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Influence of Heat Exchange over the Conditions of 
Combustion in the Initial Section of the Torch 

 
Petar Kostov1, Koycho Atanasov2 and Neven Krystev3 

 
Abstract - A diffusion process of burning on natural gas with a 

minimum coefficient of air-surplus is simulated in a cylindrical 
combustion chamber. Heat exchange from the torch is being 
shaped toward the walls of the chamber with different density of 
the thermal flow. A considerable influence with the cooling over 
the combustion zone is ascertained. With the increase of the 
intensity of heat exchange, the maximum temperature and the 
size of the high-temperature nucleus of the torch decrease. 
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I. INTRODUCTION 
 
Aim of the present work is through numerical shaping to be 

received figures about temperature changes in the burning 
zone, with different density of the thermal torch flow. It is 
used a cylindrical combustion chamber with the following 
geometrical measurements: inner diameter D = 80 mm,    
length  L = 350 mm , and  diameter of the air opening  behind 
the rotary apparatus d = 50 mm. The process of burning is 
simulated for fuel – natural gas, and conditions of a diffusion 
burning with a coefficient of air surplus α = 1,05. A program, 
which was composed in the Engineering-Pedagogical Faculty 
– Sliven, is applied [3]. It has a modifying computing 
procedure, which enables giving different density of the 
thermal flow on the borderline of the computing capacity. 
Three different densities of the thermal flow are accepted: 
q=107kw/m2, q=180kw/m2 and q=0 under adiabatic 
conditions. 

 
II. NUMERICAL INVESTIGATION 

 
It is known about the influence of the temperature over the 

speed of the chemical reactions during combustion and 
burning of a fuel-air mixture [1]. The hot torch is in a dynamic 
calorific interaction with the surrounding heat-receptive 
surfaces which defines the conditions of the process of 
burning. 
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In conformity with the Theory of spontaneous combustion, 
the thermal balance in the zone of burning as well as the 
temperature of the fuel-air mixture defines stability of the 
process of burning [2]. As far as the industrial combustible 
devices work under quite different temperature conditions 
(from thermal furnaces to gas heating apparatuses for invasive 
liquids), it is of great interest how the temperature in the zone 
of burning changes under different intensity of heat exchange 
from the torch towards the heat-exchanged surfaces of the 
equipment. 
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Fig. 1a. A temperature change and isotherms along the length of 

the combustion chamber at q=0 kW/m2 
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Fig. 1b A temperature change and isotherms along the length of the 

combustion chamber at q=107 kW/m2 
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Fig. 1c A temperature change and isotherms along the length of 

the combustion chamber at q=180 kW/m2 

In the first figure there are images of the temperature 
surfaces represented, as well as the location of the isotherms 
along the length of the combustion chamber with different 
densities of the thermal flow. In the drawings, in the direction 
of the longitudinal axis of the chamber and on the radius, 
there are measurements given in a number of computing steps. 
The value of one step on the radius is 1 mm, and on the axis is 
5 mm. The figures show the “deformation” of the temperature 
fields and the monotony of decreasing the temperature 
maximum while increasing the thermal flow from the torch 
towards the walls of the chamber. 
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Fig. 2a. A temperature changes on the axis of the combustion 

chamber  
—— - q=0 W/m2; · · · · · - q=107 kW/m2; · - · - · - q=180 kW/m2; 
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Fig. 2b A temperature changes in a plane at a distance of 5 steps 

from axis of the combustion chamber. 
    —— -  q=0 W/m2; · · · · · - q=107 kW/m2; · - · - · - q=180 kW/m2; 

 
In the second figure it is depicted the temperature change 

on the axis of the combustion chamber, as well as in a plane 
which is at a distance of 5 steps from its axis. The form and 
the location of the high-temperature zone are quite impressive. 
With the increase of the density of the thermal flow of the 
torch, the length and the capacity of the high-temperature 
zone decrease. At the same very time the temperature 
maximum goes down too. There is a tendency toward its 
moving into the beginning of the chamber, where starts the 
reaction between the fuel and the oxidizer. 
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The received results demonstrate the possibility to predict 
the dynamics of burning in the zone of combustion under 
assigned conditions on the walls of the combustion chamber. 
They are a precondition for following valuation to parameters, 
such as completeness of reaction to the fuel, maximum 
admissible mass output of the fuel-air mixture, as well as 
noxious emissions in the products of burning [4].     

         
 

III. INFERENCES  
 

1. Through numerical shaping are received temperature 
fields in the combustion zone of the torch. 

2. With the increase of the density of the thermal flow of 
the torch, the maximum temperature in the burning zone goes 
down and the temperature maximum strives for the initial 
torch sections. 

3. It is observed a capacity decrease of the high-temperature 
nucleus of the torch, which could be a reason for changed 
emission of the products of burning, and especially of the N0x. 

   
 

REFERENCES 
 

1. Faler J.H., Leibovich S., The Physics of Fluids, 20 , 9, 
September, p.138 (1987) 

2. Bonev B., Totev T., Combustion of Power Fuels, 
Publishing House “Kata”, Sofia 2002, p.84 

 3. Kostov P., Atanasov K., Computer Simulation of the 
Combustion of Gas Fuel in a Limited Turned Flow,  
“Energetics” Magazine, issues 6-7, 2002 

4. Swithenbank J., Combustion Fundamentals, Report NJS 
150, Dept. of Chemical Engineering and Fuel Technology, 
Sheffield University, England, 1980 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 


