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Abstract - Proper understanding of combustion and heat 

transfer in combustion devices, and clarification of combustion 
and thermal efficiency, requires accurate measurement of heat 
flux density. In the present work, the influence of heat flux 
density on the combustion process in the initial section of the 
flare, under separate fuel and oxidant feed in the injected swirl 
conditions, is investigated using computer simulation. The 
possibility of determining the basic parameters of the 
combustion process and its control is shown. Basic 
characteristics of the heat transfer between the burning flare 
and the boundary surfaces of the combustion chamber are 
investigated, including heat transfer by both radiation and 
convection. The effect of changing the heat flux density 
through the cylindrical surface of the combustion chamber is 
analysed for four cases - under adiabatic conditions and in the 
presence of heat transfer, using Ansys/CFX software. It 
presents the possibilities of achieving optimal results in 
combustion processes by changing the geometrical, initial, 
boundary conditions of the combustion model. 
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I. INTRODUCTION 

Combustion is a complex physical and chemical process 
that involves a number of sequential and parallel physical 
and chemical steps. A distinction is made between complete 
combustion i.e. without heat loss and incomplete 
combustion i.e. with heat loss. In complete combustion, all 
combustible substances of the fuel participate in the 
oxidation processes and only dioxides are formed - CO2, SO2, H2O. The receipt of CO2 in the exhaust gas signals that 
the combustion of the hydrocarbon fuel is complete. 
Chemical under burning occurs in the case of chemically 
incomplete oxidation of carbon - containing compounds to 
form carbon monoxide CO. Lower CO and larger CO2 
reflect more efficient fuel use and improved combustion 
quality [1], [2].  

The combustion of gaseous fuel produces nitrogen oxides NOX  which are environmental pollutants. For gaseous fuel 
that does not contain organically bound nitrogen. They have 
a thermal origin and largely depend on the organisation of 
the combustion process [5], [14]. 

In industry, all flame-technical equipment using gaseous 
fuel operates under characteristic conditions of heat 
exchange between the burning flare and the boundary 
surfaces of the combustion chamber, which is a complex 
thermophysical process involving heat transfer by both 
radiation and convection [4].  
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Convective processes are an integral part of many natural 
phenomena as well as currents implemented in various 
technological devices. This determines a great interest   in   
their experimental and numerical study.                                                                                               
The study of the formation of convective currents through 
natural experiment requires a large resource of time and 
materials. The numerical approach makes it possible to vary 
a number of important parameters of the problem at hand 
[3], [7], [8]. 

Proper understanding of combustion and heat transfer in 
combustion devices, and clarification of combustion and 
thermal efficiency requires accurate measurement of heat 
flux density. Accurate knowledge of the heat flux 
distribution is also necessary for better control of the 
combustion process and design of new combustion 
devices.[6]. 

II. SUBSTANTIVE PART 

The objective of this work is to investigate the possibility 
of influencing the combustion process efficiency by 
computer simulation. By investigating the basic 
characteristics of the heat transfer between the burning flare 
and the combustor boundary surfaces, including heat 
transfer through the combustor wall. The influence of the 
heat flux density through the cylindrical surface of the 
combustion chamber is analysed for four cases - under 
adiabatic conditions and in the presence of heat transfer, 
using Ansys/CFX software. The Ansys/CFX software 
package allows to model the combustion process taking into 
account turbulence, heat exchange and chemical reactions.  

The Ansys/CFX model has been applied to study 
combustion processes and the formation of emissions of 
technically pure propane C3H8. Propane as a fuel has 
advantages over liquid fuels due to its good chemical and 
physical properties, such as a low carbon number in the fuel 
component [1]. 

The geometrical dimensions of an existing laboratory 
installation fig. 1 were used as the starting data for the 
numerical experiment. The laboratory installation consists 
of a seamless steel pipe with a hydraulically smooth surface, 
a rotating apparatus with four nozzles attached to it. The 
rotating apparatus allows to change the angle of the nozzles 
in intervals β = 0 ÷ 60°, over an interval of 15° [11], [14].  

In the present work, the combustion process in the initial 
(mixing) section of the combustion chamber is considered, 
which has the dimensions of the outer diameter of the tube 
D = 76 mm and length L = 200 mm. Inclination of gas 
nozzles β = 45° and nozzle diameter d = 0,8mm. As the 
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mixing chamber is cooled under free convection conditions, 
with the temperature of the cooling fluid Tf = 300К. From 
reviewed literature data and sources [4], [9], [10], [12] to 
determine the heat transfer process between the boundary 
external surface and the surrounding fluid enveloping it due 
to density differences, the following criterion relation is 
used: 

                          Nu = c(GrPr)n                                (1) 

                              Nu = 
αDλ                                        (2) 

                         q = α (Tw −  Tf)                                (3) 

TABLE 1 GrPr  1.10−3 ÷ 5.103  5.103  ÷ 2.107 2.107  ÷ 1.1013 

  c 1,18 0,54 0,135 
  n 0,125 0,25 0,33 

 

where: Nu, Gr, Pr – Nusselt criteria, Grashof criteria, Prandtl 
criteria; c and n – empirical coefficients; α – heat transfer 
coefficient [W/m2K]; λ – coefficient of thermal conductivity 
(for steel 45 W/mK); D – characteristic geometric size, the 
outer diameter of the mixing chamber; Tw and Tf – mixing 
chamber wall temperature and coolant temperature 
respectively [К]; q – heat flux density [W/m2]. 

  

 
Fig. 1. Schematic of laboratory installation 

The computer simulation considered and analysed four 
cases of changing the heat flux density through the 
cylindrical surface of the mixing chamber - adiabatic 
conditions and the presence of heat transfer, setting different 
values of the heat transfer coefficient α. From literature 
sources and data [4], [9], [10], [12] it is known that α in 
different cases of convective heat transfer changes its values 
within the limits: in free convection for air from 5W/m2K to 
30 W/m2K, under free convection for water from 102W/m2K to 103 W/m2K. As mentioned above, numerical 
simulations were performed for four cases - under adiabatic 
conditions (no heat transfer) the value of α = 0 W/m2K and 
with the presence of heat exchange, taking the values of α = 
30, 100, 1000 W/m2K. As in previous computational 
experiments, results were obtained, which are not 
commented on in the present work, from a value of α = 
5W/m2K, where the analyzed results showed that at such 
value of heat transfer coefficient are very close to adiabatic 
conditions. 

A system of Ansys/CFX differential equations for heat 
transfer, heat transfer and coolant movement, 
complemented by the continuity equation, describes an 
infinite number of convective heat transfer processes. For 
the mathematical description of a particular heat transfer 
process, the initial and boundary conditions of that process 
must be added to this system of equations. In this case, the 
solution of the described system of equations will allow to 
determine the values of velocities, temperatures, heat 
transfer coefficients and heat flux densities over the entire 
area considered [13], [16]. 

Fig. 2 shows a view of the geometric model in the 
Ansys/CFX environment, which is a combination of five 
cylindrical solids. The dimensions of the initial (mixing) 
section of the combustion chamber with outer diameter D = 
0,76mm and length L = 200mm and four nozzles with 
diameter d = 0,8mm were used as initial geometrical data. 

 

 
Fig. 2. Schematic of geometric model 

Ansys/CFX uses a finite element network (numerical 
values at the nodes of the network), similar to that used in 
strength analysis, to discretize the domain Fig. 3.  

As a result of this approach used in Ansys/CFX, finite-
volume equations are generated that ensure conservation of 
flow values, which is a prerequisite for the exact solution of 
the problem [15].   
 

 
Fig. 3. Discretisation of the geometric model 
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Fig. 4. Scheme of fluid spaces 

Fig. 4 shows the fluid spaces of the mixing chamber and 
the four nozzles. Diffusion combustion of propane gas is 
simulated, which flows out through the openings of 
cylindrical nozzles that are positioned at an angle β = 45°. 
The directions of the vectors are depicted, and it is observed 
that active gas jets entrain the necessary amount of air 
required for combustion. 

III. RESULTS 

Fig. 5, Fig. 6, Fig. 7 and Fig. 8 show the temperature 
distribution in the combustion flare itself along its central 
longitudinal axis at different heat transfer coefficients. 

Fig. 9, Fig. 10, Fig. 11 and Fig. 12 show graphically the 
temperature variation in the flare along the axis of the 
mixing chamber at different values of the heat transfer 
coefficient α. The comparative analysis shows that as the 
value of α (analogous to the heat flux density) increases, the 
cooling intensity of the mixing chamber walls decreases, the 
average temperature level in the flare decreases. 

Fig. 13, Fig. 14, Fig. 15 and Fig. 16 show graphically the 
variation of NOX concentration of combustion products at 
different values of heat transfer coefficient α. 

Fig. 17, Fig. 18, Fig. 19 and Fig. 20 show graphically the 
variation of  CO2 concentration in the combustion products 
at different values of the heat transfer coefficient. α. It is 
observed that as the value of α increases, the concentration 
of CO2 continuously increases. 

 

 

 
Fig. 5. Temperature distribution at α=0 W/m2K 

 

 
Fig. 6. Temperature distribution at α=30 W/m2K 

 
Fig.7. Temperature distribution at α=100 W/m2K 

 
Fig. 8. Temperature distribution atα=1000 W/m2K 

 
Fig. 9. Temperature variation along the mixing chamber axis at α=0 
W/m2K 
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Fig. 10. Temperature variation along the mixing chamber axis at 

α=30 W/m2K 

 
Fig. 11. Temperature variation along the mixing chamber axis at 

α=100 W/m2K 

 
Fig. 12. Temperature variation along the mixing chamber axis at 

α=1000 W/m2K 

 
Fig. 13. Mass concentration of  NOX α=0 W/m2K 

 

 

 
Fig. 14. Mass concentration of  NOX α=30 W/m2K 

 
Fig. 15. Mass concentration of  NOX α=100 W/m2K 

 
Fig. 16. Mass concentration of  NOX α=1000 W/m2K 

 

 
Fig. 17. Mass concentration of  CO2 α=0 W/m2K 
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Fig. 18. Mass concentration of  CO2 α=30 W/m2K 

 
Fig. 19. Mass concentration of  CO2 α=100 W/m2K 

 
Fig. 20. Mass concentration of  CO2 α=1000 W/m2K 

IV. CONCLUSION  

1. In diffusion combustion of a rotating gas flare in a 
confined space, the heat flux density parameter through the 
walls of the mixing chamber significantly affects the size 
and temperature of the high-temperature core, as well as the 
concentration of nitrogen oxides and carbon dioxide in the 
combustion products.  

2. The presented numerical model of the combustion 
process can be used in the design or reconstruction of 
combustion plants, looking for an optimal option between 
combustion completeness and emission formation.   

3. The algorithm of the stimulation model can be used in 
the solution of similar problems in the training of students 
in heat engineering disciplines. 
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