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APPENDICES

A p p e n d i x  A  C o m p o s i t e  C u r v e  A n a ly s i s  D a t a

E x a m p le  1 : T h is  e x a m p le  in v o lv e s  a  p r o c e s s  w ith  o n e  h o t  p r o c e s s  s t r e a m  ( I I ) ,  
tw o  c o ld  p r o c e s s  s t r e a m  ( J 1 - J 2 ) ,  o n e  h o t, a n d  o n e  c o ld  u t i l i t ie s .

T a b l e  A 1  D a ta  f o r  e x a m p le  1.

S tr e a m T IN (° C ) T O U T (° C ) F (k W /° C ) h  ( k W /m 2-°C ) C o s t  ($ /k W - y r )
11 1 6 7 7 7 2 2 2 -
J1 7 6 15 7 2 0 2 -
J 2 4 7 9 5 7 .5 0 .6 7 -

H U 2 2 7  ' 2 2 7 - 1 1 2 0

c u 2 7 4 7 - 1 2 0

E M A T  =  l°c, E x c h a n g e r  c o s t  (ร )  =  6 ,6 0 0  +  6 7 0 ( A r e a ) ° 83

F i g u r e  A 1  C o m p o s i te  c u rv e  o f  e x a m p le  1.



Table A2 Composite curve analysis for example 1.

F o t S te a m d H 0 C o ld  S tr e a m d H Q

T e m p . 
โ0C l

11 k W k w
r u p i T e m p .

P C I

J1 J 2 k w k w
[D o w n ]F C p 2 2 F C p 2 0 7 .5

d T d T
167 19 8 0 157 1! 9 8 0
7 7 9 0 1 9 8 0 1 9 8 0 0 95 6 2 1 2 4 0 1 2 4 0 7 4 0

7 6 19 3 8 0 1 4 2 .5 5 2 2 .5 2 1 7  5
4 7 2 9 2 1 7 .5 2 1 7 .5 0

1 9 8 0 1 7 6 2 .5

F ro m  f ig u re  A l :
M in im u m  c o ld  u t i l i ty  =  0 k W  M a x im u m  c o ld  u t i l i ty  =  1 9 8 0  k w  
M in im u m  h o t  u t i l i ty  =  0  k w ,  M a x im u m  h o t  u t i l i ty  =  1 7 6 2 .5  k w

0๐NJ
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F i g u r e  A 2  T re n d  o f  h e a t  e x c h a n g e r  c o s t  p e r  a r e a  o f  e x a m p le  1.
»

T a b l e  A 3  A n a ly s is  c o s t  f o r  e x a m p le  1.

U t i l i ty  c o s t A r e a  c o s t F ix e d  c o s t T A C
$C o s t /k W H o t (k W ) C o s t /k W C o ld  (k W ) C o s t /m 2 T o ta l  a r e a  ( m 2) C o s t /u n i t N o . o f  u n i t

120 0 2 0 0 3 0 9 .9 1 8 2 .5 6 6 0 0 3 7 6 ,3 2 7

/ ooCo
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T a b l e  A 4  D a ta  fo r  e x a m p le  2.

Example 2: This example involves a process with three hot process stream
(11-13), two cold process stream (J1-J2), one hot, and one cold utilities.

S tre a m T IN (° C ) T O U T (° C ) F (k W /° C ) h  ( k W /m 2-°C ) C o s t  ($ /k W - y r )
11 155 3 0 8 2 -
12 80 4 0 15 2 -

13 2 0 0 4 0 15 2 -
J1 2 0 160 2 0 2 -
J 2 2 0 100 15 2 -

H U 2 2 0 2 2 0 - 2 12 0

c u 2 0 3 0 - 2 2 0

E M A T  =  l°c, E x c h a n g e r  c o s t  ($ )  =  6 ,0 0 0  +  6 6 0 ( A r e a ) 0 85

Figure A3 Composite curve of example 2.



Table A5 Composite curve analysis for example 2.

d o t S te a m d H Q C o ld  S tr e a m d H Q
11 12 13 k w k w J1 J 2 k w k w

T e m p . F C p 8 15 15 [U p ] T e m p . F C p 2 0 15 [D o w n ]
p c i d T P C ] d T
2 0 0 4 0 0 0 16 0 4 0 0 0
155 45 6 7 5 6 7 5 3 3 2 5 10 0 6 0  ’ 1 2 0 0 1 2 0 0 2 8 0 0
8 0 75 6 0 0 11'25 17 2 5 1 6 0 0 2 0 80 1 6 0 0 1 2 0 0 2 8 0 0 0
4 0 4 0 3 2 0 6 0 0 6 0 0 1 5 2 0 8 0
3 0 10 8 0 8 0 0

4 0 0 0 l 4 0 0 0

F ro m  f ig u re  A 3 :
M in im u m  c o ld  u t i l i ty  =  0 k w ,  M a x im u m  c o ld  u t i l i ty  =  4 0 0 0  k w  
M in im u m  h o t  u t i l i ty  =  0  k w ,  M a x im u m  h o t  u t i l i ty  =  4 0 0 0  k w I
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T a b l e  A 6  A n a ly s is  c o s t  fo r  e x a m p le  2 . '

U t i l i ty  c o s t A r e a  c o s t F ix e d 'c o s t T A C
$C o s t /k W H o t (k W ) C o s t /k W C o ld  (k W ) C o s t /m 2 T o ta l  a r e a  ( m 2) C o s t /u n i t N o . o f  u n i t

120 0 2 0 0 3 2 8 .9 3 2 1 7 .8 6 0 0 0 4 9 5 ,6 4 3
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T a b l e  A 7  D a ta  f o r  e x a m p le  3 .

Example 3: This example involves a process with two hot process stream (II-
12), four cold process stream (J1-J4), one hot, and one cold utilities.

S tre a m T I N ( ° C ) T O U T (° C ) F (k W /° C ) h  ( k W /m 2-°C ) C o s t  ( $ /k W -y r )
11 1 8 0 75 3 0 2 -
12 2 4 0 6 0 4 0 2 -
J1 4 0 2 3 0 2 0 1.5 -
J2 1 2 0 2 6 0 15 1.5 -
J3 4 0 1 3 0 25 2

J4 8 0 1 9 0 2 0 2 ' -
H U 3 2 5 3 2 5 - 1 120

c u 2 5  ' 2 5 - 2 2 0

E M A T  =  l°c, E x c h a n g e r  c o s t  (ร )  =  8 ,0 0 0  +  5 0 ( A r e a ) ° 75

Figure A5 Composite curve of example 3.



Table A8 Composite curve analysis for example 2.

H o t S te a m d H Q C o ld  S tr e a m d H 0
11 12 k w k w J1 J 2 J3 J 4 k w k w

T e m p .
p c i

F C p 3 0 4 0 [U p ] T e m p . F C p 2 0 15 25 2 0 [D o w n ]
d T P C ] d T

2 4 0 1 0 3 5 0 2 6 0 1 1 0 6 6 5
180 6 0 2 4 0 0 2 4 0 0 7 9 5 0 2 3 0 3 0 4 5 0 4 5 0 1 0 2 1 5
75 105 3 1 5 0 4 2 0 0 7 3 5 0 6 0 0 19 0 4 0 8 0 0 6 0 0 1 4 0 0 8 8 1 5
6 0 15 6 0 0 6 0 0 0 1 3 0 6 0 1 2 0 0 9 0 0 1 2 0 0 3 3 0 0 5 5 1 5

12 0 10 2 0 0 1 5 0 2 5 0 2 0 0 8 0 0 4 7 1 5
8 0 4 0 8 0 0 1 0 0 0 8 0 0 2 6 0 0 2 1 1 5
4 0 4 0 8 0 0 1 0 0 0 1 8 0 0 3 1 5

1 0 3 5 0 1 0 3 5 0

F ro m  f ig u re  A 5 : ,
M in im u m  c o ld  u t i l i ty  =  3 1 5  k w ,  M a x im u m  c o ld  u t i l i ty  =  1 0 3 5 0  k w  
M in im u m  h o t  u t i l i ty  =  3 1 5  k w ,  M a x im u m  h o t  u t i l i ty  =  1 0 3 5 0  k w



I

2000 -j

0 100 200 300 400 500 600 700
Area [m2]

F i g u r e  A 6  T re n d  o f  h e a t  e x c h a n g e r  c o s t  p e r  a r e a  o f  e x a m p le  3.

T a b l e  A 9  A n a ly s is  c o s t  f o r  e x a m p le  3.

U t i l i ty  c o s t A r e a  c o s t F ix e d  c o s t T A C
$C o s t /k W H o t (k W ) C o s t /k W C o ld  (k W ) C o s t /m 2 T o ta l  a r e a  ( m 2) C o s t /u n i t N o . o f  u n i t

12 0 0 2 0 0 11 .61 1 7 2 8 .4 8 0 0 0 8 1 2 8 ,1 6 9

I ๐0'O
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T a b l e  A 1 0  D a ta  fo r  e x a m p le  4.

Example 4: This example involves a process with five hot process stream ( I l­
ls), one cold process stream (Jl), one hot, and one cold utilities.

S tre a m T IN (° C ) T O U T (° C ) F (k W /° C ) h  ( k W /m 2-°C ) C o s t  ( $ /k W - y r )
11 2 2 7 _ 4 7 6 2 -
J l 2 0 7 107 4 2 -

J 2  - 187 87 6 2 -

J3 107 87 2 0 2 -

J 4 107 4 7  „ 12 2

J5 17 3 8 7 18 2 -
H U 4 2 7 4 2 7 - 2 14 0

c u 2 7 4 7 - 2 10

E M A T  =  5 ° c ,  E x c h a n g e r  c o s t  ($ )  = 2 0 0 ( A r e a )  6

Figure A7 Composite curve of example 4.



Table A ll Composite curve analysis for example 4.

F o t  S te a m d H 0 C o ld  S tr e a m d H 0
11 12 13 14 15 k w k w J1 k W k w

T e m p . F C p 6 4 6 2 0 12 r u p ] T e m p . F C p 18 [D o w n ]
m d T [°C ] d T
2 2 7 3 2 0 0 3 8 7 6 7 5 0
2 0 7 2 0 120 * 120 3 0 8 0 17 3 7 0 6 6 6 0 6 6 6 0 9 0
187 2 0 120 8 0 2 0 0 2 8 8 0
107 80 4 8 0 3 2 0 4 8 0 1 2 8 0 1 6 0 0
87 2 0 120 120 4 0 0 2 4 0 8 8 0 7 2 0 \
4 7 4 0 2 4 0 4 8 0 7 2 0 0

3 2 0 0 6 6 6 0

F ro m  f ig u re  A 7 :
M in im u m  c o ld  u t i l i ty  =  9 0  k w ,  M a x im u m  c o ld  u t i l i ty  =  3 2 0 0  k W  
M in im u m  h o t  u t i l i ty  =  3 5 5 0  k w ,  M a x im u m  h o t  u t i l i ty  =  6 6 6 0  k w

'so



I

F i g u r e  A 8  T re n d  o f  h e a t  e x c h a n g e r  c o s t  p e r  a r e a  o f  e x a m p le  4 .

T a b l e  A 1 2  A n a ly s is  c o s t  fo r  e x a m p le  4 .

U t i l i ty  c o s t A r e a  c o s t F ix e d  c o s t T A C
$C o s t /k W H o t (k W ) C o s t /k W C o ld  (k W ) C o s t /m 2 T o ta l  a r e a  ( m 2) C o s t /u n i t ,N o . o f  u n i t

14 0 3 1 5 10 3 1 5 2 5 0 .9 6 2 5 7 .9 9 5 3 .8 2 8 5 7 1 ,6 5 7

ro

I
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Example 5: This example involves a process with eleven hot process stream
(11-15), two cold process stream (J1-J2), one hot, and one cold utilities.

T a b l e  A 1 3  D a ta  f o r  e x a m p le  5.

S tr e a m T IN (° C ) T O U T (° C ) F (k W /° C ) h  ( k W /m 2-°C ) C o s t  ( $ /k W -y r )
11 1 4 0 .2 3 9 .5 3 8 2 .3 2 -
12 2 4 8 .8 1 1 0 1 1 5 .2 2 -
13 17 0 .1 6 0 1 2 1 .6 2 -
14 2 7 7 1 2 1 .9 9 0 .1 2 -
15 2 5 0 .6 9 0 4 7 1 .2 2 -
16 2 1 0 163 4 2 4 .3 2 -
17 3 0 3 .6 2 7 0 .2 8 4 0 .7 2 -
18 3 6 0 115 1 4 0 .8 2 -
19 1 1 7 .7 5 0 4 4 1 .9 2 -

110 1 7 8 .6 1 0 8 .9 1 7 0 .4 2 -
111 3 5 9 .6 2 8 0 8 7 .3 2 -
J1 3 0 1 3 0 7 2 0 2 -
J2 1 3 0 3 5 0 1051 2 -

H U 2 5 2 5 - 2 2 .7 8
c u 3 7 0 3 7 0 - 2 2 7 .7 8

E M A T  = 10°C ,



Table A14 Composite curve analysis of hot stream for example 5.

Hot Steam dH Q
11 12 13 14 15 16 17 18 19 110 111 kw kW

Temp. FCp 382.3 115.2 121.6 90.1 471.2 424.3 840.7 140.8 441.9 170.4 87.3 [Up]
[°C] dT »
360 28891 1.5

359.6 0.4 56.3 56.3 288855.2
303.6 56 7884.8 4888.8 12773.6 276081.6
280 23.6 19840 3322.9 2060.3 25223.7 250857.9
277 3 2522 4722.4 2944.5 247913.4

270.2 6.8 612.7 5716.8 957.4 7286.9 240626.6
250.6 19.6 1766 2759.7 4525.6 236100.9
248.8 1.8 1 162.2 848.2 253.4 1263.8 234837.1
210 38.8 4469.8 3459.9 18283 5463 31711.2 203125.9

178.6 31.4 3617.3 2829.1 14796 13323 4421.1 38986.2 164139.7
170.1 8.5 979.2 765.8 4005.2 3606 1196.8 1448.4 1002 15213.7
163 7.1 817.9 863.4 639.7 3345.5 3012.5 999.7 1208.8 10888.6 141249.1

140.2 22.8 817.9 2772.5 2054.3 10743 3210.2 3885.1 25292 115957.1
121.9 18.3 6996.1 2626.6 2225.3 1648.8 8623 2576.6 3118.3 27296 88660.8
117.7 4.2 1605.7 2108.2 510.7 1979 591.4 1 715.7 5886 82774.5
115 2.7 1032.2 483.8 328.3 1272 380.2 1193.1 460.1 4977.2 77797.3
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Table A15 Composite curve analysis of hot stream for example 5 (continue).

Hot Steam dH Q
11 12 13 14 15 16 17 18 19 110 111 kW kW

Temp. FCp 382.3 115.2 121.6 90.1 471.2 424.3 840.7 140.8 441.9 170.4 87.3 [Up]
[°C] dT
110 5 1911.5 311 608 2356 2209.5 852 8513 69284.3

108.9 1.1 420.5 576 133.8 518 486.1 187.4 1873 67411.4
90 18.9 7225.5 126.7 2298.2 8905.7 8351.9 26781.3 40630.1
60 30 11469 3648 13257 28374 12256.1
50 10 3823 4419 8242 4014.1

39.5 10.5 4014.1 4014.1 0
288911.5

I
CO นท



T a b l e  A 1 6  C o m p o s i te  c u r v e  a n a ly s is  o f  c o ld  s t r e a m  fo r  e x a m p le  5.

Cold Steam dH Q

Temp.
11 12 k w k w

[Down]FCp 720 1051
[°C] dT
350 353220
130 220 231220 231220 122000
30 100 72000 72000 50000

303220

F ro m  f ig u re  A 9 :
M in im u m  c o ld  u t i l i ty  =  5 0 0 0 0  k w ,  M a x im u m  c o ld  u t i l i ty  =  2 8 8 9 1  1.5 k w  
M in im u m  h o t  u t i l i ty  =  6 4 3 0 8  k w ,  M a x im u m  h o t  u t i l i ty  =  3 0 3 2 2 0  k w

T a b l e  A 1 7  A n a ly s is  c o s t  fo r  e x a m p le  5.

U t i l i ty  c o s t A r e a  c o s t F ix e d  c o s t T A C
$C o s t /k W H o t (k W ) C o s t /k W C o ld  (k W ) C o s t /m 2 T o ta l  a r e a  ( m 2) C o s t /u n i t N o . o f  u n i t

2 7 .7 8 1 0 8 ,1 1 4 .4 5 2 .7 8 9 3 ,6 7 9 .2 8 2 7 1 .2 6 ,2 9 6 .7 1 2 7 ,1 2 9 14 5 7 1 ,6 5 7

Os
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Figure A 9  C o m p o s i te  c u r v e  o f  e x a m p le  5.



Appendix B Programming Model for Grass-Roots Design

S E T S
I H o t stream s / I I /
J C o ld  stream s /  J 1 *J2 /
M K  M a jo r-sta g e  lo c a tio n  /  M K F ,M K 2 * M K 4 ,M K L  /  
K S u b -s ta g e  lo c a tio n  /  K .F ,K 2*K 5,K L  /
B h  S p lit  H ot stream  lo ca tio n  / B h l , B h 2 /
B e  S p lit C o ld  stream  lo ca tio n  / B c l , B c 2 /

S C A L A R S

H U L im it  T h e m in im u m  heat u tility  req u ire /  0  /  
H U M A X  T h e m a x im u m  heat u tility  require /  1 7 6 2 .5  /

C U L im it  T h e m in im u m  co ld  u tility  require /  0  /  
C U M A X  T h e m a x im u m  co ld  u tility  require /  1 9 8 0  /

E M A T  ex c h a n g e r  m in im u m  a p p roach  tem perature / ! /  
D T M F N  u tility  m in im u m  ap p roach  tem perature / l /

C A P  area c o s t  o f  p r o c e ss -p r o c e ss  / 3 0 9 .7 4 /
C A C  area c o s t  o f  c o ld  u tility  / 3 0 9 .7 4 /
C A H  area c o s t  o f  h ot u tility  / 3 0 9 .7 4 /

e c u  unit c o s t  for  c o ld  u tility  /2 0 /
C H U  unit c o s t  for  h ot u tility  / 1 20 /
C F  f ix e d  ch a rg e  for ex ch a n g ers  / 6 6 0 0 /
E A C  e x p o n e n t for  area co st  / 1 /

M in T  M in im u m  tem p , o f  the p r o c e s s  /  4 7  /
M a x T  M a x im u m  tem p , o f  the p r o c e ss  / 1 6 7  /

X T  N u m b er  o f  itera tion  /  2  /



PARAMETERS
T IN H (I )  in le t tem p era tu re  o f  hot stream  
/  I l 167 /
T IN C (J )  in let tem p eratu re  o f  c o ld  stream  
/  J1 7 6

J2 4 7  /
T O U T H (I)  o u tle t tem p eratu re  o f  hot stream
/ 11 7 7  /
T O U T C (J ) o u tle t tem p eratu re  o f  c o ld  stream  
/  J1 157

J2 9 5  /
F H (I) heat c a p a c ity  o f  hot stream
/ I l 2 2  /
F C (J) h ea t ca p a c ity  o f  c o ld  stream
/ J1 2 0

J2 7 .5  /
h H (I) h ea t c a p a c ity  o f  hot stream  
/ 11 2 / 
h C (J ) h ea t c a p a c ity  o f  c o ld  stream  
/  J1 2

J2 0 .6 7  /

* H eat c a p a c ity  B ran ch  F lo w ........................................................................
fh b P (I ,M K ,B h ) H eat ca p a c ity  B o w  o f  branch B h c o ld  on I at s ta g e  M K
fc b P (J ,M K ,B c )  H ea t ca p a c ity  f lo w  o f  branch B e  c o ld  on  J at s ta g e  M K

* O vera ll h ea t e x c h a n g e
บ 
U c  
U h

* U p p er b o u n d ....................
Q U P ( l ,J ,M K ,B h ,B c ,K )  U p p er b ou n d  o f  heat ex c h a n g e  
Q L O (I ,J ,M K ,B h ,B c ,K )  L o w e r  b o u n d  o f  heat e x c h a n g e  *

* B in ary  p a ra m eter  o f  H eat L o c a tio n .............................................................
Z P (I ,J ,M K ,B h ,B c ,K )  B in ary  p aram eter o f  H E  for P r o c e ss -P r o c e ss  
Z c u P (I )  B in ary  p aram eter o f  H E  for C o ld  U tility

O v era ll heat tran sfer  c o e ffic ie n t  w h e n  m atch  ฆ 
O v era ll heat tran sfer  c o e ffic ie n t  o f  c o ld  u tility  at I 
O v e ra ll heat tran sfer  c o e ffic ie n t  o f  h o t u tility  at J



ZhuP(J) Binary parameter of HE for Hot Utility

* For L o g ic a l co n stra in ts ..
O M E G A u p p er  b ou n d  for h ea t e x ch a n g e
G A M M A u p p er  b ou n d  for tem p eratu re d iffe r e n c e
G A M h U p p e r  b ou n d  o f  I stream  for tem p eratu re  d iffe r e n c e
G A M c U p p e r  b ou n d  o f  J stream  for tem p eratu re d iffere n ce
H C T H e a t co n ten t o f  1 stream
C C T H e a t co n ten t o f  J stream

* L oop  c o n tr o l........................
X Iteration  C o u n tor
c x Iteration  C o u n tor
M K L o o p Iteration  o f  M K
K L o o p Iteration  o f  K
I L o o p Iteration  o f  I
J L o o p Iteration  o f  J
B e  L o o p Iteration  o f  branch  J
B h L o o p Iteration  o f  branch  I
I N H L o o p Iteration  lo o p  co n tro l o f  heat interval
D in ter D e lta  heat e x c h a n g e  o f  each  interval

* U p p er b o u n d  o f  T ota l a n n u a l c o s t .........................................................
T A C u p  U p p e r  bou n d  o f  T o ta l A n nual C o st

V A R IA B L E S
* O b je c tiv e  v a r ia b le s .........

U T C T o ta l U tility  C o st
N U C T o ta l N u m b er  o f  U n it C o st
A R C T o ta l A rea  C o st
T A C 1 T o ta l n u m b er o f  u n its
T A C 2 T o ta l U tility  req u ires
T A C 3 T o ta l a n n o u l+ U tility  co st
T A C 4 T o ta l a n n o u l+ U tility  co st
T A C 5 T o ta l a n n o u l+ U tility  co st
T A C 6 T o ta l a n n o u l+ U tility  co st



* T em p era tu re........................
T H (1 ,M K )
T h b (l,M K ,B h ,K )
T C (J ,M K )
T c b (J ,M K ,B c ,K )

T em p eratu re o f  hot s tream  I at lo c a tio n  K  
T em p eratu re o f  hot stream  I at lo c a tio n  K  in s ta g e  M K  
T em p eratu re o f  c o ld  stream  J at lo c a tio n  M K  
T em p eratu re o f  c o ld  stream  J at lo c a tio n  K  in s ta g e  M K

* H eat S ta g e  In term ed ia  variab le
Q H M (M K ,I) H eat o f  h ot stream  1 at S ta g e  M K  _
Q H (M K ,l,B h ) H eat o f  h ot stream  I is bran ch  stream  B h  at S ta g e  M K
H a (M K )
q H K (l,M K ,B h ,K )

H eat o f  h ot stream  I in S ta g e  M K  reg io n  
H eat su b -sta g e  K o f  s tream  I

Q C M (M K ,J ) H eat o f  c o ld  stream  J at s ta g e  M K
Q C (M K ,J ,B c ) H eat o f  c o ld  stream  J is  branch stream  at S ta g e  M K
C a (M K ) H eat o f  c o ld  stream  J in s ta g e  M K  reg io n
q C K (M K ,J ,B c .K ) H eat su b -sta g e  K o f  s tream  J

* M u ltip le  o f  T em p era tu re  & H eat c a p a c ity  f lo w ..............................................
A H (I ,M K ,B h ,K )  M u ltip le  o f  T em p eratu re &  H eat ca p a c ity  f lo w  o f  I
A C (J ,M K ,B c ,K ) M u ltip le  o f  T em p eratu re &  H eat ca p a c ity  f lo w  o f  J

* H eat C a p a city  f l o w .........
fh b ( l,M K ,B h )
fc b (J ,M K ,B c )

H eat ca p a c ity  f lo w  o f  bran ch  B h hot o n  I at s ta g e  M K  
H eat c a p a c ity  f lo w  o f  bran ch  B e  co ld  o n  J at s ta g e  M K

* T ota l H eat E x c h a n g e ... .  
T O T A L q ex T ota l h ea t e x ch a n g e
T O T A L H U  
T O T A L C U  -

T ota l h ot u tility  
T ota l c o ld  utility

T O T A L a rea T o ta l h ea t e x ch a n g e  area

B IN A R Y  V A R I A B L E S  
* N u m b er  o f  u n it s ................

Z (I ,J ,M K ,B b ,B c ,K )  b in ary  va r ia b le  to d e n o te  e x is te n c e  o f  m a tch  IJ 
Z cu (I) b in ary  v ar iab le  to  d e n o te  e x is te n c e  o f  c o ld  u tility  w ith  1
Z hu(J) b inary v ar iab le  to d e n o te  e x is te n c e  o f  h o t u tility  w ith  J
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* F lo w  co n tr o l...........................................................................................
h g (I ,M K ,B h ) B in ary  v a r iab le  to  d on a te e x is te n c e  o f  hot bran ch  stream  I
c g (J ,M K ,B c ) B in ary  va r ia b le  to don ate e x is te n c e  o f  h ot b ran ch  stream  J

P O S IT IV E  V A R IA B L E S
* T em p eratu re a p p r o a c h ..................

d T H S (l,J ,M K ,B h ,B c ,K )
d T C S (l,J ,M K ,B h .B c ,K )
d tc u (l)

'  dthu(J)

H ot s id e  tem perature d ifferen t  
C o ld  s id e  tem p eratu re d ifferen t
T em p eratu re ap p roach  for m atch  h o t stream  1 and c o ld  utility  
T em p eratu re ap p roach  for m atch  c o ld  stream  J and h ot u tility

* A r ea  o f  H X ............................................
L M T D (l,J ,M K ,B h ,B c ,K )

o f  branch  Km
L o g  tem perature d iffere n t b e tw e e n  น  at lo c a tio n  M K  su b sta g e  K

L M T D cu (I)
L M T D h u (J)

L o g  tem perature d iffere n t o f  c o ld  u tility  at stream  I 
L o g  tem perature d iffere n t o f  hot u tility  at stream  J

A p (U ,M K ,B h ,B c ,K )
A c u ( l)
A h u(J)

A rea  o f  p r o c e ss -p r o c e ss  H X  
A rea  o f  co ld  u tility  at stream  I 
A rea  o f  hot u tility  at stream  J

* H eat e x c h a n g e .....................................
q ( U ,M K ,B h ,B c ,K )
q c u (l)
q h u (J)

H eat ex ch a n g ed  b e tw e e n  stream  I an d  stream  J 
H eat ex ch a n g ed  b e tw e e n  h ot stream  I and  c o ld  u tility  
H eat ex ch a n g ed  b e tw e e n  c o ld  stream  J and h o t u tility

********************************************************************************
* B o u n d  C o n stra in s ......................................................................................
********************************************************************************
* T o ta l heat e x c h a n g e ............

T O T A L q e x .lo  =  0;
T O T A L H U .lo  =  0;
T O T A L C U .lo  =  0; *

* M u ltip le  o f  T em p eratu re  &  H eat ca p a c ity  flow .
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A H .lo (I ,M K ,B h ,K )  =  0; 
A C .lo (J ,M K ,B c ,K )  =  0;

I _ L o o p = l ;
W H IL E (I _ L o o p < = C A R D (I ) ,

H C T  (I)$ (o r d (I )= I _ L o o p )=  F H (I)* (T IN H (I)-T O U T H (l));  
G A M h (I )$ (o r d (I )= I _ L o o p )  =  T IN H (I)-T O U T H (I);

* H ot T em p er tu re ...................
T H .lo (I ,M K )$ (o r d (I )= I _ L o o p )  =  T O U T H (I);  
T H .u p (I ,M K )$ (o r d (I )= I_ L o o p ) =  T fN H (I);  
T h b .lo (I ,M K ,B h ,K )$ (o r d (I )= I _ L o o p )  =  M inT ; 
T h b .u p (I ,M K ,B h ,K )$ (o r d (I )= I_ L o o p ) =  M axT ;

* H eat c a p a c ity  f lo w  o f  H ot s trea m .............
fh b .lo (I ,M K .,B h )$ (o r d (I)= I_ L o o p ) =  0; 
fh b .u p (I ,M K ,B h )$ (o r d (I )= I_ L o o p ) =  F H (I);

* H eat C o n stra in  o f  h o t s tr ea m ..................
q c u .lo ( l )$ (o r d ( l)= l_ L o o p )  = 0;  
q c u .u p ( l)$ (o r d (I )= I_ L o o p )  = H C T (I);  
q H K .lo (I ,M K ,B h ,K )$ (o r d (I )= i_ L o o p )  = 0;  
q H K .u p (I ,M K ,B h ,K )$ (o r d (I )= I_ L o o p ) =  H C T (I);  
Q H M .lo (M K ,I )$ (o r d (I )= l_ L o o p )  =  0; 
Q H M .u p (M K ,I )$ (o r d (I)= 4 _ L o o p ) =  H C T (l);  
Q H .Io (M K ,I ,B h )$ (o r d (I )= I_ L o o p ) =  0; 
Q H .u p (M K ,I ,B h )$ (o r d (I)= I  L o o p ) =  H C T (I); 
H a .lo (M K ) =  0;
H a .u p (M K ) =  C U M A X ;

I L o o p  =  I _ L o o p + l ; );

J _ L o o p = ] ;
W H IL E (J _ L o o p < = C A R D (J ),

C C T (J )$ (o r d (J )= J _ L o o p )= F C (J )* (T O U T C (J )-T lN C (J ));  
G A M c (J )$ (o r d (J )= J _ L o o p ) = T O U T C (J )-T IN C (J );

* C o ld  T em p era tu re ................
T C .lo (J ,M K )$ (o r d (J )= J _ L o o p ) =  T IN C (J);
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T C .u p (J ,M K )$ (o r d (J )= J _ L o o p ) =  T O U T C (J);  
T c b .lo (J ,M K ,B c ,K )$ (o r d (J )= J _ L o o p )  =  M inT ; 
T c b .u p (J ,M K ,B c ,K )$ (o r d (J )= J _ L o o p ) =  M axT ;

* H eat ca p a c ity  f lo w  o f  C o ld  s tr ea m .............
fcb . lo (J ,M K ,B c )$ (o r d (J )= J _ L o o p ) =  0; 
fc b .u p (J ,M K ,B c )$ (o r d (J )= J _ L o o p ) =  F C (J);

* H eat C o n stra in  o f  co ld  s tr ea m ..................
q h u .lo (J )$ (o r d (J )= J _ L o o p )= 0 ;  
q h u .u p (J )$ (o rd (J )= J _ L o o p )= C C T (J );  
q C K .lo (M K ,J ,B c ,K )$ (o r d (J )= J _ L o o p )= 0 ;  
q C K .u p (M K ,J ,B c ,K )$ (o r d (J )= J _ L o o p )= C C T (J );  
Q C M .lo (M K ,J )$ (o r d (J )= I_ L o o p )  =  0; 
Q C M .U P (M K ,J )$ (o r d (J )= J _ L o o p ) =  C C T (J);  
Q C .lo (M K ,J ,B c )$ (o r d (J )= J _ L o o p ) =  0; 
Q C .U P (M K ,J ,B c )$ (o r d (J )= J _ L o o p ) =  C C T (J);  
C a .lo (M K ) =  0;
C a .U P (M K ) =  H U M A X ;

J _ L o o p = J _ L o o p + 1 ; );

* บ ( บ ) =1;
* U c ( I ) = l ;
* U h (J )=  1 ;

U (l,J )= h H (I )* h C (J )/(h H (I)+ h C (J ));
U c (I ) = h H ( I )* l / (h H ( I ) + l ) ;
U h (J )=  1 * h C (J )/(  1 + h C (J ));

Q U P (I ,J ,M K ,B h ,B c ,K )= M in (H C T (I ),C C T (J ) ,M a x (0 ,T lN H (I )-T IN C (J )-
E M A T )* m in (F H (I) ,F C (J )));

Q L O (l,J ,M K ,B h ,B c ,K )=  1 * U (I ,J )* E M A T  ;

OMEGA(I,J) = min(HCT(I),CCT(J));
GAMMA(I,J) = max(TINH(I)-T[NC(J),TINH(l)-TOUTC(J),TOUTH(I)-TINC(J),TOUTH(l)-

TOUTC(J),
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T IN C (J )-T IN H (I ),T O U T C (J )-T IN H (I ) ,T IN C (J )-T O U T H (I) ,T O U T C (J )-T O U T H (I ));

*
*
*

♦ Hot s trea m ..................................
fh b P ('11 ',M K ,'B h  1 ’)=  19; 
fh b P (’ir ,M K ,'B h 2 ')= 3 ;  
fh b P ('11 ','M K L ','B h  1 ')= 2 2 ;  
fh b P ('11 V M K L ','B h 2 ')= 0;

. A ss ig n m e n t  initial p o in t o f  B ranch  F lo w  stream .................................................

* C o ld  strea m ................................
fcbP ('J  r ,M K ,'B c l ' ) = l 5; 
fcb P ('J  1 ',M K ,'B c 2 ,)= 5  ; 
fcbP ('J 1 ','M K L V B c 1 ')= 20;
fcbP ('J 1 ','M K L ','B c2 ')= 0 ;
*

fc b P ( ,J 2 ,,M K ,'B c l ' )= 5 .5 ;  
fc b P ('J 2 ',M K ,'B c2 ')= 2 ;  
fcb P ('J 2 V M K L ','B c  1 ')= 7 .5 ;  
fcb P ('J 2 ,,'M K L ','B c2 ')= 0;

E Q U A T IO N S

* H eat c o n stra in t........................
A (I ,J ,M K ,B h ,B c ) H eat con stra in t at K L

* O v era ll h ea t b a la n c e ............
O H B _ H (I ) O v era ll heat b a la n ce  for each  h o t stream
O H B _ C (J ) O v era ll heat b a la n ce  for ea ch  c o ld  stream

* H eat B a la n c e  at ea c h  s ta g e .......................................................................
S H B  H a (M K ) T o ta l heat o f  ea ch  h o t stream  I

S H B H C ( M K ) H eat B a la n c e  o f  H o t and C o ld  Z o n e
S H B _ Q H M (M K ,I ) H eat B a la n c e  o f  to ta l branch I at s ta g e  M K



S H B _ Q H 1 (M K ,I )
S H B _ Q H 2 (M K ,I ,B h )
S H B _ Q H 3 (M K ,I .B h ,K )
S H B C a ( M K )
S H B _ Q C M (M K ,J )
S H B _ Q C 1 (M K ,J )
S H B _ Q C 2 (M K ,J ,B c )
S H B _ Q C 3 (M K ,J ,B c ,K )  -

T o ta l o f  branch hot stream  at s ta g e  M K  
H ea t o f  branch hot stream  at s ta g e  M K  
H ea t o f  branch K h o t stream  at s ta g e  M K  
T ota l h ea t o f  ea ch  h o t stream  I 
H ea t B a la n c e  o f  to ta l branch  1 at s ta g e  M K  
T o ta l o f  branch c o ld  stream  at s ta g e  M K  
H ea t o f  branch co ld  stream  at s ta g e  M K  
H eat o f  branch K c o ld  stream  at s ta g e  M K

H eat b a la n ce  o f  s u b -s ta g e  K. 
S H B _ fq H (l,B h ,M K ,K )  
S H B f q H  1 ( I ,B h ,M K ,K )  
S H B _ fq C (J ,B c ,M K ,K )  
S H B f q C  1 (J ,B c ,M K ,K )  
S H B  fq H 2 (I ,B h ,M K ,K )  
S H B _ fq C 2 (J ,B c ,M K ,K )

H ea t b a la n ce  o f  S u b -s ta g e  K at H o t stream  
In term ed ia te  V a r ia b le  eq u iv a len t o f  H o t 1 
H ea t b a la n ce  o f  S u b -s ta g e  K at C o ld  stream  
In term ed ia te  V a ria b le  eq u iv a len t o f  C o ld  J 
In term ed ia te V a r ia b le  eq u iv a len t o f  H o t I 
In term ed ia te  V a r ia b le  eq u iv a len t o f  C o ld  J

T em p eratu re and  H e a t ca p a c ity  
T F A H (I ,M K ,B h ,K )  
T F A C (J ,M K ,B c ,K )  

T em p eratu re and  H ea t ca p a c ity  
T F A H _ P (I ,M K ,B h ,K )  
T F A C  P (J ,M K ,B c ,K )

f lo w ....... [V a r ia b le ] .......................................
M u ltip le  o f  T em p era tu re& H ea t c a p a c ity  f lo w  o f  I 
M u ltip le  o f  T em p eratu re& H eat c a p a c ity  f lo w  o f  J

f lo w ....... [P a ram eter].....................................
M u ltip le  o f  T em p era tu re& H ea t c a p a c ity  f lo w  o f  1 
M u ltip le  o f  T em p era tu re& H ea t c a p a c ity  f lo w  o f  J

A s s ig n m e n t  o f  T em p eratu re . 
A S IT H (I)  
A S 1 T M H 1 (I ,M K )  
A S IT M H 2 (I ,M K )  
A S I T M H 3 (l,M K ,B h )  
A S IT C (J )
A S I T M C 1 (J ,M K )  
A S IT M C 2 (J ,M K )  
A S IT M C 3 (J ,M K ,B c )

A s s ig n m e n t  o f  in let tem p eratu re o f  h o t stream  I 
A s s ig n m e n t  o f  in le t su b -sta g e  tem p eratu re  o f  I 
A s s ig n m e n t  o f  o u tle t  su b -sta g e  tem p eratu re  o f  1 
A s s ig n m e n t  o f  in let su b -s ta g e  tem p  o f  Flot 1 
A s s ig n m e n t  o f  in let tem p eratu re o f  J 
A s s ig n m e n t  o f  in let su b -sta g e  tem p eratu re  o f  J 
A s s ig n m e n t  o f  o u tle t  su b -sta g e  tem p era tu re  o f  J 
A s s ig n m e n t  o f  in let su b -sta g e  tem p  o f  C o ld  J

...............................[L in ea r  E q u ation  F o r m ]..................................... *
A S I T M H l_ P ( l ,M K ,B h )  A s s ig n m e n t  o f  in let su b -sta g e  tem p eratu re  o f  I 
A S IT M H 2 _ P (I ,M K ) A s s ig n m e n t  o f  o u tle t  su b -s ta g e  tem p era tu re  o f  I
A S IT M C  1 _ P (J ,M K ) A s s ig n m e n t  o f  in let su b -sta g e  tem p era tu re  o f  J



A S IT M C 2 _ P (J ,M K ,B c ) A ss ig n m e n t  o f  o u tle t  su b -s ta g e  tem p eratu re  o f  J

^ F ea s ib ility  o f  T em p era tu re ............
F O T H l( l ,M K ) F e a s ib ility  o f  H ot T em p eratu re  I o f  S ta g e  M K
F O T H 2 (I ,M K ,B h ,K ) F e a s ib ility  o f  H ot T em p era tu re  I o f  S u b -s ta g e  K
F O T H 3 (I) F e a s ib ility  o f  H ot T em p eratu re  I
F O T H 4 (l,M K ,B h ,K ) F e a s ib ility  o f  H ot T em p eratu re  branch stream  I
F O T H 5 (l,M K ,B h ,K ) F e a s ib ility  o f  H ot T em p eratu re  branch  stream  I
F O T C l(J ,M K ) F e a s ib ility  o f  C o ld  T em p eratu re  J o f  S ta g e  M K
F O T C 2 (J ,M K ,B c ,K ) F e a s ib ility  o f  C o ld  T em p eratu re  J o f  S u b -s ta g e  K
F O T C 3 (J ) F e a s ib ility  o f  C o ld  T em p eratu re  J
F O T C 4 (J ,M K ,B c ,K ) F e a s ib ility  o f  H ot T em p eratu re  branch  stream  J
F O T C 5 (J ,M K ,B c ,K ) F e a s ib ility  o f  H o t T em p eratu re  branch  stream  J

* F e a s ib le  o f  branch f lo w .................
F O T fh b l(I ,M K ,B h ) L o w e r  b ou n d  o f  h ot bran ch  f lo w  I
F O T fh b 2 (I ,M K ,B h ) U p p er  b ou n d  o f  hot branch  f lo w  I
F O T  fc b  1 (J ,M K ,B c ) L o w e r  b ou n d  o f  c o ld  bran ch  f lo w  J
F O T fc b 2 (J ,M K ,B c ) U p p er b o u n d  o f  c o ld  bran ch  f lo w  J

* U tility  L o a d ..........................................
H U L O A D (l) H ot u tility  load
C U L O A D (J ) C o ld  u tility  load

* L o g ica l co n stra in ts  o f  H e a t E x ch a n g e  and  U t i l i ty .........................................
L G _ H (I ,J ,M K ,B h ,B c ,K )  C o u n t h ea t e x ch a n g er
L G _ H U (1 ) C o u n t h o t u tiility
L G _ C U (J ) C ou n t c o ld  utility

* F ix  L o g ic a l co n stra in ts  o f  H e a t E x ch a n g e  and  U t ility ...................................
L G P _ H (I ,J ,M K ,B h ,B c ,K ) C o u n t h eat e x ch a n g er  o f  Z P
L G P _ H U (I )  C o u n t h ot u tiility  o f  Z h u P
L G P  C U (J ) ■ C o u n t c o ld  u tility  o f  Z cu P

* M a x im u m  M a tc h in g  C o n str a in ts .....................................................................
M M C l( l ,M K ,B h ,K )  L im it o f  m a x im u m  m a tch in g  stream  I *
M M C 2 (J ,M K ,B c ,K ) L im it o f  m a x im u m  m a tch in g  stream  J

* M ass B a la n c e  o f  ea ch  s ta g e .......
M B H (I ,M K ) M a ss  b a la n c e  o f  h ot stream  at s ta g e  M K
M B C (J ,M K ) M a ss  b a la n c e  o f  c o ld  stream  at s ta g e  M K

* H eat E x c h a n g e  and H o t& C o ld  U tility  C on stra in ts,



C O N H U l  
C O N _ H U 2  
C O N _ H U 3 (J )  
C O N  H U 4

T otal m in im u m  o f  H ot U t ility  
T otal m a x im u m  o f  H ot U tility  
M axim u m  o f  H ot U tility  J 
T otal H ot U tility

C O N C U l  
C O N C U 2  
C O N _ C U 3 (I )  
C O N  C U 4

T otal m in im u m  o f  C o ld  U t ility  
T otal m a x im u m  o f  C o ld  U t ility  
M axim u m  o f  C o ld  U t ility  1 
T otal C o ld  U tility

C O N E X S E  T otal H eat E x ch a n g e  o f  p r o c e ss  b y  g u e ss
C O N  E X F R  T otal H eat E x c h a n g e  o f  p r o c e ss  b y  g u e ss
C O N  E X  T otal H eat E x c h a n g e  o f  p r o c e ss
C O N  H E U (I ,J ,M K ,B h ,B c ,K )  U p per b ou n d  o f  h eat e x c h a n g e  

C O N  H E L (I ,J ,M K ,B h ,B c ,K )  L ow er b o u n d  o f  heat e x c h a n g e

T ota l N u m b e r  o f  h eat e x c h a n g e ............................................................
C O U N T IN G  T otal heat ex c h a n g e
C O U N T IN G  A  T otal heat e x c h a n g e  area

A p p ro a ch  tem p era tu re ...........................................
A P P T E M _ L l(I ,J ,M K ,B h ,B c ,K )  
A P P T E M R 1 ( น ,  M K ,B h ,B c ,K )  
A P P T E M _ L 2 (I ,J ,M K ,B h .B c ,K )

'  A P P T E M _ R 2 (l,J ,M K ,B h ,B c ,K )

A p p ro a ch  tem p eratu re at the le ft o f  s ta g e  K 
A p p ro a ch  tem p eratu re at the righ t o f  s ta g e  K 
A p p ro a ch  tem p eratu re at the le ft o f  s ta g e  K  
A p p ro a ch  tem p eratu re at the righ t o f  s ta g e  K

A P P T E M C U ( I )
A P P T E M H U ( J )

A p p ro a ch  tem p eratu re at H E  o f  1 
A p p ro a ch  tem p eratu re at H E  o f  J

A P P T E C U (I)
A P P T E H U (J )

A p p ro a ch  tem p eratu re o f  co ld  u tility  
A p p ro a ch  tem p eratu re o f  hot u tility

A p p roach  tem p era tu re....... [Z  is  Param eter]
A P P T E M P _ L l(I ,J ,M K ,B h ,B c ,K )  
A P P T E M P R 1 ( l ,J ,M K ,B h .B c ,K )

A p p ro a ch  tem p  at th e  le ft o f  s ta g e  K  
A p p ro a ch  tem p  at th e  right o f  s ta g e  K

A P P T E M P C U ( I )
A P P T E M P H U ( J )

A p p ro a ch  tem p eratu re at H E  o f  1 
A p p ro a ch  tem p eratu re at H E  o f  J



109

* A rea  c a lc u la t io n s ......................................................................................
L M T H x (I ,J ,M K ,B h ,B c ,K ) L im ita io n  m in im u m  tem p eratu re o f  H X
L M T C U (I) L im ita io n  m in im u m  Tern o f  C o ld  u tility
L M T H U (J ) L im ita ion  m in im u m  Tern o f  H eat u tility

L M T H c (I ,J ,M K ,B h ,B c ,K ) L im ita ion  m in im u m  tem p eratu re o f  H X
L M T C U c (I)  L im ita ion  m in im u m  Tern o f  C o ld  u tility
L M T H U c (J ) L im ita ion  m in im u m  Tern o f  H eat u tility

A r e a P (I ,J ,M K ,B h ,B c ,K ) A rea  o f  p r o c e ss -p r o c e ss  H X
A reaC (I) A rea  o f  co ld  u tility
A reaH (J) A rea  o f  hot u tility

* O b je c tiv e  fu n ctio n .. 
U T IL IT Y  
N o U N I T

T ota l U t ility  used  
T ota l n u m b er o f  H E  U nit

T O A R E A T ota l H ea t ex c h a n g e r  area

O B JF N 1 N u m b er  o f  unit
O B J F N 2
O B JF N 3
O B J F N 4
O B JF N 5
O B J F N 6
B rou T A C

utility  c o s t
u tility  c o s t  +  f ix ed  heat e x c h a n g e r  co st  
u tility  c o s t  +  f ix e d  heat e x c h a n g e r  c o s t  +  A rea  
u tility  c o s t  +  f ix e d  heat e x c h a n g e r  c o s t  +  A rea  
u tility  c o s t  +  f ix e d  heat e x c h a n g e r  c o s t  +  A rea

********************************************************************************
* ................................................................................................... E q u a tio n ..................................................................................................... *
********************************************************************************
* H eat C o n stra in ts ....................................................................
A (I ,J ,M K ,B h ,B c )  .. q (I ,J ,M K ,B h ,B c ,'K L ')  = E =  0;
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* O v era ll E n erg y  b a la n c e ....................................................................... ....
O H B _ H (I )  .. (T 1 N H (1 )-T 0 U T H (1 ))* F H (I )  = E =  S U M ((M K ,B h ,J ,B c ,K )$ ( (O R D (M K ) N E
C A R D (M K ))a n d (O R D (K ) N E  C A R D (K ))) ,q (I ,J ,M K ,B h ,B c ,K ))+ q c u (I ) ;
O H B _ C (J )  .. (T O U T C (J )-T IN C (J ))* F C (J ) = E =  S U M ((M K ,B c ,I ,B h ,K )$ ( (O R D (M K ) N E
C A R D (M K ))a n d (O R D (K ) N E  C A R D (K ))) ,q ( l ,J ,M K ,B h ,B c ,K ))+ q h u (J );

* H eat b a la n ce  o f  ea ch  s ta g e .......................................................................
S H B _ H C (M K )$ (O R D (M K ) N E  C A R D ( M K ) ) .. H a (M K ) = E =  C a (M K );

* H o t s tr ea m .........
S H B _ H a (M K )$ (O R D (M K ) N E  C A R D ( M K ) ) .. H a (M K ) = E =  S U M (I,Q H M (M K ,I ));  
S H B _ Q H M (M K ,I )$ (O R D (M K ) N E  C A R D (M K )) .. (T H (I ,M K )-T H (I ,M K + 1  ) )* F H (I )  = E =
Q H M (M K ,I);
S H B  Q H 1 (M K ,l)$ (O R D (M K ) N E  C A R D (M K ))  .. Q H M (M K ,I )  = E =  S U M (B h ,Q H (M K ,I ,B h )) ;  
S H B _ Q H 2 (M K ,I ,B h )$ (O R D (M K ) N E  C A R D (M K )) .. Q H (M K ,l,B h )  = E =  S U M (K S (O R D (K ) N E  
C A R D (K )) ,q H K (I ,M K ,B h ,K ));

S H B _ Q H 3 (M K ,I ,B h ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  .. 
q H K (l,M K ,B h ,K )  = E =  A H (I ,M K ,B h ,K )-A H (I ,M K ,B h ,K + 1 );

* C o ld  s tr ea m .......
S H B _ C a (M K )$ (O R D (M K ) N E  C A R D ( M K ) ) .. C a (M K ) = E =  S U M (J ,Q C M (M K ,J ));  
S H B _ Q C M (M K ,J )$ (O R D (M K ) N E  C A R D (M K )) .. (T C (J ,M K )-T C (J ,M K + 1 ))* F C (J )  = E =
Q C M (M K ,J );
S H B  Q C 1 (M K ,J )$ (O R D (M K ) N E  C A R D (M K ) ) .. Q C M (M K ,J ) = E =  S U M (B c ,Q C (M K ,J ,B c ));  
S H B _ Q C 2 (M K ,J ,B c )$ (O R D (M K ) N E  C A R D (M K )) .. Q C (M K ,J ,B c )  = E =  S U M (K S (O R D (K ) N E  
C A R D (K )) ,q C K (M K ,J ,B c ,K ));

S H B _ Q C 3 (M K ,J ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  .. 
q C K (M K ,J ,B c ,K ) = E =  A C (J ,M K ,B c ,K )-A C (J ,M K ,B c ,K + l);

* H ea t b a la n ce  o f  S u b -s ta g e  K ......................................................................
S H B _ fq H (I ,B h ,M K ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )
q H K (l,M K ,B h ,K )  = E =  S U M ((J ,B c ) ,q ( l ,J ,M K ,B h ,B c ,K ));
S H B _ fq H l(I ,B h ,M K ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )
(T h b (I ,M K ,B h ,K )-T h b ( l ,M K ,B h ,K + l) )* fh b (I ,M K ,B h )  = E =  A H (I ,M K ,B h ,K )-A H (l,M K ,B h ,K + l) ;



S H B _ fq C (J ,B c ,M K ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  .. 
q C K (M K ,J ,B c ,K )  = E =  S U M ((I ,B h ),q (I ,J ,M K ,B h ,B c ,K ));
S H B f q C  1 ( J ,B c ,M K ,K )S ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E
C A R D (K )) )  . .(T c b (J ,M K ,B c ,K )-T c b (J ,M K ,B c ,K + l) )* fc b (J ,M K ,B c )  = E =  A C (J ,M K ,B c ,K )-  
A C (J ,M K ,B c ,K + l) ;

S H B _ fq H 2 (I ,B h ,M K ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  .. 
_ (T h b (I ,M K ,B h ,K )-T h b (I ,M K ,B h ,K + l) )* fh b P (I ,M K ,B h )  = E =  A H (I ,M K ,B h ,K )-A H (I ,M K ,B h ,K + l) ;  

S H B _ fq C 2 (J ,B c ,M K ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E
C A R D (K )) )  . .(T c b (J ,M K ,B c ,K )-T c b (J ,M K ,B c ,K + l) )* fc b P (J ,M K ,B c )  = E =  A C (J ,M K ,B c ,K )-  
A C (J ,M K ,B c ,K + l) ;

* M u ltip le  o f  T em p era tu re  an d  H eat c a p a c ity  f lo w ................[V a r ia b le ] .............
T F A H (I ,M K ,B h ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  .. A H (l,M K ,B h ,K )  
= E =  T h b (I ,M K ,B h ,K )* fh b (I ,M K ,B h );
T F A C (J ,M K ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  .. A C (J ,M K ,B c ,K )  
= E =  T c b (J ,M K ,B c ,K )* fc b (J ,M K ,B c );
* M u ltip le  o f  T em p eratu re  and  H eat ca p a c ity  f lo w ................[P a ram eter]............
T F A H _ P (l ,M K ,B h ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  ..
A H (I ,M K ,B h ,K )  = E =  T h b (I ,M K ,B h ,K )* fh b P (l,M K ,B h );
T F A C _ p (J ,M K ,B c ,K )S ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  ..
A C (J ,M K ,B c ,K )  = E =  T c b (J ,M K ,B c ,K )* fc b P (J ,M K ,B c );

* H e a t& C o ld  u t il ity ....................................................................................
H U L O A D ( l ) .. (T H (l,'M K L ')-T O U T H (I))* F H (I)  = E =  q c u (l);
C U L O A D ( J ) .. (T O U T C (J )-T C (J ,'M K F '))* F C (J ) = E =  qhu(J);

* A s s ig h m e n t  o f  su p erstru ctu re  in let T em p era tu re ...........................................
A S I T H ( I ) .. T IN H (I)  = E =  T H (V M K F );
A S 1 T M H 1 ( I ,M K )$ (O R D (M K ) N E  C A R D (M K )) .. F H (1 )* T H (1 ,M K ) = E =
S U M (B h ,A H (l,M K ,B h ,'K F ’));
A S IT M H 2 (I ,M K )$ (O R D (M K ) N E  C A R D (M K )) .. F H (I)* T H (1 ,M K + 1 ) = E =
S U M (B h ,A H (I ,M K ,B h ,'K L '));
A S lT M H 3 (I ,M K ,B h )$ (O R D (M K ) N E  C A R D (M K ))  .. T H (I ,M K ) = E =  T h b ( l ,M K ,B h ;K F ’);

ASITC(J) .. T1NC(J) =E= TC(J,'MKL');
ASITMC1 (J,MK)$(ORD(MK) NE CARD(MK)) .. FC(J)*TC(J,MK) =E=
SUM(Bc,AC(J,MK,Bc,'KF'));
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A S I T M C 2 (J ,M K )$ (0 R D (M K ) N E  C A R D (M K ))  .. F C (J )* T C (J ,M K + 1 ) = E =  
S U M (B c ,A C (J ,M K ,B c ,’K L '));
A S IT M C 3 (J ,M K ,B c )$ (O R D (M K ) N E  C A R D ( M K ) ) .. T C (J ,M K + 1 ) = E =  T c b (J ,M K ,B c /K L ’);

* ........................................[L in ear  E q u a tio n  F o rm ]..................................... *
A S I T M H 1 _ P (I ,M K ,B h )$ (O R D (M K ) N E  C A R D ( M K ) ) .. T H (I ,M K ) = E =  T h b (I,M K ,B h » ’K F ’); 
A S IT M H 2 _ P (I ,M K )$ (O R D (M K ) N E  C A R D (M K ))  .. F H (I)* T H (I ,M K + 1 ) = E =  
S U M (B h ,T h b (I ,M K ,B h ,'K L ')* fh b P (I ,M K ,B h ));

A S IT M C 1 _ P (J .M K )$ (O R D (M K ) N E  C A R D (M K )) .. F C (J )* T C (J ,M K ) = E =
S U M (B c ,T c b (J ,M K ,B c ,'K F ’)* fc b P (J ,M K ,B c ));
A S IT M C 2 _ P (J ,M K ,B c )$ (O R D (M K ) N E  C A R D ( M K ) ) .. T C (J ,M K + 1 ) = E =  T cb (J ,M K ,B c,'K L ');

* F ea s ib ility  o f  T em p era tu re ........................................................................
F O T H 1 (I ,M K )$ (O R D (M K ) N E  C A R D ( M K ) ) .. T H (I ,M K ) = G =  T H (1 ,M K + 1 );
F O T H 2 ( l ,M K ,B h ,K )$ ( (O R D (M K ) N E  C A R D (M K ))$ (O R D (K )  N E  C A R D (K )) )  .. T h b (l,M K ,B h ,K )  
= G =  T h b ( l ,M K ,B h ,K + l) ;
F O T H 3 ( I ) .. T O U T H ( l)  = L =  T H (I,'M K L ');

F O T H 4 (I ,M K ,B h ,K )$ ((O R D (M K ) N E  C A R D (M K ))$ (O R D (K )  N E  C A R D (K )) )  .. T h b ( l,M K ,B h ,K )  
= L =  M axT ;
F O T H 5 (I ,M K ,B h ,K )$ ((O R D (M K ) N E  C A R D (M K ))$ (O R D (K )  N E  C A R D (K )) )  .. T h b (I ,M K ,B h ,K )  
= G =  M inT ;

F O T C 1 (J ,M K )$ (O R D (M K ) N E  C A R D (M K ))  .. T C (J ,M K ) = G =  T C (J ,M K + 1 );
F O T C 2 (J ,M K ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))$ (O R D (K )  N E  C A R D (K )) )  .. T c b (J ,M K ,B c ,K )  
= G =  T c b (J ,M K ,B c ,K + l );
F O T C 3 (J ) .. T O U T C (J ) = G =  T C (J ,'M R F ’);

F O T C 4 (J ,M K ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))$ (O R D |K )  N E  C A R D (K )) )  .. T c b (J ,M K ,B c ,K )  
= L =  M axT ;
F O T C 5 (J ,M K ,B c ,K )S ((O R D (M K ) N E  C A R D (M K ))$ (O R D (K )  N E  C A R D (K )) )  .. T c b (J ,M K ,B c ,K )  
= G =  M inT ;

* F ea s ib le  o f  b ran ch  f lo w ............................................................................
F O T tf ib l( l ,M K ,B h )$ (O R D (M K ) N E  C A R D ( M K ) ) .. fh b (l,M K ,B h )= G = 0 ;  
F O T fh b 2 ( l,M K ,B h )S (O R D (M K ) N E  C A R D ( M K ) ) f h b ( I ,M K ,B h ) = L = F H ( I ) ;
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F O T fc b l(J ,M K ,B c )$ (O R D (M K ) N E  C A R D (M K ) ) .. fc b (J ,M K ,B c )= G = 0 ;  
F O T fc b 2 (J ,M K ,B c )S (O R D (M K ) N E  C A R D (M K )) .. fcb (J ,M K ,B c )= L = F C (J );

* L o g ica l c o n stra in ts  o f  Fleat E x c h a n g e  and U t il ity .........................................
L G _ H (I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  c  A R D (M  K ))a n d (O R D (K ) N E
q (I ,J ,M K ,B h ,B c ,K )-O M E G A (I ,J )* Z (I ,J ,M K ,B h ,B c ,K ) = L =  0;
L G _ H U (I ) .. q c u (I )-H C T (I )* Z c u (I )  = L =  0;
L G _ C U (J ) .. q h u (J )-C C T (J )* Z h u (J ) = L =  0;

* F ix  L o g ica l c o n stra in ts  o f  H ea t E x ch a n g e  and U t il ity ...................................
L G P _ H ( น M K ,B h ,B c ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  
q (I ,J ,M K ,B h ,B c ,K )-O M E G A (l,J )* Z P (l,J ,M K ,B h .B c ,K )  = L =  0;
L G P _ H U ( I ) .. q c u (I )-H C T (I )* Z c u P (I )  = L =  0;
L G P _ C U (J ) .. q h u (J )-C C T (J )* Z h u P (J ) = L =  0;

* M axim u m  M a tc h in g  C o n stra in ts .....................................................................
M M C l( l ,M K ,B h ,K )$ ((O R D (M K )  N E  C A R D (M K ))a n d (O R D (K ) N E
S U M ((J ,B c ) ,Z (I ,J ,M K ,B h ,B c ,K ))  = L =  1.
M M C 2 (J ,M K ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E
S U M ((I ,B h ),Z (I ,J ,M K ,B h ,B c ,K ))  = L =  1 ;

* M ass b a la n ce  o f  e a ch  sta g e  M K ...................................................................
M B H (1 ,M K ).. F H (I) = E =  S U M (B h ,fh b (I ,M K ,B h ));
M B C (J ,M K ).. F C (J ) = E =  S U M (B c ,fc b (J ,M K ,B c )) ;

* H eat E x c h a n g e  and  H eat &  C o ld  u tility  c o n str a in ts .......................................
* H ot u tility ....
C O N  H U  1 .. S U M (J ,q h u (J ))= G =  H U L im it;
C O N  H U 2  .. S U M (J ,q h u (J ))= L =  H U M A X ;
C O N _ H U 3 (J )  .. q h u (J ) = L =  Z h u (J)*C C T (J);
C O N  H U 4  .. T O T A L  H U  = E =  S U M (J ,q h u (J ));
* C o ld  u tility ....
C O N  C U l .. S U M (l,q c u ( I ) )= G =  C U L im it;
C O N  C U 2  .. S U M (I ,q c u ( l) )= L =  C U M A X ;
C O N _ C U 3 ( l ) .. q c u ( l)  = L =  Z c u (l}* H C T (I);
C O N  C U 4  .. T O T A L  C U  = E =  S U M (I ,q c u (l) ) ;

C A R D (K )))  ..

C A R D (K )))  ..

C A R D (K ))) ..

C A R D (K ))) ..
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* H ea t E x ch a n g e ....

* I m p o r ta n c e  E q u a t io n s  n o t b o th  in th is  th e s is  a n d  p a p e r  b u t n e e d e d

C O N _ H E U (I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))$ (O R D (K ) N E  C A R D (K )))  

q (I ,J ,M K ,B h ,B c ,K )= L = Z (l,J ,M K ,B h ,B c ,K )* Q U P (I ,J ,M K ,B h ,B c ,K );
C O N _ H E L (I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))$ (O R D (K )  N E  C A R D (K )))  
q (I ,J ,M K ,B h ,B c ,K )= G = Z (I ,J ,M K ,B h ,B c ,K )* Q L O (I ,J ,M K ,B h ,B c ,K );

* C o u n tin g  total h ea t e x c h a n g e ......
C O U N T IN G  .. T O T A L q e x  = E = S U M ((I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K )  
N E C A R D (K )) ) ,q ( l ,J ,M K ,B h ,B c ,K ) ) ;
C O U N T I N G A  T O T A L a rea  = E = S U M ((I ,J ,M K ,B h ,B c ,K )$ ( (O R D (M K ) N E
C A R D (M K .))a n d (O R D (K )N E C A R D (K ))) ,A p (I ,J ,M K ,B h ,B c ,K ))+ S U M (I ,A c u (I ) )+ S U M (J ,A h u (J ));

* C a lcu la tio n  o f  ap p ro a ch  tem p era tu re ..........................................................
A P P T E M  L l(I ,J ,M K ,B h ,B c ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )))  ..
d T H S (I ,J ,M K ,B h ,B c ,K ) = L =  T h b (I ,M K ,B h ,K )-T c b (J ,M K ,B c ,K )

+ G A M M A (I ,J )* ( l-Z (I ,J ,M K ,B h ,B c ,K ));
A P P T E M  R1 ( น M K ,B h ,B c ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )))  ..
d T C S (I ,J ,M K ,B h ,B c ,K )  = L =  T h b (I ,M K ,B h ,K + l) -T c b (J ,M K ,B c ,K + l )

+ G A M M A (l,J )* ( l-Z (I ,J ,M K ,B h ,B c ,K )) ;
A P P T E M _ L 2 (I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )))  ..
d T H S (l,J ,M K ,B h ,B c ,K )  = G =  E M A T ;
A P P T E M iR 2 ( l ,J ,M K ,B h ,B c ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )))  ..
d T C S (U ,M K ,B h ,B c ,K )  = G =  E M A T ;

A P P T E M  C U ( I ) .. d tcu (I )  = L =  T H (l,'M K L ')-T O U T H (I)+ G A M h (I)* (  1 -Z c u (I));

A P P T E M  H U ( J ) .. d th u (J ) = L =  T O U T C (J )-  T C (J ,’M K F ')+ G A M c (J )* (l-Z h u (J ));

A P P T E C U (I ) .. d tc u (I )  = G =  D T M IN ;
A P P T E H U (J ) .. d th u (J ) = G =  D T M IN ;

* C a lcu la tio n  o f  ap p ro a ch  tem p eratu re . ..[Z  is P aram eter]................................
A P P T E M P _ L l(I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )))  .. 
d T H S (I ,J ,M K ,B h ,B c ,K ) = L =  T h b (I ,M K ,B h ,K )-T c b (J ,M K ,B c ,K )

+ G A M M A (I ,J )* (  1 -Z P (I ,J ,M K ,B h ,B c ,K ));



A P P T E M P _ R l(I ,J ,M K ,B h ,B c ,K )$ ( (O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )))  .. 
d T C S (I ,J ,M K ,B h ,B c ,K )  = L =  T h b (I ,M K ,B h ,K + l) -T c b (J ,M K ,B c ,K + l)

+ G A M M A (I ,J )* ( l-Z P (I ,J ,M K ,B h ,B c ,K ));
A P P T E M P _ C บ ( I ) .. d tc u (I )  = L =  T H (I .’M K L ’)-T O U T H (I )+ G A M h (I )* (l-Z c u P (I ) ) ;

A P P T E M P H U ( J )  .. d th u (J ) = L =  T O U T C (J )- T C (J ,'M K F )+ G A M c (J )* ( l-Z h u P (J )) ;

* A r ea  eq u a tio n s ........................................................................................
L M T H x(I,J,M K ,B h,B c,K )$((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E ~  C A R D (K )) )  ..
L M T D (U ,M K ,B h ,B c ,K )  =E=

( ( (d T H S (I ,J ,M K ,B h ,B c ,K )* d T C S (I ,J ,M K ,B h ,B c ,K ))* ((d T H S (I ,J ,M K ,B h ,B c ,K )+ d T C S (I ,J ,M K ,B h ,B c ,
K ) ) /2 ) ) ) * * ( l /3 ) ;

L M T C U (I )  .. L M T D c u (I )  = E =  (((d tc u (I )* (T H (I ,'M K L ’)-T O U T F I(I ))* (d tc u (]M T H (],'M K L ')-  
T O U T H (I ) ) ) /2 ) ) )* * ( l /3 ) ;
L M T H U (J ) .. L M T D h u (J ) = E =  (((d th u (J )* (T O U T C (J )- T C (J ,'M K F '))* (d th u (J )+ (T O U T C (J )-  
T C (J ,'M K F ')))/2 )))+ * ( 1 / 3);

L M T H c (I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  C A R D (M K ))a n d (O R D (K ) N E  C A R D (K )) )  ..
L M T D (U ,M K ,B h ,B c ,K )= L = 0 .5* (d T H S (I,J ,M K ,B h ,B c,K )+ d T C S (I,J ,M K ,B h ,B c ,K ));

L M T C U c ( I ) .. L M T D c u (I )  = L =  O .5 * (d tcu (l)+ (T H (I ,'M K L ')-T O U T H (I)));
L M T H U c (J ) .. L M T D h u (J ) = L =  0 .5 * (d th u (J )+ (T O U T C (J )-  T C (J ,'M K F ')));

A r e a P (I ,J ,M K ,B h ,B c ,K )$ ((O R D (M K ) N E  € A R D (M K ))a n d (O R D (K )  N E  C A R D (K )) )  .. 
q (I ,J ,M K ,B h ,B c ,K )-(A p (I ,J ,M K ,B h ,B c ,K )* U (I ,J )* L M T D (I ,J ,M K ,B h ,B c ,K ))  = L =  0;
A r e a C ( I ) .. q c u (I ) -(A c u (I )* U c (I )* L M T D c u (I ) )  = L =  0;
A r e a H ( J ) .. q h u (J )-(A h u (J )* U h (J )* L M T D h u (J ))  = L =  0;

* O b je c tiv e  fu n c tio n ...................................................................................
U T IL IT Y  .. U T C  = E =  (C C U * S U M (I ,q c u (I ) ) )+  (C H U * S U M (J ,q h u (J )));
N o U N I T  .. N U C  = E =
(C F * S U M ((I ,J ,M K ,B h ,B c ,K ) ,Z (I ,J ,M K ,B h ,B c ,K )))+ (C F * S U M (I ,Z c u (I ) ) )+ (C F * S U M (J ,Z h u (J )) ) ;

T O A R E A  .. A R C  = E =
(C A P * s u m ((I ,J ,M K ,B h ,B c ,K ) ,A p (I ,J .M K ,B h ,B c ,K )))+ (C A C * s u m (I ,A c u (I ) ))+ (C A H * s u m (J ,A h u (J )) );

O B J F N 1  .. T A C  1 =E= N U C + U T C ;
O B J F N 2  .. T A C 2  = E =  U T C ;



0 B J F N 3  .. T A C 3  = E =  N U C + U T C ;
0 B J F N 4  .. T A C 4  = E =  (U T C  +  A R C );  
0 B J F N 5  .. T A C 5  = E =  (U T C  +  N U C  +  A R C );  
0 B J F N 6  .. T A C 6  = E =  (U T C  +  N U C  +  A R C );

B ro u T A C  .. T A C 6  = L =  T A C u p ;

O P T IO N  A p :6 :2 :4 ;  
O P T IO N  q :6 :2 :4 ;  
O P T IO N  Q H :3 :2 :1 ;  
O P T IO N  Q C :3 :2 :1 ;  
O P T IO N  T h b :4 :3 :1 ;  
O P T IO N  T c b :4 :3 : l;  
O P T IO N  Z :6 :2 :4 ;  
O P T IO N  Z P :6 :2 :4 ;  
O P T IO N  fh b :3 : l:2 ;  
O P T IO N  fc b :3 : l:2 ;  
O P T IO N  fh b P :3 :l:2 ;  
O P T IO N  fc b P :3 : l:2 ;  
O P T IO N  h g :3 : l:2 ;  
O P T IO N  c g :3 :I :2 ;

O P T IO N  sy s o u t  =  on; 
O P T IO N  iter lim  =  le + 0 9 ;  
O P T IO N  re s lim  =  5 e + 0 6 ;

M O D E L  L IN E A R 1  "M IL P  m od el"
/  O H B _ H ,O H B _ C ,S H B _ H a ,S H B  Q H M ,S H B _ Q H  1 ,S H B _ Q H 2 ,S H B _ Q H 3 ,  

S H B _ C a ,S H B _ Q C M ,S H B _ Q C  1 ,S H B _ Q C 2 ,S H B _ Q C 3 ,S H B _ H C ,  
S H B _ fq H ,S H B _ fq H 2 ,
S H B _ fq C ,S H B _ fq C 2 ,
T F A H _ P ,T F A C _ P ,
A S IT H ,A S IT M H  1 ,A S IT M H 2 ,A S IT M H 3 ,
A S IT C ,A S IT M C  1, A S IT M C 2 ,A S IT M C 3 ,
F O T H l,F O T H 2 ,F O T H 3 ,F O T C l ,F O T C 2 ,F O T C 3 ,H U L O A D ,C U L O A D ,  
L G _ H ,L G _ H U ,L G _ C U ,M M C  1 ,M M C 2 ,



C O N C U 1 ,C O N _ C U 2 ,C O N _ C U 3 ,C O N _ C U 4 ,
C O N _ E X S E ,C O U N T IN G ,
A P P T E M L I  ,A P P T E M _ R  1 ,A P P T E M _ L 2 ,A P P T E M _ R 2 ,A P P T E M _ C U , A P P T E M H U ,  
A P P T E C U .A P P T E H U ,
U T IL IT Y ,N o U N I T ,O B J F N l /

L IN E A R 2  "M IL P  m odel"
/  O H B _ H ,O H B _ C ,S H B  H a ,S H B _ Q H M ,S H B _ Q H  1 ,S H B _ Q H 2 ,S H B _ Q H 3 ,  

S H B _ C a ,S H B _ Q C M ,S H B _ Q C I ,S H B _ Q C 2 ,S H B _ Q C 3 ,S H B _ H C ,
S H B _ fq H ,S H B  fq H 2 ,
S H B _ fq C ,S H B _ fq C 2 ,
T F A H _ P ,T F A C _ P ,
A S IT H ,A S IT M H  1 ,A S I T M H 2 ,A S I T M H 3 ,
A S IT C , A S I T M C 1, A S IT M C 2 , A S IT M C 3 ,
F O T H 1 ,F O T H 2 ,F O T H 3 ,F O T C  1 ,F O T C 2 ,F O T C 3 ,H U L O A D ,C U L O A D ,
L G _ H ,L G  H U ,L G _ C U ,M M C  1 ,M M C 2 ,
C O N H U 1 ,C O N _ H U 2 ,C O N _ H U 3 ,C O N _ H U 4 ,  
C O N _ C U l,C O N _ C U 2 ,C O N iC U 3 ,C O N _ C U 4 ,
C O N E X F R ,C O U N T IN G ,
A P P T E M  L I ,A P P T E M _ R  1,A P P T E M _ L 2 ,A P P T E M _ R 2 ,A P P T E M  C U ,A P P T E M  H U , 
A P P T E C U ,A P P T E H U ,
U T I L I T Y ,N o U N I T ,O B J F N 3  /

N O N L I N E A R  1 " F low ( V a riab le )"
/  O H B _ H ,O H B _ C ,S H B  H a ,S H B _ Q H M ,S H B _ Q H  1 ,S H B _ Q H 2 ,S H B _ Q H 3 ,  

S H B _ C a ,S H B _ Q C M ,S H B _ Q Ç l,S H B _ Q C 2 ,S H B _ Q C 3 ,S H B _ H C ,
S H B _ fq H ,S H B _ fq H  1,
S H B _ f q C ,S H B _ f q C l , '
T F A H ,T F A C ,
A S IT H ,A S IT M H  1 ,A S I T M H 2 ,A S I T M H 3 ,
A S IT C , A S IT M C  1 ,A S I T M C 2 ,A S IT M C 3 ,
F O T fh b  1 ,F O T fh b 2 ,F O T fc b l,F O T fc b 2 ,
F O T H l,F O T H 2 ,F O T H 3 ,F O T C l,F O T C 2 ,F O T C 3 ,H U L O A D ,C U L O A D ,
L G P _ H ,L G P _ H U ,L G P _ C U ,
M B H ,M B C ,
C O N _ H U  17C O N _ H U 2 ,C O N _ H U 4 ,
C O N C U  1 ,C O N _ C U 2 ,C O N _ C U 4 ,
C O N E X S E ,C O U N T I N G ,



A P P T E M P L 1 ,A P P T E M P _ R  11 A P P T E M P _ C U ,A P P T E M P _ H U ,  
A P P T E M _ L 2 ,A P P T E M  R 2 ,A P P T E C U ,A P P T E H U ,
U T I L I T Y ,O B J F N 2  /

N 0 N L I N E A R 2  " F low (P ara m eter)+ A rea"
/O H B _ H ,O H B _ C ,S H B _ H a ,S H B _ Q H M ,S H B _ Q H l,S H B _ Q H 2 ,S H B _ Q H 3 ,

S H B _ C a ,S H B _ Q C M ,S H B _ Q C l,S H B _ Q C 2 ,S H B _ Q C 3 ,S H B _ H C ,
S H B _ fq H ,S H B _ fq H l,
S H B _ fq C ,S H B _ fq C  1,
T F A H ,T F A C ,
A S IT H ,A S IT M H  1 ,A S IT M H 2 ,A S IT M H 3 ,
A S IT C ,A S I T M C  11 A S IT M C 2 ,A S IT M C 3 ,
F O T fh b  1 ,F 0 T f h b 2 ,F 0 T fc b  1 ,F 0 T fc b 2 ,
F O T H 1 ,F O T H 2 ,F O T H 3 ,F O T C  1 ,F O T C 2 ,F O T C 3 ,H U L O A D ,C U L O A D ,  
L G P _ H ,L G P H U ,L G P _ C U ,
M B H ,M B C ,
C O N  H U  I ,C O N _ H U 2 ,C O N _ H U 4 ,
C O N C U 15 C O N _ C U 2 ,C O N _ C U 4 ,
C O N E X F R ,  C O U N T I N G ,
A P P T E M P  L 1 ,A P P T E M P _ R 1 ,A P P T E M P _ C U ,A P P T E M P  H U , 
A P P T E M _ L 2 ,A P P T E M _ R 2 ,A P P T E C U ,A P P T E H U ,
L M T H x ,L M T C U ,L M T H U ,L M T H c ,L M T C U c ,L M T H U c ,A r e a P ,A r e a C ,A r e a H ,  
U T I L I T Y ,T O A R E A ,O B J F N 4  /

N O N L IN E A R 3  " F Io w (V a r ia lb e)+ A rea "
/  O H B _ H ,O H B _ C ,S H B  H a ,S H B _ Q H M ,S H B _ Q H  1 ,S H B _ Q H 2 ,S H B _ Q H 3 ,  

S H B _ C a ,S H B _ Q C M ,S H B _ Q C  1 ,S H B _ Q C 2 ,S H B _ Q C 3 ,S H B _ H C ,  
S H B _ fq H ,S H B _ fq H l,
S H B _ fq C ,S H B _ fq C  I ,
T F A H ,T F A C ,
A S IT H ,A S IT M H  1 ,A S IT M H 2 ,A S IT M H 3 ,
A S IT C ,A S I T M C  1 ,A S IT M C 2 ,A S IT M C 3 ,

* ..................... T em p era tu re  B o u n d ..........
F O T H l,F O T H 2 ,F O T H 3 ,  
F O T C 1 ,F O T C 2 ,F O T C 3 ,

H U L O A D ,C U L O A D ,
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F O T fh b  1 ,F O T fh b 2 ,F O T fc b  1 ,F O T fcb 2 ,
L G _H ,L G  _ H U ,L G _ C U ,M M C  1 ,M M C 2 ,M B H ,M B C ,
C O N  H U  1 ,C O N _ H U 2 ,C O N _ H U 3 ,C O N _ H U 4 ,
C O N C U 1 ,C O N _ C U 2 ,C O N _ C U 3 ,C O N _ C U 4 ,
C O N _ H E U ,C O N _ H E L ,
C O N E X ,C O U N T I N G ,C O U N T I N G A ,
A P P T E M _ L 1 ,A P P T E M _ R 1 ,A P P T E M _ L 2 ,A P P T E M _ R 2 ,A P P T E M _ C U ,A P P T E M _ H U ,
A P P T E C U ,A P P T E H U ,

lM T H x ,L M T C U ,L M T H U ,L M T H c ,L M T C U c ,L M T H U c ,A r e a P ,A r e a C ,A r e a H ,  
U T IL IT Y ,N o U N IT ,T O A R E A ,O B J F N 5  /

N O N L IN E A R 4  " F Io w (V a r ia lb e)+ A rea "
/  O H B _ H ,O H B _ C ,S H B _ H a ,S H B _ Q H M ,S H B _ Q H  1 ,S H B _ Q H 2 ,S H B _ Q H 3 ,  

S H B _ C a ,S H B _ Q C M ,S H B _ Q C l,S H B _ Q C 2 ,S H B _ Q C 3 ,S H B _ H C ,
S H B _ fq H ,S H B _ fq H l,
S H B _ fq C ,S H B _ fq C  1,
T F A H J F A C ,
A S IT H ,A S IT M H  1 ,A S IT M H 2 ,A S IT M H 3 ,
A S IT C ,A S IT M C 1 ,A S IT M C 2 ,A S IT M C 3 ,

*  .................T em p eratu re  B o u n d ..............
* F O T H 1 ,F O T H 2 ,F O T H 3 ,F O T H 4 ,F O T H 5 ,
* F O T C I ,F O T C 2 ,F O T C 3 ,F O T C 4 ,F O T C 5 ,

F O T H  1 ,F O T H 2 ,F O T H 3 ,
F O T C  1 ,F O T C 2 ,F O T C 3 ,

*
H U L O A D ,C U L O A D ,
F O T fhb I ,F O T fh b 2 ,F O T fc b  1 ,F O T fcb 2 ,
C O N  J I U 1 .C O N _ H U 2 ,C O N _ H U 3 -,C O N _ H U 4 ,
C O N  C U  I ,C O N _ C U 2 ,C O N _ C U 3 ,C O N _ C U 4 ,
C O N _ H E U ,C O N _ H E L ,
C O N E X ,C O U N T I N G ,C O U N T I N G A ,
A P P T E M  L 1 .A P P T E M  R 1 ,A P P T E M _ L 2 ,A P P T E M _ R 2 ,A P P T E M _ C U ,A P P T E M _ H U ,  
A P P T E C U ,A P P T E H U ,
L M T H x ,L M T C U ,L M T H U ,L M T H c ,L M T C U c ,L M T H U c ,A r e a P ,A r e a C ,A r e a H ,  
U T IL IT Y ,N o U N IT ,T O A R E A ,O B J F N 6 ,B r o u T A C  /
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* .................................................................................................In it ia liza tio n ...............................................................................................
********************************************************************************
P A R A M E T E R

A lin e a r P (I ,J ,M K ,B h ,B c ,K )
A lin ea rC (I)
A lin ea rH (J )

A rea  o f  p r o c e ss -p r o c e ss  H X  for lin ear c a se  
A rea  o f  c o ld  u tility  for lin ear ca se  
A rea  o f  h ot u tility  for  lin ear ca se

Q C U n (I)
Q H U n (J )
Q E X n (I ,J ,M K ,B h ,B o ;K )

C o ld  u tility  for linear ca se  
H ot u tility  for linear ca se  
H eat e x c h a n g e  for lin ea r  ca se

T C M Iin ea r(J .M K )
T C lin e a r (J ,M K ,B c ,K )
T H M lin e a r (I ,M K )
T H lin e a r ( l,M K ,B h ,K )

T em p eratu re o f  co ld  stream  at lo c a tio n  for  linear ca se  
T em p eratu re o f  co ld  stream  at su b sta g e  for  lin ear c a se  
T em p eratu re o f  hot stream  at lo c a tio n  fo r  lin ear ca se  
T em p eratu re o f  hot stream  at su b sta g e  for  lin ear ca se

d T H S _ I N (I ,J ,M K ,B h ,B c ,K )  H ot s id e  ap p roach  tem perature  
d T C S _ I N (I ,J ,M K ,B h ,B c ,K )  C o ld  s id e  approach  tem perature  

d tc u _ IN (I )  A p p ro a ch  tem perature o f  C o ld  u tility
d th u _ IN (J ) A p p ro a ch  tem perature o f  H ot u tility

Z lin e a r (I ,J ,M K ,B h ,B c ,K ) E x iste n t H X
Z C U lin ea r (I ) E x iste n t c o ld  utility  o f  stream  I
Z H U lin e a r(J ) E x isten t hot u tility  o f  stream  J

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

x = l ;

W H IL E (x < = X T ,

S O L V E  L IN E A R 1  U S IN G  M IP  M IN IM IZ IN G  T A C 1 ;
D IS P L A Y  T H .l,T h b .l,T C .I ,T c b .I ,q .l,q c u .l,q h u .l,Z .l,Z c u .l,Z h u .l,fh b P ,fc b P , 

T O T A L q e x .l ,T O T A L _ H U .l,T O T A L _ C U .l,T A C  1.1; *

* In itial A rea.
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A lin e a r P (I ,J ,M K ,B h ,B c ,K )  =
q .l(I ,J ,M K ,B h ,B c ,K )/( (U (I ,J )* (  (d T H S .l(I ,J ,M K ,B h ,B c ,K )* d T C S .l(I ,J ,M K ,B h ,B c ,K )* ((d T H S .I (I ,J ,M K  
,B h ,B c ,K )+ d T C S .l(I ,J ,M K ,B h ,B c ,K ))/2 ))* * (  1 /3 )  ))+ 1  e -0 6 );
A lin ea rC (I) =  q c u .l(I ) /  ( (U c (I )* ( (d tc u .l( l)* A B S (T H .I (I ,'M K L ’)- 
T O U T H (I ))* (d tc u .I (I )+ A B S (T H .l(I ,’M K L ') -T O U T H (I ) ) ) /2 )* * ( l /3 ) ) )+ le -0 6 ) ;
A lin ea rH (J ) =  q h u .l(J ) /((U h (J )* ((d th u .l(J )* A B S (T O U T C (J )-  
T C .l(J ,'M K F '))* (d th u .l(J )+ A B S (T O U T C (J )-  T C .l(J ,'M K F ’) ) ) / 2 ) * * ( l / 3 ) ) ) + l e - 0 6 ) ;

A p .l(I ,J ,M K ,B h ,B c ,K )  =  A lin ea rP (I ,J ,M K ,B h ,B c ,K );
A cu .I(I) =  A lin ea rC (I);
A h u .l(J ) =  A lin ea rH (J );

D isp la y  A p .l,A c u .l ,A h u .l;

* In intial f lo w ..........................................................................................
fh b .l(I ,M K ,B h )= fh b P (l,M K ,B h );
fc b .l(J ,M K ,B c )= fc b P (J ,M K ,B c );

* Initial h eat r e c o v e r y  &  u t i l ity ................................................................
Q C U n (I) =  q c u .l( l) ;
Q H U n (J ) =  q h u .l(J );
Q E X n (I ,J ,M K ,B h ,B c ,K ) =  q .l(I ,J ,M K ,B h ,B c ,K );

q c u .l( l)  =  Q C U n (l);  
q h u .l(J ) =  Q FIUn(J);
q .l(I ,J ,M K ,B h ,B c ,K )  =  Q E X n (I ,J ,M K ,B h ,B c ,K );

* In itial tem p era tu re .................................................................................
T C M lin ea r (J ,M K ) =  T C .1(J ,M K );
T C lin e a r (J ,M K ,B c ,K ) =  T c b .l(J ,M K ,B c ,K );
T H M lin ea r (I ,M K ) =  T H .1 (I,M K );
T H lin e a r (l,M K ,B h ,K ) =  T h b .l(I ,M K ,B h ,K );

T C .1(J ,M K ) =  T C M lin ea r (J ,M K );
T c b .l(J ,M K ,B c ,K ) =  T C lin e a r (J ,M K ,B c ,K );
T H .1(1 ,M K ) =  T H M lin ea r (I ,M K );
T h b .l(I ,M K ,B h ,K ) =  T H lin ea r (I ,M K ,B h ,K );
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* Initia] e x is te n  o f  H X ............................................................
Z lin e a r (l,J ,M K ,B h ,B c ,K )  =  Z .l(U ,M K ,B h ,B c ,K );  
Z C U Iin ea r(I) =  Z cu .l(I);
Z H U lin e a r(J ) =  Z h u .l(J );

Z P (I ,J ,M K ,B h ,B c ,K ) =  Z lin e a r (I ,J ,M K ,B h ,B c ,K );  
Z cu P (I) =  Z C U Iin ea r(I);
Z h u P (J) =  Z H U Iin ear(J);

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

N O N L IN E A R I  .o p tfile  =  1;
$ o n e c h o > d ic o p t.o p t  
M A X C Y C L E S  3 0  
S o ffe c h o
********************************************************************************

S O L V E  N O N L IN E A R I  U S IN G  N L P  M IN IM IZ IN G  T A C 2 ;
D IS P L A Y  Q H .I ,Q C .l,T H .I ,T h b .l,T C .i,T c b .l,q .l,q c u .l,q h u .l,Z P ,Z c u P ,Z h u P ,fh b .l,fc b .l,  

T O T A L q e x .l ,T O T A L _ H U .l,T O T A L _ C U .I ,T A C  1,1,TAC 2.1;

* In itial A r e a ...........................................................................................
A lin e a r P (I ,J ,M K ,B h ,B c ,K ) =
q .l(U ,M K ,B h ,B c ,K ) /((U (L J )* ( (d T H S .l( I ,J ,M K ,B h ,B c ,K )* d T C S .l(L L M K ,B h ,B c ,K )* ( (d T H S .I (L J ,M K
,B h ,B c ,K ) + d T C S .l ( U ,M K ,B h ,B c ,K ) ) /2 ) ) * * ( l /3 ) ) ) + le - 0 6 ) ;
A lin ea rC (I) =  q cu .I(I)/ ( (U c (I )* ( (d tc u .l(I )* A B S (T H .l(I ,'M K L ’)-  
T O U T H (I ) )* (d tc u .l( I )+ A B S (T H .l(I ,'M K L ') -T O U T H (I ) ) ) /2 )* * ( l /3 ) ) )+ le -0 6 ) ;
A lin ea rH (J ) =  q h u .l(J ) /((U h (J )* ((d th u .I(J )* A B S (T O U T C (J )-  
T C .I(J ,'M K F '))* (d th u .l(J )+ A B S (T O U T C (J )- T C .] (J , 'M K F ') ) ) /2 )* * ( l /3 ) ) )+ le -0 6 ) ;

A p.l(I,J ,M K ,B h,B c,K ) =  A linearP(I,J,M K ,Bh,Bc,K );
A c u .l(I )  =  A lin ea rC (I);
A h u .l(J )  =  A lin ea rH (J );

D isp la y  A p .l,A c u .I ,A h u .l;

* In intial f lo w ......................................
fh b P (] ,M K ,B h )= fh b .! ( l ,M K ,B h )
fc b P (J ,M K ,B c )= fc b .l(J ,M K ,B c )



* In itia l heat r e c o v e r y  &  u tility ................................................................
Q C U n (I)  =  q c u .l(I );
Q H U n (J ) =  q h u .l(J );
Q E X n (I ,J ,M K ,B h ,B c ,K )  =  q .l(I ,J ,M K ,B h ,B c ,K );

q c u .l(I )  =  Q C U n (I);  
q h u .l(J ) =  Q H IJn (J);
q .l(I ,J ,M K ,B h ,B c ,K )  =  Q E X n (I ,J ,M K ,B h ,B c ,K );

* In itia l tem p er a tu re .................................................................................
T C M lin ea r (J ,M K ) =  T C .1(J ,M K );
T C lin e a r (J ,M K ,B c ,K ) =  T c b .l(J ,M K ,B c ,K );
T H M lin e a r (I ,M K ) =  T H .1(I,M K );
T H lin e a r (I ,M K ,B h ,K ) =  T h b .l(I ,M K ,B h ,K );

T C .1(J ,M K ) =  T C M lin ea r (J ,M K );
T c b .l(J ,M K ,B c ,K )  =  T C lin ea r (J ,M K ,B c ,K );
T H .1 (I ,M K ) =  T H M lin e a r (I ,M K );
T h b .l(I ,M K ,B h ,K )  =  T H lin ea r (I ,M K ,B h ,K );

* In itia l e x is te n  o f  H X ...............................................................................
Z lin e a r (I ,J ,M K ,B h ,B c ,K )  =  Z P (I ,J ,M K ,B h ,B c ,K );
Z C U lin e a r (I )  =  Z cu P (I);
Z H U lin e a r (J ) =  Z h u P (J);

Z .l( I ,J ,M K ,B h ,B c ,K )  =  Z lin ea r (I ,J ,M K ,B h ,B c ,K );
Z c u .l(I )  =  Z C U lin ea r (I );
Z h u .l(J )  =  Z H U lin e a r(J );

S O L V E  L 1 N E A R 2  U S IN G  M IP  M IN IM IZ IN G  T A C 3 ;.
D IS P L A Y  Q H .l,Q C .l,T H .l,T h b .l ,T C .l,T c b .l ,q .I ,q c u .l ,q h u .l ,Z .l ,Z c u .l ,Z h u .l ,fh b P ,fc b P ,  

T O T A L q e x .l ,T O T A L _ H U .l,T O T A L _ C U .l,T A C  1.1 ,T A C 2.1,T A C 3.1; *

* In in tia l f lo w .........................................
fh b .l(L M K ,B h )= fh b P (I ,M K ,B h );
fc b .l(J ,M K ,B c )= fc b P (J ,M K ,B c );
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* In itia l A rea ............................................................................................
A lin e a r P (I ,J ,M K ,B h ,B c ,K )  =
q .l(I ,J ,M K ,B h ,B c ,K )/( (ฆ (I ,J )* ((d T H S .l(I ,J ,M K ,B h ,B c ,K )* d T C S .l(I ,J ,M K ,B h ,B c ,K )* ((d T H S .l(I ,J ,M K  
,B h ,B c ,K )+ d T C S .l(I ,J ,M K ,B h ,B c ,K )) /2 ) )* * * ( l / 3 ) ) ) + l e - 0 6 ) ;
A lin e a r C (I)  =  q c u .l( I ) /  ( (U c (I )* ( (d tc u .l( I )* A B S (T H .l(I ,'M K L >  
T O U T H (I ) )* (d tc u .l( I )+ A B S (T H .]( I ,'M K L ')-T O U T H (I )) ) /2 )* * ( l /3 ) ) )+ le -0 6 ) ;
A lin ea rH (J ) =  q h u .l(J ) /((U h (J )* ((d th u .l(J )* A B S (T O U T C (J )-  
T C .l(J ,'M K F '))* (d th u .l(J )+ A B S (T O U T C (J )-  T C .l(J ,'M K F ') ) ) /2 )* * ( l /3 ) ) )+ le -0 6 ) ;

A p .l ( U ,M K ,B h ,B c ,K )  =  A lin e a r P (I ,J ,M K ,B h ,B c ,K );
A c u .l( I )  =  A lin ea rC (I);
A h u .l(J )  =  A lin ea rH (J );

D is p la y  A p .l,A c u .l ,A h u .l;

* C a lcu la tio n  o f  ap p ro a ch  tem p er a tu re ...........................................................
d T H S J N (U ,M K ,B h ,B c ,K )= d T H S .l( I ,J ,M K ,B h ,B c ,K ) ;
d T C S _ I N (I ,J ,M K ,B h ,B c ,K )= d T C S .l(I ,J ,M K ,B h ,B c ,K );

d tc u _ IN (I )= d tc u .l(I );
d th u _ IN (J )= d th u .I(J );

d T H S .l(I ,J ,M K ,B h ,B c ,K )= d T H S _ I N (I ,J ,M K ,B h ,B c ,K );
d T C S .l(I ,J ,M K ,B h ,B c ,K )= d T C S _ IN (I ,J ,M K ,B h ,B c ,K );
d tcu .l(I )= d tc u _ IN (I);
d th u .l(J )= d th u _ IN (J );

* In itia l heat r e c o v e r y  &  u t ility .................................................................
Q C U n (I)  =  q cu .l(I );
Q F IU n(J) =  q h u .l(J );
Q E X n (I ,J ,M K ,B h ,B c ,K )  =  q .l(I ,J ,M K ,B h ,B c ,K );

q c u .l(I )  =  Q C U n (I);  
q h u .l(J )  =  Q H U n (J);
q ,.l(I ,J ,M K ,B h ,B c ,K ) =  Q E X n (I ,J ,M K ,B h ,B c ,K );

* In itia l tem p era tu re .....................................................................................
T C M lin ea r (J ,M K ) =  T C .1(J ,M K );
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T C lin e a r (J ,M K ,B c ,K ) =  T c b .l(J ,M K ,B c ,K );  
T H M lin e a r (b M K ) =  T H .1(I,M K );  
T H lin e a r (I ,M K ,B h ,K ) =  T h b .I(I ,M K ,B h ,K );

T C .1(J ,M K ) =  T C M lin ea r (J ,M K );  
T c b .l(J ,M K ,B c ,K )  =  T C lin ea r (J ,M K ,B c ,K );  
T H .1 (I ,M K ) =  T H M lin ea r(I ,M K );  
T h b .l(I ,M K ,B h ,K ) =  T H lin ea r (I ,M K ,B h ,K );

* In itial e x is te n  o f  H X ............................................................
Z lin e a r (I ,J ,M K ,B h ,B c ,K ) =  Z .I(I ,J ,M K ,B h ,B c ,K );  
Z C U lin e a r (I )  =  Z cu .l(I );
Z H U lin e a r (J ) =  Z hu.I(J);

Z P ( U ,M K ,B h ,B c ,K )  =  Z lin ea r (I ,J ,M K ,B h ,B c ,K );  
Z c u P (I)  =  Z C U lin ea r(I);
Z h u P (J ) =  Z H U lin ea r(J );

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

N O N L IN E A R 2 .o p t f i le  =  1;
$ o n e c h o > d ic o p t.o p t  
M A X C Y C L E S  3 0  
m ip o p tf ile  c p le x .o p t  1 
S o ffe c h o
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * = * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

S O L V E  N O N L IN E A R 2  U S IN G  N L P  M IN IM IZ IN G  T A C 4 ;
D IS P L A Y  Q H .l,Q C .l,T H .l,T h b .I ,T C .l,T c b .l,A p .I ,A c u .l,A h u .L q  l,q c u .l ,q h u .l,Z P ,Z c u P ,Z h u P ,fh b .l,fc b .l, 

T O T A L q e x .l ,T O T A L _ H U .I ,T O T A L _ C U .l,T A C  น ,'T A C 2 .1 ,T A C 3 .1 ,T A C 4 .I;

* In in tia l f lo w ..........................................................................................
fh b .l(I ,M K ,B h )= fh b P (I ,M K ,B h );
fc b .l(J ,M K ,B c )= fc b P (J ,M K ,B c );  *

* In itia l A r ea ............................................................ ...........................
A lin e a r P (I ,J ,M K ,B h ,B c ,K ) =  A p .l(I ,J ,M K ,B h ,B c ,K );  
A lin e a r C (I)  =  A cu .I(I);
A lin ea rH (J ) =  A h u .l(J );



Ap.](I,J,MK,Bh,Bc,K) = AlinearP(I,J,MK,Bh,Bc.K); 
Acu.l(I) = AlinearC(I);
Ahu.l(J) = AlinearH(J);

* Calculation o f approach temperature.....................................
dTHS_lN(I,J,MK,Bh,Bc,K)=dTHS.l(I,J,MK,Bh,Bc,K);
dTCS_IN(I,J,MK,Bh,Bc,K)=dTCS.l(I,J,MK,Bh,Bc,K);
dtcu_IN(I)=dtcu.l(I);
dthu_lN(J)=dthu.l(J);
dTHS.l(I,J,MK,Bh,Bc,K)=dTHS_IN(U,MK,Bh,Bc,K);
dTCS.I(I,J,MK,Bh,Bc,K)=d'FCSJN(U,MK,Bh,Bc,K);
dtcu.l(l)=dtcu_IN(I);
dthu.l(J)=dthu_IN(J);

* Initial heat recovery & utility...................................................
QCUn(I) = qcu.l(I);
QHUn(J) = qhu.l(J);
QEXn(I,J,MK,Bh,Bc,K) = q.l(I,J,MK.Bh,Bc,K); 
qcu.l(l) = QCUn(l); 
qhu.l(J)'= QHUn(J);
q.l(l,J,MK,Bh,Bc,K) = QEXn(I,J,MK.Bh,Bc,K);

* Initial temperature.....................................................................
TCMlinear(J,MK) = TC.1(J,MK);
TClinear(J,MK,Bc,K) = Tcb.I(J,MK.Bc,K); 
THMlinear(I,MK) = TH.1(I,MK);
THlinear(l,MK,Bh,K) = Thb.l(I,MK,Bh,K);
TC.1(J,MK) = TCMIinear(J,MK);
Tcb.l(J,MK,Bc,K) = TClinear(J,MK,Bc,K);
TH.1(I,MK) = THMlinear(EMK);
Thb.l(I,MK,Bh,K) = THlinear(I,MK,Bh,K);

* Initial existen o f  HX...................................................................
Zlinear(I,J,MK,Bh,Bc,K) = Z . l ( I , J , M K , B h , B c , K ) ;  

ZCUlinear(l) = Zcu.i(I);
ZHUIinear(J) = Zhu.l(J);

Z.l(l,J,M K,Bh,Bc,K) = Zlinear(U ,M K ,B h,B c,K );
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Zcu.l(I) = ZCUlinear(I); 
Zhu.l(J) = ZHUlinear(J);

If(x=l,

******************************************************************************** 
NONLlNEAR3.optfile= 1;
$onecho>dicopt.opt 
MAXCYCLES 50 
mipoptfile cplex.opt 1 
Soffecho
******************************************************************************** 
SOLVE NONLINEAR3 USING MINLP MINIMIZING TAC5;
DISPLAY QH.l,QC.I,TH.I,Thb.l,TC.I,Tcb.I,Ap.l,Acu.l,Ahu.l,q.l,qcu.l,qhu.l,Z.I,Zcu.l,Zhu.I,fhb.l,fcb.1, 

TOTALarea.l,TOTALqex.l,TOTAL HU.I,TOTAL_CU.l,TACl ,1,TAC2.1,TAC3.1,TAC4.1,TAC5.1;

* Upper bound o f  Total annoul cost. 
TACup=TAC5.1;

* Inintial flow ...................................
fhbP(I,MK,Bh)=fhb.l(I,MK,Bh);
fcbP(J,MK,Bc)=fcb.l(J,MK,Bc);

M K_Loop=l;
WHILE(MK_Loop<CARD(MK),

fhbP(I,MK,Bh)$(ord(MK)=MK_Loop and fhbP(I,MK,Bh)=0) = 0.05*FH(I); 
fcbP(J,MK,Bc)$(ord(MK)=MK_Loop and fcbP(J,MK,Bc)=0) = 0.05*FC(J);

MK_Loop=MK_Loop+l; );

else
********************************************************************************
NONLINEAR4.optfiIe = 1; 
$onecho>dicopt.opt
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MAXCYCLES 50 
mipoptfile cplex.opt I 
Soffecho
******************************************************************************** 
SOLVE NONLINEAR4 USING MINLP MINIMIZING TAC6;
DISPLAY QH.],QC.l,TH.l,Thb.l,TC.l,Tcb.l,Ap.l,Acu.!,Ahu.l,q.l,qcu.l,qhu.l,Z.l,Zcu.l,Zhu.l,fhb.l,fcb.I,

TOTALarea.l,TOTALqex.l,TOTAL_HU.l,TOTAL_CU.l,TACl.l,TAC2.],TAC3.l,TAC4.1,TAC5.1,TA
C6.1;

* Upper bound o f  Total annoul cost......................................................
TACup$(NONLINEAR4.modelstat<9 and NONLINEAR4.modelstat<>6 and
NONLINEAR4.modelstato4)=TAC6.1;

If(NONLINEAR4.modelstat=4 or NONLINEAR4.modelstat=6,
* Inintial flow.............................................................................
fhbP(I,MK,Bh)=flib.l(I,MK,Bh);
fcbP(J,MK,Bc)=fcb.l(J,MK,Bc);
);

*
* Importance Equations not both in this thesis and paper but needed
*

);

x=x+ l; );
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