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Name of the project 

 

AP09261161 «3D modeling of turbulent heat and mass transfer 

processes in physicochemically active media» (0121РК00239) 

Relevance 

 

At present, there is an increased interest in the study of heat and 

mass transfer processes in reacting media since the results of such 

studies have wide practical application. The study of such media is 

urgent in connection with the need to develop processes for "clean 

combustion" of fuel in compliance with strict standards for the 

emission of harmful substances into the atmosphere. Particular 

attention is paid to the creation of new computational models that 

make it possible to describe as accurately as possible the 

physicochemical processes occurring during fuel combustion in 

areas of real geometry (combustion chambers of energy objects). 

The problems of constructing effective computational algorithms 

for studying the processes of turbulent heat and mass transfer in 

physicochemically active media are of relevance and require in-

depth analysis, both from a fundamental and from an applied point 

of view. 

Purpose 

 

Using modern methods of physical, mathematical and 3D computer 

modeling investigate the processes of turbulent heat and mass 

transfer and the formation of harmful substances during the 

combustion of solid fuel in the combustion chambers of real energy 

objects and develop recommendations for the practical application 

of the results. 

Objectives In accordance with the set goal, the main tasks of the project are: 

1) Create a mathematical model describing the processes of 

convective heat and mass transfer in physicochemically active 

flows in the presence of combustion, considering the non-

isothermal nature of the medium, pressure gradient, turbulence, 

mass forces, multiphase nature of the medium, interphase 

interaction, radiant heat transfer, multistage chemical reactions. 

2) To develop a package of computer programs for carrying out 

computational experiments to study the processes of heat and mass 

transfer in the combustion chamber when burning solid fuel in it 

and for 3D visualization of the results. 

3) To carry out numerical modeling of heat and mass transfer 

processes during the combustion of solid fuel, select the combustion 

chamber of an existing energy facility (boiler BKZ 75-39FB 

Shakhtinskaya CHPP) as an object of study and create its geometric 

and physical models that reflect real technological processes of 

combustion of high-ash pulverized coal 

4) Using 3D computer modeling methods, conduct computational 

experiments to study the main characteristics of heat and mass 

transfer processes (flow aerodynamics, temperature fields, 

concentration fields of harmful combustion products (COx and 

NOx)) when burning high-ash Karaganda coal in the furnace 

chamber of the BKZ 75-39FB boiler. 

5) Carry out computational experiments to study the effect of 

various methods of fuel injection (direct-flow and vortex with a 

swirl angle of a pulverized coal flow) through burners on the 

characteristics of heat and mass transfer processes: speed, 



temperature, concentrations of carbon oxides COx and nitrogen 

NOx and determine the optimal option for feeding air mixture into 

the furnace space. 

6) Use the developed software package of highly informative 

visualization for graphic interpretation of the research results in the 

form of two-dimensional graphs of changes in the height of the 

combustion chamber of the main characteristics of the process 

(speed, temperature, concentration of harmful substances (COх and 

NOх)) and 3D images of their fields in characteristic sections (area 

burner belts, area of longitudinal and cross-sections to the chamber 

and at the outlet from it). 

7) Verify the results obtained by comparing them with the available 

experimental data obtained directly at the operating Shakhtinskaya 

CHP and theoretical calculations using the CBTI method. To 

propose effective methods of burning Kazakhstani low-grade coal 

to reduce emissions of harmful substances into the atmosphere. 
Expected and achieved 

results 

 

For carrying out computational experiments, an actually operating 

combustion chamber of the BKZ-75 boiler installed at the 

Shakhtinskaya CHPP (Shakhtinsk, Kazakhstan), in which high-ash 

Karaganda coal is burned, will be selected and the following results 

will be obtained:  

• a mathematical model has been created that describes the 

processes of heat and mass transfer, taking into account the non-

isothermality of the medium, pressure gradient, turbulence, radiant 

heat transfer, multiphase of the medium, interphase interaction, 

multistage chemical reactions, 

• physical and geometric models based on the technical and 

geometric characteristics of the combustion chamber of the BKZ-

75-39FB boiler at Shakhtinskaya CHP; 

• software packages have been developed that adequately simulate 

combustion processes and perform highly informative 3D 

visualization of the results obtained; 

• using 3D computer modeling methods, computational 

experiments will be carried out to determine the effect of the design 

parameters of the combustion chamber, various layout solutions for 

burners and the method of supplying a fuel air mixture (high-ash 

karaganda coal) on the main characteristics of heat and mass 

transfer processes (flow aerodynamics, temperature fields, 

concentration fields of combustion products ( COх, and NOх)) 

throughout the entire volume of the combustion chamber of the 

BKZ 75-39FB boiler. 
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