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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. 
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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 
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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 
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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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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 

A  

A/F  
C  
e  

ijF    

h   
J  
K  

  
Mp  
  

P  

Q   

  
r  
T  
t  

V  
w  

 

  
  

  

Air  
coke  
fuel  

g  
gen   

in  
inner  

loss   
oil  
out  

S  
sto  

tube  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

5.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
09

 ]
 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.5.2.3
https://mme.modares.ac.ir/article-15-706-en.html


    

    -                         

  

18  1395165  

 -8 
[1] F. Wildy, Fired heater optimization, AMETEK Process Instruments., 2000.   
[2] A. Fuchs, D. R. Lewin, S. J. Wajc, Modelling, simulation and control of a 

crude oil preheating furnace, Chemical Engineering Science, Vol. 48, No. 4, 
pp. 661-679, 2//, 1993.  

[3] J. Varghese, S. Bandyopadhyay, Fired heater integration into total site and 
multiple fired heater targeting, in Proceeding of The Heat Powered Cycles 
Conference, pp. 111-118, 2012. 

[4] W. Wang, H.-X. Li, J. Zhang, A hybrid approach for supervisory control of 
furnace temperature, Control Engineering Practice, Vol. 11, No. 11, pp. 
1325-1334, 2003.  

[5] X. Wang, D.-Z. Zheng, Load balancing control of furnace with multiple 
parallel passes, Control engineering practice, Vol. 15, No. 5, pp. 521-531, 
2007.  

[6]  J.  P.  Miller,  R.  S.  Stier,  Detecting loss of  flame in oil  refinery fired heaters  
using advanced pressure diagnostics, in 2013 Spring Meeting & 9th Global 
Congress on Process Safety, San Antonio, USA, 2013.  

[7] B. Maghbooli, A. Bakhtiari, H. Najafi, Correcting improper performance of 
direct fired heaters, Chemical Engineering, Vol. 120, No. 5, pp. 39-46, 2013. 

[8] H. Noureldin, F. Ruveta, Using expert system and object technology for 
abnormal condition management, in BIAS 2002 International Conference 
Milano. Milan, Italia, 2002, pp. 1-16. 

[9] R. F. Garcia, Improving heat exchanger supervision using neural networks 
and rule based techniques, Expert Systems with Applications, Vol. 39, No. 3, 
pp. 3012-3021, 2012.  

[10] S.-H. Liao, Expert system methodologies and applications—a decade review 
from 1995 to 2004, Expert systems with applications, Vol. 28, No. 1, pp. 93-
103, 2005.  

[11] J. M. Molina, P. Isasi, A. Berlanga, A. Sanchis, Hydroelectric power plant 
management relying on neural networks and expert system integration, 
Engineering Applications of Artificial Intelligence, Vol. 13, No. 3, pp. 357-
369, 2000.  

[12] A. Chaibakhsh, N. Ensansefat, A. Jamali, R. Kouhikamali, H. Najafi, Crude 
oil direct fired furnace model, Applied Thermal Engineering, Vol. 83, No. 0, 
pp. 57-70, 5/25/, 2015.  

[13] J. Stevenson, J. Grafton, Radiation heat transfer analysis for space vehicles, 

Defense Technical Information Center Document,  pp. 1961.  
[14] A. Chaibakhsh, N. Ensansefat, S. A. K. Jamali, A. Jamali, R. Kouhikamali, 

Fouling detection inside the tubes of crude oil preheat furnace using 
optimized support vector machines, Modares Mechanical Engineering, Vol. 
15, No.10, pp. 49-55, 2016. (in Persian ) 

[15] R. Rivas-Perez, V. Feliu-Batlle, F. Castillo-Garcia, I. Benitez-Gonzalez, 
Temperature control of a crude oil preheating furnace using a modified 
Smith predictor improved with a disturbance rejection term, in World 
Congress, 5760-5765. 

[16] U. R. Chaudhuri, Fundamentals of petroleum and petrochemical 
engineering: Chemical Rubber Company Press, 2010. 

[17]  D.  E.  Seborg,  D.  A.  Mellichamp,  T.  F.  Edgar,  F.  J.  Doyle  III,  Process 
dynamics and control, pp. 338-404, John Wiley & Sons, 2010. 

[18] G. Liu, S. Daley, Optimal-tuning PID control for industrial systems, Control 
Engineering Practice, Vol. 9, No. 11, pp. 1185-1194, 2001.  

[19] R. Krohling, J. P. Rey, Design of optimal disturbance rejection PID 
controllers using genetic algorithms, Evolutionary Computation, IEEE 
Transactions on, Vol. 5, No. 1, pp. 78-82, 2001.  

[20] A. Abilov, Z. Zeybek, O. Tuzunalp, Z. Telatar, Fuzzy temperature control of 
industrial refineries furnaces through combined feedforward/feedback 
multivariable cascade systems, Chemical Engineering and Processing: 
Process Intensification, Vol. 41, No. 1, pp. 87-98, 2002.  

[21] D. Li, F. Gao, Y. Xue, C. Lu, Optimization of decentralized PI/PID 
controllers based on genetic algorithm, Asian Journal of Control, Vol. 9, No. 
3, pp. 306-316, 2007.  

[22] T. Ota, S. Omatu, Tuning of the PID control gains by GA, Proceedings of 
The IEEE Conference, pp. 272-274, 1996. 

[23] H. Zhang, Y. Cai, Y. Chen, Parameter optimization of PID controllers based 
on genetic algorithm, in Proceeding of The E-Health Networking Digital 
Ecosystems and Technologies (EDT) conference, pp. 47-49, 2010 

[24] X. Wang, D.-Z. Zheng, Difference control of parallel streams temperatures, 
Journal of process control, Vol. 15, No. 5, pp. 531-536, 2005.  

[25] T. Adili, "Temperature control system design for abnormal conditions 
management in process fired heaters (Thesis or Dessertation style)", 
Department of Mechanical Engineering, University of Guilan, Februrary  
2016. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

5.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
09

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.5.2.3
https://mme.modares.ac.ir/article-15-706-en.html
http://www.tcpdf.org

