*AI(J)
SUMAV = SUMAY + Y(J)*AI(J)
SUMALH = SUMALH + X(J)*AIH(J)
SUMAVH = SUMAVH + Y(J)*AIH(J)
SUMBL = SUMBL+X(J)*BI(J)
SUMBYV = SUMBV+Y(J)*BI(J)

AL = SUMAL
ALH = SUMALH
AV = SUMAV
AVH = SUMAVH
BL = SUMBL
BLH = SUMBLH
BV = SUMBV
BVH = SUMBLH

! CONTINUE I

SUBROUTINE BUBPTGR (Continue)
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CALL NEWTONGR
AL,BL, Z1,22,73,P

NO

NO

[ zL=21 | [zL=22 ] | zL=23 |
LN

'
CALL NEWTONGR
ALH,BLH, Z1,72,73, P

NO

[zLH=21| [ZiH=22 | [ ZLH=73 |
Y T

A
CALL NEWTONGR
AV,BV, 71,72,73,P

CALL NEWTONGR
AVH, BVH, Z1, 72,73, P

s

CONTINUE

SUBROUTINE BUBPTGR (Continue)



FIL(T) = EXP((ZL-1)*BI(l)/BL-ALOG(ZL-BL*P)-AL**2/BL*
+(2* AI(T/AL-BI()/BL)* ALOG(1+BL*P/ZL))
FILH(I) = EXP((ZLH-1)*BIH(I)/BLH-ALOG(ZLH-BLH*P)-ALH**2/BLH*
+2*AIH(IYALH-BIH(IYBLH)* ALOG(1+BLH*P/ZLH))
FIV(1) = EXP((ZV-1)*BI(I/BV-ALOG(ZV-BV*P)-AV**2/BV*
+2* AI(/AV-BI(IYBV)*ALOG(1+BV*P/ZV))
FIVH(I) = EXP((ZVH-1)*BIH(IYBVH-ALOG(Z VH-BVH**2/BVH*
+(2* ATH(IYAVH-BIH(I/BVH)* ALOG(1+BVH*P/ZVH
KI[) = FIL(IYFIV(D)
KIH(T) = FILH(I/FIVH(I)
SUMY = SUMY + X()*KI(T)
SUMYH = SUMYH+X(D*KIH(I)

IF ABS(SUMY-SUMYZ)
> 1E-3

! 10 !
‘ RETURN ’
F = SUMY-1.0

FH = SUMYH-1.0
TSLOPE = (FH-F)/1.
T =T-F/FSLOPE
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@

SUBROUTINE BUBPTGR (Continue)




HYDRAUPR
P,M, T, X, L, WH, WL, DCOL

CALL MWDENSPR
X, T,P, MWA, DENSA

#

CONST=183.2*M*MWA/(DENSA*DCOL*DCOL)
-WH/12.

- L=0.0

IF CONST <0

NO

L=DENSA*WL*999.*(183.2*M*MWA/
(DENSA*DCOL*DCOL)-WH/12.)**1.5)/MWA

(o)

SUBPROGRAM HYDRAUPR

158



ENTHPR
,P,X,Y,HL,HV)

GC =1.986, K1J =0.001
HL =0.0, HV = 0.0, HLS1 = 0.0, HVS = 0.0
SUMAL = 0.0, SUMAV = 0.0, SUMBL = 0.0,
SUMBYV =.0., SUMATL = 0.0, SUMATV = 0.0
SUMPL = 0.0, SUMPV = 0.0

/Dol

=1,NC

TR(J) = T/TC(J)
MI(J) = 0.3746+1.54226* W (J)-0.26992* W(J)**2
\ ALPHA(J) = (1+MIJ)*(1-TRUJ)**0.5))**2
ACI()) = 0.45724*(GC*TC()))**2/PC(J)
AIQ) = ALPHA())*ACI(J)
BI(J) = 0.07780*GC*TC(JYPC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBV + Y(J)*BI(J)

SUMAL = SUMAL+X(D*X()*(AI(D* AI(J))**0.5*(1-K1J)
SUMAV = SUMAV+Y(D* Y(D)*(AID* AI(D))**0.5*(1-K1J)
SUMATL = SUMATL+X(I)*X(Jy*MI())* (AI(I)* ACI()*TR(J))**0.5*(1-KLJ)
SUMATV = SUMATV+Y(D* Y()* MIG)*(AKD* ACIQJ)* TR(J))**0.5*(1-KLJ)
SUMPL = SUMPL+X(I)*X(J)*MI(J)*(ACI(Iy* ACI(J)*TR(J))**0.5*(1-KLJ)
SUMPV = SUMPV+Y(D*Y (J)*MI(J)*(ACIQ)* ACIQJ)* TR())**0.5*(1-KIJ)

AL = SUMAL*P/(GC*T)**2
AV = SUMAL*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
BV = SUMBV*P/(GC*T)

;

CALL NEWTONPR
AL,BL,Z1,72,73

CONTINUE

SUBROUTINE ENTHPR
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NO

zL=21 | | zx.=zz] [ ZL=237

CALL NEWTON
AV,BV,Z71,72,Z3

SN

=1,NC

HLS(I) = A1(T)*(T-460.)+A2(T)/2* (T-460.)* *2+A3(T)/3* (T-460.)* *3+
A4(T)/4%(T-460,)**4+A5(1)/5*(T-460.)**5
HLS1 = HLS1+X(*HLS(I)
HVS = HVS+Y(D)*HLS(T)

HL = (ZL-1-AL/(2.8284*BL)*(1-SUMPL/SUMAL)* ALOG((ZL+2.4142*BL)/
(ZL-0.4142*BL)))*GC*T+HLS1

HV = (ZV-1-AV/(2.8284*BV)*(1-SUMPV/SUMAV)*ALOG((ZV+2.4142*BVY
(ZV-0.4142*BV)))*GC*T+HVS

RETURN

=

SUBROUTINE ENTHPR (Continue)



Z01=-10
L =

161

: =1
L —
YES
IF L> 5000
NO Z01=271
=L+1
FZ1 = Z01**3-Z01**2+(A-B-B**2)*Z01-A*B
DFZ1 = 3¥Z01**2-2-Z01+(A-B-B**2)
NO
Z02=0
L1=1
l —
YES
L1> 5000
NO Z02=22
L1=L1+1
FZ2 = Z02%*3-ZO2**2+(A-B-B**2)*Z02-A*B
DFZ2 = 3%*Z02**2-2-Z02+(A-B-B**2)
NO
L2=1
L —
YES
L2> 5000
"o 703 =
FZ3 = ZO3**3-Z03**2+(A-B-B**2)*Z03-A*B L2=L2+1
DFZ3 = 3*Z03**2-2-Z03+(A-B-B**2)
NO

ABS(Z03-23)

<1E-3

SUBROUTINE NEWTONPR



Z() =271
ZQ)=72
Z3)=23
JUMP=3

JUMP = JUMP/2

ZM>Z03)

S=2z()
ZM=2@3)
Z@3)=5S

NO

60

Z1=2Q)
22=2Q)
Z3=70)

= »

SUBROUTINE NEWTONPR (Continue)
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MWDENSPR
X,T,P,MWA,DENSA

DENSA = 0.0, MWA =0, GC = 1.986, K1J = 0.001
HL =0.0, HV = 0.0, HLS1 = 0.0, HVS = 0.0
SUMAL = 0.0, SUMAV = 0.0, SUMBL = 0.0,
SUMBYV =.0., SUMATL = 0.0, SUMATV = 0.0

_ /Dol

=1, NC

TR() =T/TCQ)

MI(J) = 0.3746+1.54226* W (J)-0.26992* W(J)**2
ALPHA()) = (1+MIQ)*(1-TR(J)**0.5))**2
ACI(J) = 0.45724%(GC*TC(J))**2/PC(J)
AIQJ) = ALPHA()*ACI(J)

BI(J) = 0.07780*GC*TC(JYPC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBV = SUMBYV + Y(J)*BI(J)

SUMAL = SUMAL+X(D*X()*(AI(D* AI(J))**0.5*%(1-KLJ)
SUMAV = SUMAV+Y(D*Y(J))*(AI(T)* AI(7))**0.5*(1-K1J)
SUMATL = SUMATL+XI)*X(J)*MIJ)*(AID)*ACI()* TR(J))**0.5*(1-K1J)
SUMATV = SUMATV+Y(D*Y()*MIJ)*(AI(D* ACI())*TR(J))**0.5*(1-K1J)
SUMPL = SUMPL+X(I*X()*MI()*(ACID)*ACI(I)* TR(3))**0.5*(1-K1J)
SUMPV = SUMPV+Y(I)*Y(Iy*MI(J)*(ACKID* ACI(D)* TR(J))**0.5*(1-K1J)

AL = SUMAL*P/(GC*T)**2
AV = SUMAL*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
BV = SUMBV*P/(GC*T)

CALL NEWTONPR
AL,BL,Z1,22,73

'

!CONTINUE!

SUBROUTINE MWDENSPR
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.

VV =ZL*GC*T/P

BoTN

1, NC,

MWA = X()*MW(I)+MWA

DENSA = 1/(VV/MWA)

E

£
d
@ ;

SUBROUTINE MWDENSPR (Continue)



BUBPTPR
X Y BKI

GC =1.986, K1J =0.001

@ No

YES

KI@) = 151
Y(I) = KIQ*X(D

“ o

LOOP=0

LOOP = LOOP+1 I

SUMXA, SUMYA, SUMXAH,SUMYAH,SUMAL,
SUMAV, SUMALH,SUMAVH, SUMBL,SUMBV

=0.0
TIr=1+10
i 10 i
YES
IF LOOP > 5000
NO THE CALCULATION
DOES NOT EXIST
SUMY =0.0
SUMYH =0.0

/
e

SUBROUTINE BUBPTPR
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DO1

=1,NC

TRQJ) = T/TC(J)
TRH(J) = TH/TC(J)

MI(J) = 0.37464+1.54226*W(J)-0.26992* W(J)**2
ALPHA(J) = (1O+MI(J)*(1-TR(J)**0.5))**2
ALPHAH(J) = (1.0+MI(J)*(1-TRH(J)**0.5))**2
ACI(J) = 0.45724%(GC*TC(J))**2/PC(J)

AI(J) = ALPHA(J)*ACI(J)

AIH(J) = ALPHAH(J)*ACI(J)

BI(J) = 0.07780*GC*TC(JYPC(J)
SUMXA = SUMXA+X(J)*AI(J)**0.5*(1-K1J)
SUMXAH = SUMXAH+X())* AIH(J)**0.5*(1-KLJ)
SUMYA = SUMYA+Y(J)*AI(J)**0.5*(1-K1J)
SUMYAH = SUMYAH+Y(J)*AIH(J)**0.5*(1-K1J)
SUMBL = SUMBL+X(J)*BI(J)

SUMBYV = SUMBV+Y(J)*BI(J)

SUMAL = SUMAL+X(D*X(J)*(AI(D* AI(J))**0.5*(1-K1J)
SUMALH = SUMALH+X(I)*X(J)*(AIH(I)* ATH(J))* *0.5* (1-K1J)
SUMAV = SUMAV+Y(D*Y(J)*(AI(D*AIT))**0.5*(1-K1J)
SUMAVH = SUMAVH+Y(I)* Y(J)*(AIH(I)* ATH(J))**0.5*(1-K1J)

AL = SUMAL*P/(GC*T)**2
ALH = SUMALH*P/(GC*TH)**2
AV = SUMAV*P/(GC*T)**2
AVH = SUMAVH*P/(GC*TH)**2
BL = SUMBL*P/(GC*T)
BLH = SUMBL*P/(GC*TH)
BV = SUMBV*P/(GC*T)
BVH = SUMBL*P/(GC*TH)

! CONTINUE l

SUBROUTINE BUBPTPR (Continue)
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CALL NEWTONPR
AL,BL, Z1,22,7Z3

NO
IFZ1<0

[ zL=21 |

[ zL= zz—l E. za]

A
CALL NEWTONPR
ALH, BLH, Z1,72,Z3

NO
IFZ1<0

ZLH=Z1 |

[ zZLH= Z2 | IZLH zs]

'
CALL NEWTONPR
AV,BV, 71,722,73

CALL NEWTONPR
AVH, BVH, 71,72, 73

SUBROUTINE BUBPTPR (Continue)
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APRIMEX(]) = 1.0/SUMAL*(2*AI(1)**0.5* SUMXA)

APRIMEXH(I) = 1.0/SUMALH*Q2*AIH(I)**0. 5*SUMXAH)
APRIMEY(D) = 1.0/SUMAV*(2*AI(I)**0. 5*SUMY A)

APRIMEYH(I) = 1.0/SUMAVH*(2*ATH(I)* *0. S*SUMYAH)

FIL() = EXP(BI()/SUMBL*(ZL-1)-ALOG(ZL-BL)-AL/(2. 82843 *BL)*
+ (APRIMEX(I)-BI(T)/SUMBL*ALOG((ZL+ 2.4142*BL)/(ZL-0.4142*BL)))
FILH(T) = EXP(BI(IY SUMBL*(ZLH-1)-ALOG(ZLH-BLH)-
ALH/(2.2843*BLH)*
+ (APRIMEXH(I)-B(T)SUMBL)Y* ALOG(ZLH+ 2.4142*BLH)/(ZLH-
0.4142*BLH)))

FIV() = EXP(BI(I/SUMBV*(ZV-1)ALOG(ZV-BV)-AV/(2.82843*BV)*
+ (APRIMEY(D)-BI(I/ SUMBV)*ALOG((ZV+ 2.4142¥BV)/(ZV-0.4142*BV)))
FIVH(I) = EXP(BI(1YSUMBV*(ZVH-1)-ALOG(ZVH-BVH)-
AVH/(2.82843*BVH)*

+ (APRIMEYH(I)-BI(1) SUMBV)* ALOG((ZVH+ 2.4142*BVH)/(ZVH-
0.4142*BVH)))

KI() = FIL(YFIV()

KIH(T) = FILH()/FIVH(D)

SUMY = SUMY+ X@)*KI(I)

SUMYH = SUMYH+ X(I)*KIH(I)

IF ABS(SUMY-SUMYZ)
> 1E3

IF ABS(SUMY-SUMYZ)
> 1E-3

I SUMYZ = SUMY |

)

! 10 !
F = SUMY-1.0

FH= SUMYH-1.0
TSLOPE = (FH-Fy1.
T = T-F/FSLOPE

@

SUBROUTINE BUBPTPR (Continue)
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€C
CC
ce

ce
cCc
CC

CC
cc
CcC

Appendix B

List of computer program

Dynamics Simulation Program for Multicomponent Distillation
Created by Miss Kallaya Klaithong C 517152

Chemical Engineering Department

Chulalongkorn University @1994

INCLUDE 'FGRAPH.FI'

INCLUDE 'FGRAPH.FD'

Declare all variables

INPUTS R, QR AND DV ARE FIXED

REAL MW,LO,MVB,MVD,MWA MV,LV,M,L,MB ,MD ,MW1,TB,TC,PC,ZC,W,
+A1,A2,A3,A4,A5

CHARACTER*15 NAME,NAMEX namel
CHARACTER str*2

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION LV(50),L(50),P(50),XF(20),YF(20),DXD(20),YAV(20),
+Y'Y(20),HL(50),HV(50),V(50),DM(50),DXM(50,20),XM(50,20),DXB(20)

DIMENSION NAME(20),T(50),XB(20),X(50,20),Y(50,20),LO(50),XD(20),
+YB(20),YD(20),XX(20),MV(50),M(50)



CE
CE
ce

INTEGER*2 dummy?2, key
EXTERNAL printmenu
RECORD / rccoord / curpos

OPEN( 1, FILE = 'physical.dat' )
OPEN( 2, FILE = 'phytemp.dat' )
OPEN( 5, FILE = 'result.dat")

CALL drawlines()

CALL drawlines2()

dummy?2 = settextcolor(15)

CALL settextposition( 3, 28, curpos )
CALL outtext( 'Chulalongkorn University' )
CALL settextposition( 4, 25, curpos )

CALL outtext( 'Chemical Engineering Department' )

dummy?2 = settextcolor( 14 )

CALL settextposition( 11, 27, curpos )

CALL outtext( 'Dynamics Simulation Program' )
CALL settextposition(13, 38, curpos )

CALL outtext( 'for' )

CALL settextposition(15, 27, curpos )

CALL outtext( 'Multicomponent Distillation' )

dummy?2 = settextcolor( 15 )

CALL settextposition(21, 35, curpos )

CALL outtext( 'Created by' )

CALL settextposition( 22, 24, curpos )

CALL outtext( 'Miss Kallaya Klaithong C 517152')
CALL settextposition( 23, 32, curpos )

CALL outtext( 'M.Eng. Thesis @ 1994' )
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READ (*,*)

CALL clearscreen( $VIEWPORT )

CE

CC MENU
CC

9000 key = -1

DO WHILE( (key .LT. 0) .OR. (key .GT. 9))
CALL drawlines()
CALL drawlines1()

dummy?2 = settextcolor( 14 )

CALL settextposition( 4, 30, curpos )
CALL outtext( "**** MAIN MENU *##*x*! )
dummy?2 = settextcolor( 15 )

CALL settextposition( 8, 25, curpos )
CALL outtext( '0) Exit to Dos")

CALL settextposition( 9, 25, curpos )
CALL outtext( '1) Components Database' )
CALL settextposition( 10, 25, curpos )
CALL outtext( '2) Characteristic of Column' )
CALL settextposition( 11, 25, curpos )
CALL outtext( '3) Operating Conditions' )
CALL settextposition( 12, 25, curpos )
CALL outtext( '4) Feed Data' )

CALL settextposition( 13, 25, curpos )
CALL outtext( '5) Initial Conditions')
CALL settextposition( 14, 25, curpos )
CALL outtext( '6) Edit Input Data' )
CALL settextposition( 15, 25, curpos )
CALL outtext( '7) Save Input Data' )
CALL settextposition( 16, 25, curpos )
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CALL outtext( '8) Run')
CALL settextposition( 17, 25, curpos )
CALL outtext( '9) Reporting & Reviewing the results' )
dummy?2 = settextcolor(14)
CALL settextposition( 22, 25, curpos )
CALL outtext ( 'Please ENTER your selection : ')
READ (*,*,ERR = 9000) key
END DO
dummy?2 = setvideomode( SDEFAULTMODE )

DO WHILE ( key .EQ. 0)
GOTO 400
END DO

DO WHILE ( key .EQ. 1)
GOTO 9100
END DO

DO WHILE ( key .EQ. 2)
GOTO 9200
END DO

DO WHILE ( key .EQ. 3)
GOTO 9300
END DO

DO WHILE ( key .EQ. 4)
GOTO 9400
END DO

DO WHILE ( key .EQ. 5)
GOTO 9500

END DO

DO WHILE ( key .EQ. 6)



GOTO 9600
END DO

DO WHILE ( key .EQ. 7))
GOTO 9700
END DO

DO WHILE ( key .EQ. 8 )
GOTO 9800
END DO

Qc DO WHILE ( key .EQ. 9)
CCE GOTO 9900

CcC END DO

cc

CcC key =1

CC

CcC

6.0 Component Database

e

9100 keyc = -1

DO WHILE( (keyc .LT. 0) .OR. (keyc .GT. 3))
CALL drawlines()
CALL drawlines1()

dummy? = settextcolor( 14 )

CALL settextposition( 4, 30, curpos )

CALL outtext( "**** COMPONENT MENU *#**# )
dummy?2 = settextcolor( 15 )

CALL settextposition( 10, 25, curpos )

CALL outtext( '0) Return to Main Menu' )

CALL settextposition( 12, 25, curpos )
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CC

cc
€C
cC

CALL outtext( '1) List for All Components Database' )
CALL settextposition( 14, 25, curpos )
CALL outtext( '2) Select Component in your system ')
CALL settextposition( 16, 25, curpos )
CALL outtext( '3) Append New Component Record' )
dummy?2 = settextcolor(14)
CALL settextposition( 22, 25, curpos )
CALL outtext ( 'Please ENTER your selection : ')
READ (*,*,ERR = 9100) keyc

END DO

dummy?2 = setvideomode( $DEFAULTMODE )

DO WHILE ( keyc .EQ. 0 )
GOTO 9000
END DO

DO WHILE ( keyc .EQ. 1)
GOTO 9101
END DO

DO WHILE ( keyc .EQ. 2)
GOTO 9102

END DO

DO WHILE ( keyc .EQ. 3)

GOTO 9103
END DO

keyc =1

1) List for All Component
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9101 CALL drawlines()
CALL drawlines3()
REWIND( UNIT=1)
9111 kk =0
dummy?2 = settextcolor( 14 )
CALL settextposition( 3, 27, curpos )
CALL outtext( "*** Component Library ***')
dummy?2 = settextcolor( 15 )
kkl1 =0
9105 READ( 1, 9110, END = 9107 ) NAME1
CALL settextposition( 6+kk, 10+kk1, curpos )
CALL outtext( namel )
kkl = kk1+16
IF (kk .GE. 16 ) THEN
dummy?2 = settextcolor( 14 )
CALL settextposition( 23, 4, curpos )
CALL outtext( ' Press any key to continue ..." )
READ(*,*)
CALL drawlines()
GOTO 9111
END IF
IF ( kk1 .GE. 50 ) THEN
kk =kk+1
kkl1 =0
END IF
GOTO 9105
9110 FORMAT(3X,A15)
9120 FORMAT(A15)

9107 dummy?2 = settextcolor( 14 )
CALL settextposition( 23, 4, curpos )
CALL outtext( ' Press any key to continue ...' )
READ(*,*)
GOTO 9100



cc
CC
CC

Ce
EC
CcC

keyc=2 .

2) Select Component

9102 CALL drawlines()

CALL drawlines1()

dummy?2 = settextcolor( 14 )

CALL settextposition( 4, 27, curpos )

CALL outtext( '"*** Component Selection ***' )

dummy?2 = settextcolor( 15 )

CALL settextposition( 5, 20, curpos )

CALL outtext( 'The name must be typed in CAPITAL LETTER')
dummy2 = settextcolor( 14 )

CALL settextposition( 9, 18, curpos )

CALL outtext( ' Total number of component ( NC ) =")
READ(*,*) NC

2220 DO 9130 j =1, NC

CALL settextposition( 10+j, 22, curpos )

WRITEC( str, '(12)") j

CALL outtext( 'Component Name no.'//str //'= ')
READ(*,9120) name(j)

REWIND(UNIT = 1)

2200 READ( 1, 2070, END = 2210 ) NAME1

IF ( namel .EQ. name(j) ) THEN
BACKSPACE( UNIT = 1)
READ( 1, 2080 ) mwl1,tbl,tc1,pcl,zcl,wl,aal,aa2,aa3,aa4,aa5

mw(j) = mwl
bpt(j) =tbl
tc(j) = tcl

pc@) = pel
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() =zcl
wi)  =wl
al() = aal
a2(j) =aa2
a3(j) = aa3
a4(j) = aad
a5(j) = aa5
GOTO 9130

END IF

GOTO 2200

2210 CALL settextposition( 24, 5, curpos )
CALL outtext( 'Component not exist !! ... Press ENTER' )
READ(*,*)
CALL drawlines()
CALL drawlines1()
dummy?2 = settextcolor( 14 )
CALL settextposition( 4, 27, curpos )
CALL outtext( "*** Component Selection ***' )
dummy?2 = settextcolor( 15 )
CALL settextposition( 5, 20, curpos )
CALL outtext( 'The name must be typed in CAPITAL LETTER' )
dummy?2 = settextcolor( 14 )
CALL settextposition( 9, 18, curpos )
WRITEC( str, '(12)' ) NC
CALL outtext( ' Total number of component ( NC ) = '/ str )
GOTO 2220
9130 CONTINUE
CALL settextposition( 24, 5, curpos )
CALL outtext( 'Press ENTER to continue ...' )
READ(*,*)
2095 kk2 =0
CALL drawlines()
CALL drawlines3()
dummy?2 = settextcolor( 14 )

CALL settextposition( 3, 10, curpos )



WRITE( str,'2)' ) NC

CALL outtext( "Your system has '//str//' components : ')

dummy?2 = settextcolor( 15 )
kk3 =0
DO 2090 j = 1,NC
CALL settextposition( 6+kk2, 10+kk3, curpos )
namex = name(j)
CALL outtext( namex )
kk3 = kk3+16
IF ( kk2 .GE. 16 ) THEN
dummy?2 = settextcolor( 14 )
CALL settextposition( 23, 4, curpos )
CALL outtext( ' Press any key to continue ...")
READ(*,*)
CALL drawlines()
GOTO 2095
END IF
IF ( kk3 .GE. 50 ) THEN
kk2 =kk2 +1
kk3 =0
END IF

2090 CONTINUE

dummy?2 = settextcolor( 14 )

CALL settextposition( 23, 4, curpos )

CALL outtext( ' Press any key to continue ..." )
READ(*,*)

GOTO 9100

2070 FORMAT(3X,A15)

2080 FORMAT(18X,F8.3,3F7.1,F6.3,F8.4,F10.6,4E16.7)

cC
(& 2
cc

cC

keyc =3
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(8 & 3) Append New Component Record
6.0,

9103 REWIND(UNIT = 1)
3001 READ( 1, 3070, END = 3000 ) ID,NAME1,MW1,TB1,TC1,PC1,ZC1,W1,AA1,
+AA2,AA3,AA4,AAS :
WRITE(2,3070) ID,NAME1,MW1,TB1,TC1,PC1,ZC1,W1,AA1,AA2, AA3,AA4,AAS
GOTO 3001
3000 CALL drawlines()
dummy?2 = settextcolor( 14 )
CALL settextposition( 4, 22, curpos )
CALL outtext( "**** APPEND NEW COMPONENT RECORD ****' )
dummy?2 = settextcolor( 15 )
CALL settextposition( 6, 4, curpos )
CALL outtext( 'Physical Property' )
dummy?2 = settextcolor( 14 )
CALL settextposition( 10, 4, curpos )
CALL outtext( 'ID no. ( 0 to terminate ) = ')
READ(*,3080) ID
IF ( id .EQ. 0 ) THEN
GOTO 3040
END IF
CALL settextposition( 12, 6, curpos )
CALL outtext( 'Component Name =")
READ(*,3087) NAMEL1
CALL settextposition( 13, 6, curpos )
CALL outtext( 'Molecular Weight —
READ(*,*) MW1
CALL settextposition( 14, 6, curpos )
CALL outtext( 'Boiling Point (R) = ')
READ(*,*) TB1
CALL settextposition( 15, 6, curpos )
CALL outtext( 'Critical Temp.(R) = ")
READ(*,*) TC1

CALL settextposition( 16, 6, curpos )
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CALL outtext( 'Critical Press.(psia) = ")

READ(*,*) PC1

CALL settextposition( 17, 6, curpos )
CALL outtext( 'Critical Z-factor = ")
READ(*,*) ZC1

CALL settextposition( 18, 6, curpos )
CALL outtext( 'Acentric Factor = ')

READ(*,*) W1

dummy? = settextcolor( 15 )
CALL settextposition( 6, 45, curpos )
CALL outtext( 'Heat Capacity Coefficients' )
dummy?2 = settextcolor( 14 )
CALL settextposition( 12, 47, curpos )
CALL outtext(' al = ")
READ(*,*) AA1
CALL settextposition( 13, 47, curpos )
CALL outtext(' a2 = ")
READ(*,*) AA2
CALL settextposition( 14, 47, curpos )
CALL outtext(' a3 = ")
READ(*,*) AA3
CALL settextposition( 15, 47, curpos )
CALL outtext(' a4 = ')
READ(*,*) AA4
CALL settextposition( 16, 47, curpos )
CALL ouftext(' a5 = ')
READ(*,*) AAS
WRITE(2,3070) ID,NAME1,MW1,TB1,TC1,PC1,ZC1,W1,AA1,AA2,AA3,AA4,AAS
GOTO 3000
3040 END FILE(UNIT = 2)
3070 FORMAT(3,A15,F8.3,3F7.1,F6.3,F8.4,F10.6,4E16.7)
3080 FORMAT(3)
3087 FORMAT(A15)
3090 FORMAT(F4.1)



3095 FORMAT(F5.3)

3097 FORMAT(F5.4)

cc
cc
cec

cc
CC
ce

GOTO 9100

key =2

READ COLUMN DATA

9200 CALL drawlines()

CALL drawlines2()
dummy?2 = settextcolor( 15 )
CALL settextposition( 4, 23, curpos )

CALL outtext( '"**** Characteristic of Column ****')

2000 dummy?2 = settextcolor( 14 )

CALL settextposition( 8, 14, curpos )

CALL outtext( "Total number of plates (NT) = ")
READ(*,*) NT

CALL settextposition( 10, 14, curpos )

CALL outtext( 'Number of trays in stripping section (NF) = ')
READ(*,*) NF

CALL settextposition( 11, 14, curpos )

CALL outtext( 'Weir height in stripping section ~ (WHS) = ")

READ(*,*) WHS

CALL settextposition( 12, 14, curpos )

CALL outtext( "Weir height in rectifying section (WHR) = ')
READ(*,*) WHR

CALL settextposition( 13, 14, curpos )

CALL outtext( 'Column diameter in stripping section (DS) = ')
READ(*,*) DS

CALL settextposition( 14, 14, curpos )

CALL outtext( 'Column diameter in rectifying section (DR) = ')
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READ(*,*) DR

CALL settextposition( 15, 14, curpos )

CALL outtext( "Weir length in stripping section
READ(*,*) WLS

CALL settextposition( 16, 14, curpos )

CALL outtext( "Weir length in rectifying section
READ(*,*) WLR

CALL settextposition( 17, 14, curpos )

CALL opttext( 'Volumetric holdup in column base
READ(*,*) MVB

CALL settextposition( 18, 14, curpos )

CALL outtext( '"Volumetric holdup in reflux drum

READ(*,*) MVD

301 FORMAT(AV)

13 FORMAT( 3I3 )

14 FORMAT( 8F6.2 )

cC
CcC
CC

€c
ce
CcC

CALL settextposition( 24, 5, curpos )

CALL outtext( 'Press ENTER to continue ..." )
READ(*,*)

GOTO 9000

key =3

READ CONDITIONS

9300 CALL drawlines()

CALL drawlines2()

dummy?2 = settextcolor( 15 )

CALL settextposition( 4, 25, curpos )

CALL outtext( '**** Operating Conditions ****' )

dummy?2 = settextcolor( 14 )

(WLS) = ")

(WLR) = ")

MVB) = ')

(MVD) = ")
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CcC
CcC
cC

CALL settextposition( 8, 14, curpos )

CALL outtext( 'Pressure in top of column PD, (psia) = ')

READ(*,*) PD

CALL settextposition( 10, 14, curpos )

CALL outtext( 'Pressure in bottom of column PB, (psia) = ')

READ(*,*) PB

CALL settextposition( 12, 14, curpos )

CALL outtext( 'Reboiler heat-duty QR, (x 1,000 Btu/hr) = ')

READ(*,*) QR

CALL settextposition( 14, 14, curpos )

CALL outtext( 'Reflux rate R, (moles/hr) = ')
READ(*,*) R

CALL settextposition( 16, 14, curpos )

CALL outtext( "Vapor product from reflux drum DV, (moles/hr) = )

READ(*,*) DV

CALL settextposition( 18, 14, curpos )

CALL outtext( 'Murphrce vapor-phase tray efficiency
READ(*,*) EFF

CALL settextposition( 24, 5, curpos )

CALL outtext( 'Press ENTER to continue ..." )
READ(*,*)

GOTO 9000

key =4

READ FEED

9400 CALL drawlines()

CALL drawlines2()
dummy?2 = settextcolor( 15 )

CALL settextposition( 4, 29, curpos )

EFF = ")
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CALL outtext( "**** Feed Data ****' )
dummy?2 = settextcolor( 14 )
CALL settextposition( 8, 14, curpos )
CALL outtext( 'Liquid \Fccd flow rate (moles/hr) = ')
READ(*,*) FL
CALL settextposition( 9, 14, curpos )
CALL outtext( 'Liquid Feed temperature (F) = ')
READ(*,*) TFL
CALL settextposition( 11, 14, curpos )
CALL outtext( 'Composition (mole fraction) : ')
DO 310J = 1,NC
CALL settextposition( 11+J, 17, curpos )
namex = name(j)
CALL outtext( namex //'= ' )
READ(*,*) XF(J)
310 CONTINUE
CALL drawlines()
CALL drawlines2()
dummy?2 = settextcolor( 15 )
CALL settextposition( 4, 29, curpos )
CALL outtext( '**** Feed Data ****')
dummy?2 = settextcolor( 14 )
CALL settextposition( 8, 14, curpos )
CALL outtext( 'Vapor Feed flow rate (moles/hr) = ')
READ(*,*) FV
CALL settextposition( 9, 14, curpos )
CALL outtext( 'Vapor Feed temperature (F) = ')
READ(*,*) TFV
CALL settextposition( 11, 14, curpos )
CALL outtext( 'Composition (mole fraction) : ')
DO 320J = 1,NC
CALL settextposition( 11+4J, 17, curpos )
namex = name(j)
CALL outtext( namex //'= ' )
READ(*,*) YF(J)



320 CONTINUE

cC

CC
CC
cc

CGC
CC
ceC

CALL ENTHS(TFL,P(NF),XF,YF,HLF,HVF)
8 FORMAT(1X,2F8.2,10E10.2)
CALL settextposition( 24, 5, curpos )
CALL outtext( 'Press ENTER to continue ...' )
READ(*,*)
GOTO 9000

key =5

READ INITIAL CONDITIONS

9500 CALL drawlines()

" CALL outtext( 'Temperature in column base TB, (F) = ')

CALL drawlines2()

dummy?2 = settextcolor( 15 )

CALL settextposition( 4, 25, curpos )

CALL outtext( "**** Initial Conditions ****' )
dummy?2 = settextcolor( 14 )

CALL settextposition( 8, 14, curpos )

READ(*,*) TB

CALL settextposition( 10, 14, curpos )

CALL outtext( 'Composition in Column base :')
DO 510J = 1,NC

CALL settextposition( 11+J, 17, curpos )

namex = name(j)

CALL outtext( namex //'= ')

READ(*,*) XB(J)

510 CONTINUE

DO 15N = INT
CALL drawlines()
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CALL drawlines2()
dummy?2 = settextcolor( 15 )
CALL settextposition( 4, 25, curpos )
CALL outtext( "**** Initial Conditions ****' )
dummy?2 = settextcolor( 14 )
WRITE( str, '(12)' ) N
CALL settextposition( 8, 14, curpos )
CALL outtext( 'Temperature in tray no.'//str// (F) =")
READ(*,*) T(N)
CALL settextposition( 9, 14, curpos )
CALL outtext( 'Liquid flow rate in tray no.'//str//' (moles/hr) =
+*3)
READ(*,*) LO(N)
DO 520 J = 1,NC
CALL settextposition( 10, 14, cuzpés )
CALL outtext( 'Composition in tray no.'//str/f ')
CALL settextposition( 11+J, 17, curpos )
namex = name(j)
CALL outtext( namex //'= ' )
READ(*,*) X(N.,J)

520 CONTINUE
BLANK=0.
CALL settextposition( 24, 5, curpos )
CALL outtext( 'Press ENTER to continue ...")
READ(*,*)

15 CONTINUE

CALL drawlines()
CALL drawlines2()
dummy?2 = settextcolor( 15 )
CALL settextposition( 4, 25, curpos )
CALL outtext( "**** Initial Conditions ****' )
dummy?2 = settextcolor( 14 )
CALL settextposition( 8, 14, curpos )
CALL outtext( 'Temperature in reflux drum TD, (F) = ')
READ(*,*) TD



CALL settextposition( 10, 14, curpos )

CALL outtext( 'Composition in reflux drum :')
DO 530 J = 1,NC

CALL settextposition( 11+J, 17, curpos )
namex = name(j)

CALL outtext( namex //'= ' )

READ(*,*) XD(J)

530 CONTINUE

CC
CC
CC

CcC
ce
€e

CALL settextposition( 24, 5, curpos )

CALL outtext( 'Press ENTER to continue ...")
READ(*,*)

GOTO 9000

Read old data from floppy disk

key =6

9600 CALL old()

REWIND(UNIT = 3)
READ(3,9610) NC

DO 9615 j = 1,NC

READ(3,9625) name(j),mw(j),bpt(j),tc(j),pc(i),zc(),w(j).a1(j),
+a2(j),a3(j),a4(j),a5()

9615 CONTINUE

READ(3,9630) NT,NF,WHS,WHR,DS,DR,WLS,WLR,MVB,MVD
READ(3,9640) PD,PB,QR,R,DV,EFF

READ(3,9645) FL,TFL,(XFQ), J = 1,NC)

READ(3,9645) FV,TFV,(YF(J), J = 1,NC)

BLANK = 0.

READ(3,9650) TB,BLANK,(XB(J), J = 1,NC)

DO 9660 N = 1,NT
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NN =N
READ(3,9655) NN,T(N),LO(N),(X(N.J),J=1,NC)
9660 CONTINUE
READ(3,9650) TB,R,(XD(J), J = 1,NC)
9610 FORMAT(I3)
9625 FORMAT(A15,F8.3,3F7.1,F6.3,F8.4,F10.6 4E16.7)
9630 FORMAT(213,8F6.2)
9640 FORMAT(6FS.2)
9645 FORMAT(2F12.2,20E16.7)
9650 FORMAT(5X,2F8.2,20E16.7)
9655 FORMAT(1X,I3,1X,2F8.2,20E16.7)
GOTO 9000

ce
€c Save data into floppy disk
CE

cc
oc key =7
.

9700 CALL save()
WRITE(4,9610) NC
DO 9715 j = 1,NC
WRITE(4,9625) name(j),mw(j),bpt(j),tc(j),pc(j),zc(),w(j),al (),
+a2(j),a3(j),a4(j),a5(@)
9715 CONTINUE
WRITE(4,9630) NT,NF,WHS,WHR,DS,DR,WLS,WLR MVB,MVD
WRITE(4,9640) PD,PB,QR,R,DV ,EFF
WRITE(4,9645) FL,TFL,(XF(J), J = 1,NC)
WRITE(4,9645) FV,TFV,(YFQ), J = 1,NC)
WRITE(4,9650) TB,BLANK,(XB(J), J = 1,NC)
DO 9760 N = 1,NT
NN =N
WRITE(4,9655) NN,T(N),LO(N),(X(N,J),J=1,NC)
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9760 CONTINUE
WRITE4,9650) TB,R,(XD(), J = 1,NC)
GOTO 9000

CC RUN SRK MODEL

cc
CC key = 8.1
CC

CC
cCc Assign temperature in Degree Rangin
CC

9800 TFL = TFL + 460.
TFV = TFV + 460.
TB =TB  + 460.
TD =TD  + 460.+125.0
DO 18 N = 1,NT
T(N) = T(N) + 460.
18 CONTINUE

8.0
CC CALCULATE PRESSURE PROFILE
CC

CALL drawlines()
DO 35 N=1,NT
35 P(N)=(PB-(N*(PB-PD))/NT)
DELTA = 0.0001
WRITE(*,37) DELTA
37 FORMAT(1X,' DELTA =", F8.5)
TIME = 0.
TPRINT = 0.
CALL ENTHS(TFL,P(NF),XF,YF,HLF,HVF)



cec
CC  CALL INTITIAL HOLDUPS
CcC

CALL MWDENSS(XB,TB,PB,MWA ,DENSA)
MB=MVB*DENSA/MWA

DO 20 N=1,NF
DO 21 J=1,NC

21 XX(J) = X(N,9)
CALL MWDENSS(XX,T(N),P(N),MWA,DENSA)
LV(N) = LO(N)*MWA/DENSA .
L(N) = LO(N)
HFOW = (LV(N)/(999.*WLS))**.66667
MV(N) = (HFOW+WHS/12.)*3.1416*DS*DS/(4.*144.)
M(N) = MV(N)*DENSA/MWA

20 CONTINUE
DO 25 N = NF+I,NT
DO 26 J = 1,NC

26 XX(J) = X(N.J)
CALL MWDENSS(XX,T(N),P(N), MWA ,DENSA)
LV(N) = LO(N)*MWA/DENSA
L(N) = LO(N)
HFOW = (LV(N)/(999.*WLR))**.66667
MV(N) = (HFOW+WHR/12.)*3.1416*DR*DR/(4.¥144.)
M(N) = MV(N)*DENSA/MWA

25 CONTINUE
DO 30 N=1,NT
DO 31 J=1,NC
XM(N,J)=M(N)*X(N,J)
31 CONTINUE
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30 CONTINUE
CALL MWDENSS(XD,TD,PD,MWA DENSA)
MD=MVD*DENSA/MWA

CC
CC Initial Guess of V(5) for first efficiency calculation

€c

V(NF) = 822.

CC
CC Main Loop for each time step
ce

XXX=!

100 CONTINUE

write(*,*) xxx

CALL BUBPTS (TB,XB,YB,PB)

CALL ENTHS (TB,PB,XB,YB,HLB,HVB)
DO 105 J=1,NC

105 XX()=X(1,))
CALL BUBPTS (T(1),XX,YY,P(1))
DO 106 J=1,NC

Y(LD)=YB@)+EFF*(YY(J)-YB())
106 YY(D)=Y(1,J)
CALL ENTHS(T(1),P(1),XX,YY,HL(1),HV(1))

DO 110 N=2,NF
DO 111 J=1,NC
111 XX()=X(N,J)
CALL BUBPTS(T(N),XX,YY,P(N))
DO 112J =1,NC



192

Y(NJI)=(YY(@)-Y(N-1.D)*EFF+Y(N-1,7)
112 YY()=Y(N,J)
CALL ENTHS(T(N),P(N),XX,YY,HL(N),HV(N))

110 CONTINUE
DO 113 J=1,NC
113 XX(J)=X(NF+1,7)
CALL BUBPTS(T(NF+1),XX,YY P(NF+1))
DO 114 J=1,NC
YAV@)=(YFQ)*FV+Y(NE,J)*V(NF))/(V(NF)+FV)
Y(NF+1,)=(YY(J)-YAV())*EFF+YAV(J)
114 YY(J)=Y(NF+1,J)
CALL ENTHS(T(NF+1),P(NF+1),XX,YY,HL(NF+1),HV(NF+1))
DO 115 N=NF+2,NT
DO 116 J=1,NC
116 XX(T)=X(N,J)
CALL BUBPTS(T(N),XX,YY,P(N))
DO 117 J=1,NC
Y(NJ)=(YY()-Y(N-1,]))*EFF+Y(N-1,J)
117 YY(@F)=Y(N,J)
CALL ENTHS (T(N),P(N),XX,YY,HL(N),HV(N))
115 CONTINUE
CALL BUBPTS (TD,XD,YD,PD)
CALL ENTHS(TD,PD,XD,YD,HLD,HVD)

CcC
CC CALCULATE VAPOR RATES
cCc

VB=(QR*1000.-L(1)*(HLB-HL(1)))/(HVB-HLB)
B =L(1)-VB
cC IF (B .LT. 0.) THEN
cC WRITE(*,*) ' ***x%xx% B [S LESS THAN 0 **¥*#xxx

GC STOP



Cce END IF

V(1)=(HL(2)*L(2)+HVB*VB-HL(1)*L(1))/HV(1)
DO 120 N=2,NF-1
V(N)=(HL(N+1)*L(N+1)+HV(N-1)*V(N-1)-HL(N)*L(N))/HV(N)
120 CONTINUE
V(NF)=(HL(NF+1)*L(NF+1)+HV(NF-1)*V(NF-1)-HL(NF) *L(NF)+HLF*FL)/HV
+(NF)
V(NF+1)=(HL(NF+2)*L(NF+2)+HV(NF)*V(NF)+HVF*FV-HL(NF+1)*L(NF+1))/
+HV(NF+1)
DO 130 N=NF+2,NT-1
130 V(N)=(HL(N+1)*L(N+1)+HV(N-1)*V(N-1)-HL(N)*L(N))/HV(N)
V(NT)=(HLD*R+HV(NT-1)*V(NT-1)-HL(NT)*L(NT))/HV(NT)
DL=V(NT)-DV-R
CC IF (DL .LT. 0) THEN
cc WRITE(*,*) ' ****xxxx DL, [S LESS THAN 0 ***xxxx
ce STOP
cC END IF

CC
CcC EVALUATE DERIVATIVES
CC

DM(1)=L(2)+VB-V(1)-L(1)
DO 140 N=2,NF-1

140 DM(N)=L(N+1)+V(N-1)-L(N)-V(N)
DM(NF)=L(NF+1)+FL+V(NF-1)-L(NF)-V(NF)
DM(NF+1)=L(NF+2)+FV+V(NF)-L(NF+1)-V(NF+1)
DO 150 N=NF+2,NT-1

150 DM(N)=L(N+1)+V(N-1)-L(N)-V(N)
DM(NT)=R+V(NT-1)-L(NT)-V(NT)
DO 160 J=1,NC
DXB@)=X(1,)*L(1)-YB()*VB-XB(J)*B)/MB
DXM(1,7)=X(2,J)*L(2)+YBJ)*VB-X(1,J)*L(1)-Y(1,J)*V(1)
DO 165 N=2,NF-1
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165 DXM(N J)=X(N+1,))*L(N+1)+Y(N-1,J)*V(N-1)-X(N,J)*L(N)-V(N)*
+Y(N,J)
DXM(NF,))=X(NF+1,])*L(NF+1)+Y (NF-1,J))*V(NF-1)-X(NF,J)*L(NF)-
+V(NF)*Y (NF,))+FL*XF(J)
DXM(NF+1,J)=X(NF+2,J)*L(NF+2)+Y(NF,J)*V(NF)-X(NF+1,J)*L(NF+1)
+V(NF+1)*Y(NF+1,)+FV*YF(J)
DO 170 N=NF+2,NT-1

170 DXM(N J)=X(N+1,J)*L(N+1)+Y(N-1,J)*V(N-1)-X(N,J)*L(N)-V(N)*Y (N,J)
DXM(NT J)=XD(J)*R+Y(NT-1,))*V(NT-1)-X(NT,J)*L(NT)-Y(NT,))*V(NT)
DXD(J)=(V(NT)*Y(NT,J)-DV*YD(J)-(R+DL)*XD(J))/MD

160 CONTINUE
IF (TIME .GT. 4e-2) GOTO 9000
IF (TIME .LT. TPRINT) GOTO 210

CALL drawlines()
WRITE(5,201)
201 FORMAT (5X, TIME T X1 X2 X3 X4
+ X5 L")
WRITE(5,202) TIME, TB,(XB(J),J=1,NC),B
202 FORMAT (1X,F5.4,3X,F7.2,8F14.6,F10.1)
DO 203 N=1,NT
203 WRITE(5,204) N, T(N),(X(N,J),J=1,NC),L(N)
204 FORMAT (3X,13,3X,F7.2,8F14.6,F10.1)
WRITE(5,205) TD,(XD(@J),J=1,NC),R
205 FORMAT (9X,F7.2,8F14.6,F10.1)
WRITE(5,206) (YD(@J),J=1,NC),DL
'206 FORMAT(16X,8F14.6,F10.1)
TPRINT = TPRINT + .001
cc CALL settextposition( 24, 5, curpos )
cc  CALL outtext( 'Press ENTER to continue ...")

cc  READ(*,*)

cC
CC INTEGRATION ALA EULER
CC



210 TIME = TIME + DELTA
cc  WRITE(**) TIME
cc READ(*,*

DO 215 N=1,NT
215 M(N)=M(N)+DM(N)*DELTA
DO 220 J = 1,NC
XB(J)=XB(J)+DXB(J)*DELTA
IF (XB(J) .LT. 0.) XB(J) = 0.0
IF (XB(J) .GT. 1.) XB(J) = 1.
DO 225 N=1,NT
XM(N J)=XM(N,))+DXM(N,J)*DELTA
X(NH)=XM(N,H/M(N)
IF (X(N,J) .GT. 1.) X(N,J) = 1.
IF (X(N,J) .LT. 0.) X(N,J) = 0.0
225 CONTINUE '
XD(J)=XD(J)+DXD(J)*DELTA
IF (XD(J) .LT. 0.) XD(J)=0.
IF (XD(J) .GT. 1.) XD(J)=1.
220 CONTINUE

ce
CC CALCULATE NEW LIQUID RATES

ce

DO 270 N=1,NF

DO 271 J=1,NC

XXM=X(N.))
271 CONTINUE

CALL HYDRAUS(P(N),M(N),T(N),XX,L(N),WHS,WLS,DS)
270 CONTINUE

DO 273 N=NF+1,NT

DO 275 J=1,NC
275 XX(J)=X(N,J)
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CALL HYDRAUS(P(N),M(N),T(N),XX,L(N),WHR,WLR,DR)
273 CONTINUE

xxx=xxx+1.0

GOTO 100
400 STOP

END

CcC
ce Calculate Liquid tray holdup by Francis Wier equation
&8

SUBROUTINE HYDRAUS(PM,T,X,L,WH,WL,DCOL)

REAL M,LMW ,MWA

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20)

CALL MWDENSS(X,T,P,MWA DENSA)
CONST=183.2*M*MWA/(DENSA*DCOL*DCOL)-WH/12.
IF (CONST .LE. 0.) GOTO 10
L=DENSA*WL*999.*((183.2*M*MWA/(DENSA *DCOL*DCOL)-WH/12.)**1.5)/MWA
RETURN
10 L=0.
RETURN
END

Ccc
CC ENTHSalpy calculation

(86

SUBROUTINE ENTHS(T,P,X,Y,HL,HV)
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REAL GC,MI

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20),Y(20),TR(20),MI(20),ALPHA (20),ACI(20),AI1(20),
+BI(20),HLS(20)

cC
€C Define constant value

CC

GC = 1.986
K1J = 0.001

HL = 0.0

HV = 0.0
HLS1 = 0.0
HVS =0.0
SUMAL = 0.0
SUMAV = 0.0
SUMBL = 0.0
SUMBV = 0.0
SUMATL = 0.0
SUMATYV = 0.0

DO 1 J=1,NC
TR@) = T/TCQJ)

MI(J) = 0.48+1.574*W(J)-0.176*W(J)**2
ALPHA(J) = (L.O+MI(J)*(1-TR(J)**(0.5)))**2
ACI(J) = 0.42748*(GC*TC(J))**2/PC(J)
AI(J) = ALPHA(J)*ACI(J)

BI(J) = 0.08664*GC*TC(J)/PC(J)



SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBV + Y(J)*BI(J)
1 CONTINUE

DO 21=1,NC
DO 3J = 1,NC
SUMAL = SUMAL+X(I)*X(J)*(AI()*AI(T))**0.5*(1-KLJ)
SUMAV = SUMAV+Y@)*Y(J)*(AI(D)*AI())**0.5*(1-KLJ)

SUMATL = SUMATL+X@)*X@)*MIJ)*(AII)*ACIJ)*TR(J))**0.5*(1-KIJ)
SUMATV = SUMATV+Y(M*Y(J)*MIJ)*(AID)*ACIJ)*TR(J))**0.5*(1-K1J)

3 CONTINUE
2 CONTINUE

AL = SUMAL*P/(GC*T)**2
AV = SUMAV*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
BV = SUMBV*P/(GC*T)
CALL NEWTONS(AL,BL,Z1,72,Z3)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZL =173
ELSE
ZL =72
END IF
ELSE
ZL =71
END IF
CALL NEWTONS(AV,BV,Z1,72,Z3)
ZvV =123

DO 4I=1NC

HLS(I) = A1(I)*(T-460.)+A2(I)/2*(T-460.)**2+A3(I)/3*(T-460.)**3+
+A4(I)/4*(T-460.)**4+A5()/5*(T-460.)**5

HLS1 = HLS1+X{)*HLS)

HVS = HVS +Y(@)*HLS{)
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4 CONTINUE

HL = (ZL-1-AL/BL*(1-SUMATL/SUMAL)*ALOG(1+BL/ZL))*GC*T+HLS1
HV = (ZV-1-AV/BV*(1-SUMATV/SUMAV)*ALOG(1+BV/ZV))*GC*T+HVS

RETURN
END

ce
cc Calculate the root of Z by NEWTONS's technique

cec
SUBROUTINE NEWTONS(A,B,Z1,22,73)
DIMENSION Z(3)

Z01 =-10
L=1
10 IF ( L .GT. 8000 ) THEN

WRITE(*,*) ' ***xea NOT-CONVERGI-TI-SOREE
STOP

END IF

FZ1 = ZO1**3-Z01**2+(A-B-B**2)*Z01-A*B

*  DFZ1 = 3*Z01**2-2*Z01+(A-B-B**2)

Z1 = ZO1-FZ1/DFZ1

IF (ABS(ZO1-721) LT 1E-3) THEN

GOTO 20

END IF

Z01 =71

L=L+1

GOTO 10

20Z02=0
L1=1
25 IF ( L1 .GT. 8000 ) THEN
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WRITE(*,*) ' ****%%x NOT CONVERGE 1 **#*xx'
STOP

END IF

FZ2 = Z02**3-Z02**2+(A-B-B**2)*Z02-A*B

DFZ2 = 3*Z02**2-2*Z02+(A-B-B**2)

72 = Z02-FZ2/DFZ2

IF (ABS(ZO2-Z2) .LT. 1E-3) THEN

GOTO 30

END IF

702 =72

L1 = L1+1

GOTO 25

30 ZO3 =10
12=1
35 IF ( L2 .GT. 8000 ) THEN
WRITE(*,*) ' ****&+ NOT/CONVERGE 1] tssesx
STOP
END IF
FZ3 = Z03**3-Z03**2+(A-B-B**2)*Z03-A*B
DFZ3 = 3*Z03**2-2*Z03+(A-B-B**2)
73 = ZO3-FZ3/DFZ3
IF (ABS(Z0O3-Z3) .LT. 1E-3) THEN
GOTO 40
END IF
Z03 =73
L2 = L2+1
GOTO 35

Z(1) =171
=72
Z(3)=173

jump =3
50 jump = jump/2



IF ( jump .NE. 0 ) THEN
j2 = 3-jump
DO 60 j = 1,j2
DO 60 i = j,1,-jump
j3 = i+jump
IF ( Z@) .GT. Z(j3)) THEN
s = Z(i)
Z(i) = Z(j3)
Z(G3) =s
END IF
60 CONTINUE
GOTO 50
END IF

Z1 = Z(1)
72 = Z(2)
73 = Z(3)

40 RETURN
END

CC
ce Calculate average density

cCc

SUBROUTINE MWDENSS(X,T,P,MWA ,DENSA)

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),

+a5(20)

DIMENSION X(20),TR(20),MI(20),ALPHA(20),ACI(20),AI(20),BI(20)

REAL MW ,MWA MI,GC
DENSA=0.0

201



202
MWA=0.

CcC
CC Define constant value

cC

GC = 10.731
KIJ = 0.001

SUMAL = 0.0
SUMBL = 0.0
SUMATL = 0.0

DO 1 J=1,NC
TR@) = T/TC()
MI(J) = 0.48+1.574*W(J)-0.176*W(J)**2
ALPHA()) = (1.0+MI(J)*(1-TR(J)**(0.5)))**2
ACI(J)) = 0.42748*(GC*TC(J))**2/PC(J)
AI(J) = ALPHA(J)*ACI(J)
BI(J) = 0.08664*GC*TC(J)/PC(J)
SUMBL = SUMBL + X(J)*BI(J)

1 CONTINUE

DO2I=1,NC

DO 3J=1,NC

SUMAL = SUMAL+X@)*XJ)*(AIT)*AI(J))**0.5*(1-K1J)

SUMATL = SUMATLA+XD)*XJ)*MIJ)*(AIT)*ACI())*TR(3))**0.5*(1-K1J)
3 CONTINUE
2 CONTINUE

"AL = SUMAL*P/(GC*T)**2
BL = SUMBL*P/(GC*T)

CALL NEWTONS(AL,BL,Z1,72,73)
IF (Z1 .LE. 0 ) THEN



IF ( Z2 .LE. 0 ) THEN

7L =73
ELSE
ZL=272
END IF
ELSE
ZL =171
END IF

VV = ZL*GC*T/P
DO 5 J=1,NC
5 MWA=XJ)*MW(J)+MWA
DENSA=1/(VV/MWA)
RETURN
CcC
Ge Buble point Calculation
CcC

SUBROUTINE BUBPTS(T,X,Y,P)

REAL GC;MIKI, APRIMEX,APRIMEY , APRIMEXH,APRIMEYH ,KIH,

+FSLOPE,F,y
COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),2c(20),w(20),a1 (20),a2(20),a3(20),a4(20),

+a5(20)

DIMENSION X(20),Y(20),TR(20),MI(20),ALPHA(20),ACI(20),
+AI(20),B1(20),FIL(20),FIV(20),K1(20), APRIMEX(20),APRIMEY (20)

DIMENSION FILH(20),FIVH(20),APRIMEXH(20),APRIMEYH(20),KIH(20),

203



204

+ALPHAH(20),AIH(20),TRH(20)

CC
CC Define constant value

cC

GC = 1.986
KI1J = 0.001

DO 401 = 1,NC
IF (Y(D) .EQ. 0.) THEN
ki(i) = 1.

YD) = KI@)*X(®)

END IF

40 continue

LOOP =0
10 LOOP=LOOP+1

SUMXA =0.0

SUMYA =0.0
SUMXAH = 0.0
SUMYAH = 0.0
SUMAL = 0.0

SUMAV = 0.0
SUMALH = 0.0
SUMAVH = 0.0
SUMBL = 0.0

SUMBV = 0.0

TH = T+1.0

IF(LOOP .GT. 8000) GOTO 30

SUMY=0.0



SUMYH = 0.0

DO 1 J=1,NC
TRQJ) = T/TCQ)
TRH(J) = TH/TC(J)
MI(J) = 0.48+1.574*W(J)-0.176*W(J)**2
ALPHA(J) = (1.0+4MI(J)*(1-TR(J)**(0.5)))**2
ALPHAH(J) = (1.0+MI(J)*(1-TRH(J)**(0.5)))**2
ACI(J) = 0.42748*(GC*TC(J))**2/PC(J)
AI(J) = ALPHA(J)*ACI(J)
AIH(J) = ALPHAH(J)*ACI(J)
BI(J) = 0.08664*GC*TC(J)/PC(J)
SUMXA = SUMXA+X(J)*AI(J)**0.5*(1-K1J)
SUMXAH = SUMXAH+X(J)*ATH(J)**0.5*(1-K1J)
'SUMYA = SUMYA+Y(J)*AI()**0.5*(1-KIJ)
SUMYAH = SUMYAH+Y (J)*AIH(J)**0.5%(1-KLJ)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBV + Y(J)*BI(J)
1 CONTINUE

DO 2I=1,NC
DO3J=1,NC

SUMAL = SUMAL+X(D)*X())*(AI(T)*AI(J))**0.5*(1-KLJ)
SUMALH = SUMALH + X(TI)*X(J)*(AIH(T)*ATH(J))**0.5*(1-K1J)
SUMAYV = SUMAV+Y(D)*Y(J)*(AIT)*AI(J))**0.5*(1-K1J)

SUMAVH = SUMAVH + Y(I)*Y(J)*(ATH(I)*ATH(J))**0.5*(1-KIJ)

3 CONTINUE
2 CONTINUE

AL = SUMAL*P/(GC*T)**2
ALH = SUMALH*P/(GC*TH)**2
AV = SUMAV*P/(GC*T)**2
AVH = SUMAVH*P/(GC*TH)**2
BL = SUMBL*P/(GC*T)

BLH = SUMBL*P/(GC*TH)
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BV = SUMBV*P/(GC*T)
BVH = SUMBL*P/(GC*TH)

CALL NEWTONS(AL,BL,Z1,7Z2,73)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZL =173
ELSE
ZL =72
END IF
ELSE
ZL =71
END IF
CALL NEWTONS(ALH,BLH,Z1,72,73)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZLH =73

ELSE

ZLH =71
END IF
CALL NEWTONS(AV,BV,Z1,72,73)
ZvV =173
CALL NEWTONS(AVH,BVH,Z1,72,73)
ZVH =173

DO 15 I=1,NC

APRIMEX(I) = 1.0/SUMAL*(2*AI(I)**0.5*SUMXA)
APRIMEXH() = 1.0/SUMALH*(2*AIH(I)**0.5*SUMXAH)
APRIMEY(I) = 1.0/SUMAV*(2*AI(I)**0.5*SUMYA)
APRIMEYH(I) = 1.0/SUMAVH*(2*ATH(I)**0.5*SUMYAH)

FIL{) = EXP(BI(I)/SUMBL*(ZL-1)-ALOG(ZL-BL)-AL/BL*(APRIMEX(I)-

+BI(I)/SUMBL)*ALOG(1+BL/ZL))
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FILH({) = EXP(BI(I)/SUMBL*(ZLH-1)-ALOG(ZLH-BLH)-ALH/BLH*
+(APRIMEXH(I)-BI(I)/SUMBL)*ALOG(1+BLH/ZLH))

FIV() = EXP(BI(I)/SUMBV*(ZV-1)-ALOG(ZV-BV)-AV/BV*(APRIMEY (I)-
+BI(I)/SUMBV)*ALOG(1+BV/ZV))

FIVH(I) = EXP(BI(I)/SUMBV*(ZVH-1)-ALOG(ZVH-BVH)-AVH/BVH*
+(APRIMEYH(I)-BI(I)/SUMB V)*ALOG(1+BVH/ZVH))

KI(I) = FIL(D/FIV()

KIH() = FILHI)/FIVH(I)

SUMY = SUMY +XI)*KI(I)

SUMYH = SUMYH +X(I)*KIH(I)

15 CONTINUE

IF(LOOP .EQ. 1) THEN

DO 16 1= 1,NC

YD) = KID)*X@)/SUMY
16 CONTINUE

GOTO 10

END IF

IF (ABS(SUMY-SUMYZ) .GE. 1E-3) THEN

DO 171=1,NC
YD) = KID*X@/SUMY

17 CONTINUE
SUMYZ = SUMY
GOTO 10
END IF

IF ( ABS(SUMY-1.) .LT. 1E-3) RETURN
F=SUMY-1.0

FH = SUMYH-1.0

FSLOPE=(FH-F)/1.

T=T-F/FSLOPE

GOTO 10
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1000 WRITE(*,*) ' ***x*x*x*x* Converged !!'
read(*,*)
WRITE(*,*) ' TEMP SUMY LOOP '
WRITE(*,*)
WRITE(*,*) T, SUMY, LOOP
READ(*,*)
WRITE(*,*)
WRITE(*,*) ' yi ki'
write(*,*)
DO 1010 I = 1,NC
WRITE(*,*) Y(I),KI(T)
READ(*,*)
1010 CONTINUE

stop

30 WRITE(*,*) 'The calculation does not converge !!'
STOP
END

ce
(G, & Draw Large Border lines
€C

SUBROUTINE drawlines()

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos

dummy = setvideomode( $ERESCOLOR )
CALL clearscreen( $§GCLEARSCREEN )
dummy?2 = setcolor( 3 )

CALL moveto( 5, 5, curpos )
dummy?2 = lineto( 5, 340 )

dummy?2 = lineto( 635,340 )



cC
cC
€c

dummy?2 = lineto( 635,5 )

dummy?2 = lineto( 5, 5 )

CALL moveto( 7, 7, curpos )
dummy?2 = lineto( 7, 338)

dummy?2 = lineto( 633, 338)
dummy?2 = lineto( 633, 7 )

dummy?2 = lineto( 7, 7 )

RETURN
END

Draw Small Border lines

SUBROUTINE drawlines1()

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos

dummy?2 = setcolor( 4 )

CALL moveto( 120, 80, curpos )
dummy?2 = lineto( 120, 270 )

dummy?2 = lineto( 520, 270 )

dummy?2 = lineto( 520, 80 )

dummy?2 = lineto( 120,80 )

CALL moveto( 122, 82, curpos )
dummy?2 = lineto( 122, 268 )

dummy?2 = lineto( 518, 268 )

dummy?2 = lineto( 518, 82 )

dummy?2 = lineto( 122, 82 )

RETURN
END
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ce
cC
€E

cC
CC
€E

Draw Middle Border lines

SUBROUTINE drawlines2()

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos

dummy?2 = setcolm.'( 4)

CALL moveto( 80, 80, curpos )
dummy? = lineto( 80, 270 )

dummy?2 = lineto( 560, 270 )
dummy?2 = lineto( 560, 80 )

dummy?2 = lineto( 80,80 )

CALL moveto( 82, 82, curpos )
dummy?2 = lineto( 82, 268 )

dummy?2 = lineto( 558, 268 )

dummy?2 = lineto( 558, 82 )

dummy?2 = lineto( 82, 82 )

RETURN

Draw Component Border lines

SUBROUTINE drawlines3()

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos

dumm);2 = setcolor( 4 )

CALL moveto( 60, 60, curpos )
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dummy?2 = lineto( 60, 290 )

dummy?2 = lineto( 580, 290 )

dummy?2 = lineto( 580, 60 )

dummy?2 = lineto( 60,60 )

CALL moveto( 62, 62, curpos )
dummy?2 = lineto( 62, 288 )

dummy?2 = lineto( 578, 288 )

dummy?2 = lineto( 578, 62 )

dummy?2 = lineto( 62, 62 )

RETURN
END

ce
cC Data Menu
CC

SUBROUTINE datamenu(dat)

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos

100 key2 = -1
DO WHILE ((key2 .LT. 0) .OR. (key2 .GT. 4))
CALL drawlines()
CALL drawlines1()
dummy? = settextcolor( 14 )
CALL settextposition( 4, 30, curpos )
CALL outtext( "**** Data Menu ****' )
dummy?2 = éettextcolor( 15°)
CALL settextposition( 10, 25, curpos )
CALL outtext( '0) Return to Main Menu' )
CALL settextposition( 12, 25, curpos )
CALL outtext( '1) New Data' )

CALL settextposition( 14, 25, curpos )
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CALL outtext( '2) Old Data' )

CALL settextposition( 16, 25, curpos )

CALL outtext( '3) Save Data' )

dummy?2 = settextcolor( 14 )

CALL settextposition( 22, 25, curpos )

CALL outtext( 'Please ENTER your selection : ')
READ(*,*,ERR = 100) key2

dat = key2

END DO

dummy? = setvideomode( $DEFAULTMODE )

DO WHILE (key2 .EQ. 0)
RETURN
END DO

DO WHILE (key2 .EQ. 1)
RETURN
END DO

DO WHILE (key2 .EQ. 2)
CALL old()
RETURN

END DO

DO WHILE (key2 .EQ. 3)
CALL save()
RETURN

END DO

END

CE

ce Edit old data
CC



SUBROUTINE old()

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos
CHARACTER*20 fname

100 CALL drawlines()

CALL drawlines1()

dummy?2 = settextcolor( 14 )

CALL settextposition( 4, 28, curpos )
CALL outtext( "*** Edit Old Data ***' )

CALL settextposition( 13, 18, curpos )

CALL outtext( 'Please type data filename :

READ(*,120) fname
OPEN( 3, FILE = fname, ERR = 100)

120 FORMAT(A)

CC
CC
cC

RETURN
END

Save data

SUBROUTINE save()

INCLUDE 'FGRAPH.FD'
RECORD / rccoord / curpos
CHARACTER*20 filename

100 CALL drawlines()

CALL drawlines1()
dummy? = settextcolor( 14 )
CALL settextposition( 4, 28, curpos )

CALL outtext( '*** Save Data ***')

|
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214

CALL settextposition( 13, 18, curpos )

CALL outtext( 'Please type data filename : ')
READ(*,120) filename

OPEN( 4, FILE = filename, ERR = 100)

120 FORMAT(A)

END



Ge RUN GRK MODEL

ec
CC  key =82
cc

6.8
CcC Assign temperature in Degree Rangin
CcC

9800 TFL = TFL + 460.
TFV = TFV + 460.
TB =TB  + 460.
TD =TD  + 460.+125.0
DO 18 N = 1,NT
T(N) = T(N) + 460.
18 CONTINUE

CcC
CC CALCULATE PRESSURE PROFILE
CcC

CALL drawlines()
DO 35 N=1,NT
35 P(N)=(PB-(N*(PB-PD))/NT)
DELTA = 0.0001
WRITE(*,37) DELTA
37 FORMAT(1X,' DELTA ="', F8.5)
TIME = 0.
TPRINT = 0.
CALL ENTHGR(TFL,P(NF),XF,YF,HLF,HVF)

cC
CC  CALL INTITIAL HOLDUPS
€C

215



216

CALL MWDENSG(XB,TB,PB,MWA,DENSA)

MB=MVB*DENSA/MWA

DO 20 N=1,NF
DO 21 J=1,NC

21 XX(@) = X(N.J)
CALL MWDENSG(XX,T(N),P(N), MWA ,DENSA)
LV(N) = LO(N)*MWA/DENSA
L(N) = LO(N)
HFOW = (LV(N)/(999.*WLS))**.66667
MV(N) = (HFOW+WHS/12.)*3.1416*DS*DS/(4.*144.)
M(N) = MV(N)*DENSA/MWA

20 CONTINUE
DO 25 N = NF+1,NT
DO 26 J = 1,NC
26 XX(J) = X(N.J)
CALL MWDENSGXX,T(N),P(N),MWA DENSA)
LV(N) = LO(N)*MWA/DENSA
L(N) = LO(N)
HFOW = (LV(N)/(999.*WLR))**.66667
MV(N) = (HFOW+WHR/12.)*3.1416*DR*DR/(4.*144.)
M(N) = MV(N)*DENSA/MWA

25 CONTINUE
DO 30 N=1,NT
DO 31 J=1,NC
XM(N,J)=MMN)*X(N.T)

31 CONTINUE

30 CONTINUE
CALL MWDENSG(XD,TD,PD,MWA ,DENSA)
MD=MVD*DENSA/MWA
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&e
CC  Initial Guess of V(5) for first efficiency calculation

CC
V(NF) = 822.

CC
CC  Main Loop for each time step
cc

xxx=0
100 CONTINUE

write(*,*) xxx

CALL BUBPTGR (TB,XB,YB,PB)

CALL ENTHGR (TB,PB,XB,YB,HLB,HVB)
DO 105 J=1,NC

105 XX(D)=X(1,J)
CALL BUBPTGR (T(1),XX,YY,P(1))
DO 106 J=1,NC ’

Y(1L.D=YBO)+EFF*(YY())-YB()
106 YY(D=Y(1,])
CALL ENTHGR (T(1),P(1),XX,YY ,HL(1),HV(1))

DO 110 N=2,NF
DO 111 J=1,NC
111 XX)=X(N,J)
CALL BUBPTGR (T(N),XX,YY,P(N))
DO 112J = 1,NC

YND=(YY()-Y(N-1,0))*EFF+Y(N-1,))
112 YY()=Y(N,J)
CALL ENTHGR(T(N),P(N),XX,YY,HL(N),HV(N))



110 CONTINUE
DO 113 J=1,NC

113 XX(I)=X(NF+1,)
CALL BUBPTGR(T(NF+1),XX,YY,P(NF+1))
DO 114 J=1,NC
YAV(@)=(YFQ)*FV+Y(NF,J)*V(NF))/(V(NF)+FV)
Y(NF+1,J)=(YY(J)-YAV(I))*EFF+YAV(J)

114 YY(J)=Y(NF+1,J)

' CALL ENTHGR(T(NF+1),P(NF+1),XX,YY,HL(NF+1),HV(NF+1))

DO 115 N=NF+2,NT
DO 116 J=1,NC

116 XX(J)=X(N.J)
CALL BUBPTGR(T(N),XX,YY,P(N))
DO 117 J=1,NC
Y(N,J)=(YY(J)-Y(N-1,7))*EFF+Y(N-1,J)

117 YY()=Y(N.J)
CALL ENTHGR (T(N),P(N),XX,YY,HL(N),HV(N))

115 CONTINUE
CALL BUBPTGR (TD,XD,YD,PD)
CALL ENTHGR(TD,PD,XD,YD,HLD,HVD)

cCc
CE CALCULATE VAPOR RATES
cC

VB=(QR*1000.-L(1)*(HLB-HL(1)))/(HVB-HLB)
B = L(1)-VB
cC  IF (B .LT.0.) THEN
CC WRITE(*,*) ' ****x%xx B [S LESS THAN 0 ****xxxx'
cc STOP
c END IF

V(1)=(HL(2)*L(2)+HVB*VB-HL(1)*L(1))/HV(1)
DO 120 N=2,NF-1
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219

VN)=(HL(N+1)*L(N+1)+HV(N-1)*V(N-1)-HL(N)*L(N))/HV(N)
120 CONTINUE

V(NF)=(HL(NF+1)*L(NF+1)+HV(NF-1)*V(NF-1)-HL(NF)*L(NF)+HLF*FL)/HV
+(NF)
V(NF+1)=(HL(NF+2)*L(NF+2)+HV(NF)*V(NF)+HVF*FV-HL(NF+1)*L(NF+1))/
+HV(NF+1)
DO 130 N=NF+2,NT-1
130 V(IN)=(HL(N+1)*L(N+1)+HV(N-1)*V(N-1)-HL(N)*L(N))/HV(N)

V(NT)=(HLD*R+HV(NT-1)*V(NT-1)-HL(NT)*L(NT))/HV(NT)
DL=V(NT)-DV-R

cC IF (DL .LT. 0) THEN

cC WRITE(*,*) ' ***%%x%% DL [S LESS THAN 0 **sx#sxx

CcC STOP

CcC END IF

CC
CC EVALUATE DERIVATIVES
&6

DM(1)=L(2)+VB-V(1)-L(1)
DO 140 N=2,NF-1

140 DM(N)=L(N-+1)+V(N-1)-L(N)-V(N)
DM(NF)=L(NF+1)+FL+V(NF-1)-L(NF)-V(NF)
DM(NF+1)=L(NF+2)+FV+V(NF)-L(NF+1)-V(NF+1)
DO 150 N=NF+2,NT-1

150 DM(N)=L(N+1)+-V(N-1)-L(N)-V(N)
DM(NT)=R+V(NT-1)-L(NT)-V(NT)
DO 160 J=1,NC
DXB()=X(1,))*L(1)-YB(J)*VB-XB(J)*B)/MB
DXM(1,1)=X(2,J)*L(2)+YBJ)*VB-X(1,))*L(1)-Y(1,)*V(1)
DO 165 N=2,NF-1

165 DXM(N,D)=X(N+1,J)*L(N+1)+Y(N-1,)*V(N-1)-X(N,J)*L(N)-V(N)*
+Y(N,J)
DXM(NF,T)=X(NF+1,J)*L(NF+1)+Y(NF-1,J)*V(NF-1)-X(NF,))*L(NF)-
+V(NF)*Y(NF,)+FL*XF(J)
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DXM(NF+1,0)=X(NF+2,J)*L(NF+2)+Y(NF,J))*V(NF)-X(NF+1,J)*L(NF+1)
+V(NF+1)*Y(NF+1,1)+FV*YF(J)
DO 170 N=NF+2,NT-1

170 DXM(N,)=X(N+1,)*L(N+1)+Y(N-1,))*V(N-1)-X(N,J))*L(N)-V(N)*Y(N,J)
DXM(NT,))=XD)*R+Y(NT-1,)*V(NT-1)-X(NT,J))*L(NT)-Y(NT,J)*V(NT)
DXD@)=(V(NT)*Y(NT,))-DV*YD()-(R+DL)*XD(J))/MD

160 CONTINUE
IF (TIME .GT. 3e-2) GOTO 9000
IF (TIME .LT. TPRINT) GOTO 210

CALL drawlines()
WRITE(5,201)
201 FORMAT (5X, TIME T X1 X2 X3 X4
+ X5 L")
WRITE(,202) TIME, TB,(XB(J),J=1,NC),B
202 FORMAT (1X,F5.4,3X,F7.2,8F14.6,F10.1)
DO 203 N=1,NT
203 WRITE(5,204) N,T(N),(X(N,J),J=1,NC),L(N)
204 FORMAT (3X.I3,3X.F7.2,8Fi4.6,F10.1)
WRITE(,205) TD,(XD(J),J=1,NC),R
205 FORMAT (9X,F7.2,8F14.6,F10.1)
WRITE(,206) (YD(J),J=1,NC),DL
206 FORMAT(16X,8F14.6,F10.1) *
TPRINT = TPRINT + .001
cc CALL settextposition( 24, 5, curpos )
cc CALL outtext( 'Press ENTER to continue ...")

cc  READ(*,*)

eC
cc INTEGRATION ALA EULER
CcC

210 TIME = TIME + DELTA
cc  WRITE(*,*) TIME
cc  READ(*,*)



DO 215 N=1,NT
215 M(N)=M(N)+DM(N)*DELTA
DO 220 J = 1,NC
XB(J)=XB(J)+DXB(J)*DELTA
IF (XB(J) .LT. 0.) XB(J) = 0.0
IF (XB(J) .GT. 1.) XB(J) = 1.
DO 225 N=1,NT
XM(N,J)=XM(N J)+DXM(N,J)*DELTA
X(ND=XM(N,))/M(N)
IF (X(N,J) .GT. 1) X(N,J) = 1.
IF (X(N,J) .LT. 0.) X(N,J) = 0.0
225 CONTINUE
XD(J)=XD(J)+DXD(J)*DELTA
IF (XD(J) .LT. 0.) XD(J)=0.
IF (XD(J) .GT. 1.) XD(J)=1.
220 CONTINUE

CcC
CC CALCULATE NEW LIQUID RATES

CC

DO 270 N=1,NF

DO 271 J=1,NC"

XX@=X(N.J)
271 CONTINUE

CALL HYDRAU(P(N),M(N),T(N),XX,L(N),WHS,WLS,DS)

270 CONTINUE
DO 273 N=NF+1,NT
' DO 275 J=1,NC
275 XXJT)=X(N.J)

CALL HYDRAU(P(N),M(N),T(N),XX,L(N),WHR,WLR,DR)

273 CONTINUE
XXx=xxx+1.0

GOTO 100
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400 STOP
END

(¢ 9
CE Calculate Liquid tray holdup by Francis Wier equation
cCc

SUBROUTINE HYDRAU(PM,T,X,L,WH,WL,DCOL)
REAL M,L MW MWA

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20)

CALL MWDENSG(X,T,P,MWA ,DENSA)
CONST=183.2*M*MWA/(DENSA*DCOL*DCOL)-WH/12.
IF (CONST .LE. 0.) GOTO 10
L=DENSA*WL*999.*%((183.2*M*MWA/(DENSA*DCOL*DCOL)-WH/12.)**1.5)/MWA
RETURN

10 L=0.
RETURN
END

CC
€C Enthalpy calculation
e
SUBROUTINE ENTHGR(T,P,X,Y ,HL,HV)

REAL GC,MI

COMMON NC,MW/(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
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+BVP(20),tc(20),pc(20),2¢(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20),Y(20),TR(20),MI(20),ALPHA (20),ACI(20),AI(20),
+BI(20),HLS(20)

CC
CC Define constant value

ce

GC = 1.986
KIJ = 0.001

HL = 0.0

HV = 0.0

HLS1 = 0.0
HVS =0.0
SUMAL = 0.0
SUMAV =0.0
SUMBL = 0.0
SUMBV = 0.0
SUMATL = 0.0
SUMATV = 0.0

DO 1 J=1,NC
TRQ) = T/TCA)
ACIQ) = (0.4278/(TR(J)**2.5*PC(J)))**0.5
AlQ) = ACI()
BI(J) = 0.0867/TR(J)/PC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBV + Y(J)*BI(J)
SUMAL = SUMAL + X())*AI()
SUMAYV = SUMAV + Y(J)*AI(J)
1 CONTINUE



AL = SUMAL
AV = SUMAV
BL = SUMBL
BV = SUMBV
CALL NEWTON(AL,BL,P,Z1,72,73)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZL =173
ELSE
ZL =72
END IF
ELSE
ZL =71
END IF
CALL NEWTON(AV,BV,P,Z1,72,73)
ZV =173

DO 41I=1NC
HLS{) = A1(I)*(T-460.)+A2(I)/2*(T-460.)**2+A3(1)/3*(T-460.)**3+
+A4(1)/4*(T-460.)**4+A5()/5*(T-460.)**5
HLS1 = HLS1+XI)*HLS()
HVS = HVS +YI)*HLS()
4 CONTINUE

HL = (ZL-1-1.5*AL**2/BL*ALOG(1+BL*P/ZL))*GC*T+HLS1
HV = (ZV-1-1.5*AV**2/BV*ALOG(1+BV*P/ZV))*GC*T+HVS
RETURN

END

€C
cC Calculate the root of Z by newton's technique

CcC

SUBROUTINE NEWTON(A,B,P,Z1,72,73)

224
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DIMENSION Z(3)

Z01 = -10
L=1
10 IF ( L .GT. 8000 ) THEN

WRITE(*,*) ' ****** NOT CONVERGE |l **#s*x!
STOP

END IF

FZ1 = ZO1**3-Z0O1**24B*P*(A**2/B-B*P-1)*Z01-A**2/B*(B*P)**2

DFZ1 = 3*Z01**2-2*Z01+B*P*(A**2/B-B*P-1)

Z1 = ZO1-FZ1/DFZ1

IF (ABS(ZO1-Z1) .LT. 1E-3) THEN

GOTO 20

END IF

7201 =71

L=L+1

GOTO 10

20202 =0
Li=t
25 IF ( L1 .GT. 8000 ) THEN
WRITE(*,*) ' ******x NOT CONVERGE 1 *#%xxs
STOP
END IF
FZ2 = ZO2**3-Z02**24B*P*(A**2/B-B*P-1)*Z02-A**2/B*(B*P)**2
DFZ2 = 3¥Z02**2-2*Z02+B*P*(A**2/B-B*P-1)
72 = Z02-FZ2/DFZ2
IF (ABS(Z02-Z2) .LT. 1E-3) THEN
'GOTO 30
END IF
702 =72
L1 = L1+1
GOTO 25



30203 =10
L2=1
35 IF ( L2 .GT. 8000 ) THEN
WRITE(®,*) ' 3ss#s5x NOT CONVERGE ! *s¥¢ss!
STOP
END IF
FZ3 = ZO3**3-Z03**2+B*P*(A**2/B-B*P-1)*Z03-A**2/B*(B*P)**2
DFZ3 = 3*Z03**2-2*Z03+B*P*(A**2/B-B*P-1)
Z3 = ZO3-FZ3/DFZ3
IF (ABS(ZO3-Z3) .LT. 1E-3) THEN
GOTO 40
END IF
Z03 =123
L2 = 12+1
GOTO 35

Z(1) = Z1
Z(2) =72
Z(3) =73

jump =3
50 jump = jump/2
IF ( jump .NE. 0 ) THEN
j2 = 3-jump
DO 60 j=1,2
DO 60 i = j,1,-jump

j3 = i+jump

IF ( Z(i) .GT. Z(j3)) THEN
s = Z(i)
Z() = 2(3)
Z(33) =s

END IF

60 CONTINUE
GOTO 50
END IF
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Z1 = Z(1)
72 = 2(2)
73 = Z(3)

40 RETURN
END

CC
ce Calculate average density
CcC

SUBROUTINE MWDENSG(X,T,P,MWA ,DENSA)

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20),TR(20),MI(20),ALPHA(20),ACI(20),A1(20),BI(20)

REAL MW ,MWA MI,GC
DENSA=0.0
MWA=0.

cC
CC Define constant value

CC

GC = 10.731
KIJ = 0.001

SUMAL = 0.0
SUMBL = 0.0
SUMATL = 0.0



DO 1 J=1,NC
TRQ) = T/TCQ)
ACI(J) = (0.42748/(TR(J)**2.5*PC(J)))**0.5
AI(J) = ACI()
BI(J) = 0.0867/TR(J)/PC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMAL = SUMAL + X(J)*AI(J)
1 CONTINUE

AL = SUMAL
BL = SUMBL

CALL NEWTON(AL,BL,P,Z1,72,Z3)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZL =273
ELSE
L =72
END IF
ELSE
ZL =71
END IF

VV = ZL*GC*T/P
DO 5 J=1,NC
5 MWA=X(1)*MW({)+MWA

DENSA=1/(VV/MWA)

RETURN
END

€C
CE Buble point Calculation
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cC

SUBROUTINE BUBPTGR(T,X,Y,P)

REAL GC,MILKI,KIH,FSLOPE,F,y

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),A VP(20),
+BVP(20),tc(20),pc(20),2¢(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20),Y(20),TR(20),MI(20),ALPHA (20),ACI(20),
+AI(20),BI1(20),BIH(20),FIL(20),FIV(20),KI(20)

DIMENSION FILH(20),FIVH(20),APRIMEXH(20),APRIMEYH(20),KIH(20),
+ALPHAH(20),AIH(20), TRH(20)

CC
CcC Define constant value

cC

GC = 1.986
KI1J = 0.001

DO 401 = 1,NC
IF (Y(D) .EQ. 0.) THEN
Ki(i) = 1.

Y@ = KIM*XD)

END IF

40 continue

LOOP =0
10 LOOP=LOOP+1

SUMXA =0.0



SUMYA =0.0
SUMXAH = 0.0
SUMYAH = 0.0
SUMAL = 0.0
SUMAV = 0.0
SUMALH = 0.0
SUMAVH = 0.0
SUMBL = 0.0
SUMBV = 0.0
SUMBLH = 0.0
SUMBVH = 0.0

TH = T+1.0

IF(LOOP .GT. 8000).GOTO 30
SUMY=0.0
SUMYH = 0.0

DO 1 J=1,NC
TR@) = T/TCQ)
TRH(J) = TH/TC(J)
ACIQ) = (0.4278/(TR()**2.5*PC(J)))**0.5
AIQJ) = ACI(J)
AIH()) = (0.4278/(TRH(I)**2.5*PC(J)))**0.5
BI(J) = 0.0867/TR(T)/PC(J)
BIH(J) = 0.0867/TRH(J)/PC(J)
SUMBL = SUMBL + X(J)*BI(J)
SUMBV = SUMBV + Y(J)*BI(J)
SUMBLH = SUMBLH + X(J)*BIH(J)
'SUMBVH = SUMBVH + Y ()*BIH(J)
SUMAL = SUMAL + X(J)*AI(J)
SUMAYV = SUMAV + Y(J)*AI(J)
SUMALH = SUMALH + X(J)*AIH(J)
SUMAVH = SUMAVH + Y(J)*AIH(J)
1 CONTINUE
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AL = SUMAL
ALH = SUMALH
AV = SUMAV
AVH = SUMAVH
BL = SUMBL.
BLH = SUMBLH
BV = SUMBV
BVH = SUMBLH

CALL NEWTON(AL,BL,P,Z1,72,73)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
7L =73
ELSE
L =72
END IF
ELSE
ZL =71
END IF

CALL NEWTON(ALH,BLH,P,Z1,72,73)

IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZILH =73
ELSE

ELSE
ZLH = Z1
END IF
CALL NEWTON(AV,BV,P,Z1,72,73)
ZV =173

CALL NEWTON(AVH,BVH,P,Z1,72,73)

ZVH =73
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DO 15 I=1,NC

FIL(I) = EXP((ZL-1)*BI(I)/BL-ALOG(ZL-BL*P)-AL**2/BL*
+(2*AI(1)/AL-BI(I)/BL)*ALOG(1+BL*P/ZL))

FILH(I) = EXP((ZLH-1)*BIH(I)/BLH-ALOG(ZLH-BLH*P)-ALH**2/BLH*
+(2*AIH(I)/ALH-BIH(I)/BLH)*ALOG(1+BLH*P/ZLH))

FIV() = EXP((ZV-1)*BI(I)/BV-ALOG(ZV-BV*P)-AV**2/BV*
+(2*AI(1)/AV-BI(Q)/BV)*ALOG(1+BV*P/ZV))

FIVH() = EXP((ZVH-1)*BIH(I)/BVH-ALOG(ZVH-BVH*P)-A VH**2/BVH*
+(2*AIH(I)/AVH-BIH(I)/BVH)*ALOG(1+B VH*P/ZVH))

KI®) = FILM/FIV(D)

KIH(I) = FILHT)/FIVH(T)

SUMY = SUMY +X(1)*KI()

SUMYH = SUMYH +X(I)*KIH()
15 CONTINUE

IF(LOOP .EQ. 1) THEN

DO 16 I =1,NC

YD) = KID*XT)/SUMY
16 CONTINUE

GOTO 10

END IF

IF (ABS(SUMY-SUMYZ) .GE. 1E-3) THEN

DO 171=1,NC
Y(@) = KID*XT)/SUMY

17 CONTINUE
SUMYZ = SUMY
GOTO 10
END IF
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IF ( ABS(SUMY-1.) .LT. 1E-3) RETURN
F=SUMY-1.0

FH = SUMYH-1.0

FSLOPE=(FH-F)/1.

T=T-F/FSLOPE

GOTO 10

1000: WRITE(*,*) ' **ssesnssis Converged !1'
read(*,*)
WRITE(*,*) ' TEMP SUMY LOOP'
WRITE(*,*)
WRITE(*,*) T, SUMY, LOOP
READ(*,*)
WRITE(*,*)
WRITE(*,*) ' yi ki'
write(*,*)
DO 1010 I = 1,NC
WRITE(*,*) Y(0),KI()
READ(**)
1010 CONTINUE

stop

30 WRITE(*,*) 'The calculation does not converge !!'
STOP
END



CC RUN PR MODEL

CcC
CC key = 8.3
cc

, 328
cc Assign temperature in Degree Rangin
CcC

9800 TFL = TFL + 460.
TFV = TFV + 460.
TB =TB  + 460.
TD =TD  + 460.+115.0
DO 18 N = 1,NT
T(N) = T(N) + 460.
18 CONTINUE

CC
CC CALCULATE PRESSURE PROFILE
CC

CALL drawlines()
DO 35 N=1,NT
35 P(N)=(PB-(N*(PB-PD))/NT)
DELTA = 0.0001
WRITE(*,37) DELTA
37 FORMAT(1X,' DELTA =", F8.5)
TIME = 0.
TPRINT = 0.
CALL ENTHPR(TFL,P(NF),XF,YF,HLF,HVF)

CcC
CC  CALL INTITIAL HOLDUPS
cC
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CALL MWDENSPR(XB,TB,PB,MWA ,DENSA)
MB=MVB*DENSA/MWA

DO 20 N=1,NF
DO 21 J=1,NC
21 XX(@) = X(N.J)
CALL MWDENSPR(XX,T(N),P(N), MWA DENSA)
LV(N) = LO(N)*MWA/DENSA
L(N) = LON)
HFOW = (LV(N)/(999.*WLS))**.66667
MV(N) = (HFOW+WHS/12.)*3.1416*DS*DS/(4.*¥144.)
M(N) = MV(N)*DENSA/MWA

20 CONTINUE
DO 25 N = NF+1,NT
DO 26 J = 1,NC

26 XX@@) = X(N,J)
CALL MWDENSPR(XX,T(N),P(N), MWA DENSA)
LV(N) = LO(N)*MWA/DENSA
L(N) = LON)
HFOW = (LV(N)/(999.*WLR))**.66667
MV(N) = (HFOW+WHR/12.)*3.1416*DR*DR/(4.*144.)
M(N) = MV(N)*DENSA/MWA

25 CONTINUE
DO 30 N=1,NT
DO 31 J=1,NC
XM(N,D)=M(N)*X(N.J)
31 CONTINUE
30 CONTINUE
. CALL MWDENSPR(XD,TD,PD,MWA ,DENSA)
MD=MVD*DENSA/MWA

235



236

CC
CC  Initial Guess of V(5) for first efficiency calculation
ce

V(NF) = 822.

CC
CC  Main Loop for each time step
CCE

XXX=

100 CONTINUE

write(*,*) xxx

CALL BUBPTPR (TB,XB,YB,PB)

CALL ENTHPR (TB,PB,XB,YB,HLB,HVB)
DO 105 J=1,NC

105 XX()=X(1,))
CALL BUBPTPR (T(1),XX,YY,P(1))
DO 106 J=1,NC

Y(1.D=YBI+EFF*(YY())-YB()
106 YY(D=Y(1,J)
CALL ENTHPR(T(1),P(1),XX,YY,HL(1),HV(1))

DO 110 N=2,NF
DO 111 J=1,NC
111 XX@)=X(N,))
CALL BUBPTPR(T(N),XX,YY,P(N))
DO 112J = 1,NC

Y(ND)=(YY(J)-Y(N-1,)))*EFF+Y(N-1,J)
112 YY(@)=Y(N,J)
CALL ENTHPR(T(N),P(N),XX,YY,HL(N),HV(N))
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110 CONTINUE
DO 113 J=1,NC
113 XX(J)=X(NF+1,7)
CALL BUBPTPR(T(NF+1),XX,YY P(NF+1))
DO 114 J=1,NC
YAV(D)=(YFQ)*FV+Y(NF,J)*V(NF)/(V(NP)+FV)
Y(NF+1,)=(YY(J)-YAV(D)*EFF+YAV(J)
114 YY(J)=Y(NF+1,J)
CALL ENTHPR(T(NF+1),P(NF+1),XX,YY,HL(NF+1),HV(NF+1))
DO 115 N=NF+2,NT
DO 116 J=1,NC
116 XX(3)=X(N.,J)
CALL BUBPTPR(T(N),XX,YY ,P(N))
DO 117 J=1,NC
Y(ND=(YY(J)-Y(N-1,1))*EFF+Y(N-1,7)
117 YY()=Y(N,J)
CALL ENTHPR (T(N),P(N),XX,YY,HL(N),HV(N))
115 CONTINUE
CALL BUBPTPR (TD,XD,YD,PD)
CALL ENTHPR(TD,PD,XD,YD,HLD,HVD)

cc
CC CALCULATE VAPOR RATES
cC

VB=(QR*1000.-L(1)*(HLB-HL(1)))/(HVB-HLB)
B = L(1)-VB
CC IF (B .LT. 0.) THEN
cC WRITE(*,*) ' *****x** B IS LESS THAN 0 ***#xxxx
CcC STOP
CC END IF

V(1)=(HL(2)*L(2)+HVB*VB-HL(1)*L(1))/HV(1)
DO 120 N=2,NF-1
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V(N)=(HL(N+1)*L(N+1)+HV(N-1)*V(N-1)-HL(N)*L(N))/HV(N)
120 CONTINUE
V(NF)=(HL(NF+1)*L(NF+1)+HV(NF-1)*V(NF-1)-HL(NF)*L(NF)+HLF*FL)/HV
+(NF)
V(NF+1)=(HL(NF+2)*L(NF+2)+HV(NF)*V(NF)+HVF*FV-HL(NF+1)*L(NF+1))/
+HV(NF+1)
DO 130 N=NF+2,NT-1
130 VIN)=(HL(N+1)*L(N+1)+HV(N-1)*V(N-1)-HL(N)*L(N))/HV(N)
V(NT)=(HLD*R+HV(NT-1)*V(NT-1)-HL(NT)*L(NT))/HV(NT)
DL=V(NT)-DV-R
CcC IF (DL .LT. 0) THEN
cc WRITE(*,*) ' *****xxx DL IS LESS THAN 0 **sxs%x
ce STOP
CC END IF

cc
CC* EVALUATE DERIVATIVES

ce

DM(1)=L(2)+VB-V(1)-L(1)
DO 140 N=2,NF-1

140 DM(N)=L(N+1)+V(N—1)-L(N)-V(N)
DM(NF)=L(NF+1)+FL+V(NF-1)-L(NF)-V(NF)
DM(NF+1)=L(NF+2)+FV+V(NF)-L(NF+1)-V(NF+1)
DO 150 N=NF+2,NT-1

150 DM(N)=L(N+1)+V(N-1)-L(N)-V(N)
DM(NT)=R+V(NT-1)-L(NT)-V(NT)
DO 160 J=1,NC
DXB@)=(X(1.))*L(1)-YB(J)*VB-XB(J)*B)/MB
DXM(1,0)=X(2,J)*L(2)+YBJ)*VB-X(1,))*L(1)-Y(1,))*V(1)
DO 165 N=2,NF-1

165 DXM(N,D)=X(N+1,))*L(N+1)+Y(N-1,))*V(N-1)-X(N,J)*L(N)-V(N)*
+Y(N.J)
DXM(NF,D)=X(NF+1,J))*L(NF+1)+Y (NF-1,J)*V(NF-1)-X(NF,J)*L(NF)-
+V(NF)*Y(NF,J)+FL*XF(J)
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DXM(NF+1,5)=X(NF+2,J)*L(NF+2)+Y (NF,J)*V(NF)-X(NF+1,J)*L(NF+1)
+V(NF+1)*Y(NF+1,0)+FV*YF(J)
DO 170 N=NF+2,NT-1

170 DXM(N,J)=X(N+1,J)*L(N+1)+Y(N-1,))*V(N-1)-X(N,J)*L(N)-V(N)*Y(N,J)
DXM(NT,J)=XDJ)*R+Y(NT-1,))*V(NT-1)-X(NT,))*L(NT)-Y(NT,))*V(NT)
DXD@)=(V(NT)*Y(NT,J)-DV*YD(J)-(R+DL)*XD(J))/MD

160 CONTINUE
IF (TIME .GT. 4e-2) GOTO 9000
IF (TIME .LT. TPRINT) GOTO 210

CALL drawlines()
WRITE(5,201)
201 FORMAT (5X, TIME T X1 X2 X3 X4
+ X5 L)
WRITE(S,202) TIME,TB,(XB(J),J=1,NC),B
202 FORMAT (1X,F5.4,3X,F7.2,8F14.6,F10.1)
DO 203 N=1,NT
203 WRITE(5,204) N, T(N),(X(N,)),J=1,NC),L(N)
204 FORMAT (3X,I3,3X,F7.2,8F14.6,F10.1)
WRITE(5,205) TD,(XD(J),J=1,NC),R
205 FORMAT (9X,F7.2,8F14.6,F10.1)
WRITE(5,206) (YD(),J=1,NC),DL
206 FORMAT(16X,8F14.6,F10.1)
TPRINT = TPRINT + .001
cc CALL settextposition( 24, 5, curpos )
cc  CALL outtext( 'Press ENTER to continue ...")
cc  READ(**

cE
CcC INTEGRATION ALA EULER
CC

210 TIME = TIME + DELTA
cc  WRITE(*,*) TIME
cc READ(*,*)



DO 215 N=1,NT
215 M(N)=M(N)+DM(N)*DELTA
DO 220 J = 1,NC
XB()=XB(J)+DXB(J)*DELTA
IF (XB(J) .LT. 0.) XB(J) = 0.0
IF (XB(J) .GT. 1.) XB(J) = 1.
DO 225 N=1,NT
XM(N,J)=XM(N,J)+DXM(N,J))*DELTA
X(N,J)=XM(N,J)/M(N)
IF (X(N,J) .GT. 1) X(N,J) = 1.
IF (X(N,J) .LT. 0.) X(N,J) = 0.0
225 CONTINUE
XD(J)=XD(J)+DXD(J)*DELTA
IF (XD(J) .LT. 0.) XD()=0.
IF (XD(J) .GT. 1.) XD(J)=1.
220 CONTINUE

8. &
CC CALCULATE NEW LIQUID RATES
cC

DO 270 N=1,NF

DO 271 J=1,NC

XXD=X(N.J)
271 CONTINUE

CALL HYDRAU(P(N),M(N),T(N),XX,L(N),WHS,WLS,DS)

270 CONTINUE
DO 273 N=NF+1,NT
DO 275 J=1,NC

275 XXJ)=X(N.J)

CALL HYDRAU(P(N),M(N),T(N),XX,L(N),WHR,WLR,DR)

273 CONTINUE
XXX=Xxx+1.0

GOTO 100
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400 STOP
END

cc
cc Calculate Liquid tray holdup by Francis Wier equation
CC

SUBROUTINE HYDRAU(PM,T,X,L,WH,WL,DCOL)

REAL M,L MW MWA

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),A VP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20)

CALL MWDENSPR(X,T,P,MWA ,DENSA)
CONST=183.2*M*MWA/(DENSA*DCOL*DCOL)-WH/12.
IF (CONST .LE. 0.) GOTO 10
L=DENSA*WL*999.*((183.2*M*MWA/(DENSA*DCOL*DCOL)-WH/12.)**1.5)/MWA
RETURN

10 L=0.
RETURN
END

<C
CC Enthalpy calculation
CcC
SUBROUTINE ENTHPR(T,P,X,Y,HL,HV)

REAL GC,MI

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
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+BVP(20),tc(20),pc(20),2¢(20),w(20),a1 (20),a2(20),23(20),a4(20),
+a5(20)

DIMENSION X(20),Y(20),TR(20),MI(20),ALPHA(20),ACI(20),AI1(20),
+BI(20),HLS(20)

CcC
5 G Define constant value

8.

GC = 1.986
KIJ = 0.001

HL = 0.0

HV = 0.0
HLS1 = 0.0
HVS =0.0
SUMAL = 0.0
SUMAV =0.0
SUMBL = 0.0
SUMBV = 0.0
SUMATL = 0.0
SUMATYV = 0.0
SUMPL = 0.0
SUMPV = 0.0

DO 1 J=1,NC

TR() = T/TCQJ)

MI(@J) = 0.37464+1.54226*W(J)-0.26992*W(J)**2
ALPHA(J) = (1.0+MI(J)*(1-TR(J)**(0.5)))**2
ACI(QJ) = 0.45724*%(GC*TC())**2/PC(J)

AI(J) = ALPHA()*ACI(QJ)

BI(J) = 0.07780*GC*TC(J)/PC(J)

SUMBL = SUMBL + X(J)*BI(QJ)

SUMBYV = SUMBYV + Y(J)*BI(QJ)



1 CONTINUE

DO 2I=1,NC
DO 3J=1NC
SUMAL = SUMAL+XD*X()*(AIT)*AI(J))**0.5*(1-KLJ)
SUMAYV = SUMAV+Y({D)*Y(J)*(AI(I)*AI(J))**0.5*(1-K1J)

SUMATL = SUMATL+X@)*XJ)*MI()*(AII)*ACI(J)*TR(J))**0.5*(1-KIJ)
SUMATYV = SUMATV+Y([D)*Y (1)*MIJ)*(AIT)*ACIJ)*TR(J))**0.5*(1-KI1J)
SUMPL = SUMPLA+XI)*X(J)*MI(J)*(ACI(I)*ACI(J)*TR(J))**0.5*(1-KI1J)
SUMPV = SUMPV+Y{D)*Y(J)*MI(J)*(ACIQ)*ACI(J)*TR(J))**0.5*(1-KI1J)

3 CONTINUE
2 CONTINUE

AL = SUMAL*P/(GC*T)**2
AV = SUMAV*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
BV = SUMBV*P/(GC*T)
CALL NEWTON(AL,BL,Z1,72,7Z3)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZL =173
ELSE
ZL =72
END IF
ELSE
ZL =71
END IF
CALL NEWTON(AV,BV,Z1,722,73)
ZvV =173

DO 4I=1NC

HLS(I) = A1(I)*(T-460.)+A2(I)/2*(T-460.)**2+A3(I)/3*(T-460.)**3+
+A4(I)/4*(T-460.)**4+A5()/5*(T-460.)**5

HLS1 = HLS1+X{I)*HLS()

HVS = HVS +Y@*HLSQ)
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4 CONTINUE

HL = (ZL-1-AL/(2.8284*BL)*(1-SUMPL/SUMAL)*ALOG((ZL+2.4142*BL)/
+(ZL-0.4142*BL)))*GC*T+HLS1

HV = (ZV-1-AV/(2.8284*BV)*(1-SUMPV/SUMAV)*ALOG((ZV+2.4142*BV)/
+(ZV-0.4142*BV)))*GC*T+HVS

RETURN

CcC
CC Calculate the root of Z by newton's technique

(8.0

SUBROUTINE NEWTON(A,B,Z1,72,73)

DIMENSION Z(3)

Z01 =-10
L=1
10 IF ( L .GT. 8000 ) THEN

WRITE(*,*) ' ****** NOT CONVERGE ] ***xx%'
STOP

END IF

FZ1 = ZO1**3-ZO1**2+(A-B-B**2)*Z01-A*B

DFZ1 = 3*Z01**2-2*Z01+(A-B-B**2)

Z1 = ZO1-FZ1/DFZ1

IF (ABS(ZO1-Z1) .LT. 1E-3) THEN

GOTO 20

END IF

701 =171

L=L+1

GOTO 10

20202 =0
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Ll=1
25 IF ( L1 .GT. 8000 ) THEN

WRITE(*,*) ' ****** NOT CONVERGE ] *#**%x%'
STOP

END IF

FZ2 = ZO2**3-Z02**2+(A-B-B**2)*Z02-A*B

DFZ2 = 3*Z02**2-2*Z02+(A-B-B**2)

Z2 = ZO2-FZ2/DFZ2

IF (ABS(Z02-Z2) .LT. 1E-3) THEN

GOTO 30

END IF

202=72

L1 =L1+1

GOTO 25

30 ZO3 =10
L2=1
35 IF (L2 .GT. 8000 ) THEN
WRITE(*,*) ' ****** NOT CONVERGE |1 /%3¢
STOP
END IF
FZ3 = ZO3**3-Z03**2+(A-B-B**2)*Z03-A*B
DFZ3 = 3*Z03**2-2*Z03+(A-B-B**2)
73 = ZO3-FZ3/DFZ3
IF (ABS(Z03-Z3) .LT. 1E-3) THEN
GOTO 40
END IF
203 =173
L2 = L2+1
GOTO 35

L) =21
ZQ) =22
Z3)=1723



jump =3
50 jump = jump/2
IF (jump .NE. 0 ) THEN
j2 = 3-jump
DO 60 j = 1,2
DO 60 i = j,1,-jump
j3 = i+jump
IF ( Z(i) .GT. Z(j3)) THEN
s = Z(i)
Z(i) = Z(j3)
Z(43) =s
END IF
60 CONTINUE
GOTO 50
END IF

71 =7Z(1)
72 =7(2)
Z3 = 7Z(3)

40 RETURN
END

CC
CC Calculate average density
CC

SUBROUTINE MWDENSPR(X,T,P, MWA ,DENSA)

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),

+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),

+a5(20)

DIMENSION X(20),TR(20),MI(20),ALPHA(20),ACI(20),A1(20),BI(20)
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REAL MW ,MWA MI,GC
DENSA=0.0
MWA=0.

ce
CC Define constant value

CC

GC = 10.731
KLJ = 0.001

SUMAL = 0.0
SUMBL = 0.0
SUMATL = 0.0

DO 1 J=1,NC
TR(J) = T/TCQJ)
MI(J) = 0.37464+1.54226*W(J)-0.26992*W(1)**2
ALPHA()) = (1.0+MI(J)*(1-TR(J)**(0.5)))**2
ACI(J) = 0.45724*(GC*TC())**2/PC(J)
AI(J) = ALPHA(J)*ACI(J)
BI(J) = 0.07780*GC*TC(J)/PC(J)
SUMBL = SUMBL + X(J)*BI(J)

1 CONTINUE

DO2I=1,NC

DO 3J=1NC

SUMAL = SUMAL+XID)*X(J)*(AIQ)*AI(J))**0.5*(1-KIJ)

SUMATL = SUMATLA+X{)*XJ)*MIJ)*(AII)*ACI(J)*TR())**0.5*(1-KI1J)
3 CONTINUE
2 CONTINUE

AL = SUMAL*P/(GC*T)**2
BL = SUMBL*P/(GC*T)
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CALL NEWTON(AL,BL,Z1,22,73)
IF (Z1 .LE. 0 ) THEN
IF ( Z2 .LE. 0 ) THEN
ZL =173
ELSE
ZL=22
END IF
ELSE
ZL =71
END IF

VV = ZL*GC*T/P

DO 5 J=1,NC
5 MWA=X1)*MW(J)+MWA
DENSA=1/(VV/MWA)

RETURN
END

(& &
[ & Buble point Calculation

cCc

SUBROUTINE BUBPTPR(T,X,Y,P)

REAL GC,MIKI, APRIMEX,APRIMEY ,APRIMEXH,APRIMEYH,KIH,
+FSLOPE,F,y

COMMON NC,MW(20),DENS(20),C1(20),C2(20),C3(20),BPT(20),AVP(20),
+BVP(20),tc(20),pc(20),zc(20),w(20),a1(20),a2(20),a3(20),a4(20),
+a5(20)

DIMENSION X(20),Y(20),TR(20),MI(20),ALPHA (20),ACI(20),
+AI(20),BI(20),FIL(20),FIV(20),KI1(20), APRIMEX(20),APRIMEY (20)
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DIMENSION FILH(20),FIVH(20),APRIMEXH(20),APRIMEYH(20),KIH(20),
+ALPHAH(20),AIH(20),TRH(20)

CcC
CC Define constant value

CC

GC = 1.986
KIJ = 0.001

DO 401=1,NC

IF (Y(I) .EQ. 0.) THEN
kii) = 1.

Y(@) = KIM*XD

END IF

40 continue

LOOP =0
10 LOOP=LOOP+1

SUMXA =0.0
SUMYA =0.0
SUMXAH = 0.0
SUMYAH = 0.0
SUMAL = 0.0
SUMAV = 0.0
SUMALH = 0.0
SUMAVH = 0.0
SUMBL = 0.0
SUMBV = 0.0

TH = T+1.0



IF(LOOP .GT. 8000) GOTO 30
SUMY=0.0
SUMYH = 0.0

DO 1 J=1,NC
TRQ) = T/TC()
TRH(J) = TH/TC(J)
MI(J) = 0.37464+1.54226*W(J)-0.26992*W(J)**2
ALPHA(Q)) = (1.0+MIJ)*(1-TR(J)**(0.5)))**2
ALPHAH(QJ) = (1.0+MIQJ)*(1-TRH(J)**(0.5)))**2
ACI(J) = 0.45724*(GC*TC())**2/PC(J)
AI(J) = ALPHA(J)*ACI(J)
AIH(®) = ALPHAHQ)*ACI(J)
BIQJ) = 0.07780*GC*TC(J)/PC(J)
SUMXA = SUMXA+X(J)*AI(J)**0.5*(1-K1J)
SUMXAH = SUMXAH+X(J)*ATH(J)**0.5*(1-K1IJ)
SUMYA = SUMYA+Y(@)*AI(J)**0.5*(1-KI1J)
SUMYAH = SUMYAH+Y(J)*AIH(J)**0.5*(1-KIJ)
SUMBL = SUMBL + X(J)*BI(J)
SUMBYV = SUMBYV + Y(J)*BI(J)

1 CONTINUE

DO 2I=1NC
DO3J=1NC

SUMAL = SUMAL+XI)*X(J)*(AII)*AI(T))**0.5*(1-KIJ)
SUMALH = SUMALH + X({D)*XJ)*(AIHI)*AIH(J))**0.5*(1-K1J)
SUMAYV = SUMAV+Y{D)*Y(J)*(AII)*AI(J))**0.5*(1-K1J)
SUMAVH = SUMAVH + Y(I)*Y(J)*(AIH(I)*AIH(J))**0.5*(1-K1J)

3 CONTINUE
2 CONTINUE

AL = SUMAL*P/(GC*T)**2
ALH = SUMALH*P/(GC*TH)**2
AV = SUMAV*P/(GC*T)**2
AVH = SUMAVH*P/(GC*TH)**2
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BL = SUMBL*P/(GC*T)
BLH = SUMBL*P/(GC*TH)
BV = SUMBV*P/(GC*T)
BVH = SUMBL*P/(GC*TH)

CALL NEWTON(AL,BL,Z1,Z2,73)
IF (Z1 .LE. 0) THEN
IF (Z2 .LE. 0 ) THEN
ZL =173
ELSE
ZL =72
END IF
ELSE
ZL =271
END IF
CALL NEWTON(ALH,BLH,Z1,Z2,Z3)
IF (Z1 .LE. 0 ) THEN
IF (Z2 .LE. 0 ) THEN
ZLH =73
ELSE

ELSE

ZLH =71
END IF
CALL NEWTON(AV,BV,Z1,72,73)
ZNV =173
CALL NEWTON(AVH,BVH,Z1,72,73)
ZVH =73

DO 15 I=1,NC

APRIMEX(I) = 1.0/SUMAL*(2*AI(I)**0.5*SUMXA)
APRIMEXH(I) = 1.0/SUMALH*(2*AIH()**0.5*SUMXAH)
APRIMEY(I) = 1.0/SUMAV*(2*AI(I)**0.5*SUMYA)
APRIMEYH() = 1.0/SUMAVH*(2*AIH(I)**0.5*SUMYAH)
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FIL(T) = EXP(BI(T)/SUMBL*(ZL-1)-ALOG(ZL-BL)-AL/(2.82843*BL)*
+(APRIMEX(1)-BI(1)/SUMBL)*ALOG((ZL+2.4142*BL)/(ZL-0.4142*BL)))
FILH(I) = EXP(BI(1)/SUMBL*(ZLH-1)-ALOG(ZLH-BLH)-ALH/(2.82843*BLH)*
+(APRIMEXH(I)-BI(1)/SUMBL)*ALOG((ZLH+2.4142*BLH)/(ZLH-0.4142*BLH)))
FIV(D) = EXP(BII)/SUMBV*(ZV-1)-ALOG(ZV-BV)-AV/(2.82843*BV)*
+(APRIMEY (I)-BI(1)/SUMBV)*ALOG((ZV+2.4142*BV)/(ZV-0.4142*BV)))
FIVH(I) = EXP(BI()/SUMBV*(ZVH-1)-ALOG(ZVH-BVH)-AVH/(2.82843*BVH)*
+(APRIMEYH(I)-BI(1)/SUMB V)*ALOG((ZVH+2.4142*BVH)/(ZVH-0.4142*BVH)))
KI([) = FILA)/FIV()
KIH(®) = FILH@)/FIVH()
SUMY = SUMY +X(I)*KI(I)
SUMYH = SUMYH +X(I)*KIH(I)

15 CONTINUE

IF(LOOP .EQ. 1) THEN

DO 161 = 1,NC

Y@ = KID*XA)/SUMY
16 CONTINUE

GOTO 10

END IF

IF (ABS(SUMY-SUMYZ) .GE. 1E-3) THEN

DO 171=1,NC
Y@ = KIQ*X@)/SUMY

17 CONTINUE
SUMYZ = SUMY
GOTO 10
END IF

IF ( ABS(SUMY-1.) .LT. 1E-3) RETURN
F=SUMY-1.0

FH = SUMYH-1.0

FSLOPE=(FH-F)/1.
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T=T-F/FSLOPE
GOTO 10

1000 WRITE(*,*) ' *****xx%%%* Converged !!'
read(*,*)
WRITE(*,*) ' TEMP SUMY LOOP'
WRITE(*,*)
WRITE(*,*) T, SUMY, LOOP
READ(*’*)
WRITE(*,*)
WRITE(*,*) ' yi ki'
write(*.*)
DO 1010 I = 1,NC
WRITE(*,*) Y(D),KI()
READ(*,*)
1010 CONTINUE

stop

30 WRITE(*,*) 'The calculation does not converge !!"
STOP
END
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