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Abstract 
 

For optimal control of technological processes in explosion- and firehazardous industries, which 

include oil and gas refining, chemical and petrochemical objects, one of the main and pressing 

issues is the effective control of the liquid fuel supply to tube furnaces. To automatically regulate 

the output temperature of the raw materials supplied to the furnace on the liquid fuel line, an 

appropriate actuator is used. At the same time, gas fuel is continuously supplied to the tube 

furnace. The main reason for the intermittent supply of liquid fuel is that it is used as a feedstock 

for other technological installations It is known that feeding fuel into a tube furnace is unsafe for 

the technological process as a whole, that is, it is a process of a certain increased danger. This can 

lead to unwanted fires and explosions in the workplace. Therefore, to reduce some technical and 

technological risks, it is important to use liquid fuel with appropriate breaks, since the use of dry 

gas in a technological system poses a certain danger. 
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gas fuel 

 

 

I. Introduction 

 

Oil refining is a large-scale production, consisting of a large number of complex technological 

installations, which are complexes of many interconnected technological apparatuses [1-11]. One 

of such important and complex oil refining technological apparatuses is tube furnaces. Tube 

furnaces are used in the following oil refining installations: primary oil refining as part of 

Atmospheric Vacuum Tube installations; reforming; hydrocracking; viscosity breaking; delayed 

coking installation; isomerization; hydrogen production by steam reforming, etc. [12, 13]. 

It is known that tube furnace is a technological apparatus for heating a flow or carrying out a 

high-temperature chemical reaction due to the heat that is released during the combustion of 

organic fuel, that is, it is intended for heating hydrocarbon raw materials by open fire heating of 

tubular coil with gases in the combustion chamber from the combustion of liquid or gaseous fuel. 

After heating hydrocarbons in tube furnaces, they are subsequently sent to distillation columns to 

separate them into components (diesel fuel, heating oil, gasoline, etc.). 

Thus, tube furnaces are used in any oil refinery and petrochemical plant in all major refining 

processes [14-17]. This is due to the fact that a tube furnace is the most cost-effective and efficient 

process for heating oil fractions. 

Due to the lack of fuel gas produced in oil refineries, liquid fuel is also used to heat raw 

materials in process tube furnaces.  

Combustion of liquid fuel in tube furnaces at oil refineries is ineffective from an economic 

and environmental point of view, since, on the one hand, environmental pollution by flue gases 

increases, and on the other hand, the possibility of using liquid fuel (fuel oil) as a raw material is 
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reduced. Therefore, rational use and saving of liquid fuel is a very important and pressing 

problem in similar industries and is of great importance for the entire economy as a whole. 

For this purpose, thorough research work was carried out in the field of the raw materials 

heating process entering the tube furnace in an oil refinery and the following shortcomings were 

identified: 

1) the existing fuel network management system (processing of gaseous fuel, as well as its 

use) does not meet the requirements of modern automated operational control systems (there is no 

effective and optimal automated control system between production and relevant consumers); 

2) since the total amount of fuel gas used in technological installations cannot provide the 

amount of fuel required to heat raw materials in tube furnaces, they also use liquid fuel along with 

dry gas. At the same time, to control the required temperature of the product at the outlet of the 

tube furnace, dry gas is continuously supplied to the technological system. It is important to note 

that when gas is supplied to the system, there is a possibility of an explosion and fire hazard in a 

tube furnace. This circumstance turn, can lead to certain technological and technical risks when 

heating the raw materials used. Thus, this affects the correct and efficient functioning of the 

automated control system as a whole. 

In addition, it should be noted that in oil refineries regulate the temperature of the feedstock 

leaving the tube furnaces and select the gas fuel flow rate. On the other hand, adjusting the 

temperature of the raw material at the outlet of the tube furnace with gas flow leads to the fact that 

part of the dry gas is released into the flare line to equalize the pressure in the fuel network to a 

given value. 

 

II. Development of an automated control system for the supply  

of liquid fuel to a tube furnace 
 

From the factors mentioned above, it is clear that to eliminate the corresponding 

technological and technical risks arising in the gas and fuel technological network, it is necessary 

to create an automated control system for liquid fuel processing. At the same time, the automated 

control system for emergency situations must ensure that the following conditions are met: 

- the pressure in the gas distribution point must be maintained constant (stable) according to 

the set point value; 

- the discharge of dry gas from the gas distribution point to the flare line of the technological 

system should be minimized; 

- the temperature of the raw materials at the outlet of the tube furnaces must be maintained 

constant (stable) in following the set point value. 

An automated control system that meets the above requirements is presented in Fig. 1. When 

the gas pressure (position 5-1) coming from the gas distribution point increases, (position 5-2) and 

the pressure regulator (position 5-3) acts on the valve (position 5-4) located at the entrance to the 

tube furnace, according to a command received from the setting device, increasing its throughput.  

In this case, the pressure of the gas supplied after the gas separator to the tube furnace 

(position 6-1) drops. In this case, to stabilize the pressure of the fuel gas supplied to the tube 

furnace according to the set point value, it acts on the secondary device (position 6-2), from there 

on the regulator (position 6-3), the control valve (position 6-4 ), increasing the capacity of this 

valve. In this case, the temperature of the raw material at the outlet of the tube furnace by the set 

point value is realized as follows. 

Signals from thermocouples installed on the ridge wall and the outlet of the tubular furnace 

(position 1-1) and (position 2-1) are supplied, respectively, to temperature converters (position 1-2) 

and (position 2-2), and then they go to electric-pneumatic transducer (position 1-3) and (position 2-
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3),  and  from  them  they  are  further  sent  to  secondary  devices  (position 1-4) and (position 2-

4). 

 

 
Figure 1: Structural scheme of an automated system for the supply of liquid fuel to a tube furnace 

 

Having received a set point value from the output of the device (position 1-4), the controller signal 

(position 1-5) goes to the summator (position 1-6). 

At the same time, the input of the summator (position 1-6) also receives a signal from the 

output of the electro-pneumatic transducer (position 2-3). At the same time, the output signal of 

the summator (position 1-6), as a variable value, is supplied to the temperature controller (position 

2-5) by the set value coming from the secondary device (position 2-4). 

The output signal of the temperature controller (position 2-5) is fed to the input of another 

temperature controller (position 2-6) as a set point value. The temperature controller input 

(position 2-6) receives signals from flow sensors (position 3-1) and (position 4-1) as variable 

values. The output signal of the temperature controller (position 2-5) is fed to the input of another 

temperature controller (position 2-6) as a set point value.  

The temperature controller input (position 2-6) receives signals from flow sensors (position 3-

1) and (position 4-1) as variable values. Pneumatic signals from local devices (position 3-2) and 

(position 4-2) are accumulated in the summator (position 4-5) and then the output signal of this 

summator in the variable value form is supplied to the input of the temperature controller 

(position 2-6). As a result, the temperature controller output (position 2-6) acts as a force on the 

control valve (position 2-7), reducing its flow capacity. 

It should be noted that if the pressure in the gas distribution center drops below the set point 

value, the automated control system presented above has the opposite effect. 

Let's look at a microprocessor system for controlling the process of heating raw materials in 

tube furnaces.  

It is known that heating raw materials in tube furnaces during primary oil refining is a very 

complex heat engineering process, the correct implementation of which depends on the correct 

control of numerous technological parameters of the apparatus under study. Therefore, it is 

necessary to create a control system in tube furnaces that ensures stable maintenance of operating 

parameters under technological requirements. The structural scheme of such a system is presented 

in Fig. 2. 
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Figure 2: The structural scheme of a microprocessor control system 

 

Here      and      are the diagonal matrices for the transfer functions of the multichannel 

flow and temperature controller, respectively.     and     – transfer functions matrices of the 

technological object for gas flow and between the temperature channels of the raw material at the 

tube furnace outlet.  ̅  and  ̅    are vectors of set point values for gas and liquid fuel consumption. 

  ̅̅̅̅  and   ̅̅̅̅  are the vectors of output parameters (temperature).   ̅̅ ̅̅  and   ̅̅ ̅̅  are vectors of regulatory 

actions. As can be seen from Fig. 2, the control system consists of two control blocks – I and II. 

With the help of block I, the optimal gas fuel division between technological tube furnaces is 

realized, and with the help of block II, a constant (stable) temperature at the outlet of the tube 

furnaces is maintained. Analysis of this structural scheme shows that, on the one hand, a change 

in vector G1 along the direct channel has a disturbing effect on the output parameter   ̅̅̅̅ . On the 

other hand, since block I is powered by the collector, changing the regulator in it causes a change 

in the adjacent controlled parameter in the same block. Therefore, in technological tube furnaces, 

disturbing influences arising in the system for regulating mode parameters are transmitted not 

only through a direct channel but also through a transverse channel.  

Therefore, to improve the quality of regulation, it is necessary to create an autonomous 

regulation system in block I and an invariant regulation system in block II, based on the above 

principles. 

It is known that when controlling technological processes in oil refineries, not one, but several 

tube furnaces are used. Therefore, to correctly and effectively regulate the temperature at the 

outlet of tube furnaces, a combined computer control system has been created. 

The structural scheme of the proposed combined computer control system is shown in Fig. 3. 

The system operates in the following order: changing the set point value of the regulator in 

accordance with the optimal price of fuel gas is carried out by the dispatcher (operator). But after 

converting the current values of regulating and disturbing influences into a direct current signal 

with a 4-5 mA strength, through the appropriate electronic type converters, they are supplied to 

the input of an analog-to-digital converter located in the control computer complex. The analog-

to-digital converter, in turn, converts the analog signal into codes. After the analog-to-digital 

converter, the signal through the multi-channel control software module also determines the 

magnitude of the control action, and this signal is sent to the input of the digital-to-analog 

converter located in the computer. The direct current signal (4-20) mA, which appears at the 
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output of the digital-to-analog converter, is converted through an electro-pneumatic converter into 

a pneumatic signal (0.2-1) kg/cm2 and acts on certain actuators. Current technological parameter 

values characterizing the heating process raw materials in tube furnaces are displayed on the 

display screen, and the operator enters into dialogue with the control computer complex to 

complete the task. 
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Figure 3: Structural scheme of a combined computer control system 

 

III. Conclusion 
 

An automated control system for the supply of liquid and gas fuel to a tube furnace has been 

developed. When supplying gas from a gas distribution center to a tube furnace, a system has 

been developed to regulate the flow and fuel gas pressure. To regulate the temperature of the raw 

material supplied to the tube furnace, which is important for the technological process, an actuator 

installed on the liquid fuel line is used. 

Heating raw materials in a tube furnace is a complex process. In this process, stable 

preservation of the many mode parameter values must be ensured by the set point value. In this 

regard, the proposed microprocessor system for controlling the consumption of liquid and 

gaseous fuel, quality indicators, temperature, and pressure has been developed. 

To maintain a stable temperature of the output raw material in tube furnaces, a control 

computer complex is proposed in a combined computer control system. 

Thus, based on the above, various types of automated control systems have been developed 

to maintain the necessary and required temperature of the technological process under study. 

 

References 
 



Aygun Safarova, Elchin Melikov, Tamella Magerramova 

AUTOMATED CONTROL SYSTEM FOR THE SUPPLY… 

RT&A, Special Issue № 6 (81), Part-1,  

Volume 19, December 2024 

 

447 

 

[1] Guseinov I.A., Khanbutaeva N.A., Melikov E.A., Efendiev I.R. Models and Algorithms for 

a Multilevel Control Systems of Primary Oil Refinery Installations. // Journal of Computer and 

Systems Sciences International, Pleiades Publishing, Ltd., 2012, Vol. 51, No. 1, pp. 138-146. DOI: 
10.1134/S1064230711060098 

[2] Xanbutayeva N.A., Melikov E.A. Algorithm optimization static rejimes installation of 

primary oil refining. // National Science Review, Chinese Academy of Sciences,   Oxford 

University Press, 2017, Vol. 4, No. 4 (2), pp. 1459-1466. 

[3] Melikov E.A. Process optimization for catalytic reforming. // Journal of Engineering and 

Technology Development Research, Germany, 2022, No. 1, pp. 17-18. 

[4] Melikov E.A., Maharramova T.M. Power qualıty control for bitumen productıon. // 

Ekoenergetics, Baku, Azerbaijan, 2022, No. 4, pp. 37-40. 

[5] Maharramova T.M., Melikov E.A. Energy saving system in vacuum unit.  // Ekoenergetics, 

Baku, Azerbaijan, 2022, No. 3, pp. 8-12. 

[6] Melikov E.A. Decomposition algorithm and mathematical models of hierarchical structure 

of control of the process of primary oil processing. // Prospecting and Development of Oil and Gas 

Fields, No. 2 (67), 2018, pp. 75-82. DOI: 10.31471/1993-9973-2018-2(67)-75-82 

[7] Aliev I., Melikov E.A. Experimental method for constructing a mathematical model of a 

hydrogenation oil cleaning installation. // Scientific Journal of İtaly “Annali d’Italia”, 2023, No. 39, 

pp. 78-82. DOI: 10.5281/zenodo.7568947 

[8] Hesenli V., Melikov E.A. Principles of constraction a control and regulation system for a 

technological complex, including a vacuum block. // Scientific Discussion (Praha, Czech Republic), 

2023, No. 73, pp. 35-38. DOI: 10.5281/zenodo.7626743 

[9] Magerramova T.M., Melikov E.A. Strategy for optimizing the functioning of the vacuum 

block at the technological equipments. Herald of the Azerbaijan Engineering Academy // The 

international science-technical journal, 2023, Vol. 15, No. 2, pp. 110-115.  

[10] Safarova A.A., Melikov E.A., Magerramova T.M. Constructıon of a multı-connected 

control system for safe coke productıon. Reliability: Theory and Applications, Electronic Journal of 

International Group on Reliability Journal is Registered in the Library of the U.S. Congress, USA. 

// Journal Reliability: Theory and Applications, Special Issue, 2023, Vol. 18, No. 5 (75), pp. 510-517. 

DOI: https://doi.org/10.24412/1932-2321-2023-575-510-517 

[11] Hasanov Kh., Melikov E.A. Increasing the extraction of vacuum gas oil at the ELOU-AVT 

unit. Proceedings of Azerbaijan High Technical Educational Institutions (PAHTEI). // 

Multidisciplinary Journal, Refereed & Reviewed Journal, 2023, Vol. 35, No. 12, pp. 251-257. 

[12] Safarova A.A., Melikov E.A, Magerramova T.M. Control of a tube furnace in conditions 

of risk and increased explosion hazard. Reliability: Theory and Applications, Electronic Journal of 

International Group on Reliability Journal is Registered in the Library of the U.S. Congress, Spesial 

Issue, USA / (The 4-th Eurasian Conference and Satellite Symposium, RISK-2022, Baku, 

Azerbaijan), 17(SI 4 (70)), 2022, pp. 516-521. DOI: https://doi.org/10.24412/1932-2321-2022-470-516-

521 

[13] Safarova A.A., Magerramova T.M., Melikov E.A., Huseynov I.A. Analysis and solving 

the problem of synthesis of an automatic control system for a tube furnace. // Journal of Harbin 

Engineering University, China, 2023, Vol. 44, No. 10, pp. 1357-1365. 

 [14] Safarova A.A., Melikov E.A, Magerramova T.M. Optimal control of the alkylation 

process reactors. // Operational Research in Engineering Sciences: Theory and Applications 

(ORESTA), Belgrade, Serbia, 2023, Vol. 6, No. 1, pp. 312-321. DOI: 

https://doi.org/10.31181/oresta/0601130 

[15] Guseinov I.A., Kurbanov Z.G., Melikov E.A., Efendiev A.I., Efendiev I.R. Nonstationary 

Multistage Process Control in the Petrochemical Industry. // Journal of Computer and Systems 

Sciences International, Pleiades Publishing, Ltd., 2014, Vol. 53, No. 4, pp. 556-564. DOI: 

10.1134/S1064230714030095 

http://dx.doi.org/10.1134/S1064230711060098
https://doi.org/10.31181/oresta/0601130
http://dx.doi.org/10.1134/S1064230714030095


Aygun Safarova, Elchin Melikov, Tamella Magerramova 

AUTOMATED CONTROL SYSTEM FOR THE SUPPLY… 

RT&A, Special Issue № 6 (81), Part-1,  

Volume 19, December 2024 

 

448 

 

[16] Merdanov E., Melikov E.A. Simulation of a reactor for the selective hydrogenation of 

acetylene-containing impurities. // Polish Journal of Science, 2023, No. 59, pp. 116-118. DOI: 

10.5281/zenodo.7638458  

 [17] Melikov E.A., Maharramova T.M., Ahmadova S.Sh. Study of propylene glycol 

production plant as an automation object. / Materials of VII International scientific and practical 

conference (“Readings of A.I. Bulatov”) (in Russian), 2023, Vol. 2, pp. 97-100. 

 


