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A p p e n d i x  A

H e a t  T r a n s f e r  A r e a

The r e q u i r e d  h e a t  t r a n s f e r  a r e a ,  A, f o r  a h e a t  
e x c h a n g e r  i s  c a l c u l a t e d  f rom

‘ ■ ^ 7
Where Q = amount  o f  h e a t  t r a n s f e r

บ = o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  
5T^m = l o g  mean t e m p e r a t u r e  d i f f e r e n c e  

= ( 5 T2 -  5 T1 ) /  l n ( 5 T 2 /  5T )
5T^ and 5T2 a r e  d e f i n e d  a s  ahown i n  F i g u r e  A - l

( à )

F i g u r e  A - l  T e m p e r a t u r e  d i f f e r e n c e s  i n  (a)  c o u n t e r c u r r e n t
and (b) p a r a l l e l  f l o w



A p p e n d i x  B

Overall Heat Transfer Coefficients

T y p i c a l  e s t i m a t e s  o f  t h e  o v e r a l l  h e a t  t r a n s f e r  
c o e f f i c i e n t s ,  บ,  ( i n c l u d i n g  f o u l i n g  and w a l l  r e s i s t a n c e s )  
t h a t  a r e  u s e d  i n  p r e l i m i n a r y  d e s i g n  a r e  l i s t e d  b e l o w  [ 3 8 :  
4 87]  .

S y s t e m  บ,  B T U / h r . f t  ?°F

C o n d e n s i n g  v a p o r  t o  b o i l i n g  l i q u i d  25C 
C o n d e n s i n g  v a p o r  t o  f l o w i n g  l i q u i d  15C 
C o n d e n s i n g  v a p o r  t o  g a s  2C 
L i q u i d  t o  l i q u i d  50 
L i q u i d  t o  g a s  2C 
Gas t o  g a s  10 
P a r t i a l  c o n d e n s e r  30



A p p e n d i x  c

U t i l i t y  C o s t s

The r a t e  o f  v a r i o u s  i n d u s t r i a l  u t i l i t i e s ,  a s  o f  i n  
J a n u a r y  1 9 7 9 ,  a r e  a s  f o l l o w s  [ 3 7 :  8 81]  ะ

UTILITY C o s t

St eam
5 00  p s i g  
1 00  p s i g  
e x h a u s t  

C o o l i n g  w a t e r  
w e l l
r i v e r  o r  s e a  
t o w e r

u s $  2 . 0 0 - 2 . 4 0 / 1 0 0 0  l b  
1 . 0 0 - 2 . 0 0 / 1 0 0 0  l b  
0 . 0 5 - 0 . 0 8 9 / 1 0 0 0  l b

0 . 0 6 - 0 . 3 0 / 1 0 0 0  g a l .  
0 . 0 4 - 0 . 1 2 / 1 0 0 0  g a l .  
0 . 0 4 - 0 . 1 6 / 1 0 0 0  g a l .



A p p e n d i x  D

Summary o f  The D e s i g n e d  N e t w o r k s

D 1 . U n r e s t r i c t e d  m a t c h i n g  

D l . l  [ 3 3 :  1 53]

229' 120 '

HI
H2

HI
H2

2 3 9 °  v โ  ร ^ 1 4 8 °

1 7 0 °
J

96°
2 7 0 °

_ _ _ _ _ _ _ _ _ _ _ _ _ / u \ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ r ฯ_________r 6 7 ^ 6 5  1 0 6 °
1 6 ^ 2 . 1 2  89^83  7 6 ^ 0 4  

2 [ 3 9 : 3 1 9 ]

3 1 0 °  5 0 °
4 5 0 °  ^_________ rF\_________r \__________ ^ 2 8 0 °

1Ï 4 'ไ1 2 0 ° r 00

____r

28 0° 2"40 1 1 5 °o— 6
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7 . 0 3 2  
8 . 4 4 0

Cl  9 . 1 4 4  
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1 . 4
2 . 0

3 . 0
2 . 0206 124

D 1 . 3  [ 2 1 :  76]
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1 8 0 °
“ไ ( ( 0 

1

€r

1 5 0 ° J  \ r \ 173^.3 Y ร^า 4 0 °?ท')
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พ
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930 3 6 0 °
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D I . 4 [ 2 6 :  7 4 5 ]

150'
2.0

(kw/°c)

8.0

Cl 2 . 5

C2 3 . 0

D I . 5  [ 6 :  7 42 ]

300'
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D I . 7 [ 1 :  56]
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D I . 1 0  [ 2 7 :  6 0 1 ]
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Cl  8 . 4 4

3 1 1 °
(ร)4 7 8 °  3 4 4 7 . 4

- ___________________________________________ ^ -N_____

^ J  น ^  ช .
1 1 9 7 . 1  4 2 2 °

4 1 1 °  1 2 1 9 . 7
C3 2 1 . 7 8

3 3 9 °
- 0 -------------------  C4 13.84996.5

DI. 15 [32: 1723]

(kw/°c)310° 149°___________________ r \ ___ r \  ' . .
244° 140.3______

J  "- ± 4 . 1 1
9 ว 0r \  " „

238^ ๅ J  x*i.วช 
6 6 °

H3
205° ____ r

J  — X / . / J
93°

2 2 1 °___________ r 'ไ______ 946.4 r
Cl 8.443£°ร  ^

205° 207.1____ ______________r 'ไ______
---------  <-̂  X/.1197.1 149°

138° 29.5 1070.9- _______________ I_____________ r
C3 13.90

6 6 °ร____________  ^น̂  _L น.'*/1116
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D I . 1 6  [ 2 5 :  50]
CP

5 9 0 .  3 3 . .  ^  4 0 0 .  , k w / ° c )

______ r \ ______
J  Z. 0 / 0

2 0 0 °
______

H2 5 3 3 .
J --------------------------- ±  . ๐ / /

1 50 °
______ r \ _______ -  , . . .H3

4 0 0 °—_____ { น \_____f ^_____/ ^ ______

J -------------- J..OZU
2 0 0 °

4 3 0 °  1 9 5 . 1  8 6 . 3  
’ 0 r

Cl  1 . 6 0 0
1 0 0 °

ร  ' . .  , . . .
4 0 0 °  2 2 . 5_____I___ r

น^ -L.ouu
5 0 5 . 6  3 0 0 °

2 8 0 °  4 1 2 . 8
_____________________________________ r

c  3 4 . 1 2 8
1 5 0 °

^ « . . .
3 4 1 . 1

D I . 1 7  [ 3 3 :  1 5 3 ]

1 6 0 °
H1

H2

H3

H4

249'
O

๐—๐

5 2 7 . 4

1 10

1 3 8 °

2 2 7 ° 3 9 3 . 3  1 0 6 °
r \  r z \

2 7 1 °
______ r \ _______

1 6 5 3 . 3  1 4 6 °
O  ( ? )

1 6 0 °
พ ' ^ '

3 5 1 . 8 9 6 °
Q

2 1 7 °
_______ r

3 9 0 . 2  1 1 6 °
ร ________ __________

2 5 0 ° 4 9 1 . 3  1 4 0 °

( k w / ° c )
1 0 . 5 4 8

1 2 . 6 6 0

1 7 . 7 2 4

8 . 4 0 0

Cl  6 . 0 9 6  

C2 4 . 8 6 4  

C3 1 2 . 0 0 0
308 1012
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D 1 . 1 8  [ 1 5 :  1]

6 7 5 °  3 . 7 8 E 7  2 . 3 6 E 7  1 . 8 9 E 7  15C°
(BTU/°F)

1 5 3 0 1 8

111220

4 5 5 0 7

5 9 8 5 0 0

1 1 6 4 8 2

1 2 7 7 4 3 4

Cl  4 78 3 5 1

D 1 . 1 9  [ 3 4 :  1 23]

6 4 0 °
HI

H2

H3

H4

H5

H6

1 58 4 198 4 60 °

5 6 0 °  572
_____________ ______________

4 8 0 °

5 4 0 ° 189
_____rS ____

4 80 °

4 8 0 ° 3 16 8  4 0 0 °
____r \

4 6 0 ° 1 1 5 5  3 10 °  
©

4 2 0 ° 1 8 8 1  3 6 6 3  3 5 0 °  _____^

. c o n  _ / • ^____

___ r
3 0 0 °

^________________
D3U
-  (1?) ____r r

2 99 2
----------------------( ' y — ~

(kW/°K)
9 . 9 0

7 . 1 5

3 . 3 0

3 9 . 6 0

7 . 7 0

7 9 . 2 0

Cl  2 9 . 7 0



183

D I . 2 0  [ 3 4 :  1 32 ]

6 2 0 °  1 2 7 9  3 05  4 6 0 °

D I . 21 [ 1 5 :  1]

4 7 0 ° 3 2 0 °
HI — —--------- O4 5 0 ° L r - Ï _______________________ ___  2 4 ° :

3 7 0 ° ----------------------c
___ r \ ________h 1 5 0 °  

" พ cV _
3 1 0 ° 0 . 4 0 2 0 0 °___
4 2 0 °

® ___ r ^____ 2 0 0 °
4 0 0 °  ^ 0 21  (g ) 3^6า 1 5 0 °
3 3 0 °  1^43_______ !____r ^________r 'ไ 1 8 5 °

3 ^ 6  1 ^3 0 0 °
-1 (H]

73
K

J

_ r 1 4 0 °
ร ______ _

0 . 7 7
1 .

>1 0^170 . 4 8

(kW/°K)
9 . 9 0
7 . 1 5
3 . 3 0

3 9 . 6 0
7 . 7 0

7 9 . 2 0

Cl  2 9 . 7 0

(mBTU/°F)
0 . 0 2 2 4 0
0 . 0 1 7 5 0

0 . 0 2 8 5 0

0 . 0 2 0 1 0

Cl  0 . 0 1 6 8 0  
C2 0 . 0 2 3 2 0  
C3 0 . 0 3 5 1 0

C4 0 . 0 1 7 2 5
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D I . 2 2  [ 1 7 :  1]
CP

( k W / ° K )
4 3 3 °  3 6 6 °

. ท  ____________________________________________________________________^  r, ' i r s

^ 2 1 5 ^ 4 6  4 1 1 °

___________________________________________

------------------------------------1 0 . 5 5
3 3 9 °

H 3  5 4 4 0 ______

^  *■  1 4 . 7 7  
8 2 1 . 1 7  4 2 2 °

“  « a T ๆ
1 2  .  D o

3 3 9 °
H 5

4 3 3 °
À

— ...... .. ■“  1 7 . 7 3
8 4 2 . 3 3

3 3 3 °

4 9 5 °
______________ r ' ไ ______

C l  7 . 6 2
3 8 9 °

4 9 4 °  6 4 4 . 4 8
- ____________ ________ r ^ _____ r

C 2  6 . 0 8
3 1 1 °

V .  - ,  „  .  .

4 5 0 °  1 1 7 1 . 0 5
r r

3 S S . "  ° - "

4 7 8 °

---- ---------------------------------------------c

^ น 7 ^  4 ' - 4 8
ไ -----------------------------------------------------------------------------------------  C 5  1 3 . 9 0

1 5 5 6 . 8
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D1.23 [25: 201]

349° 53.65 23.77 8.76 24.61 90°
HI

H2

H3

H4

H5

H6

H7

CP
(kw/°c)

0.4278

0.1858

0.0830

0.1459

0.0101

0.%39

0.4077

0.3785

1.1959

0.9190



D1.24 [15: 1]

186

668° 64.1 100.1 24.2 200°

Cl

C2

C3

CP
(mBTU/°F)

0.402678

0.222318

0.341260

0.553660

0.037725

0.090645

0.079546

0.092034

0.085303

0.620198

0.822659

0.138299



D1.25 [15: 1]

480° 300°

CP
(mBTU/°F)

0.01840
0.02418
0.02080
0.01820
0.02822
0.01917

0.02720

0.01330
0.01302
0.02720

0.02220

0.02816
0.015๓
0.01305
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D I . 2 6  [ 1 5 :  1]

550' 4 5 0 ‘
HI
H2
H3
H4
H5
H6
H7
H8
H9
H10-

5 2 0 ° ^  0 716 4 8 0°
5 0 0 °

r > y 0 ^ 1 4  440๐
4 6 0 ° V.J ^  ^  0 ^ 7 7  3 7 0 °
4 1 5 °

_ r \ __ y 0 ^ 0 4  340^
4 0 0 ° 0 Q 4  3 0 0 °
3 6 5 ° 0 ^ 8  3 2 0 °
3 0 0 ° ^ 0 ^ 8  2 5 0 °©  r -
2 4 0 ° ^ 0 ^ 2  17 0°
1 7 0 ° 1 4 0 °

( r )
4 2 0 °

v £ /  -
0 . 5 7  3 7 5 °

3 7 0 °  y ^ o
r 7 3 0 0 °

3 6 0 °  l . v 7 7 3 2 0 °
3 4 0 °  l . v 5 2 8 0 °
3 3 0 °  l . y ^ 2 6 0 °
2 8 0 °  0 . พ > 2 2 5 °
2 6 5 °  l . Ç f 5 2 4 0 °
2 2 0 ° 7VT] 1 7 0 °
2 0 0 °  l . t t
- --------------------------------------------------------r V -

1 4 0 °

C1
c  2
C3
C4
C5
C6
C7
C8
C9

(mBTU/°F)
0 . 0 2 8 4 0
0 . 0 2 8 3 7
0 . 0 2 4 6 0
0 . 0 1 7 0 0
0 . 0 3 0 6 9
0 . 0 1 9 3 6
0 . 0 2 5 5 0
0 . 0 1 2 4 0
0 . 0 2 0 7 2
0 . 0 1 8 9 0

0 . 0 2 2 3 2
0 . 0 2 3 8 7
0 . 0 3 4 9 6
0 . 0 2 6 0 4
0 . 0 1 3 4 4
0 . 0 3 2 0 0
0.01110
0 . 0 2 2 9 6
0 . 0 1 4 4 0

0.84 CIO 0 . 0 1 3 9 2
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D2.  R e s t r i c t e d  m a t c h i n g

T a k i n g  p r o b l e m  D 1 . 1 7  a s  an e x a m p l e ,  t h e  minimum 
u t i l i t y  r e q u i r e m e n t s  a r e  2 9 2 5 . 8  kw h o t  and n i l  c o l d .  The  
m a t c h i n g  o f  h o t  and c o l d  s t r e a m  p a i r s  a r e  ( 2 , 3 ) ,  ( 3 , 2 ) ,
( 4 , 1 )  and ( 4 , 3 ) .  I f  o ne  o f  t h e s e  s t r e a m  p a i r s  b e c o m e s  
f o r b i d d e n ,  t h e  c o r r e s p o n d i n g  e x t r a - u t i l i t y  r e q u i r e m e n t  
w i l l  b e  2 6 . 4 ,  0 ,  0 and 132  u n i t s ,  r e s p e c t i v e l y .  The
n e t w o r k  s t r u c t u r e s  f o r  t h e s e  r e s t r i c t e d  c o n d i t i o n s  a r e  
shown b e l o w .

จ 2 . 1  M a t c h i n g  o f  H2 and C3 i s  f o r b i d d e n .

1 60  ‘
HI

H2

H3

H4

249'

2 2 7 °

2 7 1 °  308o
160'

217'

250' ๐-

6 1 . 6
6 4 6 . 8o

5 2 7 . 4  แ ว 0

--------- พ4 9 1 . 3  9 1 4 . 0  1 3 3 °
< > — € > ------------------ ------

^ 0 ๅ 1 1 1 0 7 . 710 6 0
- © ----------------

2 7 7 . 2
< >

Ô - Ô
K H > -
2 6 . 4

4 0 3 . 2  1 4 6 °

9 5 ‘
O-๐ 116'

140'

(kW/°C)
1 0 . 5 4 8

1 2 . 6 6 0

1 7 . 7 2 4

8 . 4 0 0

Cl  6 . 0 9 6  

C2 4 . 8 6 4

C3 1 2 . 0 0 0O
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D 2 . 2  M a t c h i n g  o f  H3 and C2 i s  f o r b i d d e n .

1 6 0 ° 5 2 7 . 4  1 1 0 °
2 4 9 °  27 8 . 5  3 9 0 . 1  Æ iT ë  138*°

H2 — --------------------o ------------- — t O t Æ >2 2 7 ° 7 3 3 . 5 1 4 1 1 . 1  1C6°
2 7 1 °  308_________ _________ 4 9 1 . 3  ^J

2 8 . 7  1 46 °

1 6 0 ° 96°
2 1 7 °

________ r \ _____ w  1 1 6 °
2 5 0 ° 1 40 °

0-0---------O

Cl
C2
C3

( k w / ° c )
1 0 . 5 4 8
1 2 . 6 6 0
1 7 . 7 2 4

8 . 4 0 0

6 . 0 9 6  
4 . 8 6 4

1 2 . 0 0 0

D 2 . 3  M a t c h i n g  o f  H4 and Cl  i s  f o r b i d d e n .
The d e s i g n e d  n e t w o r k  i s  i d e n t i c a l  t o  t h a t  o b t a i n e d

i n  D 2 . 2

D 2 . 4  M a t c h i n g  o f  H4 and C3 i s  f o r b i d d e n .

1 6 0 °
HI
H2
H3
H4

249'
5 2 7 . 4

2 7 8 . 5 390
110'

6 . 6  133'
2 2 7 ° 9 0 9 . 5 1 2 3 5 . 1  1 05 °
2 7 1 ° 4 9 1 . 3  v J 5 ^ 8 . 7  1 4 6 °

( ท '\

1 6 0 °
J

9 5 0

2 1 7 °
________ r ________

^  1 15 °
2 5 0 0 132 1 4 0 °

6 -

( k w / ° c )
1 0 . 5 4 8
1 2 . 6 6 0
1 7 . 7 2 4

8 . 4 0 0

Cl  6 . 0 9 6  
C2 4 . 8 6 4  
C3 1 2 . 0 0 0



B i o g r a p h y

Mr. B o o n l i a n g  S i m s r i s a k u l  was  b o r n  on  March 3 0 ^ ,  
1 9 5 9  a t  Y a l a .  He r e c i e v e d  a B a c h e l o r  D e g r e e  o f  S c i e n c e  i n  
M e c h a n i c a l  E n g i n e e r i n g  ( 2 nc* C l a s s  H o n s . )  f r o m  P r i n c e  o f  
S o n g k l a  U n i v e r s i t y  i n  1 9 8 1 .
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