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A P P E N D I X  A

PROPERTY DATA BANK

T h e  s y m b o l s  a n d  e q u a t i o n s  a r e  s h o w n  b e l o w .  T h e  
e n t h a l p y  a n d  G i b b s  e n e r g y  o f  f o r m a t i o n  a t  2 9 8 . 2  K a r e  f o r  
t h e  i d e a l - g a s  s t a t e .  T h e  r e f e r e n c e  s t a t e s  c h o s e n  f o r  t h e  
e l e m e n t s  a r e  a s  f o l l o w s  ะ

MW

T c

Pc

vc
Zc

Ome g a
D i p m

= M o l e c u l a r  w e i g h t ,  g / m o l  
= C r i t i c a l  t e m p e r  c u r e ,  K 
= C r i t i c a l  p r e s s u r e ,  b a r  
= C r i t i c a l  v o l u m e ,  cm3 / m o l e  
=  C r i t i c a l  c o m p r e s s i b i l i t y  f a c t o r ,  

P CV C/ R T C
= P i t z e r ' s  a c e n t r i c  f a c t o r  
= D i p o l e  m o m e n t ,  d e b y e s

A,  B,  c, D = C o n s t a n t  t o  c a l c u l a t e  t h e  i s o b a r i c
h e a t  c a p a c i t y  o f  t h e  i d e a l  g a s  w i t h  
Cp i n  J / ( m o l . K )  a n d  T i n  K e l v i n s

Cp = A + BT + CT2 + DT3

A H f  = h e a t  o f  f o r m a t i o n ,  k c a l / g - m o l
A G f  = G i b b s  f r e e  e n e r g y ,  k J / g - m o l



T able A- l  Physi c a l  p r o p e r t i e s  c o n s t a n t ( R e i d  et al. (1987))

C O M P O N E N T M W Tc

K

Pc

bar

V c

c m / m o le

Zc Omega D i p m

debyes

A H f

kcal/mo]

H Y D R O G E N 2 .Ô16 33.0 12.9. 64.3 0.303 -0.216 0 0

M E T H A N E 16.043 190.4 46.0 99.2 0.288 0.011 0 -17.88

ETHANE 30.000 305.4 48.8 148.3 0.285 0.099 0 -20.23

P ROPANE 44.094 369.8 42.5 203.0 0.281 0.153 0 -24.82
BUTANE 58.124 425.2 38.0 255.0 0.274 0.199 0 -30.15
n - P A N T A N E 72.151 469.7 33.7 304.0 0.263 0.251 0 -35.00

n - H E X A N E 86.178 507.5 30.1 379.0 0.264 0.299 0 -39.96

C Y C L O H E X A N E 84.162 553.5 40.7 308.0 0.273 0.212 0.3 -29.43

M E T H Y L C Y C L O P E N T A N E 84.162 532.7 37.8 319.0 0.272 0.231 0 -25.50

2 - M E T H Y L P E N T A N E 86.178 497.5 30.1 367.0 0.267 0.278 0 -41.66

3 - M E T H Y L P E N T A N E 86.178 504.5 31.2 367.0 0.273 0.272 0 -41.02

2 , 2 - D I M E T H Y L B U T A N E 86.178 488.8 30.8 359.0 0.272 0.232 0 -44.35

2 , 3 - D I M E T H Y L B U T A N E 86.178 500.0 31.3 358.0 0.269 0.247 0 -42.49

B ENZENE 78.114 562.2 48.9 259.0 0.271 0.212 0 19.82

T O L U E N E 92.141 591.8 41.0 316.0 0.263 0.263 0.4 11.95

M E T H Y L C Y C L O H E X A N E 98.189 572.2 34.7 368.0 0.268 0.236 0 -36.99

E T H Y L C Y C L O H E X A N E 98.189 569.5 34.0 375.0 0.269 0.271 0 -30.37

n - H E P T A N E 100.205 540.3 27.4 432.0 0.263 0.349 0 -44.91

2 - M E T H Y L H E X A N E 100.205 530.4 27.3 421.0 0.261 0.329 0 -46.63

3 - M E T H Y L H E X A N E 100.205 535.3 28.1 404.0 0.255 0.323 0 -45.98



T a b l e  A - 2  H e a t  c a p a c i t y ,  Cp = A + BT + CT2 + DT3 
( R e i d  e t  a l .  ( 1 9 8 7 ) ,  J / g - m o l e )

COMPONENT A B c ช

HYDROGEN 2 . 714E+01 9 . 2 7 4 E - 0 3 - 1 . 3 8 1 E - 0 5 7 . 64 5E- 09

METHANE 1 . 925E+01 5 . 2 13 E - 0 2 1 . 19 7 E - 0 5 - 1 . 132E- 08

ETHANE 5 . 409E+00 1 . 7 8 1 E - 0 1 - 6 . 93SE- 05 8 . 7 13 E- 0 9

PROPANE - 4 . 224E+00 3 . 0 6 3 E - 0 1 - 1 . 5 8 6 E - 0 4 3 . 21 0 E - 0 8

BUTANE 9 . 4  87E+00 3 . 3 1 3 E - 0 1 - 1 . 10 8E- 04 - 2 . 82 2E- 09

n-PANTANE - 3 . 626E+00 4 . 8 7 3 E - 0 1 - 2 . 58 0 E - 0 4 5 . 30 0E- 08

n-HEXANE 4 . 4 13E+00 5 . 8 2 0 E - 0 1 - 3 . 119E- 04 6 . 490E- 08

CYCLOHEXANE - 5 . 454E+01 6 . 11 3 E- 0 1 - 2 . 523E- 04 1 . 3 2 1 E - 0 8

METHYLCYCLOPENTANE - 5 . 011E+01 6 . 3 8 1 E - 0 1 - 3 . 6 4 2 E - 0 4 8 . 041E- 08
2-METHYLPENTANE - 1 . 057E+01 6 . 1 8 0 E - 0 1 - 3 . 573E- 04 8 . 058E- 08
3-METHYLPENTANE - 2 . 386E+00 5 . 6 9 0 E - 0 1 - 2 . 870E- 04 5 . 03 3E- 08

2,2-DIMETHYLBUTANE - 1 . 663E+01 6 . 2 9 3 E - 0 1 - 3 . 481E- 04 6 . 5 8 0 E - 0 8
2 , 3-DIMETHYLBUTANE - 1 . 461E+01 6 . 1 5 0 E - 0 1 - 3 . 37 6E- 04 6 . 82 0E- 08
BENZENE - 3 . 392E+01 4 . 7 3 9 E - 0 1 - 3 . 017E- 04 7 . 130E- 08

TOLUENE - 2 . 4 3 5 E + 0 1 5 . 1 2 5 E - 0 1 - 2 . 76 5E- 04 4 . 91 1E- 08

METHYLCYCLOHEXANE - 6 . 192E+01 7 . 8 4 2 E - 0 1 - 4 . 43 8E- 04 9 . 366E- 08

ETHYLCYCLOHEXANE - 5 . 531E+01 7 . 5 1 1 E - 0 1 - 4 . 39 6E- 04 1 . 004E- 07
n-HEPTANE - 5 . 146E+00 6 . 7  6 2 E - 0 1 - 3 . 651E- 04 7 . 658E- 08
2-METHYLHEXANE - 3 . 939E+01 8 . 6 4 2 E - 0 1 - 6 . 2 8 9 E - 0 4 1 . 31 0E- 07
3-METHYLHEXANE - 7 . 0 4 6 E + 0 0 6 . 8 3 7 E - 0 1 - 3 . 73 4 E- 0 4 7 . 834E- 08
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Table A - 3  G ibbs free e n e r g y  of f o r mation of gas (Yaws and

Chiang, (1988)), A G f  = A  +BT + C T 2, k J / g - m o l e ) ,

b y  T in kelvins.

COMPONENT A B c À Gf  a t

298 K

n-HEXANE - 1 7 0 . 4 4 7 5 . 5 4 1 7 E - 0 1 5 . 0 3 0 3 E - 0 5 - 0 . 8 4

2-METHYLPENTANE - 1 7 7 . 6 7 5 5 . 6 3 0 3 E - 0 1 4 . 8 3 1 3 E - 0 5 - 5 . 6 0

3-METHYLPENTANE - 1 7 4 . 8 6 1 5 . 6 2 7 1 E - 0 1 5 . 0 3 5 1 E - 0 5 - 2 . 7 0

2 , 2-DIMETHYLBUTANE - 1 8 9 . 2 2 5 5 . 8 6 4 9 E - 0 1 4 . 7  6 2 3 E - 0 5 - 1 0 . 2 2

2 , 3-DIMETHYLBUTANE - 1 8 1 . 3 1 0 5 . 7 7 8 3 E - 0 1 4 . 9 7 2 2 E - 0 5 - 4 . 7 0

METHYLCYCLOPENTANE - 1 1 0 . 4 3 7 4 . 7 4 0 1 E - 0 1 4 . 9 1 2 3 E - 0 5 3 5 . 1 8

BENZENE 8 1 . 5 1 2 1 . 5 2 8 2 E - 0 1 2 . 6 5 2 2 E - 0 5 1 2 9 . 4 1

n-HEPTANE - 1 9 1 . 5 2 0 6 . 5 0 5 2 E - 0 1 5 . 6 4 4 4 E - 0 5 7 . 3 5

ETHYLCYCLOPENTANE - 1 3 1 . 2 2 3 5 . 7 13 6 E- 0 1 5 . 4 7 7 2 E - 05 4 3 . 9 1

METHYLCYCLOHEXANE - 1 6 0 . 0 3 8 6 . 1 2 5 5 E - 0 1 4 . 6 3 0 3 E - 05 2 6 . 6 1

TOLUENE 4 7 . 8 1 3 2 . 3 8 3 1 E - 0 1 3 . 1 9 1 6 E - 0 5 1 2 1 . 6 6

2-METHYLHEXANE - 1 9 8 . 6 4 5 6 . 5 8 3 7 E - 0 1 5 . 6 4 7 5 E - 0 5 2 . 5 6

3-METHYLHEXANE - 1 9 6 . 0 3 2 6 . 5 4 2 7 E - 0 1 5 . 6 4 5 4 E - 0 5 3 . 9 5

2 , 2-DIMETHYLPENTANE - 2 0 9 . 8 9 4 6 . 8 5 6 3 E - 0 1 5 . 6 3 5 2 E - 0 5 - 0 . 5 7

2 , 3-DIMETHYLPENTANE - 2 0 3 . 0 2 8 6 . 6 4 5 6 E - 0 1 5 . 6 2 8 6 E - 0 5 0 . 0 1

2 , 4-DIMETHYLPENTANE - 2 0 5 . 7 6 2 6 . 8 1 8 9 E - 0 1 5 . 6 3 3 2 E - 0 5 2 . 4 4

3 , 3-DIMETHYLPENTANE - 2 0 5 . 7 6 2 6 . 7 8  87 E - 0 1 5 . 6 3 2 7 E - 0 5 1 . 9 8

2 , 2 , 3-TRIMETHYLBUTANE - 2 0 9 . 1 0 1 6 . 9 8 1 1 E - 0 1 เ 5 . 2 6 2  I E - 0 4 3 . 6 1



A P P E N D I X  B

GROUPS I N K I N E T I C  EQUATIONS

T a b l e  B - l  G r o u p s  i n  k i n e t i c  e q u a t i o n  f o r  r e a c t i o n s  o n  
s o l i d  c a t a l y s t  ( Y a n g  a n d  H o u g e n  ( 1 9 5 0 ) ) .

DriYtng-Force Groups
Reaction A =ะ/? A ^ z R  A-S A 4- 3 z ^ R A A- 3 ะ̂ะ R A- ร

Adsorption of A controlling P t
P à ~ K

P tP z
Pa ~  K

PtP A ZXp„
P tP z  

P a ~  K p *

Adsorption of 3 controlling 0 0 P tPt -  i r -  XpA
P tP z  

P t  -  -ๆ r -  XpA
Desorption of 3 controlling P t

p A ~ K
P a _ P j _ 
Pz K PaP' - \

P aP b P t
~ h ~  X

Surface reaction controlling P t
P a ~ K

PtPz
P* ~ K -  ■K

P tP z  P a P b -  ๆ P
Impact of A controlling 
(A not adsorbed) 0 0 PaP’ - PÎ

P tP z  
P a P .  -  ๆ P

Homogeneous reaction Pn P tP z
PaP' - PJk

P tP zP a P s -controlling P a k P a k

Replacements in the General Adsorption Groaps
(1 -f- KAp x +  Ksp n +■  KrPk +  Ksps -b K,p, )‘

Reaction A eefl A es R b  ร A A- 3  — R A -f* 3 ะ̂  R s
Where adsorption of A is rate XAPt XA PtPz XxPt XAPtPz

controlling, replace KApA by K K Kp. Kp.
Where adsorption of 3  is rate 

controlling, replace K„pn by Q. 0 X,Pt
~*7a

XtPtPz
XPa

Where desorption of R is rate 
controlling, replace K.p.  by

Where adsorption of A is rate 
controlling with dissociation 
of A, replace Kxpx by

XX. Pa KK' ?~Pz KXtPzPt XX. ^

J¥ \XAPtPz 
V K

[ x J t  
V ~i(p7

jXAPnPsV  Kp.
Where equilibrium adsorption 

of A takes place with dissoci
ation o f A, replace KApA by J X aPa J x 7 a J x ApA J x Ap A
and similarly for other 
components adsorbed with 
dissociation
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T a b l e  B - l  ( c o n t i n u e d )

Where A is not adsorbed,
r e p la c e  K Ap A b y  0  0  0  0
and similarly Tor other 
corftponents that are not 
adsorbed

Kinetic Groups
Adsorption 0โ A controlling kA
Adsorption or B controlling k.
Desorption of R controlling k, K
Adsorption of A controlling with dissociation kA 
Impact oC A controlling kA K,
Homogeneous reaction controlling k

Surface Reaction Controlling

A ะ?: R A ?? R + s A A- B ะ? R A +  ระ?! R +  ร

Without dissociation k„K, K K a k , K AKt K K a K,
With dissociation of A K K a kwKAK, K K . aK1
B not adsorbed K K a k^Kj,
B not adsorbed, A dissociated K K a K K A K K a kwKA

Exponents of Adsorption Groups
Adsorption of A controlling without dissociation ท = I
Desorption of R controlling ท =  I
Adsorption o f .4 controlling with dissociation ท = 2
Impact of A without dissociation A +  B ■ะ?. R ท = I
linpucl of A without dissociation A + B ะ? R + 5 IJ = 2
Homogeneous reaction ท =  0

Surface Reaction Controlling

A ะ?ะ R A ะ?ะ R + S A + ระ?ะ R A +  B ะ? R +  ร
No dissociation or A 1 2 2 2
Dissociation of A 2 2 3 3
Dissociation of A

(B not adsorbed) 2 2 2 2
No dissociation of A

(B not adsorbcdl 1 ๆ 1 า
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E QUI LI BRI UM CONSTANT

T h e  e q u i l i b r i u m  c o n s t a n t  c a n  b e  c a l c u l a t e d  f r o m

A G t . p = - RT In K

F o r  a n y  g i v e n  r e a c t i o n

( C - l )

A G  =  Y, np AGf - I  nr AGr ( C - 2  )

w h e r e
AGf i s  t h e  s t a n d a r d  f r e e  e n e r g y  o f  f o r m a t i o n  o f  

c o m p o n e n t  i  ( T a b l e  A - 3 ) .
np i s  s t o i c h i o m e t r i c  c o e f f i c i e n t s  o f  m o l e s  f o r  

p r o d u c t .
nr i s  s t o i c h i o m e t r i c  c o e f f i c i e n t s  o f  m o l e s  f o r

r e a c t a n t .
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V I S C O S I T Y  OF GAS MIXTURE

T h e  v i s c o s i t y  o f  g a s  m i x t u r e  i n  r e f o r m i n g  s y s t e m  
i s  p r e d i c t e d  b y  m e t h o d  o f  W i l k e  ( R e i d  e t  a l .  ( 1 9 8 7 ) ) .

Z  Vi niท.ท =  V  ( D - l )  Z  yi
w h e r e

A [ 1 + (n i/nj)1'2 (Mj/ Mi)l/4 ) ]2 _  _  
[8(i + Mi/ Mj]1' (D"2)

0 ji i s  f o u n d  b y  i n t e r c h a n g i n g  s u b s c r i p t s  o r  b y

ท jMi (bij0 j i  = ...  ( D - 3 )niMj

w h e r e  ทm i s  t h e  v i s c o s i t y  of -  t h e  m i x t u r e .

n i i s  p u r e  c o m p o n e n t  v i s c o s i t y  o f  i  i n  t h e  m i x t u r e .

Yi i s  t h e  m o l e  f r a c t i o n  o f  i  i n  t h e  m i x t u r e .
Mi i s  t h e  m o l e c u l a r  w e i g h t  o f  i  i n  t h e  m i x t u r e .

T h e  p u r e  c o m p o n e n t  v i s c o s i t y ,  nj_ i s  p r e d i c t e d  b y  
m e t h o d  o f  C h u n g  e t  a l .  ( R e i d  e t  a l . ( 1 9 8 7 ) ) .
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ท -  4 0 ' 7 ™ / T ) , ' !

w h e r e  ท i s  t h e  v i s c o s i t y ,  jLiP .
M i s  t h e  m o l e c u l a r  w e i g h t .
T i s  t h e  t e m p e r a t u r e ,  K.

v c i s  t h e  c r i t i c a l  v o l u m e ,  c m 3 / m o l e .
i s  v i s c o s i t y  c o l l i s i o n .

Qv = A ( T * ) - B  + c [ e x p ( - D T * ) ]  + E [ e x p ( - F T * ) ]  ( ว - 5)

w h e r e  T* = 1 . 2 5 9 3 ,  A = 1 . 1 6 1 4 5 ,  B = 0 . 1 4 8 7 4 ,  c  = 0 . 5 2 4 8 7 ,
D = 0 . 7 7 3 2 0 ,  E = 2 . 1 6 1 7 8 ,  F = 2 . 4 3 7 8 7

F c  = 1 -  0 . 2 7 5 6 . ผ  + 0 . 0 5 9 0 5  แ *  + k ( D - 6 )

ฌ i s  t h e  a c e t r i c  f a c t o r  a n d  k i s  a  s p e c i a l  
c o r r e c t i o n  f o r  h i g h l y  p o l a r  s u b s t a n c e s  i s  s h o w n  i n  
APPENDI X A.

*  -  ( V c T c r

i s  d i p o l e  m o m e n t ,  d e b y e s
i s  a  d i m e n s i o n l e s s  d i p o l e  m o m e n t



A P P E N D I X  E

T a b l e  E - l  I n p u t  d a t a  u s e d  i n  t h e  s i m u l a t i o n

C a s e F e e d T e m p e r a t u r e
๐ c

P r e s s u r e
b a r

H2 / H y d r o c a r b o n

1 n - H e x a n e 5 0 0 1 11
2 n - H e x a n e 5 0 5 5 4
3 n - H e x a n e 5 0 5 15 4
4 n - H e p t a n e 4 8 0 10 10
5 n - H e p t a n e 4 9 0 1 0 . 5 20
6 n - H e p t a n e 5 0 0 1 8
7 MCH 3 2 5 1 5
8 MCH 3 5 0 1 5
9 MCH 3 7 5 1 5

10 MCH 4 2 5 1 5
11 MCH+Tol 3 2 5 1 5

( 0 . 1 4 : 0 . 1 6 )
12 MCH+Tol 3 5 0 1 5

( 0 . 1 4 : 0 . 1 6 )
13 MCH+Tol 3 7 5 1 5

( 0 . 1 4 : 0 . 1 6 )
14 MCH+Tol 4 2 5 1 5

( 0 . 1 4 : 0 . 1 6 )
15 MCH+Tol 3 5 0 1 5

( 0 . 1 1 : 0 . 3 4 )
16 MCH+Tol 3 5 0 1 5

( 0 . 0 8 : 0 . 5 2 )
17 MCH 4 0 0 8 . 1 5 53
18 MCH 4 0 0 8 . 5 16
19 MCH 4 0 0 9 8



T able E-2 I n p u t  d a t a  u s e d  i n  t h e  s i m u l a t i o n  o f  c a s e  2 0

C o m p o s i t i o n  o f  m i x e d  c6 t o  c7 h y d r o c a r b o n  f e e d
H y d r o c a r b o n  t y p e V o l u m e  %

n - h e x a n e 1 0 . 0 0
2MP 2 . 1 5
3MP 2 . 1 5
MCP 1 0 . 3 0

n - h e p t a n e 2 4 . 4 0
s b p 7 1 3 . 4 0
m b p 7 1 3 . 4 0
5N7 7 . 3 5
MCH 7 . 3 5

b e n z e n e 1 . 7 0
t o l u e n e 7 . 3 0

1 0 0 . 0 0
O p e r a t i n g  C o n d i t i o n

p r e s s u r e ,  b a r 1 4 . 7
t e m p e r a t u r e ,  ๐c 5 0 5
W / F ° „ c 20
H y d r o g e n / H y d r o c a r b o n 4



Table E-3 I n p u t  d a t a  u s e d  i n  t h e  s i m u l a t i o n  o f  c a s e  2 1

C o m p o s i t i o n  o f  m i x e d  Cg t o  c7 h y d r o c a r b o n  f e e d
H y d r o c a r b o n  t y p e V o l u m e  a

n - h e x a n e 3 0 . 7 5
MCP 1 1 . 2 0

n - h e p t a n e 3 0 . 7 5
MCH 1 1 . 2 0

b e n z e n e 3 .10
t o l u e n e 1 3 . 0 0

1 0 0 . 0 0
O p e r a t i n g  C o n d i t i o n

p r e s s u r e ,  b a r 1
t e m p e r a t u r e ,  ๐ c 4 90
W /F °H C 40
H y d r o g e n / H y d r o c a r b o n 7
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PARAMETER ESTI MATI ON

1 .  I n t r o d u c t i o n

P a r a m e t e r  e s t i m a t i o n  a r i s e s  i n  f i t t i n g  m o d e l s  
c o n t a i n i n g  s e v e r a l  u n k n o w n  p a r a m e t e r s  t o  e x p e r i m e n t a l  d a t a  
t h r o u g h  a d j u s t m e n t  o f  t h e s e  p a r a m e t e r s .  M o d e l  f o r m u l a t i o n  
i s  n o t  a  u n i q u e  p r o c e s s ;  m a n y  d i f f e r e n t  f o r m u l a t i o n s  m a y  
b e  u s e d  t o  f i t  t h e  d a t a  a n d  o p t i m i z e  m o d e l  p a r a m e t e r s .  Of  
p a r t i c u l a r  c o n c e r n  a r e  f o r m u l a t i o n s  t h a t  a r e  s u f f i c i e n t l y  
a c c u r a t e  t o  r e p r e s e n t  p h y s i c a l  o r  c h e m i c a l  p h e n o m e n a .

M o d e l  f o r m u l a t i o n  c a n  b e  g r o u p e d  i n t o  l i n e a r  a n d  
n o n l i n e a r .  T h e  p a r a m e t e r  e s t i m a t i o n  t e c h n i q u e  u s e  t o  
i d e n t i f y  t h e  p a r a m e t e r  i s  t h e r e f o r e  b a s e d  o n  t h e  t y p e s  o f  
t h e  m o d e l s .

2 .  R e v i e w  o f  N u m e r i c a l  M e t h o d s  f o r  N o n l i n e a r  M o d e l

I n  t h e  s t u d y i n g  o f  k i n e t i c  , r a t e  c o e f f i c i e n t  
( k)  a n d  t h e  a d s o r p t i o n  c o e f f i c i e n t s  (KA, KR, Ks ) a r e  t h e  

p a r a m e t e r  i n  t h e  r a t e  e q u a t i o n  w h i c h  i s  n o n l i n e a r  m o d e l ,  
t h e  w o r d  n o n l i n e a r  h a s  m e a n i n g  a s  a p p l i e d  t o  t h e  i n d e p e n 
d e n t  v a r i a b l e  o f  t h e  m o d e l  a n d  a l s o  a s  a p p l i e d  t o  t h e
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p a r a m e t e r .  T h e  n o n l i n e a r  e s t i m a t i o n  p r o b l e m  a p p e a r s  
a s  s i m p l y  a n  o p t i m i z a t i o n  p r o b l e m .  T h e  o p t i m i z a t i o n  
t e c h n i q u e s  a r e  f o l l o w i n g

1. Direct Search Method D i r e c t  m e t h o d  d o  n o t  
r e q u i r e  t h e  u s e  o f  d e r i v a t i v e s  i n  d e t e r m i n i n g  t h e  s e a r c h  
d i r e c t i o n .  A d i r e c t  s e a r c h  m e t h o d  s i m p l y  s e l e c t s  a 
s t a r t i n g  v e c t o r  x ° ,  e v a l u a t e s  f ( x )  a t  x ° ,  a n d  t h e n  s e l e c t s  
a n o t h e r  v e c t o r  X 1 , a n d  e v a l u a t e s  f ( x )  a t  X 1 . T h e  b o t h  
s e a r c h  d i r e c t i o n  a n d  s t e p  l e n g t h  a r e  c h o s e n  s i m u l t a n e o u s l y  
A f t e r  o n e  o r  m o r e  s t a g e s ,  t h e  v a l u e  o f  f ( x k ) i s  c o m p a r e d  
w i t h  t h e  b e s t  p r e v i o u s  v a l u e  o f  f ( x )  f r o m  a m o n g  t h e  
p r e v i o u s  s t a g e s ,  a n d  t h e  d e c i s i o n  i s  m a d e  t o  c o n t i n u e  o r  
t e r m i n a t e  t h e  p r o c e d u r e .  T h e  d i s a d v a n t a g e  o f  d i r e c t  
s e a r c h  m e t h o d  i s  t h a t  t h e y  a r e  s l o w  i n  c o m p a r i s o n  w i t h  
d e r i v a t i v e  o r  s i m p l e x  m e t h o d s ,  e s p e c i a l l y  a s  t h e  n u m b e r  o f  
p a r a m e t e r s  b e c o m e s  l a r g e .

2 .  Simplex Method T h e  s e c o n d  m e t h o d  o f  m i n i m i z a 
t i o n  o f  a  n o n l i n e a r  o b j e c t i v e  f u n c t i o n  i s  b y  u s i n g  a '  
r e g u l a r  g e o m e t r i c  p a t t e r n s  ( a  s i m p l e x )  t o  s e l e c t  p o i n t s  a t  
t h e  v e r t i c e s  o f  t h e  s i m p l e x  a t  w h i c h  t o  e v a l u a t e  f ( x ) . 
E a c h  s e a r c h  d i r e c t i o n  p o i n t s  a w a y  f r o m  t h e  p o i n t  y i e l d i n g  
t h e  h i g h e s t  v a l u e  o f  t h e  o b j e c t i v e  f u n c t i o n ,  p o i n t  A i n  
F i g u r e  F - l ,  t h r o u g h  t h e  c e n t r o i d  o f  t h e  s i m p l e x ,  t e r m e d  a 
r e f l e c t i o n ,  i s  f o r m e d  c o m p o s e d  o f  t h e  r e m a i n i n g  o l d  p o i n t  
a n d  o n e  n e w  p o i n t ,  B.  T h u s ,  t h e  d i r e c t i o n  o f  s e a r c h
c h a n g e s ,  b u t  t h e  s t e p  s i z e  i s  f i x e d  f o r  a  g i v e n  s i z e  
s i m p l e x .
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๏

F i g u r e  F - l  R e g u l a r  s i m p l e x e s  o f  t w o  a n d  t h r e e  
i n d e p e n d e n t  p a r a m e t e r s .
( a )  t w o  v a r i a b l e  s i m p l e x
( b)  t h r e e  v a r i a b l e  s i m p l e x

C e r t a i n  p r a c t i c a l  d i f f i c u l t i e s  i n  t h e  o r i g i n a l  
p r o c e d u r e ,  n a m e l y  t h a t  i t  d i d  n o t  p r o v i d e  f o r  a c c e l e r a t i o n  
o f  t h e  s e a r c h ,  a n d  e n c o u n t e r e d  d i f f i c u l t y  i n  c a r r y i n g  o n  
t h e  s e a r c h  i n  c u r v i n g  v a l l e y s  o r  o n  c u r v i n g  r i d g e s  l e d  t o  
s e v e r a l  i m p r o v e m e n t s .  I n  g e n e r a l  i t  i s  r e c o m m e n d e d  a s  
b e t t e r  t h a n  t h e  p r e v i o u s l y  d e s c r i b e d  d i r e c t  s e a r c h  m e t h o d  
b e c a u s e  i t  t a k e s  l e s s  c o m p u t e r  t i m e  e v e n  t h o u g h  t h e  
c o n v e r g e n c e  t o  t e r m i n a t i o n  i s  s l o w .

3 .  G r a d i e n t  M e t h o d  T h i s  g r a d i e n t ( s t e e p e s t - d e s c e n t  
/ a s c e n t )  m e t h o d  u s e s  o n l y  t h e  f i r s t  d e r i v a t i v e s  o f  t h e  
f ( x )  i n  t h e  c a l c u l a t i o n s .

T h e  g r a d i e n t  i s  t h e  v e c t o r  a t  a  p o i n t  X t h a t  g i v e s  
t h e  ( l o c a l )  d i r e c t i o n  o f  t h e  g r e a t e s t  i n c r e a s e  i n  f ( x )  a n d  
i s  o r t h o g o n a l  t o  t h e  c o n t o u r  o f  f ( x )  a t  X . F o r  m a x i m i z a 
t i o n ,  t h e  s e a r c h  d i r e c t i o n  i s  s i m p l y  t h e  g r a d i e n t  ( w h e n  
u s e d  t h e  a l g o r i t h m  i s  c a l l e d  s t e e p e s t  a s c e n t ) ; f o r  m i n i m i -
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z a t i o n ,  t h e  s e a r c h  d i r e c t i o n  i s  t h e  n e g a t i v e  o f  t h e  
g r a d i e n t ( s t e e p e s t  d e s c e n t ) .

ร k = V f ( x ) k ( F - l )

I n  s t e e p e s t  d e s c e n t  a t  t h e  k t h  s t a g e ,  t h e  t r a n 
s i t i o n  f r o m  p o i n t  x k t o  a n o t h e r  p o i n t  x k+1 c a n  b e  v i e w e d  a s  
g i v e n  b y  t h e  f o l l o w i n g  e x p r e s s i o n :

x k+l  =ะ x k + A x k = x k + Aks k = x k -  Ak V f ( x k) ( F - 2 )

w h e r e  A x k = v e c t o r  f r o m  x k t o  x k+1
ร k = s e a r c h  d i r e c t i o n ,  t h e  d i r e c t i o n  o f  

s t e e p e s t  d e s c e n t
Ak = s c a l a r  t h a t  d e t e r m i n e s  t h e  s t e p  

l e n g t h  i n  d i r e c t i o n  ร k
T h e  n e g a t i v e  o f  t h e  g r a d i e n t  g i v e s  t h e  d i r e c t i o n  

f o r  m i n i m i z a t i o n  b u t  n o t  t h e  m a g n i t u d e  o f  t h e  s t e p  t o  b e  
t a k e n ,  s o  t h a t  v a r i o u s  s t e e p e s t  d e s c e n t  p r o c e d u r e s  a r e  
p o s s i b l e ,  d e p e n d i n g  u p o n  t h e  c h o i c e  o f  Ak . 4

4 .  Newton's Method N e w t o n ' s  m e t h o d  m a k e s  u s e  o f  
t h e  s e c o n d - o r d e r  a p p r o x i m a t i o n  o f  f ( x )  a t  x k , a n d  t h u s  
e m p l o y s  s e c o n d - o r d e r  i n f o r m a t i o n  a b o u t  f  ( x ) , t h a t  i s ,  
i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  s e c o n d  p a r t i a l  d e r i v a t i v e s  
o f  f ( x )  w i t h  r e s p e c t  t o  t h e  i n d e p e n d e n t  v a r i a b l e s .

T h e  m i n i m u m  o f  f ( x )  i n  t h e  d i r e c t i o n  o f  x k i s  
o b t a i n e d  b y  d i f f e r e n t i a t i n g  t h e  a p p r o x i m a t i o n  o f  f ( x )  w i t h  
r e s p e c t  t o  e a c h  o f  t h e  c o m p o n e n t s  o f  X a n d  e q u a t i n g  t h e
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r e s u l t i n g  e x p r e s s i o n s  t o  z e r o  t o  g i v e

V f ( x k) = V f ( x k) + H ( x k) A x k = 0 ( F - 3 )
o r

x k+l  -  x k = A x k = -  [H ( x k) ] _1 V f  ( x k) ( F — 4 )

w h e r e  [ H ( x k )]_1 i s  t h e  i n v e r s e  o f  t h e  H e s s i a n  
m a t r i x  H ( x k ) .

N o t e  t h a t  b o t h  t h e  d i r e c t i o n  a n d  s t e p  l e n g t h  a r e  
s p e c i f i e d  a s  a  r e s u l t  o f  E q .  ( E - 3 )  . I f  f ( x )  i s  a c t u a l l y  
q u a d r a t i c ,  o n l y  o n e  s t e p  i s  r e q u i r e d  t o  r e a c h  t h e  m i n i m u m  
o f  f ( x ) . H o w e v e r ,  f o r  a  g e n e r a l  n o n l i n e a r  o b j e c t i v e  
f u n c t i o n ,  t h e  m i n i m u m  o f  f ( x )  w i l l  n o t  b e  r e a c h e d  i n  o n e  
s t e p ,  s o  t h a t  E q . ( E - 4 )  c a n  b e  m o d i f i e d  t o

x k+l  _ x k = - A k [ H ( x k ท - 1V f ( x k ) ( F - 5 )

w h e r e  A k i s  t h e  s t e p  l e n g t h .  T h e  s e a r c h  d i r e c t i o n  
ร i s  g i v e n  ( f o r  m i n i m i z a t i o n )  b y

ร k = -  [H ( x k) ] - ! V f  ( x k) ( F - 6 )

F o r  t h e  i n i t i a l  e s t i m a t e s  o f  t h e  p a r a m e t e r s  f a r  
f r o m  t h e  f i n a l  e s t i m a t e s ,  i t  i s  a  c h a r a c t e r i s t i c a l l y  s l o w  
m e t h o d  b u t  c o n v e r g e s  r a p i d l y  n e a r  t e r m i n a t i o n  ( i n  c o n t r a s t  
t o  t h e  g r a d i e n t  m e t h o d  w h i c h  c o n v e r g e s  v e r y  s l o w l y ) .

5 .  M a r q u a r d t ' s  Me th o d  M a r q u a r d t ,  L e v e n b e r g ,  a n d  
o t h e r s  h a v e  s u g g e s t e d  t h a t  t h e  H e s s i a n  m a t r i x  o f  f ( x )  b e
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m o d i f i e d  o n  e a c h  s t a g e  o f  t h e  s e a r c h  a s  n e e d e d  t o  e n s u r e  
t h a t  t h e  m o d i f i e d  H ( x ) ,  H ( x ) ,  i s  p o s i t i v e  d e f i n i t e  a n d  
w e l l - c o n d i t i o n e d .  T h e  p r o c e d u r e  a d d s  e l e m e n t s  t o  t h e  
d i a g o n a l  e l e m e n t  o f  H(x)

H(x)  = [H(x)  + 0 1 ]  ( F - 7 )

w h e r e  /3 i s  a  p o s i t i v e  c o n s t a n t  l a r g e  e n o u g h  t o  
m a k e  H(x)  p o s i t i v e  d e f i n i t e  w h e n  H(x)  i s  n o t .  A l s o  i t  i s  
p o s s i b l e  t o  u s e

[H (x) r 1 = [H-1 (X ) + y I ]  ( F - 8 )

M a r q u a r d t ' s  m e t h o d  i s  d e f i n i t e l y  s u p e r i o r  t o  
e i t h e r  t h e  N e w t o n  m e t h o d  o r  t h e  G r a d i e n t  m e t h o d .  B e c a u s e  
e i t h e r  a n a l y t i c a l  o r  n u m e r i c a l  d e r i v a t i v e s  a t  t h e  m i n i m u m  
o f  f ( x )  a r e  a v a i l a b l e .  I t  i s  s u p e r i o r  t o  t h e  s i m p l e x  
m e t h o d  i n  t h a t  s u b s e q u e n t  e s t i m a t e s  o f  t h e  p r e c i s i o n  o f
t h e p a r a m e t e r s  a r e e a s y t o m a k e .  On t h e o t h e r  h a n d ,
t h e s i m p l e x  m e t h o d h a s t h e a d v a n t a g e  t h a t t h e  p a r t i a l
d e r i v a t i v e s  o f  f ( x )  n e e d  n o t  b e  c a l c u l a t e d  a t  a l l ,  t h u s  
s a v i n g  c o n s i d e r a b l e  c o m p u t e r  t i m e  i n  e s t i m a t i o n .  F o r  v e r y  
c o m p l e x  m o d e l s ,  t h e  s i m p l e x  m e t h o d  h a s  p r o v e d  t h e  m o r e  
e f f e c t i v e  i n  e s t i m a t i n g  t h e  p a r a m e t e r s  i n  s i m u l a t i o n
s t u d i e s .
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3 .  S t e p  o f  P a r a m e t e r  E s t i m a t i o n

1 .  L e t  Yj_ i s  o b s e r v a t i o n  f r o m  e x p e r i m e n t a l  d a t a  
a n d  Yi i s  e x p e c t e d  r e s p o n s e  f r o m  t h e  m o d e l s .

F o r  Cg h y d r o c a r b o n s

-- d XnHEXYi = — -■ ■ _----- = - r a t e  [ 1 ] - r a t e  [ 2 ] - r a t e  [ 6]d (พ / Fhc)

Y2 = -— — = r a t e  [ 1 ] - r a t e  [ 3 ] - r a t e  [ 4 ] - r a t e  [ 8 ] d(พ / Fhc)

Y i  = — rï X,3N"—  = r a t e  [ 2 ] + r a t e  [ 3 ] - r a t e  [ 7]  d(W / Fhc)
— d X22DMD , 1. rY4 = —T ~ r a t e  [ 5 ] - r a t e  [ 1 0 ]d(พ / Fhc)
7 — d  X 2 3 DMB ,  ,  , 1. , . ,Y5 = "' . . . . . ไ - . —-  = r a t e  [ 4 ] - r a t e  [ 5] d(พ / Fhc)

Ye = — ^ ^ M( t—  = r a t e  [ 6 ] - r a t e  [ 7 ] d (พ / Fhc)

7  = d ,Xl;  = r a t e m  d(พ / Fhc)

Ye = — 7' ----- = r a t e  [ 8 ] + r a t e  [ 9 ] + r a t e  [ 10  ]d(พ / Fhc)

F o r  C7 h y d r o c a r b o n s

Y «  = — EP—  = - r a t e  [ 11 ] - r a t e  [ 1 3 ]  d(พ / Fhc)

Y10 = d Xioi r a t e [ 1 5 ]d(พ / Fhc)
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Yn = — —  = r a t e  [ 14 ] - r a t e  [ 1 5 ]  d (พ / Fhc)

Yi2 = . ^ = r a t e  [ 13 ] - r a t e  [ 14 ]d(พ / Fhc)

Yu = — —  = r a t e  [ 12 ] - r a t e  [ 17  ] d (พ / Fhc)

Yi4 = -----—z --------- = r a t e  [ 1 6 ] + r a t e  [ 17 ]d(W / Fhc)

2 .  L e t  e r r  i s  e r r o r  b e t w e e n  o b s e r v a t i o n  w i t h  
e x p e c t e d  r e s p o n s e .

e r r - L 2 =  ( Yj_-Yi  ) 2

3 .  L e t  E i s  t o t a l  e r r o r

4 .  O p t i m i z a t i o n  o f  E b y  u s i n g  l e a s t  s q u a r e
f u n c t i o n  i n  MATLAB p r o g r a m  ( M a r q u a r t '  m e t h o d - w h i c h  i s  t h e  
b e s t  m e t h o d  a s  s h o w n  i n  t h e  r e v i e w  o f  n u m e r i c a l  m e t h o d  f o r  
n o n l i n e a r  e q u a t i o n ) .
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/ ★ ★ ★ -AT*****************************************.*.**************-*.*.*--*-**-*.*.*.
* P r o g r a m  t o  s i m u l a t e  r e f o r m i n g  p r o c e s s e s  f o r  C6 t o  C7 h y d r o c a r b o n s *
* S o u r c e  f i l e  name i s  SIM.C *
* F i l e  d a t a  b a n k  f o r  s p e c i f i c  h e a t ,  Cp i s  c p m i x . d a t  *
* F i l e  d a t a  b a n k  f o r  v i s c o s i t y  i s  v i s m i x . d a t  ** ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ •A-********************-*-***********-*--*-********-*.***-*--*-*******/

# i n c l u d e < s t d i o . h> 
# i n c l u d e < m a t h . h> 
# i n c l u d e < c o n i o . h> 
# i n c l u d e < s t r i n g . h>
# i n c l u d e  " s i m . h "
FILE * p r i n t e r ;
s t r u c t  cpm cpmix[MAX_COMPONENT] ;
s t r u c t  d a t a _ b a n k  physical [MAX_COMPONENT] ;
d o u b l e  Ke[REACTION];
s t a t i c  c h a r  * feedname[MAXFEED] = (

" H y d r o g e n " ,  "C5 o r  C6" ,  " n - H e x a n e " ,  "MCP",  "2MP", 
"3MP", "22DMB", 23DMB", " B z " ,  " T o l u e n e " ,  "ECP" ,
"MCH", " n - H e p t a n e " ,  "SBP7" ,  "MBP7" ) ;

v o i d  m a i n ()
(
d o u b l e  h e a t r e a c t i o n [ REACTION]; 
s t a t i c  d o u b l e  r a t e [ REACTION]; 
d o u b l e  p a r t i a l p [ M A X F E E D ] ;

/ *  m a i n  p r o g r a m  * /
/ *  f o r  h e a t  o f  r e a c t i o n  * /
/ *  f o r  r a t e  o f  r e a c t i o n  * /
/ *  f o r  p a r t i a l  p r e s s u r e  o f  C6 t o  C7*/

double  m o le f e e d [MAXFEED+1] = (
0,
0,
0 , 0 , 0 , 0 , 0 ,  0, 0, 
0, 0, 0, 0 , 0 ,  0

] ;

/ * h y d r o g e n * /
/ *C5 o r  C6* /
/ * n - H e x a n e , MCP,2MP,3MP,22DMB,23DMB, Bz*/  
/ *Tol , MCH,  ECP, n - H e p t a n e ,  SBP7,MBP7*/ .

d o u b l e h 2 _ c 6  = 0; /  *H2 i n C6*/
d o u b l e c6 c6  = 0; /  *C6 i n C6*/
d o u b l e h2 c7 = 0 ; / *H2 i n C l* /
d o u b l e o o\ 1 o II ๐ /  *C6 i n C l* /
d o u b l e  MOLEFEED[MAXFEED];
s t a t i c  d o u b l e  m o l e i n i t i a l [ M A X F E E D ] ;
d o u b l e  s l ope [ MAXFEED] ;
d o u b l e  t o t a l m o l e  = 0;
d o u b l e  h 2 _ h y d r o c a r b o n ;
d o u b l e  c p m i x t u r e ,  v i s m i x t u r e ;
s t a t i c  d o u b l e  k [ 5 ] [MAXFEED+1] ;  / * s l o p e  k [ 1 ] . . . k [ 4 ] * /  
d o u b l e  s l o p e t e m p  = 0;  
d o u b l e  v i s c o s i t y ;
d o u b l e  t e m p e r a t u r e ;  
d o u b l e  t e m p i ;  
d o u b l e  p r e s s u r e ;  
d o u b l e  f e e d h c  = 0;
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/ A - A - A - A - A - A - A - * A - A - * A - A - A - * A * A - A - A A - A - A A A A * A - A - A * A - A - A *  +  A A A *  +  * * * A A A A A A A A  A A -  A A  A A

★ A r r a y  o f  m o l e f e e d  i s ■ A-
★ m o l e f e e d [0] = Hy d r o g e n •A-
•A: m o l e f e e d [1] = C5 o r  C6 A
★ m o l e f e e d [ 2 ] = n - H e x a n e A

★ m o l e f e e d [3] = MCP A
★ m o l e f e e d [4] = 2MP A
■ A- m o l e f e e d [ 5 ] = 3MP A
★ m o l e f e e d [6] = 22DMB A
★ m o l e f e e d [7] = 23DMB A
■ A- m o l e f e e d [8] = Bz A
★ m o l e f e e d [9] = T o l u e n e A-
-A- m o l e f e e d [10] = ECP A
•A: m o l e f e e d [11] = MCH A-

m o l e f e e d [12] = n - H e p t a n e +
•k m o l e f e e d [13] = SBP7 A-
•A- m o l e f e e d [14] = MBP7 A

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A เ

i n t  f e e d _ c o u n t ;
i n t  c o m p o _ c o u n t ;
i n t  i  = 0,  j ;
i n t  i i i  = 0,  j j j  = 0;
i n t  row = 1;  / ‘ row o f  t h e  m o n i t o r * /
i n t  c o l  = 1;
i n t  c o u n t  = 0,  ท;
f l o a t  i n i t i a l ,  f i n a l ,  h ,  p r i n t i n ;
i n t  n n p ,  n n c ;
i f ( ( c o m p o _ c o u n t  = r e a d _ d a t a f i l e ( N U L L , N U L L ) )<1)  

e x i t  (1) ;
p r i n t ( "Number  o f  c o m p o n e n t  r e a d  f r o m  t a b l e s  = % d \ n " , c o m p o _ c o u n t ) ; 
i f  ( ( p r i n t e r  = s e t o u t p u t () ) ==NULL) 

e x i t ( 2 ) ;
/ * r e c i e v e  t e m p e r a t u r e ,  p r e s s u r e  e t c . * /
c l r s c r ( ) ;
row = 1;  c o l  = 1;
g o t o x y (c o l , r o w ) ;
c p r i n t f ( " I N P U T  FEED ะ " ) ;
ท = 0,  i  = 0 ; 
r ow = 2;
w h i l e  (KMAXFEED) ( 

c h a r  n a m e b u f [ 2 0 ] ;  
d o u b l e  f e e d v a l u e ;
g o t o x y ( 2 0 , 1 ) ;  c p r i n t f ( " c o u n t  = % 2 d " , i ) ;  
g o t o x y ( 3 , r o w + 1 ) ;  c p r i n t f (s p a c e ) ;  
g o t o x y ( 3 , r o w + 2 ) ;  c p r i n t f  ( s p a c e ) ;
g o t o x y ( 3 , r o w ) ; c p r i n t ( " \ n F e e d  n a m e ( c t r l - z  t o  e x i t ) : " ) ;  
i f ( (ท = s c a n f ( " % s " , n a m e b u f )) == EOF) { 

b r e a k ;  ) 
e l s e  {

i f ( (ท = c h e c k _ f e e d n a m e ( n a m e b u f ) ) > = 0 )  {
g o t o x y ( 3 , r o w + 1 ) ; c p r i n t f ( " \ n F e e d [ %d] v a l u e  : " 1 ท ) ;  
f e e d v a l u e  = g e t v a l u e ( 2 0 , r o w + 1 ) ; 
s c a n f ( " % l f " ,  &f e e d v a l u e ) ;
m o l e i n i t i a l [ท] = m o l e f e e d [ n ]  = f e e d v a l u e ;
g o t o x y ( 5 5 , r o w + 1 ) ;  c p r i n t f ( " % - 1 0 . 1 0 s  % l f " , f e e d n a m e [ ท ] , mo l e  f e e d [ ท ] ) 
i + + ;
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} e l s e  {
g o t o x y ( 3 , r o w + 4 ) ;  c p r i n t f ( " I n v a l i d  f e e d  name .  P r e s s  a n y  k e y . . . " )  
g e t c h ( ) ;
g o t o x y ( 3 , r o w + 4 ) ; c p r i n t f ( s p a c e ) ;

}
}

)
f e e d _ c o u n t  = i ;  i f ( i < l )  {

f p r i n t f ( s t d e r r , "%s" , "No i n p u t  f e e d .  P r o g r a m  s t o p . \ n " ) ;  
e x i t ( 4 ) ;  / * n o  f e e d  v a l u e  i n p u t e d * /

) e l s e  {
g o t o x y ( 3 , r o w ) ;
p r i n t f ( "Number  o f  f e e d  i n p u t  = % d \ n " , f e e d _ c o u n t ) ;  
f o r ( i = 0 ;  i<MAXFEED; i ++)  {

i f ( f e e d n a m e [ i ]  == NULL) b r e a k ;  
g o t o x y ( 3 , r o w + l + i ) ;
c p r i n t f ( " % - 1 0 . 1 0 s  l i t " , f e e d n a m e [ i ] , m o l e f e e d [ i ] ) ;

}
g o t o x y ( 3 , r o w + 2 + i ) ;  c p r i n t f ( " \ n P r e s s  a n y  k e y  t o  c o n t i n u e . . . " ) ;  
g e t c h ( ) ;

^ ' k - k - i e - k - k - k - k - k - k - i c - k - k - i r + c - t c - k - k + c - k - k - k - k - k - k - i r - k - k - i r + c - i r - i e - i r - i c - i r - k - k - i c - i c - i c - i c - i c - k - i c - k - k - j e - k - k - i r - t r - k - l c - k - k - k - i c - i e + r
■ At I n p u t  D a t a  f o r S i m u l a t i o n •A-

★ v a r i a b l e  : m e a n i n g ■ At

★ t e m p e r a t u r e d e g r e e  c -A-

★ p r e s s u r e b a r •A-★ h2 h y d r o c a r b o n H2 t o  H y d r o c a r b o n  r a t i o ★
★ i n i t i a l พ / H y d r o c a r b o n  f l o w  r a t e  =  0
★ f i n a l ฬ/ H y d r o c a r b o n  f l o w  r a t e  a t  พ/ *

-A- p r i n t i n P r i n t  i n t e r v a l ■ A-

★  ★ •A, 'Ar'Ar-A'-Ar-A- +  -A '-A--A-'A-'A--A- -Ar'A-'A-'A‘ Ar-A'-A''Ar-A--Ar-Ar-A’ +  -A -'A r'A ''A-'A '-A --A--A--Ar-A-'A :'A r-A'-Ar-Ar-Ar-A--A- +  -A--A--Ar-A--A-'A--A--A--A--A--A- /
c l r s c r ( ) ;
row = 3;  c o l  = 1;
g o t o x y ( c o l , r o w ) ;
c p r i n t f ( " F e e d  T e m p e r a t u r e  (C) ะ " ) ;
t e m p e r a t u r e  = ( d o u b l e ) g e t v a l u e ( c o l + 3 0 , r o w ) ;
g o t o x y (c o l , r o w + 1 ) ;
c p r i n t f ( " P r e s s u r e  ( b a r ) : " ) ;
p r e s s u r e  = ( d o u b l e ) g e t v a l u e ( c o l + 3 0 , r o w + 1 ) ;
g o t o x y ( c o l , r o w + 1 ) ;
c p r i n t f ( " H 2  t o  H y d r o c a r b o n  r a t i o  ะ " ) ;  
h 2 _ h y d r o c a r b o n  = ( d o u b l e ) g e t v a l u e (c o l + 3 0 , r o w + 2 ) ;
g o t o x y (c o l , r o w + 3 ) ;
c p r i n t f ( " I n i t i a l  c o n d i t i o n < 0 >  ะ " ) ;
i n i t i a l  = ( d o u b l e ) g e t v a l u e ( c o l  + 30,  r o w + 3 ) ;
g o t o x y ( c o l , r o w + 4 ) ;
c p r i n t f ( " F i n a l  c o n d i t i o n > 0  ะ") ;
f i n a l  = ( d o u b l e ) g e t v a l u e ( c o l + 3 0 , r o w + 4 ) ;
g o t o x y ( c o l , r o w + 5 ) ;
c p r i n t f ( " S t e p  s i z e : " ) ;
h = ( d o u b l e ) g e t v a l u e ( c o l + 3 0 , r o w + 5 ) ;
g o t o x y ( c o l . r o w + 6 ) ; 
c p r i n t f ( " P r i n t  i n t e r v a l : " ) ;
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p r i n t i n  = ( d o u b l e ) g e t v a l u e ( c o l + 3 0 , r o w + 6 ) ; 
p r i n t f ( " \ n  %l f  %l f  %l f  %l f  %l f  %l f  % l f \ n " ,

t e m p e r a t u r e , p r e s s u r e , h 2 _ h y d r o c a r b o n ,  i n i t i a l , f i n a l , h , p r i n t i n ) ;
g e t c h ( ) ;
p r i n t i n  = p r i n t i n  = = 0 ? 1 : p r i n t i n ;
h = h = = 0 ? 1 : h ;
nn p  = ( ( f i n a l - i n i t i a l ) / p r i n t i n ) +1;
n n c  = ( p r i n t i n / h ) +1;
t e m p e r a t u r e  = t e m p e r a t u r e + 2 7 3 . 1 6 ;
/ * M o l e  o f  f e e d  i n t o  t h e  r e a c t o r * /  
f o r ( i = 0 , f e e d h c = 0 . 0 ;  i<MAXFEED; i ++)  (

f e e d h c  = f e e d h c  + m o l e f e e d [ i ] ;
)
/ * U s e  h y d r o g e n / h y d r o c a r b o n  r a t i o  t o  c a l c u l a t e  h2 i n p u t * /  
m o l e f e e d [ 0 ]  = h 2 _ h y d r o c a r b o n * f e e d h c ;  
m o l e i n i t i a l [0]  = m o l e f e e d [ 0 ] ;
J  A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

* Wo r k i n g  P r o g r a m  *
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A  !

g o t o x y ( 1 , 1 8 ) ;  
h i g h v i d e o ( ) ;  
t e x t b a c k g r o u n d ( G R E E N ) ; 
t e x t c o l o r ( B L I N K ) ; 
c p r i n t f ( " W o r k i n g " ) ; 
g o t o x y ( 1 0 , 1 8 ) ;  
n o r m v i d e o ( ) ;  
t e x t b a c k g r o u n d ( C Y A N ) ; 
t e x t c o l o r (BLUE);
c p r i n t f ( " F i n i s h  a t  W / H y d r o c a r b o n  f e e d  = % d " , n n p ) ;  
g o t o x y ( 1 , 2 1 )  ;
c p r i n t f ( " I n t e r n a l  Loop = \ ท " ) ;
/ * C a l c u l a t e  a n d  p r i n t  o u t p u t * /
c p m i x t u r e  = c a l _ c p m i x t u r e ( t e m p e r a t u r e - 2  7 3 . 1 6 , cpmix,  MAXF E E D ,m o le feed ) ; 
v i s m i x t u r e  = c a l _ v i s m i x t u r e ( m o l e f e e d , p h y s i c a l ,  t e m p e r a t u r e - 2 7 3 . 1 6 , MAXFEED)
/ * p r i n t  o u t p u t  d a t a * /  
f p r i n t f ( p r i n t e r ,  " 7 . 4 f " ,  0 . 0 ) ;  
f o r ( i = 0 ;  i<MAXFEED; i ++)  {

f p r i n t f ( p r i n t e r ,  "%7. 4 f " , m o l e f e e d [ i ] ) ;
}
f p r i n t f ( p r i n t e r ,  
f p r i n t f ( p r i n t e r ,  
f p r i n t f ( p r i n t e r ,  
f p r i n t f ( p r i n t e r ,

" % 7 . 4 f " ,  t e m p e r a t u r e - 2 7 3 . 1 6 )  
" % 7 . 4 f " ,  c p m i x t u r e ) ;
" % 7 . 4 f " ,  v i s m i x t u r e ) ;
" \ n " ) ;

•k Loop f o r  F o u r t h - o r d e r  R a n g e - K u t t a A"

★ M e a n i n g  o f  a r r a y  k [1] o f  R a n g e - K u t t a - A-
★ k l  10] = H2 A-
■ A" k l  11] = C5 o r  C6 A
A- k l  [2] = n - H e x a n e A
* k l  [ 3] = MCP A
A- k l  14 ] = 2MP A

A: k l  15] = 3MP A
Ar k l  [ 6] = 22DMB A

A- k l  [7] = 23DMB A

A- k l  [8] = Bz A
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+ k l  [ 8 ] = T o l u e n e +
+ k l [10] = ECP +
+ k l [11] = MC H ★
+ k l t 12] = n - H e p t a n e +
+ k l [13] = SBP7 +
+ k l  [14] = MBP7 +
+ k l [15] = t e m p e r a t u r e ,  K +
★ **★ ****+**++******+*+++★ *+++*++++**+★ ★ **+*+*+*+++*+*+**++ เ

f o r ( i i i = l ;  i i i < = n n p ;  + + i i i )  { / ‘ p r i n t  i n t e r v a l * /
g o t o x y ( 1 , 2 0 ) ;
c p r i n t f ( " W / H y d r o c a r b o n  f e e d  = " ) ;  
g o t o x y ( 2 3 , 2 0 ) ;  
c p r i n t f ( " % d " , i i i ) ;
f o r ( j j j  = l ;  j j j < n n c ;  + + j j j )  ( / ‘ i n t e r n a l  l o o p * /

i n t  o r d e r ;  
g o t o x y ( 23 ,  2 1 ) ;  
c p r i n t f ( " % d " , j j j ) ; 
t e m p i  = t e m p e r a t u r e ;
f o r ( o r d e r = l ;  o r d e r < = 4 ;  o r d e r + + )  ( 

t o t a l m o l e  = 0;  
f o r  ( 1=0 ;  KMAXFEED; ++i )

t o t a l m o l e  = t o t a l m o l e  + m o l e f e e d [ i ] ; 
f o r  ( i = 0 ;  KMAXFEED; ++i )

p a r t i a l p [ i ]  = m o l e f e e d [ i ] * p r e s s u r e / t o t a l m o l e ;
r a t e c 6 c 7 ( p a r t i a l p , r a t e , ( d o u b l e ) ( t e m p 1 - 2 7 3 . 1 6 ) ) ;  
h e a t ( t e m p l - 2 7 3 . 1 6 , h e a t r e a c t i o n ) ;
h 2 _ c 6  = 
c 6 _ c 6  = 
h 2 ~c 7  = 
c6  c7 =

( r a t e [ 5 ] + 3 * r a t e [ 6 ] - r a t e [ 7 ] - r a t e [ 8 ] - r a t e [ 9 ] ) * f e e d h c ;  
( r a t e [ 7 ] + r a t e [ 8 ] + r a t e [ 9 ] ) ‘ 2* f e e d h c ;  
( r a t e [ 1 2 ] 3 * r a t e [ 1 4 ] - r a t e [ 1 5 ] - r a t e [ 1 6 ) ) *  f e e d h c ;
( r a t e  [ 15]  - t - rate [ 16]  ) *2* f e e d h c ;

k [ o r d e r ] [0]
k [ o r d e r ] [1]k [ o r d e r ] [2]
k [ o r d e r ] [3]
k [ o r d e r ] [4]
k [ o r d e r ] [5]
k [ o r d e r ] [6]
k [ o r d e r ] [7]
k [ o r d e r ] [8]
k [ o r d e r ] [9]
k [ o r d e r ] [10]
k [ o r d e r ] [11]
k [ o r d e r ] [12]
k [ o r d e r ] [13]
k [ o r d e r ] [14]

= h 2 _ c 6 + h 2 _ c 7 ;
= ( - r a t e  [ 0 ] - r a t e d ] - r a t e  [5]  ) * f e e d h c ;
= ( r a t e [ 5 ] - r a t e [ 6 ] ) * f e e d h c ;
= ( r a t e [ 0 ] - r a t e [ 2 ] - r a t e [ 3 ] - r a t e [ 7 ] )* f e e d h c ;  
= ( r a t e [ l ] + r a t e [ 2 ] - r a t e [ 8 ] )* f e e d h c ;
= (r a t e [ 4 ] - r a t e [ 9 ] ) * f eedhc;
= ( r a t e [ 3 ] - r a t e [ 4 ] ) ‘ f e e d h c ;
= r a t e [ 6 ] ‘ f e e d h c ;
= r a t e [ 1 4 ] ‘ f e e d h c ;
= ( r a t e [ 1 2 ] - r a t e [ 1 3 ] ) ‘ f e e d h c ;
= ( r a t e [ 1 3 ] - r a t e [ 1 4 ] ) * f e e d h c ;
= ( - r a t e [ 1 0 ] - r a t e [ 1 2 ] ) ‘ f e e d h c ;
= ( r a t e [ 1 0 ] - r a t e [ l l ] - r a t e [ 1 5 J ) ‘ f e e d h c ;
= ( r a t e [ 1 1 ] - r a t e [ 1 6 ] ) ‘ f e e d h c ;

/ ‘ C a l l  cp  m i x t u r e  f u n c t i o n * /
c p m i x t u r e  = c a l _ c p m i x t u r e ( t e m p l - 2 7 3 . 1 6 , cpmi x , MAXFEED, mol e f eed)  
f o r ( i = 0 ;  s l o p e t e m p = 0 ;  KREACTION;  i + +)  (

s l o p e t e m p  -  s l o p e t e m p - h e a t r a c t i o n [ i ]* r a t e [ i ] ;
}
k [ o r d e r ] [15]  = s l o p e t e m p / c p m i x t u r e ;



1 1 6

s w i t c h ( o r d e r )  (
Câร6 II

f o r ( n = 0 ; n<MAXFEED; n++) (
m o l e f e e d [ n ]  = m o l e i n i t i a l [ ท ] + h * k [ o r d e r ] [ ท ] / 2 ;

)
t e m p i  = t e m p e r a t u r e + h * k [ o r d e r ] [ 1 5 ] / 2 ;  
b r e a k ;

f o r (ท=0;  ท<MAXFEED; n++) (
m o l e f e e d [ n ]  = m o l e i n t i a l [ ท ] + h * k [ o r d e r ] [ ท ] / 2 ;

}
t e m p i  = t e m p e r a t u r e + h * k [ o r d e r ]  [ 1 5 ] / 2;  
b r e a k ;

C e l  ร  G  3 !
f o r ( ท - อ ; ท<MAXFEED; n++) (

m o l e f e e d [ n ]  = m o l e i n t i a l [ ท ] + h * k [ o r d e r ] [ ท] ;
}
t e m p i  = t e m p e r a t u r e + h * k [ o r d e r ] [ 1 5 ] ;  
b r e a k ;

} / * e n d  s w i t c h * /
)
f o r (ท=0 ;  ท<MAXFEED; n++) [

m o l e f e e d [ n ]  = m o l e i n i t i a l [ ท ] + h * s l o p e [ ท] ;  
m o l e i n i t i a l [ท] = m o l e f e e d [ n ] ;

)
t e m p e r a t u r e  = t e m p e r a t u r e + h * s l o p e t e m p ;

) / * E n d  l o o p  i n t e r n a l  o f  RK*/
g o t o x y ( 2 3 , 2 0 ) ;
c p r i n t f f "  " ) ;
g o t o x y ( 2 3 , 2 1 ) ;
c p r i n t f f " " ) ;

/ * C a l l :  h e a t  c a p a c i t y  f u n c t i o n  a n d  
C a l l :  v i s c o s i t y  o f  m i x t u r e * /

c p m i x t u r e  = c a l _ c p m i x t u r e ( t e m p e r a t u r e - 2 7 3 . 1 6 , cpmi x , MAXFEED, mol e f eed)  
v i s m i x t u r e  = c a l _ v i s m i x t u r e ( M O L E F E E D , p h y s i c a l , t e m p e r a t u r e - 2 7 3 . 16,

MAXFEED);
/ * P r i n t  t e x t  f i l e  t o  o u t p u t * /

f p r i n t f ( p r i n t e r , " % 7 d " , ( i i i * p r i n t i n ) ) ;  
f o r ( i = 0 ;  i<MAXFEED; i + +)  (

f p r i n t f ( p r i n t e r , " \ n % 7 . 4 f " , m o l e f e e d [ i ] ) ;
}
f p r i n t f ( p r i n t e r , " % 7 .4 f " , t e m p e r a t u r e - 2 7 3 . 1 6 ) ;  
f p r i n t f ( p r i n t e r , " % 7 . 4 f " , c p m i x t u r e ) ; 
f p r i n t f ( p r i n t e r , " % 7 . 4 f " , v i s m i x t u r e ) ; 
f p r i n t f ( p r i n t e r , " % \ ท") ;

) / * E n d  l o o p  e x t e r n a l  o f  RK*/
f c l o s e ( p r i n t e r ) ;
s o u n d ( 2 0 0 ) ;
d e l a y (100)  ;
n o s o u n d ( ) ;

) / * E n d  m a i n  p r o g r a m * /
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เ ** + ★ ★  + ★ *•*• + + ★ ★ ■ *•* + + ■*■★ + ★ *★ ★ * + * + ★  + ★  + **** + ★ *★ ■ *■ ■ *■ ■ *■ **■ *★ ★  + *★ ★ •*■ ■ *•*1■1-**
* CPMIXTURE FUNCTION *
* d e g r e e  = t e m p e r a t u r e ( C )  *
* c p mi x  = A , B ,c ,D  *
* ท๐ =  t o t a l  nu mb e r  o f  c o m p o n e n t ( i n t )  *
* c o n e  = c o n c e n t r a t i o n  o f  m i x t u r e  ***********************************************************!
d o u b l e  c a l _ c p m i x t u r e ( d o u b l e  d e g r e e , s t r u c t  cpm c p m i x v [ ] , i n t  n c , d o u b l e

c o n e [ ] )
i n t i ;
d o u b l e c p t e m p ;
d o u b l e K; / * t e m p e r a t u r e  i n  K e l v i n * /
d o u b l e t o t a l  = 0 ; .....................
d o u b l e c p m i x t u r e  = 0;
K = d e g r e e + 2 7 3 . 1 6 ;
f o r ( i = 0 ; i < n c ;  i ++)  (

t o t a l  = t o t a l + c o n c [ i ] ;
)
f o r ( i = 0 ;  i < n c ;  i ++)  {

c p t e m p  = c p m i x c [ i ] . a + ( c p m i x c [ i ] . b ) * K + ( c p m i x c [ i ] . c )*K*K 
+ ( c p m i x c [ i ] . d ) * K * K * K ;

c p m i x t u r e  = c p m i x t u r e + c p t e m p * c o n c [ i ] / t o t a l ;
)
r e t u r n  c p m i x t u r e  / * r e t u r n  v a l u e  o f  t h e  cp  m i x t u r e * /

)
/**********************************************************
* F u n c t i o n  e q u i l i b r i u m ( t e m p e r a t u r e , k e q )  *
* E q u i l i b r i u m  c o n s t a n t  i s  d e p e n d  on t e m p e r a t u r e  *
* C a l l  b y :  t e m p e r a t u r e  c ,  a r r a y  o f  k e q u i l i b r i u m  *
* f u n c t i o n  i s  n o t  r e t u r n  v a l u e  b u t  u s e  p o i n t e r  *
v o i d  e q u i l i b r i u m ( d o u b l e  t , d o u b l e  K e [ ] )
(

f l o a t  R = 1 . 9 8 7 ;  / * G a s  c o n s t a n t  1 . 9 8 7  c a l / m o l . K * /
d o u b l e  T;
T = t + 2 7 3 . 1 6 ;  / * c h a n g e  T e m p e r a t u r e  c t o  K*/

* R e a c t i o n  n - H e x a n e  <==>
K e [0]  = e x p ( -  ( — 7 . 2 2 8 + ( 8 . 86E—0 3 ) * T - (1.

2MP ** * * * * * * * * * * * * * * * * * * * * * * * * * * * เ
9 9 E - 0 6 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;
★  -A-***************************

* R e a c t i o n  n - H e x a n e  <==> 3MP *
■k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-kkr-k-k-k-k-k-k j

K e ( l ] = e x p ( - ( - 4 . 4 1 4 + ( 8 . 5 4 E - 0 3 ) * T - ( 4 8 0 E - 0 8 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;
J k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k

* R e a c t i o n  2MP <==> 3MP
k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k

K e [2]  = e x p ( - ( 2 . 8 1 4 - ( 3 . 2 0 E - 0 4 ) * T - (2.

★  + + + + + + + + + + + + +
■k

■k-k'k-k-k-k-k-k-k-kk-k-k'k-k-k-kkr-k-Jc-k-ickr-k-k'k-k'k-k j

0 3 8 E - 0 6 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;

* R e a c t i o n  2MP <==> 2,3DMB *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /

K e [3]  = e x p ( - ( - 3 . 6 3 5 + ( 1 . 4 8 E - 0 2 ) * T - ( 1 . 4 0 9 E - 0 6 ) *T* T) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;
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R e a c t i o n  2,3DMB <==> 2,2DMB *
K e [4] = e x p ( - ( - 7 . 9 1 5 + ( 8 . 6 6 E - 0 3 ) * T - ( 2 . 0 9 9 E - 0 6 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;

R e a c t i o n  n - H e x a n e  <==> MCP + H2 rkkkkkkk^
k

r k  k  f

K e [5] = e x p ( - ( 6 0 . 0 1 - ( 8 . 0 1 6 E - 0 2 ) * T - ( 1 . 1 8 E - 0 6 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;

R e a c t i o n  MCP <==> Bz + H2
r +  ■ * •** ■ *•1 7

K e [6]  = e x p ( - ( 1 9 1 . 9 4 9 - ( 3 . 2 1 E - 0 1 ) * T - ( 2 . 2 6 E - 0 5 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;

Ke [ 7 ]
R e a c t i o n  n - H e p t a n e  <==> SBP7 *

\c k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  /

= e x p ( - ( - 4 . 4 9 7 + ( 8 . 9 8 E - 0 3 ) * T + ( 1 . 6 0 E - 0 8 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;

R e a c t i o n  SBP7 <==> MBP7 *>******************************************************************/
K e [8]  = e x p ( - ( - 1 0 . 6 0 5 + ( 2 . 2 0 E - 0 2 ) * T - ( 1 . 3 6 E - 0 7 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1841 ;

R e a c t i o n  n - H e p t a n e  <==> 5N7 + H2 *t****************************************+*************************/
K e [9] = e x p ( - ( 6 0 . 2 9 7 - ( 7 . 9 1 6 E - 0 2 ) * T - ( 1 . 6 7 2 E - 0 6 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;

R e a c t i o n  5N7 <==> MCH
7

K e [10]  = e x p ( - ( - 2 8 . 8 1 5 + ( 4 . 1 1 9 E - 0 2 ) * T - ( 8 . 4 6 9 E - 0 6 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 841

K e [11]  = e x p ( - ( 2 0 7 . 8 5 1 - ( 3 . 7 4 E - 0 3 ) * T - ( 1 . 4 3 9 E - 0 5 ) * T * T ) * 1 0 0 0 / R / T / 4 . 1 8 4 1 ;
)

* F u n c t i o n  v i s c o s i t y _ p u r e () t o  c a l c u l a t e  v i s c o s i t y  o f  p u r e  c o mp o n e n t *
* v i s c o s i t y _ p u r e ( p h y s i c a l  p r o p e r t i e s ,  t e m p e r a t u r e  K e l v i n )  *
* *
* p a r a m e t e r  u s e  a r e  *
* 1. Tc * C r i t i c a l  t e m p e r a t u r e ( K ) , Tc
* 2 . Vc * C r i t i c a l  v o l u m e ( c m A3 / m o l e ) , Vc ■k
* 3. พ * A c e n t r i c  f a c t o r ,  พ k

* 4. D i p l o e m * D i p o l e  m o m e n t ( d e b y e s ) k

* 5. MW * M o l e c u l a r  weight (MW) + + + + ★  + ***
k

* * * * * /
# d e f i n e NC 2 0
d o u b l e  v i s c o s i t y _ p u r e ( d o u b l e  t ,  s t r u c t  d a t a _ b a n k  p h y s i c _ c o n s t a n t )
(

i n t
d o u b l e
d o u b l e ท,t s t a r ;

/  * f  c = 1 - 0 . 27 5 6 W + 0 . 0 5 9 0 3 5 u r A4 * /  
/ * d i m e n s i o n  l e s s  t e m p e r a t u r e * /
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d o u b l e  omega ;  
d o u b l e  u r ;  
d o u b l e  v i s _ p u r e ;  
d o u b l e  T;
T = t + 2 7 3 . 1 6 ;

/  *T* = 1 . 2 5 9 3 T r * /
/ ♦ v i s c o s i t y  c o l l i s i o n * /
/ * u r  = 1 3 1 . 3 * d i p o l e m o m e n t / (V c T c ) * 0 . 5  
/ ♦ v i s c o s i t y  p u r e  c o m p o n e n t * /

/ ♦ change  t e m p e r a t u r e  c t o  K*/

u r  = 1 3 1 . 3 * p h y s i c _ c o n s t a n t . d i p o l e m / ( p o w ( ( d o u b l e ) p h y s i c _ c o n s t a n t . t c  
♦ phys i c_c o n s t a n t . V C , 0 . 5 ) ) ;

f c  = 1 - 0 . 2 7 5 6 * p h y s i c _ c o n s t a n t . a c e n t r i c + o . 0 5 9 0 3 5 * p o w ( u r , 4 ) ;  
t s t a r  = 1 . 2 5 9 3 * ( T ) / p h y s i c _ c o n s t a n t . t c ;
omega = 1 . 1 6 1 4 5 * p o w ( t s t a r , - 0 . 1 4 8 7 6 ) + 0 . 5 2 4 8 7 * e x p ( ( d o u b l e ) - 0 . 7 7 3 2 0 * t s t a r )  

+ 2 . 1 6 1 7 8 * e x p ( ( d o u b l e ) - 2 . 4 3 7 8 7 * t s t a r ) ;
v i s _ p u r e  = 4 0 . 7 8 5 * fc * p o w ( ( d o u b l e ) p h y s i c _ c o n s t a n t . m w * t ,0 .5 )

/ p o w ( ( d o u b l e ) p h y s i c _ c o n s t a n t . V C , ( d o u b l e ) 2 / 3 ) /omega;
r e t u r n  v i s _ p u r e ;  / ‘ r e t u r n  v i s c o s i t y  o f  p u r e  component* /

)

* F u n c t i o n  v i s m i x t u r e ( )  i s  t o  c a l c u l a t e  v i s c o s i t y  o f  g a s  m i x t u r e *
* C a l l :  V i s m i x t u r e ( m o l e f e e d , t e m p e r a t u r e , n u m b e r  o f  c o m p o n e n t )  *

# d e f i n e  MAXMIX 40
d o u b l e
(

c a l _ v i s m i x t u r e ( d o u b l e  c [ ] , s t r u c t  d a t a _ b a n k  p h y s i c a l _ v i s [ ] ,
d o u b l e  t e m p _ m i x , i n t  c o u n t )

d o u b l e
i n t
d o u b l e
d o u b l e
d o u b l e
d o u b l e
d o u b l e
d o u b l e

nviscos[MAX_COMPONENT]; / * v i s c o s i t y  o f  p u r e  c o m p o n e n t * /  
i f  j ;t o t a l _ m o l e  = 0 ;  / * t o t a l  m o l e * /
y [MAX~COMPONENT]; / * m o l e  f r a c t i o n * /
phe[MAX_COMPONENT][MAX_COMPONENT]; 
p h e l ,  p h e 2 ;
v i s c _ m i x  = 0;  / * v i s c o s i t y  o f  g a s  m i x t u r e * /
s ump h e ;  / ‘ s u m m a t i o n  o f  t h e  m o l e _ f r a c t i o n

m u l t i p l y  w i t h  p h e * /
/  *★ ******** + * + + + ★ *★ ** + **★ ***★  + * + ***** + * + ******* + + ***** + ** + ■*•
* S e a r c h  a l l  v i s c o s i t y  o f  p u r e  c o m p o n e n t  *
* a n d  s a v e  i n  a r r a y  o f  n v i s c o s  ** ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ •A-*******:*:**** เ

f o r ( i = 0 ;  i < c o u n t ;  i ++)  {
n v i s c o s [ i ]  = v i s c o s i t y _ p u r e ( t e m p _ m i x , p h y s i c a l _ v i s [ i ] ) ;

)
/  + + *** + * + + *** + * + + + + + -*^**^ + + + * + ** + + + + + * + * + + + + ** + + *** + ** + + + **
* S e a r c h  a l l  mo l e  f r a c t i o n  a n d  s a v e  i n  a r r a y  o f  y *★  **★  + ★ * + ** + *★ *★  + ■ *■ **■ **★ **★ ** + **★ * + + ***** + *•*•**•*■ * + + ** + + * + *■ *• + 1lr / /

f o r ( i = 0 ;  i < c o u n t ;  i ++)  (
t o t a l _ m o l e  = t o t a l _ m o l e  + c [ i ] ;

)



1 2 0

f o r ( i = 0 ;  i c c o u n t ;  i + + )  { 
y [ i ]  = c [ i ] / t o t a l _ m o l e ;

S e a r c h  a l l  p h e
' /

f o r ( i = 0 ;  i < c o u n t ;  i ++)  { / * f i r s t  l o o p * /
f o r ( j = 0 ;  j < c o u n t ;  j + +)  { / * s e c o n d  l o o p * /

i f ( i ! = j ) { 
i f ( j < i )

p h e [ i ] [ j ]  = n v i s c o s [ i ] * p h y s i c a l _ v i s [ j ] . mw* p h e [ j ] [ i ]  
/ m v i s c o s [ j ] / p h y s i c a l _ v i s [ i ] . m w ;

e l s e  {
p h e l  = p o w ( ( d o u b l e ) ( 1 + ( s q r t ( n v i s c o s [ i ] / n v i s c o s [ j ] ) )

*pow ( ( d o u b l e ) p h y s i c a l _ v i s [ j ] . m w / p h y s i c a l _ v i s [ i ] . m w ,  
0 . 2 5 ) ) , 2 ) ;  ~  '

p h e 2  = s q r t ( ( d o u b l e ) 8 * ( 1 + ( p h y s i c a l _ v i s [ i ] . m w /  
p h y s i c a l _ v i s [ j ] . mw)) ) ;  

p h e [ i ] [ j ] = p h e l / p h e 2 ;
) / * E n d  i f  i = j * /

) / * E n d  s e c o n d  l o o p * /
) / * E n d  f i r s t  l o o p * /

S e a r c h  f o r  v i s c o s i t y  o f  g a s  m i x t u r e

f o r ( i = 0 ;  i < c o u n t ;  i ++)  (
sumphe  = y [ i ] ;  
f o r ( j = 0 ;  3 < c o u n t ;  j++)  (

i f ( j ! = i )
sumphe  = sumhe + y [ j ] * p h e [ i ] [ j ] ;

)
v i s c _ m i x  = v i s c _ m i x  + y [ i ] * n v i s c o s [ i ] / s u m p h e ;

)
r e t u r n  v i s c _ m i x ;  / ‘ r e t u r n  v i s c o s i t y  o f  g a s  m i x t u r e * /

F u n c t i o n  h e a t ( t e m p e r a t u r e ,  h e a t  o f  r e a c t i o n )  
B e c a u s e  h e a t  o f  r e a c t i o n  i s  d e p e n d  on t e m p e r a t u r e  
C a l l  b y :  t e m p e r a t u r e  c , a r r a y  o f  h e a t  o f  r e a c t i o n  
f u n c t i o n  i s  n o t  r e t u r n  v a l u e  b u t  u s e  p o i n t e r

v o i d  h e a t ( d o u b l e  t e m p ,  d o u b l e  h e a t _ r e a c t i o n [ ] )
(

i n t  i  ;
t e mp  = t e m p + 2 7 3 . 1 6 ;

R e a c t i o nf + + -i n - H e x a n e  <==> 2MP r ★  ★  + ★  ★
h e a t _ r e a c t i o n [0] = - 1 . 7 0 * 1 0 0 0 +  ( ( - 6 . 1 5 * ( t e m p - 2 9 8 ))  + ( 3 . 6 0 E - 0 2 ) *

( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( - 4 . 5 4 E - 0 5 ) *  
( p o w ( t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3 + ( 1 . 5 6 8 E - 0 8 ) *
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;



1 2 1

t" "Ar "At ★  -A- -A" -A- -A- ★  "A" ★  "A- -A- -A- -A- -A- -Ar- -A- -A- -Ar -A- "Ar -Ar -A- -A- ★  *A- -Ar -A- -A- -A- -Ar -J r k c k k c k r k r k r k r k - k k r k r - k k r k - k k k - k k r - k k

R e a c t i o n n - H e x a n e  <==> 3MP
r "A" "A" "Ar -A" •A" "A" "A" •A" "A" "Ar "A" -Ar ★  •A' "A" "A- -A" -A" "A" -A" ★  -A- -A- -A" "A"

h e a t _ r e a c t i o n [1] = - 1 . 0 6 * 1 0 0 0  + ( ( 2 . 0 2 7 * ( t e m p - 2 9 8 ))  + ( - 1 . 3 0 E - 0 2 ) *
( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 2 . 4 9 E - 0 5 ) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3  + ( - 1 . 4 5 7 E - 0 8 )*
( p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 18 4 1 ;

R e a c t i o n
r k r k r k r k r k r k r k r k r k r k r k c - k k r - }

2MP <==> 3MP
r k c k c - k k r - k k e k r i

r-Ar-A--A- + -Ar-À--À-i r - k k c - k k r k r k r k c k r k r k r k r

r k r k r k r - k - k k r k r k r k e k r k r - k k c k r k c k r - k k r - k - k k k r k r k :  1

h e a t  r e a c t i o n [2] 0 . 6 4 * 1 0 0 0  + 
( p o w (t e m p , 2) 
( p o w (t e m p , 3 )  
( p o w ( t e m p , 4)

( ( 8 . 1 8 4 * ( t e m p - 2 9 8 ) ) + ( - 4 . 9 0 E - 0 2 )  
- p o w ( 2 9 8 , 2 ) ) / 2  + ( 7 . 0 3 E - 0 5 ) *
- p o w ( 2 9 8 , 3 ) ) / 3  + ( - 3 . 0 2 5 E - 0 8 ) * 
- p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

^ ■ k - k - k - k - k - k - k - k - k - k - k - k ' k k ’ - k - k - k - k - k - k - k - k - k k - k - k ^ - k k - k - k - k - k k k k - k - k - k - k - k ^ k - k - k - k - k - k k - k - k - k - k - k - k k k k k k k k k - k - k - k k k

* R e a c t i o n  2MP <==> 2,3DMB *
k c k r k r k r k c k r k r k r k r - k - k - k k r k r k c - k k c - k k r k r k c k r k r k c - k k r - k k r k r k r k r k r k r - k k r k r k r k r k r k r k c k r k r k r k r k r k r k r k r - k k r k r k r k r k r k r - k k r k r k k k - k k ' k k r k k -  j

h e a t _ r e a c t i o n [3] = - 0 . 8 3 * 1 0 0 0  + ( ( - 4 . 0 4 * ( t e m p - 2 9 8 )) + ( - 3 . 0 3 E - 0 3 ) *
( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2  + ( 1 . 9 7 E - 0 5 ) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3 + ( - 1 . 2 3 6 E - 0 8 )*
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

เ  •k k r - k k r - k - k k r - k k r k r k r k r k r - k - k k r k r k r - k k r k r k r k r - k k r - k - k k r k r - k k r - k k r k r k r k r k r k r k r k r k r - k - k k r k r k r k r k k r - k k r - k k r - k k r k k r k k k k - k k k k r k k k

* R e a c t i o n  2,3DMB <==> 2,2DMB *
■ k ' k k c k e - k k r k r k r k r k r k r k r k r k r - k k r k r k r k r k r k r k r k r k r k r - k - k k r k c - k k r k r k r k r k r k r k r k r k - k k r k r k r k r - k k r k r k r k r k r k ’ k r - k - k k r k r k r - k - k - k k r k r k r k r k r k c k - k  เ

h e a t _ r e a c t i o n [4] = - 0 . 8 6 * 1 0 0 0  + ( ( - 2 . 0 2 * ( t e m p - 2  9 8 ) )  + ( 1 . 4 3 0 E - 0 2 ) *
( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( - 1 . 0 5 E - 0 5 ) *
( p o w ( t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3 + ( 3 . 0 0 5 E - 1 0 ) *
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

เ  ■k - k - k k c k r k r k e k r k c - k - k k r k r k r - k - k - k k r k r k r k r k r k r k r k r k r - k - k k r k r k r - k - k k r - k - k - k k r k r k r k r k r - k k r k r - k - k - k - k k k ^ - k k r - k k r k r k r k r k r k r k r k k - k k r k r k k

* R e a c t i o n  n - H e x a n e  <==> MCP + H2 *
• k k c - k k e k c k c k c k r k r k c k r k e k e k r - k k c k r k e k r k r - k - k - k - k - k - k k e k c k c k e - k - k k r k c - k k r - k - k k c - k - k - k k r k r - k k r - k - k - k - k k e - k k r - k k r k r - k - k - k k r k r - k k r k r - k k r - k k ^

h e a t _ r e a c t i o n [5] = 1 4 . 4 6 * 1 0 0 0 + ( ( ( - 1 . 8 5 5 7 E + 0 1 ) * ( t e m p - 2 9 8 ) ) + ( 6 . 5 4 E - 0 2 )
* ( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2  + ( - 6 . 6 1 E - 0 5 ) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3  + ( 2 . 3 1 6 E - 0 8 ) *
( p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) 7 4 . 1 8 4 1 ;

r k r k r k r k e - k k r k r k r k r k r k r k r - i : - k k r - k - k  +  k k - - k - k - k - k - k - k - k - k k c - k k r k - k - k - k k c - k - k - k k - k k r k - k k k k k : k k k

R e a c t i o n MCP <==> Bz + H2
r k r k r k r - k k - k r k k k c ' k k r k r k

h e a t _ r e a c t i o n [6]  = 4 5 . 3 2 * 1 0 0 0 + ( ( ( 9 . 7 6 E + 0 1 ) * ( t e m p - 2 9 8 ) ) + ( - 1 . 3 6 E - 0 1)
* ( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 2 . 1 0 7 E - 0 5 ) *
( p o w ( t e m p , 3 ) - p o w ( 2 9 8 , 3 ) 1 / 3  + ( 1 . 3 8 E - 0 8 ) *
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

/ k e k r k r k c k r k f k r - k - k - k k e k e - k k e - k k r k e k r - k - k k r k r k r k r k r k e k r - k k r k e k e k r - k - k k e - k k r k c - k k r - k k e k r - k - k - k k r - k k e k e - k k e - k - k k r - k - k - k k k r - k - k k k e - k k e - k k r

* R e a c t i o n  2MP + H2 <==> 2C5-  *
■ k k r k c k r k r - k - k - k k r k r k r k r k r - k k r k r k r k r - k - k k r - k - k - k k r k r - k - k k - k k - k - k - k k r - k k k k k r - k - k - k - k - k - k - k - k k k i t k r k r k r k r k k k k - k k - k k - k k - k - k k ^

h e a t _ r e a c t i o n [7]  = - 7 . 0 2 * 1 0 0 0  + ( ( - 9 . 9 6 4 7 * ( t e m p - 2  98) ) + ( - 1 . 0 8 E - 0 1 )
* ( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2  + ( 1 . 4 7 2 E - 0 4 ) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 )  ) / 3 + ( - 5 . 8 0 E - 0 8 ) *
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) )  / 4 1 / 4 . 1 8 4 1 ;



1 2 2

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

R e a c t i o n 3MP + H2 <==> 2C5-
r * * * * * * * * * * * * * * * * * * T l โ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + + * * + *

h e a t  r e a c t i o n [8] - 7 . 6 6 * 1 0 0 0 + ( ( ( - 1 . 8 1 E + 0 1 ) * ( t emp 
* ( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + 
( p o w ( t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3 + ( 
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 .

- 2 9 8 ) ) + ( - 5 . 9 4 E - 0 2 ) 
(7 . 6 9 2 E - 0 5 )  *
- 2 . 7 8 E - 0 8 ) *
1841 ;

r +  +  +  +  +  +  +  +  +  +  +  * ■ * ■ + *  +  +  * *  +  +  +  +  +  +  +  *■  +  * *  +  +  +  +  +  +  *  +  +  *  +  +  - * - *  +

R e a c t i o n 2 , 2DMB + H2 <==> 2C5-
r * * * * * * * * * * * * * * * * * * * * *  1

h e a t _ r e a c t i o n [9] = - 4 . 3 2 7 * 1 0 0 0  + ( ( - 3 . 9 0 5 * ( t e m p - 2  9 8 ) )  + ( - 1 . 1 9 E - 0 1 )
* ( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 1 . 3 8  0E— 04) *  
( p o w ( t e m p , 3 ) - p o w ( 2 9 8 , 3) ) / 3 + ( — 4 . 5  9 E— 08) *
( p o w ( t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

Z****************************************************-*- - * . ***********- * . **
* R e a c t i o n  n - H e p t a n e  <==> SBP7 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * - A - - A -  +  + *  +  * * * *  +  J

h e a t _ r e a c t i o n [10]  = - 1 . 3 9 9 * 1 0 0 0 + ( ( - 1 8 . 0 7 2 E + 0 1 ) * ( t e m p - 2 9 8 ) ) + ( 9 . 7 7 E - 0 1 )
* ( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( - 1 . 3 6 1 E - 0 4 )*
( p o w (t e m p , 3 ) - p o w ( 2 9 8 1 3 ) ) / 3 + ( 2 . 0 7 6 E - 0 7 ) *
( p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * - , r * * * * * * * * * *

R e a c t i o n SBP7 <==> MBP7
f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

h e a t  r e a c t i o n [11] - 2 . 1 8 1 * 1 0 0 0  + ( ( 4 . 3 8 2 * ( t e m p - 2 9 8 ) ) + ( -  
* ( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 6 . 1 5 0 E -  
( p o w ( t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3 + ( - 2 . 9 2 0 E -  
(p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

3 . 4 2 E - 0 2 ) 
05) *
08) *

r *  +  +  1

R e a c t i o n
r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

n - H e p t a n e  <==> 5N7 + H2<-******■ 1 โ******************
h e a t  r e a c t i o n [12] 1 4 . 5 7 * 1 0 0 0  + ( ( - 2 3 . 0 2 4 * ( t e m p -  

* ( p o w (t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + 
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3  + 
( p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4

2 9 8 ) )  + ( 8 . 4 1 7 E - 0 2 ) 
( - 8 . 8 3 1 E - 0 5 ) *

( 3 . 1 4 7 E - 0 8 )*
. 1 8 4 1 ;

f **************-J r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

R e a c t i o n 5N7 <==> MCHI -************************ ******************1

h e a t _ r e a c t i o n [13] - 6 . 6 2 * 1 0 0 0  + ( ( - 6 . 6 1 *  
( p o w ( t e m p , 2 ) - p o w ( 298 ,  
( p o w ( t e m p , 3 ) - p o w ( 298 ,  
( p o w ( t e m p , 4 ) - p o w ( 298 ,

( t e m p - 2 9 8 ) )  + ( 3 . 3 1 E - 0 2 )
2 )  ) / 2 + ( - 4 . 2 0 E - 0 6 ) *
3 )  ) / 3  + ( - 6 . 7 4 E - 0 9 ) *
4 )  ) / 4 ) / 4 . 1 8 4 1 ;

J ’k - k - k - k - k - k - k k r - k - k - k - k - k - k - k - k k e - k ' k k e k c - k - k - k - k - k k e k e - k - k - k ' k - k - k k e - k - k - k - k - k k c - k - k ' k - k - k - k - k ' k - k - k - k k e - k k e - k ' k k e k e - k ' k - k

* R e a c t i o n  MCH <==> T o l u e n e  + 3H2****** *** ** *** ** ** *** ** *-  + ★  + + *-*■ ************************ + ** ******
******

*

***** เ
h e a t _ r e a c t i o n [14]  = 4 8 . 9 4 8 * 1 0 0 0  + ( ( 1 1 8 . 9 9 * ( t e m p - 2  9 8 ) )  + ( - 2 . 4 3 9 E - 0 1 )

* ( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 1 . 2 5 9 E - 0 4 ) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) 1 / 3  + ( - 2 . 1 6 2 E - 0 8 )*
( p o w ( t e m p , 4 ) - p o w (2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;



1 2 3

r ★  -A- -Ar -A- -A- -Ar -Ar r A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

R e a c t i o n  SBP7 + H2 <==> 2C6-
n t + lt l t iH r  + iH rjr'/r + it + iHr + itiH r

h e a t _ r e a c t i o n [15]  = - 4 . 9 5 7 * 1 0 0 0  + ( ( 6 . 5 9 6 * ( t e m p - 2 9 8 ))  + (—2 . 4 1 2  E— 01)
* ( p o w(t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 2 . 8 1 1 E— 04) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3 + ( - 1 . 0 6 8 E - 0 7 ) *
( p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

r A  A  A  A  A  A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A .

h e a t _ r e a c t i o n [16]  = - 2 . 7 7 6 * 1 0 0 0 + ( ( 2 . 2 1 4 . 9 9 * ( t e m p - 2 9 8 ) ) + ( - 2 . 0 6 9 7 E - 0 1 )
* ( p o w ( t e m p , 2 ) - p o w ( 2 9 8 , 2 ) ) / 2 + ( 2 . 1 9 6 E - 0 4 ) *
( p o w (t e m p , 3 ) - p o w ( 2 9 8 , 3 ) ) / 3  + ( - 7 . 7 5 8 E - 0 8 )*
( p o w (t e m p , 4 ) - p o w ( 2 9 8 , 4 ) ) / 4 ) / 4 . 1 8 4 1 ;

^ A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

* r a t e C 6 C 7 () *
* F u n c t i o n  t o  c a l c u l a t e  r a t e  o f  r e a c t i o n  o f  C6 t o  C7 h y d r o c a r b o n *
* B e c a u s e  h e a t  o f  r e a c t i o n  i s  d e p e n d  on t e m p e r a t u r e  *
* C a l l  b y  : r a t e c 6 c 7 ( p a r t i a l  p r e s s u r e ,  r a t e ,  t e m p e r a t u r e  *

r A A A A A A A A A A A A A A A A A A A A A A A !

r A A A A A A A A A A A A A A A A A A

R e a c t i o n  o f  C6 h y d r o c a r b o n  *
r A A A A A A A A A A A A A A A A A A A A A  j

A  A  A  A  A  A  A

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

n - H e x a n e  <==> 2MP *
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A !

c o n s t  d o u b l e  Al  = . E+ ;
c o n s t  d o u b l e  El  = . E+05;
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

n - H e x a n e  <==> 3MP *
A A A A A A A A A A A A A A A A A A A A A A !

c o n s t  d o u b l e  A2 = . E+ ;
c o n s t  d o u b l e  E2 = . E+05;

r A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

2MP <==> 3MP *
k’ A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A  j

c o n s t  d o u b l e  A3 = E+ ;
c o n s t  d o u b l e  E3 = . E+05;

r  A  A  A  A  A  A  i

2MP <==> 2 , 3DMB
c o n s t  d o u b l e  A4 = E+ ;
c o n s t  d o u b l e  E4 = . E+05;

k r A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

2 , 3DMB <==> 2 , 2DMB *
r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  j

c o n s t  d o u b l e  A5 = . E+ ;
c o n s t  d o u b l e  E5 = . E+05;

/ * k m o l e / k g  c a t . h r * /  
/ * J / m o l e * /



เ  • k - k - k - k - k - k - k k k k k r k - k ' k k k k - k k k r - k k - k k k k k k k k k - k k - k k k k k k k k k k

* n - H e x a n e  <==> MCP + H2 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  เ
c o n s t  d o u b l e  A6 = . E+ ;
c o n s t  d o u b l e  E6 = . E+05;

^ ■ k - k - k k - k k r k k k k  ไk k r k k r k k ' k k - k k - k k k k k k k k k k k k k k k k k k k k k k k

*  MCP < ะ==> Bz + H2 ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  เ
c o n s t  d o u b l e  A7 = E+ ;
c o n s t  d o u b l e  E7 = . E+05;

I k  + k k ' k k k k k k k k k - k + ' - k k - k  + k - k k k k k k k - k k k k k k k k k k k - k k k k k

* 2MP + H2 <==> 2C5-  *
k k - k k - k k k k - k - k k r k k k k r k k k k - k k k k k k k k k k k k k k k k k k k k k k k k  เ

c o n s t  d o u b l e  A8 = E+ ;
c o n s t  d o u b l e  E8 = . E+05;

^ k k k r - k k k k k k k k k k r k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k

* 3MP + H2 <==> 2C5-  *
k - k k r - k - k k k k k k - k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k  j

c o n s t  d o u b l e  A9 = E+ ;
c o n s t  d o u b l e  E9 = . E+05;

I ' k k k k ' k ’k k k k k k k k k k k k k k k k k k k k ' k k - k - k k k k k k k k k k k k k k k

* 2 , 2DMB + H2 <==> 2C5-  *
k r ' k k k r - k k r ' k k ' k ' k - k ' k k - k - k k - k - k k k k k - k k k k k k k k k k k k k k k k k k k k k  เ

c o n s t  d o u b l e  A10 = E+ ;
c o n s t  d o u b l e  E10 = . E+05;

* R e a c t i o n  o f  C7 h y d r o c a r b o n  *
-k - k k r k - k k k k - k k k k k k k k k k k k k k k k k k k k k k k k k k k k k - k k k k k k  เ  

j - k - k - k k ' k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k

* n - H e p t a n e  <==> SBP7 *
+  * *  +  +  +  +  +  +  * * *  +  *  +  +  +  +  +  +  +  -*■  +  *  +  * *  +  +  +  *■  +  +  +  +  +  +  +  -* +  * *  +  เ

c o n s t  d o u b l e  A l l  = E+ ;
c o n s t  d o u b l e  E l l  = . E+05;

j  k  k  - k - k k k k k k k k k k k k k k k - k k k k k k k k k r k k k k k k k k k k k k k k k k

* SBP7 <==> MBP7 *
k - k k - k k k - k k k k k k k k k k k ' k k k k - k k k k k k k k k k k k k k k k k k k k k k  j

c o n s t  d o u b l e  A12 = . E+ ;
c o n s t  d o u b l e  E12 = . E+05;

เ k - k - k k - k k k k - k k - k k k - k - k k k k k k k k k k k k k k k k k k k k k k k k k k k k k

* n - H e p t a n e  <==> 5N7 + H2 *
* * * * * * * * * * * * * * * * * * * * * * *  * * * * *  * + + + * + * + + * * *  + + * เ

c o n s t  d o u b l e  A l 3 = . E+ ;
c o n s t  d o u b l e  E13 = . E+05;

เ  •k ’k k k k k k k r k k k k k k k r - k k k - k k k k k k k k k k k k k k k k k k k k k k k k k

* 5N7 <==> MCH ********************************************/

/ * k m o l e / k g  c a t . h *  
/ * J / m o l e * /

c o n s t  d o u b l e  A14 
c o n s t  d o u b l e  E14

E+ ; 
E+05;
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/★ ■ A-***************-*-****-*-*-*-**************-*-***
MCH <==> T o l u e n e  + 3H2 *
c o n s t  d o u b l e  A15 = 1 E+ ; 
c o n s t  d o u b l e  E15 = . E+05;

c o n s t  d o u b l e  A16 = 
c o n s t  d o u b l e  E16 =

MBP7 + H2 <==> 2C6-
c o n s t  d o u b l e  A17 = 1 E+ ; 
c o n s t  d o u b l e  E17 = . E+05;

v o i d  r a t e c 6 c 7 ( d o u b l e  p a r t i a l  [ ] ,
{

i n t  i ;
d o u b l e  p h e ;
d o u b l e  a c i d _ a d ,  m e t a l _ a d ;  
d o u b l e  R = 1 . 9 8 7 * 4 . 1 8 4 1

d o u b l e  r a t e [ ] ,  d o u b l e  t emp)

/ * R  = g a s  c o n s t a n t * /
/ *  = 1 . 9 8 7  c a l / m o l e * /
/ * 1  c a l  = 4 . 1 8 4 1  J * /

/ ‘ common a d s o r p t i o n  t e r m  f o r  
c o n s t  d o u b l e  Khex = 
c o n s t  d o u b l e  Kmcp =

C6 h y d r o c a r b o n * /
É+ ;

/ ‘ common a d s o r p t i o n  t e r m  f o r
c o n s t  d o u b l e  
c o n s t  d o u b l e  
c o n s t  d o u b l e  
c o n s t  d o u b l e  
c o n s t  d o u b l e  
c o n s t  d o u b l e

Kc6-  = . ;
Kp7 = . ;
K t o l a  = . ;
Knhep = . ;
Kmch = . ;
Kt o l m = . ;

C7 h y d r o c a r b o n * /

/ * f o r  C6 h y d r o c a r b o n * /
p h e  = p o w ( ( l  + (K h e x * ( p a r t i a l [ 2 ] t p a r t i a l [ 4 ] t p a r t i a l ( 5 ] + p a r t i a l [6]

+ p a r t i a l [ 7 ] ) / p a r t i a l [ 0 ] )  + (K m c p * p a r t i a l [ 3 ] / p a r t i a l [ 0 ] ) ) , 2 )
/ * f o r  C7 h y d r o c a r b o n * /

a c i d _ a d  = ( p a r t i a l [ 0 ] + K c 6 - * p a r t i a l [ l ] + K p 7 * ( p a r t i a l [ 1 2 ] * p a r t i a l [ 1 3 ]  
+ p a r t i a l [ 1 4 ] ) + K t o l a * p a r t i a l [ 9 ] * p a r t i a l [ 0 ] ) / p a r t i a l [ 0 ] ;  

m e t a l _ a d  = 1 + K n h e p * p a r t i a l [ 1 2 ] +K m c h * p a r t i a l [ l l ] + K t o l m * p a r t i a l [ 9 ] ;
/ * C a l l  f u n c t i o n  e q u i l i b r i u m ) )  f o r  K e [ ] * /  

e q u i l i b r i u m (t e m p , Ke ) ;
/ * I s o m e r i z a t i o n * /

t e mp  = t emp + 2 7 3 . 1 6 ;
r  -A- -A- +

R a t e  e q u a t i o n  f o r  C6 h y d r o c a r b o n s  *
r - A r - A - A r ' A - - A - - A ’ -A--A’ Ar - A ' - A -  +  - A ' ' A - ' A - - A r - A r - A - ' A - - A r - A - - A r - A - - A - - A ' ,A - ' A - ‘A ' ' A ' T A - - A - - A - - A - A - - A - - A - A - - A r - A ^ - - A - - A - - A - ' A - - A T A  !

r a t e [ 0 ]  = A l * e x p ( - E 1 / ( R * t e m p ) ) * ( p a r t i a l [ 2 ] - ( p a r t i a l [ 4 ] / K e [ 0 ] ) ) /  
( p a r t i a l [ 0 ] * p h e ) ;

r a t e [ l ]  = A 2 * e x p (- E 2 / (R * t e m p ) ) * ( p a r t i a l [ 2 ] - ( p a r t i a l [ 5 ] / K e [ 1 ] ) ) /  
( p a r t i a l [ 0 ] * p h e ) ;
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r a t e [2]
r a t e [3]
r a t e [4]
r a t e [5]
r a t e [6]
r a t e [7] 
r a t e  t 8] 
r a t e [9]

= A3*e x p (- E 3 / (R * t e m p ) ) * ( p a r t i a l [ 4 ] - ( p a r t i a l [ 5 ] / K e [ 2 ] ) ) /  
( p a r t i a l [ 0 ] * p h e ) ;

= A4 *e x p (- E 4 / ( R* t e m p ) ) * ( p a r t i a l [ 4 ] - ( p a r t i a l [ 7 ] / K e [ 3 ] ) ) /  
( p a r t i a l [ 0 ] * p h e ) ;

= A 5 * e x p ( - E 5 / ( R * t e m p ) ) * ( p a r t i a l [ 7 ] - ( p a r t i a l [ 6 ] / K e [ 4 ] ) ) /  
( p a r t i a l [ 0 ] * p h e ) ;

= A 6 * e x p (- E 6 / ( R * t e m p ) ) * ( p a r t i a l [ 2 ] - ( p a r t i a l [ 3 ] * p a r t i a l [0] 
/ K e [ 5 ] ) ) / ( p a r t i a l [ 0 ] * p h e ) ;

= A7 * e x p (- E 7 / (R* t e m p ) ) * ( p a r t i a l [ 3 ] - ( p a r t i a l [ 8 ] *  
p o w (p a r t i a l [ 0 ] , 3 ) ) / K e [ 6 ] ) / ( p a r t i a l [ 0 ] * p h e ) ;

= A 8 * e x p ( - E 8 / ( R * t e m p ) ) * ( p a r t i a l [ 4 ] / p h e ;
= A 9 * e x p ( - E 9 / ( R * t e m p ) ) * ( p a r t i a l [ 5 ] / p h e ;
= A 1 0 * e x p (— E l 0 / ( R * t e m p ) ) * ( p a r t i a l [ 6 ] / p h e ;

R a t e  e q u a t i o n  f o r  C7 h y d r o c a r b o n s  *r + ** + ********** + + ***** + * + + ** + + *** + + * + ** + * + ***+/
r a t e [10]
r a t e [11]
r a t e [12]
r a t e [13]
r a t e [14]
r a t e [15]  
r a t e [16]

= A l l * e x p (- E l 1 / ( R * t e m p ) ) * ( p a r t i a l [ 1 2 ] - ( p a r t i a l [ 1 3 ] / K e [ 7 ] ) ) /  
( p a r t i a l [ 0 ] * a c i d _ a d ) ;

= A 1 2 * e x p (- E 1 2 / (R* t e m p ) ) * ( p a r t i a l [ 1 3 ] - ( p a r t i a l [ 1 4 ] / K e [ 8 ]  ) ) /  
( p a r t i a l [ 0 ] * a c i d _ a d ) ;

= A 1 3 * e x p ( - E l  3 / ( R * t e mp ) ) * ( p a r t i a l [ 1 2 ] - ( p a r t i a l [ 1 0 ] * p a r t i a l [0] 
/ K e [ 9 ] ) ) / ( p a r t i a l [ 0 ] * a c i d _ a d ) ;

= A 1 4 * e x p ( - E 1 4 / ( R * t e m p ) ) * ( p a r t i a l [ 1 0 ] - ( p a r t i a l [ l l ] / K e [ 1 0 ) ) ) /  
( p a r t i a l [ 0 ] * a c i d _ a d ) ;

= A 1 5 * e x p ( - E 1 5 / ( R * t e m p ) ) * ( p a r t i a l [ l l ] - ( p a r t i a l [ 9 ]
* p o w ( p a r t i a l [ 0 ] , 3 ) ) / K e [ l l ] ) / m e t a l _ a d ;

= A 1 6 * e x p ( - E 1 6 / ( R * t e m p ) ) * p a r t i a l [ 1 3 ] / ( p a r t i a l [ 0 ] * a c i d _ a d ) ;
= A 1 7 * e x p ( - E 1 7 / ( R * t e m p ) ) * p a r t i a l [ 1 4 ] / ( p a r t i a l [ 0 ] * a c i d _ a d ) ;

/ * e n d  f u n c t i o n  r a t e c 6 c 7 ( ) * /
/ * F u n c t i o n  g e t v a l u e ( ) * /  
d o u b l e  g e t v a l u e ( x , y )  
i n t  x , y ;
l

c h a r  ร [ 3 0 ] ;
i n t  c ;
i n t  i  = 0;
i n t  c h e c k ;
i n t  g e t _ c h ;
d o u b l e  num;
g o t o x y ( x , y ) ; 
c h s c k  — !wh i l e ( (c=getch0 )  != ' \ r '  c h e c k  == 1) (

i f ( c  == OxlB) { 
g o t o x y ( 3 , y + 1 ) ;
c p r i n t f ( " E x i t  p r og r a m<Y/ N> : " ) ;  
i f ( ( g e t _ c h  == ' y ' g e t _ c h  == ' Y ' )  (

g o t o x y ( 3 , y + 1 ) ;  
c p r i n t f  (" ' ๆ ;
e x i t ( 1 ) ;

}e l s e  i f ( g e t _ c h  == 0) (
g e t c h ( ) ;  
g o t o x y ( 3 , y + 1 ) ; 
c p r i n t f  (" ") ;
g o t o x y ( x + 1 , y ) ;

)e l s e  (
g o t o x y ( 3 , y+ 1 );



)

c p r i n t f (" 
g o t o x y ( x + 1 ,  y) ; ") ;

)e l s e  i f (c == 0x8) {
i  = 0;  
check = 1; 
g o t o x y ( x , y ) ;

c p r i n t f (" " ) ;
g o t o x y ( x , y ) ;

)e l s e  i f (c == 0) ( 
g e t c h ( ) ;
1 = 0 ; check = 1; g o t o x y ( x , y ) ;c p r i n t f  (" ") ;

g o t o x y ( x , y ) ;
)e l s e  i f (c == ' \ r ' ) {

check = 1; 
i  = 0;

)
i f ( c > ' 0 '  && c<= ' 9 '  c==1. ' )  {

ç p t i n t £ ( " * e " , c l ; 
i  = i  +1 ;

) / ‘ remove c h a r a c t e r * /e l s e  (

ร ุ ร ุ ่ ร พ ิ ? ! ,d e l a y (100);nosound() ;
g o t o x y ( X , y ) ;c p r i n t f (" " ) ;g o t ox y ( X , y ) ;

1
)) / *end whi l e* /

รุ [ i ]  = 1 \ 0 ' ; 
i f ( ร [0] == NULL) 

r e t u r n  12;  
num = น_ a t o i ( ร ) ;  
r e t u r n ( n u m ) ;

d o u b l e  น_ a t o i (ร) 
c h a r  ร [ ] ;
{

i n t  i ;
i n t  j  ;
d o u b l e  ท, n l  = 0;
f o r ( i = 0 ; s [ i ] > = ' 0 ' & &  ร [ i ] < = ' 9 ' & &  ร [ i ] i = i + l )

ท = 10*n + ร [ i ] -  ' O ' ;  
i f  ( ร [ i ]  == ' . ฯ  (

f o r ( i = i + l , j = l ;  s [ i ] > = ' 0 '  && ร [ i ] < = ' 9 • ;  i = i + l , j = j + l )  
n l  = n l  + ( ร [ i ] - ' 0 ' ) / p o w ( 1 0 , j ) ;
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ท =  ท + ท 1 ;
)
r e t u r n  ท;

i n t  c h e c k _ f e e d n a m e (c h a r  *f name)
{

f o r (±—0;  i<MAX_COMPONENT, i ++)  (
i f ( s t r i c m p ( f n a m e , f e e d n a m e [ i ] ) = = 0 ) 

r e t u r n  i ;
)
if(i>=MAX_COMPONENT) 

r e t u r n  - 1 ;



V I T A

M i s s  A u s s a n e e  W a p a k p e t c h  w a s  b o r n  ๐ท O c t o b e r  5 ,  
1 9 6 7  i n  B a n g k o k ,  T h a i l a n d .  S h e  f i n i s h e d  h e r  p r i m a r y  
s c h o o l  f r o m  S o m t h a w i n  R a c h a d a m r i  a n d  s e c o n d a r y  s c h o o l  
f r o m  B o r d i n d a j a .  s h e  e a r n e d  h e r  B . S c . ( C h e m i s t r y ) f r o m  
S r i n a k h a r i n w i r o t  U n i v e r s i t y ,  B a n g k o k .  A f t e r  g r a d u a t e d ,  
s h e  j o i n e d  T h e  S h e l l  C o m p a n y  o f  T h a i l a n d  i n  M a r k e t i n g  
D e p a r t m e n t  f o r  a  h a l f  y e a r .  S h e  t h e n  p u r s u e s  h e r  p o s t 
g r a d u a t e  s t u d y  a t  t h e  D e p a r t m e n t  o f  C h e m i c a l  E n g i n e e r i n g ,  
F a c u l t y  o f  E n g i n e e r i n g ,  C h u l a l o n g k o r n  U n i v e r s i t y .
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