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Polypropylene production process used heat exchangers in the polymerization 

process in order to control temperature. The polymer leaving the reactor is cooled to 

maintain its molecular weight. The main problem regarding the operation of heat 

exchanger is the formation and deposition of fouling at the heat transfer surface inside 

the heat exchanger. The fouling accumulated reduces heat transfer efficiency and heat 

transfer performance between hot and cold streams. This problem can be solved by 

regularly cleaning the heat transfer area of the heat exchanger. This research aims to 

investigate the fouling formation to model and fouling formation of heat exchanger. 

The rate of fouling formation and deposition depend on operating time, temperature of 

heat transfer surface, fluid flow rate, fluid density and viscosity. The fouling model 

developed is compared with another different set of real operation data. The results 

show that the data predicted by using the model developed agree well with the real 

operation data. 
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1.5  

1)  

Panchal, Polley, Saleh  Nasr  

2)

  

3)

 

4)

 

5)

 

  

6)   

7)   

8)  



2 

 

 Ebert and Panchal 

(1997) [1] crude oil systems 

Arrhenius 

crud oil 

crud oil

Reynolds number  Ebert and Panchal 

Prandtl number [2] -0.33  

, wall shear stress  Reynolds number

 

   f

f

dR ERe Pr exp
RTdt

        (2.1)  

 

fdR
dt

 , (m2hK/hkJ) 

Re Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Pr Prandtl number 

Tfilm (K) 

 Shear stress 
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2002 Polley et al. 3           

Ebert  Panchal  Ebert-Panchal 

Knudsen [4] (Pilot plant)

(Activate energy, E) Ebert-Panchal 

  

 Polley Ebert-Panchal

 Polley Ebert-Panchal

 Polley Reynolds number  wall shear 

stress Ebert  Panchal 

Reynolds number

Prandtl number

 

   f

f

dR E
RTdt

   (2.2)  

 

fdR
dt

 (m2hK/hkJ) 

Re Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Pr  Prandtl number 

Tfilm (K) 
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2003 Saleh et al. 3 5 Polley et al. 

Polley et al.  Australian light crude oil

Physical 

properties  Australian light crude oil [5] (Density (g/ml) 0.792, Viscosity (MPa s) 1.969, 

Asphaltenes (wt.%) 0.05) portable fouling research unit (PFRU)

 (heat flux)  transition region

probe  

  Australian crude oil [5]

(Summation of squares of errors : Polley 1.0560E10-11, Saleh 1.2869E10-13)

Saleh Polley 

 

               f

f

dR E
RTdt

                     (2.3)                   

 

fdR
dt

 (m2hK/hkJ) 

R Universal gas constant (8.314 kJ/kg mol K) 

P   (kg/cm2) 

u   (m/s) 

Tfilm   (K) 

  

2006 Nasr  (2006) 6 Preheat 

exchangers (Crude distillation unit) 

Prandtl number Prandtl number  
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 7

Australian light crude Nasr

 

 

 Nasr 

 

            f

f

dR -E
RTdt

  (2.4)    

 

fdR
dt

  (m2hK/hkJ) 

Re      Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Tfilm  (K) 

  



 

 

  

 

3.1  

 

  fluidized bed 

 3   

1)  Homopolymer : No ethylene  film, carpet fiber, non-woven cloth  

2) Random copolymer : 3% ethylene    

3) Block copolymer : 10-12% ethylene   

  

  5   

, polymerization, , , homogeneous  

  4 

 1  4  ethylene  

4   

 polymerization   

  exothermic  polymer 

 polymer  1, 2, 3 

 4   melt flow rate  polymer  4 

 polymer  polymer  stream 
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  QA 

 impact strength, flexural modulus, melt flow rate 

 

3.1   

 

3.2  E-204A, E-204B  
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3.2  (Heat exchanger) 

  

2          

( ) (cooling water) 2 E-204A,    

E-204B 3.2 

  

  

 

 

  

 

(Shell and Tube Exchanger) 3.3  

                      

3.3   

cooling water
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 Tube 3.4 

 

    
3.4   

  One Tube Pass 

3.5 

tube  

(Baffles) 

 

 

3.5  1 shell pass and 1 tube pass (1-1 exchanger)  
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3 3  (Heat Transfer) 

    3 

      3 

 

1) Heat Conduction)

  

 

  

2) Heat Convection)

(Force convection)

 (Free convection or Natural convection)

 

3)  (Radiation)  

 

 

 3.6  
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3 3 Conduction Heat Transfer) 

 

Collisions)  (Diffusion)

Vibrations of Molecules) Lattice) 

Free electrons)  

 Steady state heat conduction)

 

 

 Unsteady state heat conduction)

3 7

X1 

T1 X2 T2 X1 X2 

3.2 3 8

 

             condQ kA -          (3.1) 

X  0 ( 3.1 ) 3.2 

s Law of Heat Conduction) 
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               cond
dTQ  kA
dX

  -                         (3.2) 

Qcond    =   kJ/h)  

k         =  (kJ/hm K) 
dT/dX = K/m) 

 

3 7 X          3 8   

3.3.2 Convection heat transfer) 

 2 (Force convection)

 (Free convection or Natural convection)  

   Nux  Re 

 Pr 
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        3 9

 s Law of Cooling) 

3.3 

 
3 9  

                                                  Qconv  =  hA(Tw  - T )                                                           (3.3) 

                           Qconv  =  hA(T   -Tw)                                                             (3.4) 

 

Qconv =  (kJ/h) 

h         =  (kJ/h m2 K)  

A         =   m2) 

Tw        = K) 

T       = K) 

3 3  The overall heat-transfer coefficient) 

 2  

 Th  Tc       
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3 10  

 3 10 Ti

To  

1 2 2 3 3 4

i i i 1 X Y Z o o 4

1 2 3 2 4 3

T -T T -T T -T
h A T  - T 2

ln r /r ln r /r ln r /r
q     (3.5)  

(3.5)                                                                                                          

i o

2 1 3 2 4 3

i i x Y Z o o

T -T
q

ln r /r ln r /r ln r /r1 1 + + + +  
h A 2

                                                 (3.6) 

 

i oT -T
q

R
           (3.7) 

3 , 3  
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2 1 3 2 4 3

i i X Y Z o o

ln r /r ln r /r ln r /r1 1R + + + + 
h A 2

        (3.8)                             

 

 

    
i o

i o

T -T
q= UA T -T =

R
                      (3.9) 

 

3 11   

 (3 ), (3 ) (3 )

 

                        o

o 2 1 o 3 2 o 4 3o

i i A B C o

1U  = 
A ln r /r A ln r /r A ln r /rA 1+ + + +

h A 2

                   (3.10)                  

 U0) 

(R)  

                                                                
o o

1R = 
U A

                                                                   (3.11)                              

 3 11

 

o if,i f,o

f

i i i o o o

ln r /rR R1 1R  = + + + +
h A A 2

                                    (3.12)  
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 i o      =    

Rf,i , Rf,o      =     

 

 

                                   o o iO
f

i i of,o

A ln r r1 A l R
U h A

/
2

                                          (3.13)                             

 

i o =  

R, Rf,i , Rf,o = 

 

 

                                      c, o

o o io

i i o

1U =
A ln r /rA 1+ +

h A 2

                                                     (3.14)                             

 

                                  o o io

c,o i i o

A ln r /r1 A 1 = + +
U h A 2

                                                      (3.15)                             

 

c,i c,o =  

3 -3  

 f

f c

1 1R  = -
U U

                                                            (3.16)   
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Rf  =   ( m2h K)/kJ 

Uf   =  (kJ/m2 h K) 

Uc  =   (kJ/m2 h K) 

3.16 

3.3.4 Fouling Factor  

  

  

  

  

  Fouling Factor (Rf)  

 (m2K/W) 

    i i i i i o

o

f,i f,oi

s o o o o

Dln
R RD1 1 1 1 1 = = =R= + + + +

UA U A U A h A A 2
                     (3.17) 

 

                   

i
o i i i i

i di A A o o o do

1U  = 
r -r A A A1 1+ + + +

h h k A lm A h A h

                                           (3.18) 
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3.1 Typical fouling coefficients 

                 Item                    hd (W/m2K)                           hd (btu/h ft2F) 

Distilled and seawater                                     11,350                                         2,000 

City water                                                          5,680                                         1,000 

Muddy water                                                1,990-2,840                                  350-500 

Gases                                                                 2,840                                          500 

Vaporizing liquids                                             2,840                                          500 

Vegetable and gas oils                                       1,990                                          300 

3.3.5  (Analysis of heat exchangers)  

 

  (Log Mean Temperature 

Difference, or LMTD )  NTU (Effectiveness-NTU) 

     

   

 

 

 

 2   

   

     Q = mcCpc(Tc,out-Tc,in)                                                                   (3.19) 
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    Q = mhCph(Th,out-Th,in)                                                                   (3.20) 

 h c   

mc, mh        =  (mass flow rates) 

Cpc, Cph      =  (specific heats) 

Tc,out, Th,out  =  (outlet temperature) 

Tc,in, Th,in    =  (inlet temperature) 

 

      

(Heat Capacity Rate)  

    C = mCp                                                                                       (3.21) 

 Ch = mhCph  Cc = mcCpc                                            (3.22) 

 (3.21)  (3.22)   

    Q = Cc(Tc,out  Tc,in)                                                                       (3.23) 

    Q = Ch(Tc,in  Th,out)                                                                      (3.24) 

 

 T   

            T = Th - Tc                                                                       (3.25) 
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 U  h  T  

    

                Q = UAs mT                                                                    (3.26) 

 A  2  

3.3.6  (The log mean temperature difference (LMTD) 

method)  

       

 

 

 

  3 12 

 T    

 

 3.12   
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 3.12 

  T  

 

 

 

  

  dA 

 A 

 (3.27) 

               Q = UAs mT                                                                     (3.27) 

        

1 2
lm

1

2

ln
                                                                  (3.28) 

 

 3.13  1T   2T    
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3.4 Fouling) 

 

3.14  

A B 

C 

 

   

3.14   

3 4 1  

 

6  

 Precipitation Fouling or Crystallization Fouling) 
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3.15 Precipitation Fouling or Crystallization Fouling  

 

3.16  

2) Particulate Fouling) 

(small particle)

gravity
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3.17 Particulate Fouling  

  (Chemical reaction fouling) 

petroleum refining 

or polymer production  

   

3.18 Chemical reaction fouling  

4) (Corrosion fouling)

corrosion products 
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3.19 Corrosion fouling  

5) (Solidification fouling)

 

 

3.20 Solidification fouling  

6  Biological fouling) 

macro-organisms  biological micro  

  

   

3.21 Biological fouling  
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3.4.2  

 

3.4.3  

 

3.22 

 

 

3.22  

 Anwar K. (2000)

4  
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(Linear fouling model : Rf(t)=Rf,c[t/tp,c])  (Power law fouling model : Rf(t) = Rf,c[t/tp,c]
n) 

 (Falling rate fouling model : Rf(t) = Rf,c [ln(t)/In(t/tp,c)]) 

(Asymptotic fouling model : Rf(t) = Rf,c[1-exp(-t/tp,c)])  

 

Rf (t) (m2hK/kJ) 

Rf,c  (m2hK/kJ) 

t (day) 

tp,c  (day) 

n     

 

3.23 Linear fouling model, Falling rate fouling model and Asymptotic fouling model 

3.4.4  

  3.24 
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3.24  

3.4.5  

 

3.25 

 

 

3.25 
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3.5 (Mathematical model) 

 

5  

1.  

2.  

3.  

4.  

5.  

 

3.26  

3.5.1  (Estimation of Parameters) 

 

 3  
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1) Simulation Optimization

(Process Control Optimization) 

(Engineering Design Optimization)  

2) Search Method

 

3) Random Search

Root Mean Square Error (RMSE)

RMSE 3.29 

                                 N

2predict)-(obs  RMSE
       (3.29)                             

 

obs  

predict  

N  

(Random Search) 

 

 



4 

 

             

(E-204A, E-204B)

 2 

 

4.1  

   5   

, polymerization, ,  

  polymerization  polymerization

 (D-204) 2  (E-204A, E-204B) 

4.1 

 
4.1  E-204A, E-204B 
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  (E-204A, E-204B) 2 

 

 (D-204) 

  Exothermic   

 

 tube 

(E-204A, E-204B) 

4.2  

  

4.1, 4.2 

Cp  A  

U               

μ  

4.1 E-204A 

           

  Cp   1.00   kcal/kg0C 

  A   681.00   m2 

  U   250.53   Kcal/m2hroC 

  μ   0.01   kg/m s 
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4.2 E-204B 

           

  Cp   1.00   kcal/kg0C 

  A   409.00   m2 

  U   376.70   Kcal/m2hroC 

  μ   0.01   kg/m s 

 

4.3  

 

141 4  

1) Ebert and Panchal  

Ebert and Panchal (1997) [1] 

crude oil systems Arrhenius 

crud oil 

 crud oil

Reynolds number

 Ebert and Panchal Prandtl number [2] -0.33  

, wall shear stress  Reynolds number

4.1 
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   f
w

f

dR -E=
dt RT

  (4.1) 

 

fdR
dt

 (m2 h K/hkJ) 

Re Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Pr Prandtl number 

Tfilm (K) 

w  wall shear stress  

  

2) Polley  

Polley et al. 3

Ebert  Panchal  Ebert-Panchal 

Knudsen [4] (Pilot plant)

(Activate energy, E) Ebert-Panchal 

  

 Polley Ebert-Panchal

 Polley Ebert-Panchal

 Polley Reynolds number  wall shear 

stress Ebert  Panchal 

Reynolds number

Prandtl number

4.2 
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   f

w

dR -E=
dt RT

     (4.2) 

 

fdR
dt

  (m2 h K/hkJ) 

Re Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Pr  Prandtl number 

Tw (K) 

  

3) Saleh  

 Saleh et al. 3 5 Polley et al. 

Polley et al.  Australian light crude oil

Physical 

properties  Australian light crude oil [5] (Density (g/ml) 0.792, Viscosity (Mpa s) 1.969, 

Asphaltenes (wt.%) 0.05) portable fouling research unit (PFRU)

 (heat flux)  transition region

probe  

  Australian crude oil [5]

(Summation of squares of errors : Polley 1.0560E10-11, Saleh 1.2869E10-13)

Saleh Polley 

4.3 

               f

f

dR -E=
dt RT

                                    (4.3) 
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fdR
dt

  (m2hK/hkJ) 

R Universal gas constant (8.314 kJ/kg mol K) 

P   (kPa) 

u   (m/s) 

Tfilm   (K) 

  

4) Nasr 

 Nasr  (2006) 6 Preheat 

exchangers (Crude distillation unit) 

Prandtl number Prandtl number  

 7

Australian light crude Nasr

4.4 

 

 Nasr 

4.4 

            f

f

dR -E=
dt RT

      (4.4) 

 

fdR
dt

  (m2hK/hkJ) 

Re      Reynolds number 
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R Universal gas constant (8.314 kJ/kg mol K) 

Tfilm  (K) 

  

 4 

4.3 

4.3  

 Panchal     Polley    Saleh   Nasr 

 Film temperature Film temperature  Film temperature  Film temperature 

 Reynold number Reynold number             - Reynold number 

       Velocity       Velocity      Velocity       Velocity 

             -              -      Pressure             - 

       Viscosity       Viscosity             -       Viscosity 

 Prandlt number Prandlt number             -             - 

 Specific heat Specific heat             -             - 

 Thermal Thermal             -             - 

 Conductivity Conductivity             -             - 

 Shear stress Shear stress             -             - 

 Force applied Force applied             -             - 

 Cross section area Cross section area             -             - 

4.4 
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2 (E-204A, E-204B)  

 

2 (E-204A, E-204B) -

4.1 Nasr model 

 production process

4.4 , , , 

 

(Shear stress) 

Nasr Model 

Reynolds number 

 

Nasr  ( ,  )

 

                                     f

f

dR -E=
dt RT

             (4.5) 
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fdR
dt

  (m2 h K/hkJ) 

Re Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Tfilm  (K) 

     

 

 
DvRe=                                             (4.6) 

Re = Reynolds number 

D  =   (m) 

 u = (m/s) 

 = (kg/m3) 

 =  (kg/m s) 

4.5  

(Overall heat transfer coefficient) 

 

 

2 
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 (Fouling rate, dRf/dt) 

 

 (Random Search) 

(Input) 

 

(Root Mean Square Error) 

(predict) (obs) 

Root Mean Square 

Error (RMSE)  

       N

2predict)-(obs  RMSE
     (4.7) 

 

obs  

predict  

N  

 (Fouling rate, dRf/dt) 
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                    c c c,p c,out c,inQ =m C (T -T ) = h h c,p h,in h,outQ =m C (T -T )                                   (4.8) 

  

Q  (kJ/h) 

m  (kg/s) 

Cp  (kJ/kg K) 

T  (K) 

( Overall heat transfer coefficient, U)   

                   
h.in c.out h,out c,in

c p,c h,in h,out
h,in c,out h,out c,in

(T -T )-(T -T )
m C (T -T )=UA

ln (T -T )/(T -T )
      (4.9) 

 (Fouling factor, f(i)R )  

 
               

f(i)
(t) c

1 1
R = -

U U
                     (4.10) 

  

f(i)R  (Fouling factor) i (m2 h K/kJ) 

(t)U  (kJ/m h  K) 

cU  (kJ/m h K) 

A  (m2) 

m (kg/s)   
Cp   

 c h (c) (h) in out 

(in)  (out) 

(Fouling factor, f(i)R ) 

(Fouling rate, dRf/dt)  
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(i+1) (i-1)f f fR -RdR

=
dt 2×

    (4.11) 

 

fdR
dt

   (Fouling rate), (m2 h K/kJ)/h 

f (i+1)R (Fouling factor) i +1, (m2 h K/kJ) 

f (i-1)R  (Fouling factor) i  1, (m2 h K/kJ) 

  (h) 

4.6  

 (E-204A, E-204B)

2 91 

 

4.6.1  

                         

4.2 (Energy balance) E-204A,B 

  c c c,p c,out c,inQ =m C (T -T )        (4.12) 



45 
 

 h h c,p h,in h,outQ =m C (T -T )        (4.13) 

  

Q  (kJ) 

m  (kg/s) 

Cp  (kJ/kg K) 

T  (K) 

                    
h.in c.out h,out c,in

c p,c h,in h,out
h,in c,out h,out c,in

(T -T )-(T -T )
m C (T -T )=UA

ln (T -T )/(T -T )
     (4.14) 

 

                   

h.in c.out h,out c,in
h p,h h,in h,out

h,in c,out h,out c,in

(T -T )-(T -T )
m C (T -T )=UA

ln (T -T )/(T -T )
     (4.15) 

 A , m , Cp  

c h (c)  (h)  in out 

(in)  (out) 

4.6.2 (Overall heat transfer coefficient, U) 

 

(Fouling rate model)

 (Overall heat 

transfer coefficient, U)  

                                             dRf
f(i) f(i-1) (i-1)dtR =R + ×                     (4.16) 

  

f(i)R  (Fouling factor) i (m2 h K/kJ) 
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f(i-1)R (Fouling factor) i-1(m2 h K/kJ) 

 (h) 

f

(i-1)

dR
dt  (m2 h K/kJ)/h 

 f(i)
(t) c

1 1
R = -

U U
                     (4.17) 

(t)U   

                                              f
(t) C

1 1
=R (t)+

U U
 

                                              (t)

f
C

1
U =

1
R (t)+

U

        (4.18) 



5 

 

 

 (Fouling rate, dRf/dt) 

 2 

2  

5.1 

 

 

2  (E-204A, E-204B) 

Nars model 5.1  

                                     f

f

dR -E
=

dt RT
                       (5.1) 

 

fdR
dt

  (m2hK/hkJ) 

Re Reynolds number 

R Universal gas constant (8.314 kJ/kg mol K) 

Tfilm  (K) 

  

 
DvRe=                            (5.2) 
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Re  Reynolds number 

D    (m) 

 u (m/s) 

 (kg/m3) 

  (kg/m s) 

(Fouling rate, dRf/dt) 

 ,  

                

(E-204A, E-204B) 141   

5.1.1 E-204A 
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5.1   

E-204A 

,  

5.2 

 

5.2  E-204A 

5.3 
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5.3  E-204A 

5.4 

 

5.4  E-204A 

5.5 
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5.5  E-204A 

,   Nasr Model 

 (RMSE)  

 =  550  m2 K/kJ 

 = -1.75 

  = 9.60 x 10-7  m2 K/kJ 

Nasr Model 

(RMSE) 

 RMSE
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5.1 

E-204A  = 550 m2 K/kJ,  = -1.75 

 = 9.60 x 10-7  m2 K/kJ 

   E-204A     RMSE 

      2.03 x 10-4   

     2.35 

5.1.2 E-204B 

 

 

5.6 

E-204B 

,  

5.7 
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5.7  E-204B 

5.8 

 

5.8  E-204B 

5.9 
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5.9  E-204B 

5.10 

 

5.10  E-204B 

,   Nasr Model 

 (RMSE) 

 

 =  650  m2 K/kJ 

 = -1.71 

  = 1.06 x 10-7  m2 K/kJ 
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Nasr Model 

(RMSE) 

 RMSE

 

5.2 

E-204B = 650 m2 K/kJ, = -1.71

=1.06 x 10-7  m2 K/kJ 

 E-204B                  RMSE 

      1.60 x 10-4   

     0.39 

5.3 

Nasr Model 

E-204A, E-204B ,   

Heat exchanger          Parameter                    RMSE 

                                        dRf /dt              U 

 E-204A  550            -1.75  9.60 x 10-7     2.03 x 10-4  46.60 

 E-204B 650            -1.71   1.06 x 10-7        1.60 x 10-4 49.30 

5.2  

                    

(E-204A, E-204B) 2 91 
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5.2.1 E-204A 

2 

5.11 

 

5.11 2 E-204A 

2 

5.12 

 

5.12 2 E-204A 
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5.2.2 E-204B 

2 

5.13 

 

5.13 2 E-204B 

2 

5.14 

 

5.14 2 E-204B 
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5.4 

2 Nasr Model 

E-204A, E-204B ,   

Heat exchanger          Parameter                    RMSE 

                                        dRf /dt              U 

 E-204A  300            -1.79   9.60 x 10-7     1.41 x 10-1  17.11 

 E-204B 689.7 -1.75    1.06 x 10-7        9.58 x 10-2 34.58 

E-204A, E-204B 

( 2) 91 2 

actual, model 

2 (RMSE)  

 ,  
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-   

 

-

 

-

 

- (Resident time) 

 

- (Shear force)  

 

-

 

(Particulate Fouling or Sedimention Fouling) 
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E-204A 

E-204B 

 

 

 

 



6 

 

 

 

2 

 ( ,  )

 

 

 2 

 ( ,  )

(Random Search)  
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6.1  

( chemical properties ) composition

grade 
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-1  

         

 Universal gas constant (kJ/kg mol K)    8.314 

 Activation Energy (kJ/mol)     22.61 

 The overall heat transfer coefficient of water (W/m2K)  850-1700 

 Plate heat exchanger design fouling factor (total)   0.0001 to 0.0002 

 Density of water @ T=40 oC (kg/m3)    992 

 Density of propylene @ T=40 oC (kg/m3)                486 

 SG of cooling water      0.995 

 SG of propylene       0.516 

 Cp of cooling water (kcal/kg 0C)     1.000 

 Cp of propylene (kcal/kg oC)     0.396 

 Viscosity of propylene (kg/m s)      0.000011 

 Viscosity of cooling water (kg/m s)     0.000656 
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-2 Operating Condition of stream in 4th reactor 

Process Description               Temp      Pressure            Flow rate                                Component  

                                               oC          kg/cm2 

Input 

1. Powder from 3rd reactor        80             17          13,000-17,000 kg/hr                 6%Propane, 94%C3 

2. Gas Recycle & N2               125             20         1,400-2,000 nm3/hr     25%C2,65%C3,10%Propane 

3. Hydrogen                                             22          0-2.3 nm3/hr                                     100% H2 

4. Gas Ethylene                                       22          1,000-1,350 nm3/hr                           100% C2 

5. Gas Propylene                                  20-22       150-1,100 nm3/hr                               100% C3 

6. Gas recycle in reactor       50-60           15          15,000 nm3/hr               25%C2,65%C3,10%Propane 

7. Cooling water to E-204A     30              6           250-600 t/hr                                   100% water 

8. Cooling water to E-204B     30              6           100-350 t/hr                                   100% water 

Output 

9. Powder to drying section     70              12         15,000-19,500 kg/hr     25%C2,65%C3,10%Propane 
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-3 Operating Condition of reactor in Polymerization section 

 Process Description    D-204  

  Temperature (oC)    70 

  Pressure (kg/cm2)     11.5-12.5 

  Level (%)     38-55 

  Production rate (kg/hr)    1,600-2,600 

  %H2/C2+C3 (%mol)     1-2 

  %C2/C2+C3 (%mol)     28-29 

 Gas Component (%mol) 

  -Hydrogen      1.5-2.4 

  -Methane           0 

  -Ethylene      19-26 

  -Ethane       0.4-1.2 

  -Propylene      50-60 

  -Propane      6-17 

  -Nitrogen      4-10 
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-4 Operating condition design data for E-204A 

  Item       Data  

  Surface area (m2)     681 

Flow rate of cooling water shell side (Kg/Hr)  348,320 

  Temperature inlet/outlet shell side (oC)   90 

Flow rate of propylene tube side (Kg/Hr)   240,456 

  Temperature inlet tube side (oC)                150 

  Temperature outlet tube side (oC)                100 

  Q, (M kcal/hr)      4.76 

  DTLMTD (oC)      27.90 

  U ( Kcal/m2 oC hr )     250.53 

-5 Operating condition design data for E-204B 

  Item       Data  

  Surface area (m2)     409 

Flow rate of cooling water shell side (Kg/Hr)  350,000 

  Temperature inlet shell side (oC)                 80 

  Temperature outlet shell side (oC)                 100 

  Flow rate of propylene tube side (Kg/Hr)   380,800 

  Temperature inlet tube side (oC)                 150 

  Temperature outlet tube side (oC)                 110 

  Q, (M kcal/hr)      6.032 

  DTLMTD (oC)      39.152 

  U ( Kcal/m2 oC hr )     376.680 

 

 



 
 

 

(Random Search) 

 

 

 

 (Input) 

 

 

 

(Search methodologies)

(Simulation optimization) 

 

(Process control optimization)  (Engineering design optimization)  

 

(Search method) 
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 (Random search) 

 (Random 

search)  (Random search) 

 

 0 k = 0 (Initial solution) 

(0)  

 (Simulation) X( (0) ) 

 1 1 N( (k)) 

 (Neighbourhood solution) (C) 

(Simulation) X( (C)) 

 2 (Simulation) (0) 

(k+1)= (C) (k+1)= (k) 

 3 (Search method)

(stopping criterion) (k)  

k = k+1 1  

 (Random search) 

(neighbourhood solution) 

(candidate selection method) 

(acceptance criterion) (stopping criterion) 
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