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APPENDIX A
METHEMATICAL APPROACH

A.1 Expected values and m om ents

For discrete random variable X with probability mass function, f j x ) ,  the expected value 
of X is defined as

E(X) ะ= I x / J x ) ,  i f  I t x } / X(x) < °c  (Al)
For continuous random variable it is similarly defined as

E(X) = f x / x ) d x  (A2)
The expected value of X, E(x), is commonly referred to as the mean of X

Besides the mean, the variance is probably the most commonly used measure of 
a distribution. The variance of X ( It is commonly denoted by var(x) or a2 ) may be 
expressed in terms of its mean and its second moment about zero as follows :

var(Xj = E [X-E(X)f = E (X !)-[E (X )f (A3)
Clearly, the variance of a constant is zero.

For two random variables X. and x;. the expected value,
El(xrE(x)}{x-E(x)}} = cov(xj1x )  (A4)

is known as the covariance of X. and x;. . The covariance is measure of the statistical 
dependency of two random variables. It is zero, if the two random variables are 
independent of each other.

A.2 Runge-Kutta m ethods

The RK4 (fourth order Runge-Kutta) method has proves both computationally efficient 
and accurate, and it is obtained by a clever choice of these constants in approximating 
slopes at various points. Without derivation, we will state the method as follows.
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The RK4 method of approximation is to define yk+1 in terms of yk by: 
Ym = yt+Mh[Wu+2W„+2w"+WJ.

where
พ*, = A
พ k2 = A * k+h/2 . yk+hWk/2 )
พ ]3 = A  xk+h/2 , y .+ h W ^ )

พ*, = A + J > . +พ นิ

A.3 The m ethod o f Least-Squares analysis

(A5)

(A6)
(A7)
(A8)
(A9)

Various criteria might be used to estimate the coefficients in a model from experimental 
data. For each p data points, we can define the error e. as the difference between the 
observation Yj,j = ไ, 2, and the predicted model response y  fid

Yj -yj = ej i  = ไ, 2, ..., P  (A10)
The independent variables in the vector X can be difference variables or difference 
functions of the same variable, such as X, X, X, etc. The independent variables are 
assumed to be known exactly, or at least the error involved in each element of X is 
substantially less than that involved in Y. You might think that the overall sum of the 
errors could be the utility as an objective function (F), however, this idea is not 
appropriate because such an objective function allows positive and negative enors to 
cancel. A second criterion would be to sum the absolute values of the errors

/i  = E h |  or = Y u e ) (All)
Another would be to minimize the absolute value of the maximum error. For example, if 
the estimate function of y  1 is

y. = A-BXj (A12)
Thus

m m F  = X ( Y j - A -  BXj) (A13)
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z = - 2P r>-A- B̂ =° (A14)

YjYj =ะ nA + B ^ X j (A15)

(A16)

é xJrj =Aé  X j + B ^ x j 2 (A17)

2 X j Y j - m Y  
b _ m ~ (A18)

พุl&HII (A19)

A.4 Euler’ ร method

E uler’ ร m e th o d  is  a n  a p p ro a ch  for a p p ro x im a tin g  th e  so lu tion o f a n  in itia l va lu e
p rob lem  a n d  is  to  d e fin e  yk+1 in  term s o f yk by:

ช ุ = r 0 + ( x I - x 0) / ( * 0 , r 0) (A20)

Yk+1 = Yk +(xk+x~xk) f ( x k,Yk) (A21)
or Yk+1= Yi + hf(x 1' , Yk) (A22)
w ith

f(x’T>=% <Y(X1) = y0 (A23)

A.5 Lagrange m ultiple method

L agran ge m u ltip le  m e th o d  is  th e  m e th o d  to  find o u t th e  so lu tion  o f th e  o p tim iza tion  

prob lem
T h e o b jectiv e  fu n c tio n  is



subject to
h(x) = 0 
gOc) = 0

(A24)
(A25)

The Lagrangian Function can be written as
L ( x ,w l ,พ.2 ) -  / (x) +  w lh (x )  +  พ2 g (x )  

and must differentiate equation (A26) with X, w l ,  พ 2
dL
d x
d L

- —  =  0 
d w l
d L

- —  = 0 
dw2

(A26)

(A27)

(A28)

(A29)

then 1 can achieve the solution of X, wl.and พ 2



APPENDIX B
KINETIC MODEL AND SIMULATION RESULT

B.1 Kinetic model for MODEL I
The assumptions ะ

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are ะ

-rA0 =  k A c0 A c0 H2

~r Eth

~r UA ะ= 10

~r iD ~  k FD@PD@H2

2. The hydrogen dose not break in free atom.
3. The product dose not be adsorbed on the catalytic surface.
4  The catalyst activity equation is

activity -  W + K ^yZAc)

Use the Langmuir-Hinshelwood kinetics concept will obtain

&Eth =  K ç J J ç J l - Z G I )

6แ2 = C f^l-Z O )
L  = K w P J l - W
0po = K n C j l - m
Oco = KcoCcJl-ZQ

z o  =  0 Ac+ 0 Eth+ 0 H2+ 0 MA+ 0 PD+ 0 CO

z e  = ( l-Z m AcCM1+.K ^ + K ^ + K ^ + K n C n + K '0C J

To comparison with others and KpzPp0 is very small, thus can ignore (Schbib et.
ฟ.,1996).
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z o  = ( 1 - Z M ,0CA0+KEtbCEtb+Kl]2CH2+Kœ C J  
(1-Z6D = 1/(1 +KAcCAc+KEJ 2 Etb+Km CH2+KcoCcc)

Replacing 0A01 0Etb1 0l0 0JM and 0m in the rate equations. Obtain

*r Ac =  ^ AJZ Aปี+ KB£ B1̂ +K11£}แ 2+K 00c 0 f

f *  =  1p„, 
and

' rB* = 1 0 c j
-rm  = K4CUiCa f(l+KA'C l s K K,, 1 C^
- I „  =  œ y y n  ̂ C ^ K ^ C ^ K ^ + K 00c j

B.2 The simulation result of the MODEL I

Figure B .l MODEL I : Outlet temperature of reactor I with error 0.576%
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REACTOR ท ะ OUTLET TEMPERATURE

Figure B.2 MODEL I ะ Outlet temperature of reactor n w ith error 0.65%

REACTOR m  : OUTLET TEMPERATURE

F igu re B .3 MODEL I : Outlet temperature of reactor in with error 0.66%
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REACTRK I ะ OUTLET ACETYLENE CONCENTRATION

Figure BA MODEL I ะ Outlet acetylene concentration of reactor I w ith error 36.22%

REACTOR n  ะ OUTLET ACETYLENE CONCENTRATION

Figure B.5 MODEL I ะ Outlet acetylene concentration of reactor แ with error 9.84%
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REACTOR m  ะ OUTLET ACETYLENE CONCENTRATION

Figure B.6 MODEL I ะ Outlet acetylene concentration of reactor in with error 10.08%

REACTOR m  ะ OUTLET ETHYLENE CONCENTRATION

F igu re B .7 M ODEL I : Outlet ethylene concentration of reactor n i with error 5.41%
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REACTOR ra  : OUTLET METHYL ACETYLENE CONCENTRATION

Figure B.8 MODEL I : Outlet methyl acetylene concentration of reactor in
with error 25.52%

REACTOR m ะ OUTLET PROPADIENE CONCENTRATION

F igu re B.9 MODEL I : Outlet propadiene concentration of reactor in with error 32.96%
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B.3 Kinetic model for MODEL n
The assumption :

1. The rate lim iting step is a surface rate of reaction.
The rate of reaction are :

~rAo = kfigOfigOfa 
~rBth =
~rUA -  ^UA^UA^m

"fro =
2. The hydrogen does not break into free atom.
3 The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is

a c tiv ity  = K 'BMtp œ ( E mctMt/R T )C Ae 
Use the Langmuir-Hinshelwood kinetics concept will obtain

0AO = K J 3 J 1 -E B !

4 »  = K ^ C J l- Z Q

* *  = Z p j l- Z ®

Qu a  = K m c m ( l- Z 6)

Qpo =

Qco = K o f l j i- z e i

E G  -  ÂB+^m +^m+^UA+^m+^co
£ 0  -  (1~Z0)( KAbCa11+ KEtipEth+ KmC112+ K ^ c ^ + Km Cp0+ K00c 01)

To comparison w ith others K ^ c ^  and KpjjCp0 is very small, thus can ignore (Schbib et. 
ฟ., 1996)

z e  = (:l-z m  K M + KBtbCEtl1+ Kmc112 + K M
(1-Z0) = 1/(1+ K M  K M +  Kmc 112 + K M

Replacing 0Ac1 0Etb1 0  10 6^, and 6m  in the rate equations. Obtain ะz = + 0cj
-r*, = n C lf i HflU K lfi,.+  Kn CBk+KHp m + Kaf i J

and
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พ  V .*  Kmcm + KœcJ
~rUA = ^( ■ ' 111c 11/ ( ไ +  K J :  1.+ Ksapeth+ + K c x p a f 

=  K5CmC11/ (ไ+ KUC ^  KmC ^  Kmc a  +

B.4 The simulation result of the MODEL แ
REACTOR I : OUTLET TEMPERATURE

Figure B.10 MODEL n ะ Outlet temperature of reactor I with enor 0.94%

REACTOR n  Î OUTLET TEMPERATURE

F igu re B . l l  MODEL n : Outlet temperature of reactor แ with error 0.56%
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REACTOR ni ะ OUTLET TEMPERATURE

TfaxM, day

Figure B.12 MODEL n ะ Outlet temperature of reactor IQ w ith error 0.75%

REACTRE I  ะ OUTLET ACETYLENE CONCENTRATION

Figure B.13 MODEL n : Outlet acetylene concentration of reactor I with error 35.7%
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Figure B.14 MODEL n  ะ Outlet acetylene concentration of reactor n with error 1228%

REACTOR m  ะ OUTLET ACETYLENE CONCENTRATION

F igu re B .15 MODEL n ะ Outlet acetylene concentration of reactor in with error 12.65%
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REACTOR n i : OUTLET ETHYLENE CONCENTRATION

Figure B.16 MODEL แ  ะ Outlet ethylene concentration of reactor IQ with error 6.93%

REACTOR m  : OUTLET METHYL ACETYLENE CONCENTRATION

plant
—  -  —  -  —  s tm u U tfe n

with error 30.92%
F igu re B .17 MODEL n : Outlet methyl acetylene concentration of reactor ffl



183

REACTOR m  ะ OUTLET PROPADIENE CONCENTRATION

Figure B.18 MODEL n ะ Outlet propadiene concentration of reactor in with enor 74.71%

B.5 Kinetic model for MODEL m
The assumption ะ

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are ะ

-rAc = kAc0M ^
-Ie* =
~r UA =

-ipD = k p o O M l-Z 0)
2. The hydrogen does not break into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is

a c tiv ity  = l/(l+ K acüvityZ A c )
Use the Langmuir-Hinshelwood kinetics concept will obtain

๙ ,, =
๙1», «  v j i - m
em = Kmc j . i - m
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To comparison w ith others KyPuA and Kmc m is very small, thus can ignore (Schbib e t 
aL, 1996)

z e  =  (1 -Z M K aP a0+ K a P eJ - Kl}2c 112 + Km C J  
( 1 - m  =  m + K J Z ,0+ K J D ^ K 'P n  + K ^ 0/

Replacing 0M 6Ea1f Gjn Oy# and 6m in the rate equations. Obtain :z = พ ๊ »+  * * p » +  V »  + * c f i j
T * = B C tp Bfi+ K tf i M+Kt t Ctk+ K ,pa *X 0f i J

and
= Z2CmCa/a+  K,0c ,0+ Ksp ga1+ Kmcm + Kc0c j

~*1£A = K4C 121p g /(l+ Kap A0+ KyPm+ KH2c  112 + Kc0!c0/
-fro  = KôCvpC11/ (ไ+ KAP A0+ KmCm+ Kmc  112 + K00c 0/

B.6 The simulation result of the MODEL in
REACTOR I : OUTLET TEMPERATURE

F igu re B.19 MODEL in : Outlet temperature of reactor I with error 0.49%
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REACTOR แ  : OUTLET TEMPERATURE

Tim*, day

Figure 620 MODEL ณ : Outlet temperature of reactor n w ith error 0.63%

REACTOR เท  ะ OUTLET TEMPERATURE

Tima, day

F igu re B .21 MODEL ณ ะ Outlet temperature of reactor ณ with error 0.6%
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REACTKE I ะ OUTLET ACETYLENE CONCENTRATION

Figure B.22 MODEL in ะ Outlet acetylene concentration of reactor I w ith error 11.86%

F igu re B .23 MODEL in ะ Outlet acetylene concentration of reactor ท with error 4.92%
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REACTOR m  : OUTLET ACETYLENE CONCENTRATION

Tim*, day

Figure B.24 MODEL in ะ Outlet acetylene concentration of reactor in w ith error 11.81%

REACTOR m  : OUTLET ETHYLENE CONCENTRATION

F igu re B .25 MODEL in  : Outlet ethylene concentration of reactor in  with error 6.15%
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REACTOR เท  ะ OUTLET METHYL ACETYLENE CONCENTRATION

Tim*, day

Figure B.26 MODEL IQ ะ Outlet methyl acetylene concentration of reactor IQ
with error 16.34%

REACTOR m ะ OUTLET PROPADIENE CONCENTRATION

with error 18.52%
F igu re B .27 MODEL in : Outlet propadiene concentration of reactor in
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B.7 Kinetic model for MODEL IV
The assumption :

1. The rate limiting step is a surface rate of reaction. 
The rate of reaction are ะ

-fAc =
~r Eth ~  ^ £ tb  Gr& G y £ i ~ ^ G }

~r UA =  ^U A  ®UA Gn f i  ~£ 6 )

■ fro = kpn G PC Ggp- $
2. The hydrogen does not break into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is

a c tiv ity  = K ^ J S X P t E ^ / R V C ^
Use the Langmuir-Hinshelwood kinetics concept will obtain

Gao = K M 1-23*0E» =K ^ C J I - Z S
Gm  = * ÿ ÿ ï - 2 3 »
°U A  = Kmcj}-zet
Gm =K ^ C J l - Z d
Goo =พ ■ ฟ ้

2*6 = Gjte+ @Eth+ Giq+ @MA+ Gpo+ Goo
i e  = 0+ Km Cm + Kl0c 10+ + Kn Cm+ Kœ C0')

To comparison w ith others and Kmc pp is very small, thus can ignore (Schbib et.
ฟ ., 1996)

z e  -- f l-2 3 »  K M  K M +  V .  + K M  
0 -2 3 *  = 1 /0+  k m  K M +  Kmc m + K M

Replacing 0A0, 0Ezb1 610, 0 ^ 1 and 0m in the rate equations. Obtain ะ
~rAc = ^Ac ^Ac^Ao / (1+ KAcCAc+ KE111CE11+ Km C  10 + K00c 0')
~rAc ~ K lC AeCH/( î+  KAgCA15+ KE111CE111+ KmC10 + K00c 00)

and
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=  X 2 C M ( U  k ^ c 41+ KMC V  Kœc 10 + ic„ ,c0/  
•V = ncmcja+ Ï A t kmc01,+ ff„cœ + £00c0/

=  * ® พ 0 +  K a £ m +  Z a p * ?  พ .  +  £ < » c < x /  

B.8 The simulation result of the MODEL rv
REACTOR I : OUTLET TEMPERATURE

Figure B.28 MODEL IV ะ Outlet temperature of reactor I w ith error 0.74%

REACTOR ท ะ OUTLET TEMPERATURE

F igure B .29 MODEL IV : Outlet temperature of reactor n with error 0.79%
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REACTOR m  : OUTLET TEMPERATURE

Figure B.30 MODEL IV ะ Outlet temperature of reactor in with error 0.76%

REACTRE I  ะ OUTLET ACETYLENE CONCENTRATION

Time, day

F igu re B.31 MODEL IV : Outlet acetylene concentration of reactor I with error 20.74%

plant

simulation
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REACTOR ท ะ OUTLET ACETYLENE CONCENTRATION

Figure B.32 MODEL IV ะ Outlet acetylene concentration of reactor n  with error 18.92%

REACTOR m  ะ OUTLET ACETYLENE CONCENTRATION

F igu re  B.33 MODEL IV : Outlet acetylene concentration of reactor in  with error 12.62%
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REACTOR m  ะ OUTLET ETHYLENE CONCENTRATION

Figure &34 MODEL IV ะ Outlet ethylene concentration of reactor in with error 8.03%

REACTOR m  ะ OUTLET METHYL ACETYLENE CONCENTRATION

with error 26.13%
F igu re B.35 MODEL IV ะ Outlet methyl acetylene concentration of reactor in



REACTOR in : OUTLET PROPADIENE CONCENTRATION

Figure B.36 MODEL IV ะ Outlet propadiene concentration of reactor in
with error 21.45%

B.9 Kinetic model for MODEL VI
The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

~r Ac "  ^A c^A c^m

~rah ~ ^Eth^Etifim
~r MA =  ^U A ^M A ^m  

~r PD =  kpcjOp0 0 112

2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity  = Ktctivit̂ XP(Eacav11/RT)CAc 
Use the Langmuir-Hinshelwood kinetics concept will obtain 

3* = E J 1 J .1 - S 9  
9 »  = ร»
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em = (Kmc J sa-Z0)
Gm = V J l - Z O )
0m = KpoCJi-ze)
Gco = KœCJî-Ze)

z o  =  GA c+ G E&+ G H2+ G U A+ G PD+ G 0 0

z e  = (1-Z0>( KmCj1. + OTibChA  KwP ua+ KmC J
To comparison with others KUACMA and KmCp0 is very small, thus can ignore (Schbib et. 
al., 1996)

2» = (1-Xm K M  KM+ (Kmc J \  K M
0-2» = KMKM+CKM+KM

Replacing #Ac, 6 ^  ^ 2, 6 ^ , and t?ro in the rate equations. Obtain ะz  =  พ๊J j Z Z j ‘M + k m k m + K hP J ‘+KcoC J
= n c * O o  + X M W ~ + K P * F + x « p J

and
-''1» = O C ^ C ^ M + K M * ' * £ * * + K ^ J ‘+
-rm  =  c M“ /fl+  ^ 0 * ,+  ( y ; / +  * 00c « /
-rm = K5C*. cm°‘/(น K M  K*£m+ ฟ ,* ฟ

B.10 The simulation result of the MODEL VI
REACTOR I ะ OUTLET TEMPERATURE

F igure B.37 MODEL VI : Outlet temperature of reactor I with enor 0.67%
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REACTOR แ  ะ OUTLET TEMPERATURE

Tim*1 day

Figure B.38 MODEL VI ะ Outlet temperature of reactor n with error 0.59%

REACTOR m  : OUTLET TEMPERATURE

F igu re B.39 MODEL VI : Outlet temperature of reactor in with error 0.68%
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REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

Time, day

Figure B.40 MODEL VI ะ Outlet acetylene concentration of reactor I with error 12.64%

REACTOR n : OUTLET ACETYLENE CONCENTRATION

F igure B.41 MODEL VI : Outlet acetylene concentration of reactor n with error 11.87%
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REACTOR m  ะ OUTLET ACETYLENE CONCENTRATION

Figure BA2 MODEL VI ะ Outlet acetylene concentration of reactor in  with error 16.92%

REACTOR m ะ OUTLET ETHYLENE CONCENTRATION

F igure B.43 MODEL VI : Outlet ethylene concentration of reactor in with error 5.16%
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REACTOR III ะ OUTLET METHYL ACETYLENE CONCENTRATION

Figure B.44 MODEL VI : Outlet methyl acetylene concentration of reactor in
with error 12.83%

REACTOR m  : OUTLET PROPADIENE CONCENTRATION

*i
0oI
Ô

plant
s im ulation

Tima, day

with error 25.02%
F igu re B.45 MODEL VI : Outlet propadiene concentration of reactor in
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B .ll Kinetic model for MODEL v n
The assumption :

1. The rate limiting step is a surface rate of reaction. 
The rate of reaction are :

~rAc =  ^A c^A c^H 2^ ~ Z 0 )

- r Eth =  k u f l u f l J i - Z Q

-r«A = K A M î ’E Q
-ÏPD = kmem0ji-Z0)

2. The hydrogen breaks into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is

a c tiv ity  = l/(l+ K tctivityZ A c )
Use the Langmuir-Hinshelwood kinetics concept will obtain

^  = K + f iJ i-Z 0
4 »  = K n P J l-Z B )
4 .  = v / d - a

®UA = w - a

4 n  =
K M 1-Z 0)

* C O  =
V J 1 -2 0

a ?  =  9JU+em +olc+0m +$11,+ร1.0
z e  = (1 - m  K tfijj- Kmc m+ (Kmc J *  + + เ ^ f K c fid

To comparison with others and Kwc w  is very small, thus can ignore (Schbib et.
ฟ., 1996)

ZB = (l-zm KBt1CEÜ1+ (Kmc J ‘+ 1
0-2» = 1/0 + ^ + Kmc m+(Kmc J ‘+ KœC J

Replacing 0Ac1 0Etb1 0H2, 0m 1 and 0W in the rate equations. Obtain :z  =  k Z AP j Z l c J S/(l+KMCM+KmCBh+(Kmc J ‘+KcoC j

and
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- 'e* = K2CM c j ‘/ ( n  * 4,ช ,ุ1,+ f A 1+ ( V hA  *coC »)’
C ‘/ f l+ ^ +  1+ K œc y “ + * rac ÿ 3

-<■ *> = K 5C„ O f l +  K J V -  * „ C M+ ( V V " +  * ” c 0/

B.12 The sim ulation result of the MODEL v n

REACTOR I ะ OUTLET TEMPERATURE

Time, day

Figure B.46 MODEL VI : Outlet temperature of reactor I with error 0.94%

REACTOR n : OUTLET TEMPERATURE

Tima, day

F igure B.47 MODEL VI : Outlet temperature of reactor n with error 0.75%
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REACTOR ช! ะ OUTLET TEMPERATURE

Tim*, day

Figure 8.48 MODEL VI ะ Outlet temperature of reactor in with error 0.84%

REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

Figure B.49 MODEL VI : Outlet acetylene concentration of reactor I with error 21.76%
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REACTOR II ะ OUTLET ACETYLENE CONCENTRATION

Figure B.50 MODEL VI ะ Outlet acetylene concentration of reactor n with error %

REACTOR m ะ OUTLET ACETYLENE CONCENTRATION

Time, day

F igu re B.51 MODEL VI : Outlet acetylene concentration of reactor in with error 37.99%
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REACTOR m  : OUTLET ETHYLENE CONCENTRATION

Figure B.52 MODEL VI ะ Outlet ethylene concentration of reactor in with error 11.46%

REACTOR r a  ะ OUTLET METHYL ACETYLENE CONCENTRATION

1 plant
~  • — " -  simulation

with error 39.1%
F igu re B.53 MODEL VI : Outlet methyl acetylene concentration of reactor in
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REACTOR m  ะ OUTLET PROPADIENE CONCENTRATION

Figure B.54 MODEL VI ะ Outlet propadiene conœntration of reactor in
with error 27.67%

B.13 Kinetic model for MODEL vm
The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are ะ

- f Ac =  k A c 

-r Eth =

~TMA =  k MA ®UA

-โพ = k PD 0mOJl-E0)
2. The hydrogen breaks into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity =
Use the Langmuir-Hinshelwood kinetics concept will obtain

= KJSJI-IB)
8m  =  ^  (1-ZQ

em = Iฟ ' แ - a
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รพ, = Km C J t  -ZB)
รท = K M 'Z ®

รœ = g ÿ - ฟ ิ 
•20  =  ร*','รร*','รท','รพ','รท','รœ
zo = (1-m K M  KM+ (K„fiJ‘+ KmCM+

To comparison w ith others and KppC 1ปี is very small, thus can ignore (Schbib et.
ฟ., 1996)

X »  =  f l - 2 » r  k m c m +  ( K „ p J ‘ +  k m

0-2» = K M  K M + K M
Replacing 0Ae, ^ .  , ^ 2, 0 ^ , and in the rate equations. Obtain ะz  =  พ ๊* C J k 2 c J * / ( 1 + K M I ■ * £ * * + & ร p j * + K o f i J

-r*  =  a c . C f r W W M / ' W
and

-'•£8, =  K2CM O a +  1CK1+ < v y " + ฟ
"'ma =  «C «A  * 1»'c*,1+ 0 ฟ “ฺ+ ฟ
-%  = B Ç »  0 » +  พ  c / / t  Jrœ C0/

B.14 The sim ulation result of the MODEL v m

REACTOR I ะ OUTLET TEMPERATURE

F igu re B.55 MODEL VIE : Outlet temperature of reactor I with error 0.72%
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REACTOR n ะ OUTLET TEMPERATURE

Tima, day

Figure B.56 MODEL vin : Outiet temperature of reactor n with error 0.4%

F igu re B.57 MODEL vm  : Outlet temperature of reactor in with error 0.55%
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REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

0.10

*0.08
I
I  0.06L|o.M

0.02 plant

«touhtico

Figure B.58 MODEL v in  : Outlet acetylene concentration of reactor I with error 10.52%

F igure B.59 MODEL VIE : Outlet acetylene concentration of reactor n with error 9.1%



209

REACTOR in  ะ OUTLET ACETYLENE CONCENTRATION

Figure B.60 MODEL vm  ะ Outlet acetylene concentration of reactor in with error 8.9%

REACTOR m ะ OUTLET ETHYLENE CONCENTRATION

F igure B.61 MODEL vm : Outlet ethylene concentration of reactor ณ with error 2.39%
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REACTOR in ะ OUTLET METHYL ACETYLENE CONCENTRATION

Tim*, day

Figure B.62 MODEL vin : Outlet methyl acetylene concentration of reactor in
with error 22.27%

REACTOR m  ะ OUTLET PROPADIENE CONCENTRATION

w ith error 19.91%
F igure B.63 MODEL vin : Outlet propadiene concentration of reactor ID
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B.15 Kinetic model for MODEL K
The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

" r Ac =  k Ac0 Ac6m  

~rEth =  ^Etb^Eth^H2 

~r MA =

~r PD =  ^PD^PD^m

2. The hydrogen breaks into fi.ee atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity = W + K ^ ty Z A c )
Use the Langmuir-Hinshelwood kinetics concept will obtain

0Ae = KMc j - i - m
= K M < 1-X »
- (Z pJ 'tl-Z B f

e UA = K~cma-ze)
&PD = K~C~(1-Z0)
@CO = K M 1 - Z &1
= 0 ^ + 6 * 0 0 * 0 1 .„■  *0m+

1 0  = (1-Z0II K M  K M *  I K o C j" *  K M
To comparison with others Km  and KmCp0 is very small, thus can ignore (Schbib et.
al., 1996)

z e  =  (1 - m  K M *  Km c1.+  J “ + 
a-Z0>  = 1/(H  K M  K M *  (Kmc j ‘+ Kœ Cc0)

Replacing 0M 0Exh, 0H2, 6^ , and 0PD in the rate equations. Obtain :
z  = พ ๊» C J C ^ U  K M  K M *  « o C j ‘*  k m ’
-V  = K 1 C M < 1 *  K M *  K M *  K o C j ’* Kœ c J

and
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= K2CEtbCH/( l+  KAcCA0+ (Kmc j s+ K j a J
■ rm  = K4Cm C11/ (ท  KA0CA0+ KEûp Eth+ (Ka]c j s+ Kœc j  
-rro = K5CWC11/ (1+ KA0CA0+ * ” c ” + (Kmc j 5+ Kœc j

B.16 The simulation result of the MODEL IX

REACTOR I ะ OUTLET TEMPERATURE

Figure B.64 MODEL DC : Outlet temperature of reactor I with error 0.37%

F igu re B.65 MODEL DC : Outlet temperature of reactor n with error 0.43%
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REACTOR n i  ะ OUTLET TEMPERATURE

Tim*, day

Figure B.66 MODEL DC ะ Outlet temperature of reactor in with error 0.49%

REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

Tim*, day

F igu re B.67 MODEL DC : Outlet acetylene concentration of reactor I with error 8.97%
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REACTOR น ะ OUTLET ACETYLENE CONCENTRATION

Time, day

Figure B.68 MODEL IX ะ Outlet acetylene concentration ๔ reactor n with error 11.56%

REACTOR m  ะ OUTLET ACETYLENE CONCENTRATION

F igure B.69 MODEL IX : Outlet acetylene concentration of reactor in with error 6.65%
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REACTOR m  ะ OUTLET ETHYLENE CONCENTRATION

Time, day

Figure B.70 MODEL IX ะ Outlet ethylene concentration of reactor in with error 4.12%

REACTOR m  : OUTLET METHYL ACETYLENE CONCENTRATION

w ith error 32.34%
F igu re B.71 MODEL IX : Outlet methyl acetylene concentration of reactor in
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REACTOR m  : OUTLET PROPADIENE CONCENTRATION

Figure B.72 MODEL DC ะ Outlet propadiene concentration of reactor in
with error 16.09%

B.17 Kinetic model for MODEL X
The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

~r Ac =  k A 0@A0'0'112 

~r Etk =  k Eth@Eth@H?

~r MA ~

~r PD ~  ^PD^PD^m

2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity = KactivitfiXP(Eactivit/RT)CA 0 
Use the Langmuir-Hinshelwood kinetics concept will obtain

. «*, = พ 'J-20
^  = K ^ C J I  - m
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0m =
em = Kmcm(i-za

= KKC ^1 -Z 0 )
<5>co = พ ^
= eAc+eEt1+0น2+Ô +OpQ+e00

l e  = (1-ZM KAcCAc+ KEthCE111+ (KH2c j 5+ + KPDCP0+ KœC J
To comparison w it h  others and KwCp0 is very small, thus can ignore (Schbib et.
al., 1996)

£ 0  = (1-£W x*p»+ KElhCEt11+ (Kmc j* +  Kœc 00)
(l-Z O ) = 1/(1+ KAcCAc+ K J 3 Et1+ (K}1f j 5+ K00C J  

Replacing 0Ac1 e ^ , dm, 6m , and em in the rate equations. Obtain :z = พ พ๊ ! ๙« + (Kmc j ‘+ Kc0C j
f *  =  r a  Ç J V 0+  * * ,£ * 1+ V m +  Kx c „ f i  K c f iJ  

and
-rK = J2C„1P J (U  K^Cm+ Kmcm+ K j ; J ‘+ Kœc J  

= « « พ « +  JÇ A .+  ^ c 18,+ » '„ A / !+ *'00a /
-rB = K5AA/G+ A A + A.A.+ « « A / V A A /

B.18 The sim ulation result of the MODEL X

F igure B.73 M O D E L  X  : O u tle t  t e m p e r a tu r e  o f r e a c to r  I w i th  e rro r  0.62%



REACTOR II ะ OUTLET TEMPERATURE

Time, day

Figure B.74 MODEL X : Outlet temperature of reactor n with error 0.97%

REACTOR IU ะ OUTLET TEMPERATURE

Figure B.75 MODEL X : Outlet temperature of reactor III with error 0.66%
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REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

Figure B.76 MODEL X ะ Outlet acetylene concentration of reactor I with error 12.66%

REACTOR n  : OUTLET ACETYLENE CONCENTRATION

Figure B.77 MODEL X : Outlet acetylene concentration of reactor II with error 17.89%
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REACTOR in  ะ OUTLET ACETYLENE CON CENTRATION

Time, day

plant

simulation

Figure B.78 MODEL X : Outlet acetylene concentration of reactor in with error 28.87%

REACTOR m  ะ OUTLET ETHYLENE CONCENTRATION

F igure B.79 M O D E L  X : O u t le t  e th y le n e  c o n c e n t r a t io n  of re a c to r  III w i th  e rro r  8.35%
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REACTOR III ะ OUTLET METHYL ACETYLENE CONCENTRATION

Time, day

Figure B.80 MODEL X ะ Outlet methyl acetylene concentration of reactor in
with error 41.02%

REACTOR in : OUTLET PROPADIENE CONCENTRATION

with error 26.02%
F igu re  B.81 M O D E L  X : O u t le t  p r o p a d ie n e  c o n c e n t r a t io n  o f r e a c to r  m
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B.19 Kinetic model for MODEL XI
The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

e ji
~r Eth ~  K th ^E th ^H 2

= ^ นA^Jd-ZG)
-IW = ฟ ฒ

2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity  = W + K a0tivityZ A c)
Use the Langmuir-Hinsheiwood kinetics concept will obtain

0* = E j i j i - m
@Eth =
Om = a<mcJ*u-ze
&UA = KmCJl-Ee)
@PD = พ ! - . ร ร )
®co = KM 1-E0)

£ 0  =  dAc+ e Eth+ e m + d UA+ d PD+ e œ
i e  = (1 - m  KAcCAc+ KEt11CEt11+ (Kmc j s+ KmCm + KPDC ^  Kc0C J  

To comparison with others and K p jp 0 is very small, thus can ignore (Schbib et.
ฟ., 1996)

l e  = ( 1 - m  KAcCA0+ KEt11CEth+ (KH2c j 5+ KC0C J  
(1-16) = 1/(1+ KAcCAc+ KEÜ1CEt11+ (Kmc  1J 's+ Kc0Ccc)

Replacing 9A0, 6E.r , 6H2, 0UA1 and dPD in the rate equations. Obtain :
- Z  = k j c j c j c j c ^ (น  KAoCAo+ Ke111CEt11+ (K 112c j 5+ K00c j  
-rAc = K1CA0C J(1+  KAcCA0+ KEt11CEt11+ (KH2c j 5+ Kc0c j

and
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= K2CEt1h C J ( \+  KAcCAc+ KEthCEth+ (Kh:c J  5+ Kœ c j  
-h:, = K4Cm CH/( l+  KAcCAc+ KEthCEt11+ (KHf J 5+ Kc0c j  
-hz = M C M ( 1 +  KAcCAc+ KEthCEth+ (Kmc j * +  Kœ c j

ร.20 The simulation result of the MODEL XI

REACTOR I ะ OUTLET TEMPERATURE

Figure ร.82 MODEL XI : Outlet temperature of reactor I with error 0.63%

Figure ร.83 MODEL XI : Outlet temperature of reactor II with error 0.43%
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REACTOR III ะ OUTLET TEMPERATURE

Tima, day

Figure B.84 MODEL XI : Outlet temperature of reactor in with error 0.63%

REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

plant
simulation

F igu re B.85 MODEL XI : Outlet acetylene concentration of reactor I with error 8.44%
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REACTOR n ะ OUTLET ACETYLENE CONCENTRATION

T im e , d ay

Figure B.86 MODEL XI ะ O u tle t a c e ty le n e  c o n c e n tr a t io n  o f reactor  n w ith  error 13.67%

REACTOR m  ะ OUTLET ACETYLENE CONCENTRATION

Figure B.87 MODEL XI : Outlet acetylene concentration of reactor III with error 15.46%
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Figure B.88 MODEL XI : O u tle t e th y le n e  c o n c en tr a tio n  o f reactor  in w ith  error 4.49%

REACTOR m  ะ OUTLET METHYL ACETYLENE CONCENTRATION

T im e, day

with error 23.1%
Figure B.89 MODEL XI : Outlet methyl acetylene concentration of reactor III
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REACTOR III ะ OUTLET PROPADIENE CONCENTRATION

Figure B.90 M O D E L  XI : O u tlet p r o p a d ien e  co n c e n tr a t io n  o f  rea cto r  in
w ith  error 13.45%

B.21 Kinetic model for MODEL xn
T h e  a ssu m p tio n  :

1. T h e  ra te  l im it in g  s t e p  is  a  su r fa c e  rate o f reaction .
T h e  ra te  o f r ea c tio n  are :

'*A o  =

~r Eth =  k Eth@Eth@H?.

-rPD = kPD0meJ (i-ze )
2. T h e  h y d ro g en  b reak s in to  free a tom .
3. T h e  p r o d u c t d o s e  n o t  b e  a d so rb ed  on  th e  c a ta ly tic  su rface .
4. The catalyst activity equation is

activity = KacumyEXP(Eacüm/RT)CAc 
Use the Langmuir-Hinshelwood kinetics concept will obtain

ร ,, =
ร™  =  KeA J i -ZS)
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em = « 11f J ‘a-Z0,) 
z  - Kmcm(l-Z0)

0„ = K M '-Z ®
0๓ = K M l-Z ®

Z0 -  0A'.+ eE1+̂ 02+ ê A* ê ,*
Z 0  = a-zm  K M * K M * (K mc J ’* K M + K M * K M

To comparison พ:'.'ท others KhaP ma and Kwc 10 is very small, thus can ignore (Schbib et. 
ฝ., 1996)

z e  =  (1-zm  K M  K M  K M  
(1-Z& = พ *  K M * K M + (K mC j ‘+KM

Replacing 0M  0E11., 6'1121 0M,and 0min the rate equations. Obtain :z  =  พ๊M M l * K M * K M + ( K mCj
1m = K1CM<1* K M  K M *  KPJ1* ฟ

and
-rK  = K?ca,1 < v r i+  ^ +  (Kmc j v  K ^ C J*

=  K4CM<1* k m  k m * (Kmc j ‘* K a fiJ  
1* = K6CM»* k m * + (ช 1ุ1ช 1ุ/ ' +

B.22 The simulation result of the MODEL xn

REACTOR I  ะ OUTLET TEMPERATURE

Figure B.91 MODEL XII : Outlet temperature of reactor I with error 0.86%
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Figure B.92 MODEL xn ะ Outlet temperature of reactor n with error 68%

Figure B.93 MODEL XII : Outlet temperature of reactor in with error 0.71%
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REACTRE I ะ OUTLET ACETYLENE CONCENTRATION

Figure B.94 MODEL x n  ะ Outlet acetylene concentration of reactor I with error 22.65%

REACTOR แ  ะ OUTLET ACETYLENE CONCENTRATION

Figure B.95 MODEL x n  : Outlet acetylene concentration of reactor II with error 18.76%
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REACTOR III ะ OUTLET ACETYLENE CONCENTRATION

Figure B.96 MODEL xn ะ Outlet acetylene concentration of reactor in with error 17.09%

REACTOR m ะ OUTLET ETHYLENE CON CENTRATION
:1

Figure B.97 MODEL XII : Outlet ethylene concentration of reactor ni with error 4.94%
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REACTOR III ะ OUTLET METHYL ACETYLENE CONCENTRATION

Time, day

Figure B.98 MODEL x n  : Outlet methyl acetylene concentration of reactor in
with error 25.91%

REACTOR HI ะ OUTLET PROPADIENE CONCENTRATION

Time, day

with error 14.11%
Figure B.99 MODEL XII : Outlet propadiene concentration of reactor III



APPENDIX c
SPEEDUP PROGRAM

SPEEDUP is a comprehensive plant modeling package designed to model processes as 
they occur in chemical or process engineering environments—as a series of' unit 
operations interconnected by process streams. SPEEDUP can easily make new models 
form the set of equations(both ฟgebraic and ordinary differential equations) that define 
the model because SPEEDUP is an equation-based flowsheeting package. When 
SPEEDUP solve for solution, the problems are viewed as set of equations rather than 
sets of unit operations

A problem that SPEEDUP is to solve must be written all description in 
SPEEDUP input language. A problem description is composed of a number of input 
section, each problem description is unlikely to use all type of sections. The sections 
used will depend upon each problem description. Ana the sections which may be used, 
are :

•  Flowsheet and Unit sections
These sections describing the topology of the flowsheet being modelled. 
The Flowsheet section defines all of the interconnections between the 
UNITS within a problem. The interconnections are either process flows 
which are known as 'streams’, or information connections which are known 
as ‘connections’.The Unit section defines the occurrence of a unit within the 
flowsheet. Each Unit section specifies the MODEL or MACRO to be use for 
UNIT, and gives values for the Unit parameter (that required by the MODEL 
or MACRO being used)

•  Model, Macro, Procedure and Function sections
These sections are used in modelling items of equipment. MODELS are the 
central part of any problem definition. One Model section is required to
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define each MODEL used in a problem. The Macro section used as a device 
for tresting a group of MODELS as a single uint. One Macro section is 
required to define each MACRO. For Procedure and Function section, both 
are devices for using FORTRAN. But they have a major difference as follows 
: The Procedure uses a FORTRAN subroutine then may return any number 
of values and can only be used in the Procedure subsection of a 
MODEL.Unlike Procedure, the Function uses a FORTRAN function that can 
only return a single output value and the Function may be used in a simple 
assignment statement within a Model, Operation, Report, Conditions or 
Global section.

•  Global section
This section is used to define optimization problems and flowsheet-wide 
equations. The Global section allows you to write equations involving 
variables from more than one UNIT.

•  Conditions section
This section is used to specify the conditions under which a SPEEDUP 
dynamic simulation should stop or print a message.

•  Estimation section
This section used to define both parameter estimation and data 
reconciliation problems.

•  Operation and Options sections
These sections providing specification and simulation options data for a 
particular run. The operation section is to specify operating data for the 
process being modelled. The Option section is used to define the problem 
description such as various translation and run time options. If the valve for 
an option is not specified the default value is used.

•  Report and Profiles sections
These sections are used to define the presentation of output. The Profiles 
section is used to define one or more composite variables for use within the
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ax ia l profile p lo ttin g  facility . T h e  R ep ort s e c t io n  is  u s e d  to  d e fin e  

c u s to m iz e d  reports for d isp la y in g  resu lt o f a n y  variab le  in  th e  prob lem .

T h e  c o m p le te  p rob lem  d e sc r ip tio n  th a t in c lu d e  th e  on ly  s ix  s e c t io n s (a s  list: 
F lo w sh e e t , M o d el, U n it, D eclare , O p eration , a n d  O p tion  s e c t io n s )  is  a llo w e d  to  run for 
th e  so lu tion .

c .l  Flow sheet section
The Flowsheet section defines all of the interconnections between the Units within a 
problem. This section is as same as the process flow diagram.
Syntax for Flowsheet section

FLOWSHEET
STREAM streamjname connectivity _statement TYPE stream jype

Where connectivity_statement is of the form:

1 FEED name IS IFEED name 1
1 PRODUCT name 1 PRODUCT name 1
! INPUT name OF unit_name 1 INPUT name OF unit_name 1
1 OUTPUT name OF unit_name 1 OUTPUT name OF unit_name 1

or

CONNECTION name OF unit_name IS CONNECTION name OF unit_name
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Exam ple c . l  M ix in g  process

Feed 2

Feed 1 ▼ 1 1 1
Feed 3 1 — V  2 

■

Taiv ' Tank 2 1 ไ © :  , 1
Product

Figure c . l  Mixing process flowshart
★ ★ ★ ★
Flowsheet ***

Feed 1 is Input 1 of Tank 1
Feed 2 is Input 2 of Tank 1
Output of Tank 1 is Input 1 of Tank 2
Feed 3 is Input 2 of Tank 2
Output of Tank 2 is Input of Valve
Output of Valve is Product
#----------------------
# connectivity #
#-------------------------------~#
Connection i of Tank2 is Connection 1 of LT
Connection 2 of LT is Connection 1 of LC
Connection 2 of LC is Connection 1 of Valve

***ไ*:

C.2 MODEL section
Models are the central part of any problem definition. One Model section is required to 
define each Model used in a problem. A model may contain up to 6 different 
subsections, each of which deals with part of the model definition:

HELP Contains help text that can be viewed using the EXPLAIN
command. Optional.

SET Defines any constants or parameters used. Optional.
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TYPE Assigns variable types to all of the variables. Also defines the
size of vector variables. Compulsory.

STREAM Defines the interconnections that can be made to the model
Compulsory.

EQUATION Contains all of the equations used to define the Model
Compulsory.

PROCEDURE Contains all of the procedure calls used in defining the Model.
Optional.

Syntax for Model section
MODEL modelname 

HELP
help_text

SENDHELP
SET

parameterl, param eter, ...
ccnstantl = {*}valuel, constant2 = {*}value2,

TYPE
vanablel, variable2, ... AS I variablejype

1 ARRAY(size) OF variablejype 1

STREAM
1 INPUT 1 name vanablel, vanable2, ...
I OUTPUT I 
I CONNECTION I

EQUATION
expressionl = expression2 ;

PROCEDURE
(output_arg_list) procedure_name (input_aigjist) {I INPUT I nameH.TEAR}

IOUTPUTI
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****
Exam ple c . l  M ixin g  process (continue)

Model CSTR
Set

Area
Type

FLOWIN11 FLOWIN2,FLOWOUT 
Densl, Dens2, Dens_out 
Cpl 1Cp2,Cp_out 
HNl,TIN2,TOUT 
h,H

Stream

as flowrate 
as density 
as heat_capacity 
as temperature 
as hieght

Input 1 
Input 2 
Output 
Connection 1

is FLOWIN1,Densl,Cpl ,TIN1 
is FLOWIN2, Dens2,Cp2,TIN2 
is FLOWOUT, Dens_out,Cp_out,TOUT 
is H

Equation
Area*dh/dt = FLOWIN1+FLOWIN2-FLOWOUT
Dens_out = ((FLOWINl*Densl)+(FLOWIM2*Dens2))/(Area*h)
Cp_out = ((Cpl *FLOWIN 1 *Densl )+(Cp2*FLOWIN2*Dens2))/(Dens_out’Area*h) ;
TOUT* Dens_out*Area*h*Cp_out = ™i*Cpl*FLOWINl‘Densl+TIN2*Cp2*FLOWIN2‘Dens2;
H = h;

***★
Model SENSOR 
Set

bias
Type

sigin as control_signal
sigout as control_signal

Stream
Connection 1 is sigin
Connection 2 is sigout

Equation
sigout sigin+bias;
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Model PI
Set

gain,
integral_time,
bias

Type
error as control_signal
I_error as control_signal
set_point

Stream
as control_signal

Equation
error = set_point- hjoneasured;
$I_error = error;
control_action

****
= bias+gain*(error+I_error/ integral_time);

C.3 UNIT section
A Unit section must be included for each of the piocess units in the FLOWSHEET. 
Each Unit section specifies the Model or Macro to be used for the Unit, and gives 
values for the Unit parameters (if required by the Model or Macro being used).

It is not necessary to use all Unit sections during a run Units may be stored on 
the database then used when required. Only Units that appear in the FLOWSHEET will 
be included in the run.
Syntax for Unit section
UNIT unit_name IS A I model_name I

1 macro_name 1
{ Routines IEULER 1)

IIMPEULER 1

SET parameterl = valuel 1 
param eter = value21
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*★ **

Unit Tank 1 is a CSRT 
Set

Area = 10

Unit Tank 2 is a CSRT 
Set

Area ะะ 8
****
Unit LT is a SENSOR
Set

Bias = 0.5
****
Unit LC is a PI
Set

gain = 1,
integral Jime = 1, 
bias = 1.5

*★ **

E xam ple c . l  M ix in g  process (continue)

C.4 DECLARE section
The Declare section is used to declare the characteristics of the different variables and 
stream types used in the problem. If a physical properties package is interfaced, you 
may also use the Declare section to ฟter component data, or to define new 
components.
Syntax for Declare section * *
DECLARE

TYPE variable_type_statements 
STREAM stream_name

SET parameter = value, etc.
TYPE typejist

* COMPONENTS componentjist
* OPTIONS pp_options_list
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CODE
* THERMO stxeam_name

user_text
$E! IDCODE

Keywords marked with a * * apply only to installations which have a physical 
property interface in which these features are used.

Example c .l Mixing process (continue)
★  ***
Declare
#-------------------------------------------------------------------------------------------#
# Variable type = initial value ะ lower limit : upper limit Unit = Header text #
# ------------------------------------------------------------------------------- -#

flowrate = 5  :0  : 15 Unit = "m3/hr”
density = 2  :0  : 5 Unit = “mol/m3"
heat_capacity = 10 : 0 : 15 Unit = “cal/mol*K”
temperature = 340 ะ 330 ะ 400 Unit = “K”
hiegth = 1.5 ะ 0.5 : 1.7 Unit = “m”
control_signal = 0 : -1E10 : 1E10 Unit = ■ “

#------------------------------------------------------------------------------- -#

Stream MAINSTREAM
Type flowrate, density, heat_capacity, temperature

C.5 OPERATION section
The Operation section is used to specify operating data for the process being modelled.
The Operation section may contain up to four subsections. These are:

SET Used to SET variables within the problem to known, fixed
values. The Set subsection is always required.

PRESET Used to enter estimates of solution values, and bounds for 
individual variables. The Preset subsection is optional. An 
optional scale factor may also be entered to scale individual
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variables.
INITIAL Used to provide INITIAL values of variables, that is, those at 

time equals zero, for dynamic simulations. The Initial 
subsection is only required for dynamic simulations. It may 
be omitted if INITIAL values from a saved RESULT are to be 
used.

FREE Used to specify which variables are to be FREEd (i.e varied 
to achieve the optimum) during optimizations. The Free 
subsection is only required for optimizations.

Syntax for Operation section
OPERATION 

SET
WITHIN unitl

variable = expression {: low_bound : up_bound}

WITHIN unit2
variable = expression {: low_bound : upjxnrnd }

PRESET
WITHIN unitl

variable = value {: low_bound : up_bound : scale }

WITHIN units
variable = value { ะ low_bound : up_bound : scale )

INITIAL
WITHIN unitl

variable = value { : low_bound : up_bound ) 

WITHIN unit2

FREE
variable = value { : low_bound : up_bound 1

unit.variable ( : scale )
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Example c . l  Mixing process (continue)
****
Operations
Set

Within Tankl
FLOWINl = 8
FLQWIN2 = 6
Densl = 4.2
Dens2 = 4.5
Cpl = 10.3
Cp2 = 9.7
TIN1 = 356
THJ2 = 364

Within Tank2
FLOWIN2 = 7
Dens2 = 3.21
Cp2 = 10.7
TIN2 = 335

Within LC
error = 0

C.6 OPTIONS Section
The Options section of the problem description allows you to specify values for various 
translation and run time options. These options are 

The numerical routines to be used 
Options to be used during translation 
The level of translator output for each input section 
Parameters (output levels, tolerances, etc) for the execution phase 
If a value for an option is not specified the default value is used. The only 

options which do not have defaults are the reporting time step (TIME_STEP) and
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number of in ten d ร (INTERVALS). For dynamic runs, these must be specified. For other 
run modes, they need not be specified.
Example c.l Mixing process (continue)
****
Options
Execution

TARGET = TERMINAL
PRINTLEVEL = 1
INTERVAL = 1๓

**★ *
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