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 In this study, feedback-feedforward control system design and optimizing the performance of crude oil 
furnace process was investigated in order to recover from possible abnormal conditions. First, by 
developing an accurate nonlinear analytical model, the effects of changes in input parameters and 
operating conditions on the system’s outputs were determined. Then, in order to eliminate the effects of 
disturbances on furnace, a feedback- feedforward control system for combustion management was 
suggested, where its performances were optimized using genetic algorithm (GA). In addition, to 
enhance the thermal stability and maintain product quality, output difference temperature control system 
was considered for load distribution between furnace’s streams. Also, in order to recover the furnace 
from abnormal conditions due to burners’ failures, a supervisory system was designed to change the 
firing rate setpoints. With respect to different failure scenarios, the optimal burners’ firing rate was 
captured by applying genetic algorithms to the system model. A multilayer perceptron neural network 
was employed as the core of the controller to interpolate between different conditions. The obtained 
results indicate the superior performances of the designed control systems. 

Keywords: 
Fired-heater furnace 
feedback-feedforward control 
optimization 
abnormal conditions 
genetic algorithm  

 

  

1 -   
   

  . 

  .
  

   .

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

    -                          

1395165  11  

   
  

[2,1] .
 .

[3]. 
 

  .
   

 .
  

 ]4[ . 
 

 
  ]5[

 .  
   .

  
  

 .
  ]6[

 
  .

 . 

]7,8[ .  
  

  
]4,9[ .

  
  

     
 

 ]10[   .
  

 ]11[.  

   

   .

  
   

 
    

 -2   
 

1  .5 
  . 

   .
504.15  637 

  .

  .
 

  ]12[ .  
 

  

  
  .

   
5   .

   
  . 

24 5 
480   .

   ) 1(  ]12[.  
 +  
       + 

(1)       = 
 ) 2 ( 

 
+

,

 

            +  
, , ,

 

            + , ( ) 
             

(2)            =       
inner    .

 
    .

 
  .

]13[ 
 . 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

    -                         

  

12  1395165  

  .
 ) 3 (   

 + ( )

 

(3)                 + ( ) = 
 (3)   

    .
   . 

  .
L  

 ) 4 (    

(4) =
1

ln  

 coke   .

  ]12,14[.  

  
  .

  )  .5 (  .
  

  

(5) 
=

+ +
 

gen loss 
   f  

  

 
 
Fig. 1 Schematic of a process heater [12] 
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Fig. 2 Surface of system’s response by changing process load 
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Fig. 3 Block diagram of designed controller structure 
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1      
Table 1 Controller design with and without optimization process 

 Kp KI    

  2.352 0.0455 0.2635 7.8402 4.9795 

  0.0982 1 2.5265 28.9566 3.8582 
 

2   
Table 2 Optimization parameters for GA method 
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   Fig. 4 System response a) without controller b) with classic 
   controller c) with optimized controller 

4  (  (
 ( 

 

Fig. 5 Decreasing cost of fitness function during optimization 
process 
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Fig 6 Temperature difference controller structure  
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Fig 7 System response with temperature difference controller 
7  

 

Fig 8 System response without temperature difference controller 
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Fig 9 Bode diagram of system 
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Fig. 10 training regression curve of burner 1 
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Table 2 GA Parameters for optimization 
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4     
Fig 4 optimization results for burners’ abnormal condition 

(%)  ) K( 5 4 3 2 1  

-0.45% 3.8 23.79% 24.23% 23.79% 27.74%  1 
6.43% 0.014 16.49% 21.45% 19.99% 23.5%  25%  2 
7.76% 0.006 10.64% 14.44% 12.69% 19.99%  50% 3 

10.24% 0.006 7.28% 9.03% 8.44% 10.49%  75% 4 
-0.44% 3.1 23.65% 23.79% 24.38%  27.74% 5 
2.64% 0.011 18.82% 17.51% 19.12%  25%  22.19% 6 
2.94% 0.002 11.22% 8.31% 16.19%  50% 17.22% 7 
5.13% 0.002 6.40% 4.50% 8.89%  75% 10.34% 8 
1.59% 1.81 23.79% 27.00%  26.42% 24.38% 9 
0.01% 0.002 15.61% 21.89%  25%  22.19% 15.32% 10 
1.19% 0.001 9.62% 16.05%  50% 15.61% 9.91% 11 
3.34% 0.001 4.91% 8.74%  75% 9.47% 5.22% 12 
-0.44% 2.71 27.74%  24.38% 23.79% 23.65% 13 
0.6% 0.011 21.63%  25%  18.53% 16.63% 17.81% 14 
1.32% 0.003 16.64%  50% 15.91% 8.00% 10.77% 15 
3.97% 0.001 9.91%  75% 8.74% 4.21% 6.11% 16 
-0.89% 2.8  27.59% 23.65% 24.08% 23.79% 17 
0.59% 0.013  25%  22.04% 18.53% 20.00% 15.02% 18 
1.91% 0.006  50% 18.53% 11.22% 12.98% 9.18% 19 
4.41% 0.0021  75% 9.03% 6.99% 7.57% 5.82% 20 

 
5    

Table 5 Neural network results of each burner 

 
   

1 0.99968 0.99295 0.99413 
2 0.99901 0.99919 0.99425 
3 0.99685 0.99011 0.99746 
4 1 0.99438 0.99866 
5 0.99905 0.99593 0.99201 

-7 
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