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Abstract: Pulverized coal is an important fuel for electricity production and will continue to be important for 

decades. Since coal is a natural resource that depends on many factors and parameters, it has variable 

properties and composition. Combustion chamber designers Endeavour to achieve optimum operating 

conditions that give maximum combustion efficiency, together with minimum pollutant formation rate. Modeling 

of fossil fuel utility boilers has reached a remarkable development in recent years. Particularly, the application 

of computational fluid dynamics (CFD) modeling technology and other advanced mathematical methods offer 

opportunities for analysis, optimization and options examination in order to increase the overall efficiency of 

the energy facilities. The main objective of the present work was to investigate how the results obtained with two 

radiative heat transfer methods, the P1 approximation method, Discrete Transfer and the discrete ordinates 

(DO) method using ANSYS FLUENT, fit temperature field in a boiler furnace on pulverized coal, with 

implemented over-fire air (OFA) ports. The overall framework of the CFD modeling approach is described. The 

numerical modeling results for boiler baseline operating conditions are compared with a test data of 
temperature measurements. An accuracy analysis of the P1 and DO methods is done on a basis of a comparison 

between the numerically obtained and measured temperature profiles.  
Keywords: Coal combustion, heat transfer, thermal radiation, CFD techique, modelling. 

 

I. Introduction 
 About 70% of power used throughout the world generally comes from thermal power stations. 

Increasing industrialization and modernization has put lot of pressure on exploration of fossil fuels such as coal, 

oil, and gas etc. on other hand a pollutants emitted by these power plants add to the environment affecting the 

habitants, flora and fauna etc. In and around the power plants as we know the pollutants such as CO2, C0, SOx , 

NOx  and particulate matter emits due to improper and poor combustion. 
       The combustion is an erotic chemical reaction where the fuel is brunt and heat is released during the 

process. Any improvement made such as primary air, secondary air, atomization of liquid fuels, pulverization of 

coal, phasing of air supply, would change phase of chemical reaction. This kind of analysis can be done by 

experimentation and combustion analysis obtaining appropriate models using computers. experimentation is 

very expensive, difficult and time consuming process development of a physical model, monitoring and control 

of combustion process is much more cumbersome however availability of high speed computers made easier to 

analysis any combustion process easy to analysis any complicated process by using computational fluid 

dynamics (CFD) theoretical analysis of combustion process becomes easier, cheaper and time saving. in this 

context some of reacher’s like anes kazagić  [6], u. schnell[7],   w. fiveland  [15] and j. m. jones, m. 

pourkashanian [17] , s. c. hill, l. d. smoot[22] have worked on building a  mathematical models of combustion 

for different fuels and pollutant formation etc. still a compressive model is not available for the process of 
combustion in boilers. 

 The computational fluid dynamics (CFD) of the pulverized coal combustion field is being developed with the 

remarkable progress in the performance of computers. This method, in which the governing equations of the 

combustion field are solved using a computer, is capable to provide the detailed information on the distributions 

of temperature and chemical species and the behavior of pulverized coal particles over entire combustion field 

that cannot be obtained by experiments. In addition, it facilitates the repeated review in arbitrary conditions for 

the properties of pulverized coal and the flow field at a relatively low cost. It is, therefore, strongly expected that 

the CFD becomes a tool for the development and design of combustion furnaces and burners.  

  

II. Simulation Set Up And Data   Input 
In ANSYS, the governing equations are discretized by using the finite Volume method The pressure 

velocity coupling is achieved through the SIMPLE -algorithm.The grid-independent study is done for all cases 

.All simulations are run in ANSYS K-ε reliable model. Boundary conditions used are flue gas mass flow rate 

and temperature. It is assumed that all particles have attended their terminal velocity and have entered 

perpendicular to the tube. The geometry of actual flue gas duct, its internal, tubes created in ANSYS design 

modeller. Drawings of duct are used for geometry creation. Meshing is done in ANSYS meshing .Inlet surface 
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meshed and volume meshing done with tetrahedral. Further refinement of mesh is done by adaption by using 

velocity gradient. Numbers of cells are varying as per geometry dimensions and requirement for grid 

independent solution. Simulation is done on existing geometry of duct first by straight vanes and then geometry 
by adding curved vanes. 

Design data used 

Table 1 – Proximate and ultimate analysis of the coal 

Proximate Analysis (mass fraction, dry):  

Volatile matter 0.374 

Fixed carbon (char) 0.543 

Ash 0.083 

Ultimate Analysis (mass fraction, as received):  

Carbon 0.7369 

Hydrogen 0.0466 

Nitrogen 0.0133 

Sulphur 0.0086 

Oxygen 0.1116 

Lower Heating Value 29.64 MJ/kg 

         
Table 2 – Coal properties 

Coal properties:  

Raw combustible density (dry) 1560 kg/m3 

Raw combustible specific heat (dry) 1225 J/kg K 

Char density (dry) 1560 kg/m3 

Char specific heat (dry) 1225 J/kg K 

Ash density (dry) 1000 kg/m3 

Ash specific heat (dry) 800 kg/m3 

  

III. Numerical Simulation 
  In this work, a pure two-fluid model for reacting gas-particle flows is performed, using a 
comprehensive eulerian treatment for both gas phase and particle phase.  both velocity slip and temperature slip 

between coal particles and gas phase are calculated by solving the momentum equations and energy equations of 

gas phase and particle phase respectively.  in addition, a modified k--kp two-phase turbulence model, a second-
order moment turbulence-chemistry model for nox formation, a general model of pulverized coal 

devolatilization and a general model of char combustion were incorporated into the comprehensive model.  for 

volatile and co combustion as well as radiation heat transfer, the conventional ebu-arrhenius model and the six 

heat-flux model were used. 
 

A.  Geometry modelling  

 
Fig. 1 Geometry of burner used in furnace showing modelled axi-symmetric section 

 
Fig. 2 Inlet and burner quarl geometry (dimensions in mm) 
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The outer furnace wall is cooled by a series of cooling loops, modeled in CFX as a series of cylindrical grooves 

of equivalent surface area. The stabilization of the coal flame is achieved by means of a swirl burner. The burner 

quarl is an experimental aerodynamic design whose radius is described using a cubic equation in x, where x in 
this case is the axial distance from the beginning of the quarl  

 

CFX modelling details 
  CFX 13 is both finite-volume based general purpose CFD codes.  In CFX 13 the transport equations for 

mass and momentum are assembled and solved as a fully coupled system.  

 

Turbulence modelling 

The k-epsilon model was used in both codes for the gas phase turbulence 

  
Gas phase combustion 

Reaction of combusting species within the gas phase in CFX is handled within a multi-component fluid 
framework. A single Eulerian gas phase containing reactants and products from all gaseous reactions is used.   

The Eddy Dissipation model was used for the gas phase combustion modelling, which assumes that reactions 

are fast and that reaction rates are limited by a mixing time determined by the properties of the turbulent eddies, 

i.e. 

k
rate


  

This mixing time appears in the equations for reactants and products limiters,  
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where [I] is the molar concentration of species I, WI the species molecular weight and vK,I the stoichiometric 

coefficient of species I in elementary reaction K. The minimum of 

these limiters determines the rate of the reaction. The magnitude of the limiters is controlled by two model 

coefficients, A and B. The default value for A in CFX is 13.0 and this is appropriate for a wide range of 
combusting flows. However, for swirling, turbulent diffusion flames, Visser [20] recommends a value of 0.6. 

This value was therefore used for the CFX simulations. 

 

B  Meshing 

 
Figure 3 – Mesh resolution near inlet and burner quarl region 

 

The numerical grid was generated by creating a block-structured representation of the axi-symmetric geometry 
using CFX-4 Build. The swept angle used for the mesh was 5 degrees in in ANSYS MEshing. The resulting 3D 

mesh was one element thick and consisted entirely of hexahedral element types.  

The total number of nodes in the mesh was 104137 and the total number of elements was 51652. In CFX 11, the 

elements at the axis were degenerate hex elements (i.e. wedge elements). This number of nodes is large enough 

to ensure grid-independent solutions in the near-burner zone. 
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Boundary conditions 

 The coal analyzed was a typical high yield material. Coal particle sizes were assumed to obey a Rosin-

Rammler type distribution (Table 3) 
Table 3 – Coal particle sizes 

Particle properties  

Distribution type Rosin Rammler 

Mean particle size 45 microns 

Particle spread 1.36 

    

 The conditions used for the combustion air burner inlet are shown in Table 3. The modelled profile of 

tangential velocity is specified as a function of radius, and is based on calibrated probe data in the original 

experiments. 
 

Table.4 – Combustion air input conditions 

Combustion air inlet conditions  

Mass Flow Rate (dry) 2684 kg/hour 

Temperature 573 K 

Axial velocity 43.83 m/s 

Mean tangential velocity 49.42 m/s 

Tangential velocity profile 528.56 r m/s 

Turbulence Intensity 20% 

Turbulence length scale 47 mm 

 

The conditions used at the pulverized coal and transport air inlet are shown in Table 5 

 

Table 5 – Transport air and coal input conditions 

Coal gun input conditions  

Coal mass flow rate 263 kg/hour 

Air mass flow rate 421 kg/hour 

Temperature 343.15 K 

Mean axial velocity 23.02 m/s 

Turbulence intensity 10% 

Turbulence length scale 13 mm 

 

 The thermal boundary conditions applied to the walls of the furnace are detailed in Table 6. 

 

                                     Table 6 – Furnace wall thermal boundary conditions 

Boundary Temperature (K) Emissivity 

Inlet duct 343/573 0.6 

Coal gun front 800 0.6 

Burner quarl 1273 0.6 

Furnace front 1400 0.5 

Furnace cylinder 1400 0.5 

Cooling loops 1000 0.4 

Furnace back 1300 0.5 

Chimney 1300 0.5 

 

 The symmetrical boundaries in the azimuthal direction were given periodic flow conditions. This is 

required to model the effect of the swirl component. 

   
IV. Result And Discussion 

   The numerical model is based on the solution of transport equations for main chemical species (O2, 

CO2, CO, H2O and volatile species e.g. tars, enthalpy) the three gas momentum components and for the 

turbulent kinetic energy k and its dissipation rate e. Pressure is calculated from the continuity equation using the 

PISO algorithm. The source term due to the heat transferred by radiation is calculated using the discrete heat 

transfer model considering scattering and a suitable package to evaluate the radioactive properties of the gas-
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particle mixture. The calculation of the front wall fired boilers was extended compared to the previous projects 

by considering the upper section of the furnace where pendent super heater panels exist. 

 The coal particles are described by a stochastic Lagrangian procedure to integrate the equation of 
motion and the energy balance, together with the consideration of physical models. The coal evolution is 

described in sequence by drying, pyrolysis and char combustion. For volatile release a parallel reaction scheme 

is used. For char combustion a first order kinetic rate combined with a diffusion resistance is used, considering 

the  particle diameter constant. The kinetic rate for char combustion has been considered as a function of 

burnout according to k=4. k0 (1-BO)2 which is an approximate fit to data observed in drop tube furnaces. 

 Initially flow inside burner is carried out because complete boiler study is cobutationaly expensive and 

setting up and solving a coal combustion case with the Eddy Break Up (EBU) model. 

 

Steps 

 Set up and solve a coal combustion case. 

 Use the Eddy Break Up (EBU) model. 

 Solve the case using appropriate solver settings. 

 Postprocess the resulting data.  

 And results are presented. 

  

 

 

 

 
Fig. 1 Axial velocity distribution 
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Fig. 2 Radial velocity distribution 

 

 

 
Fig. 2 Tangential velocity distribution 
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Variation of gas temperature distribution (k)  

 

 

 
Fig. 3 Gas temperature distribution 

Variation of Oxygen mass fraction distribution 

 

 

 
Fig. 4 Oxygen mass fraction distribution 
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Variation of Carbon dioxide mass fraction distribution 

 

 

 
Fig. 5 Carbon dioxide mass fraction distribution 

Variation of Water mass fraction distribution  

 

 

 
Fig. 6 Water mass fraction distribution 
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Coal particle tracks coloured by particle temperature: Discrete Transfer 

 

 
Fig.7 Coal particle tracks coloured by particle temperature: Discrete Transfer 

 

  Coal particle tracks coloured by particle temperature: Discrete ordinate 

 
Fig.8 Coal particle tracks coloured by particle temperature: Discrete ordinate 

  

Coal particle tracks coloured by particle temperature: P1 

 
Fig. 9 Coal particle tracks coloured by particle temperature: P1 

 

V. Conclusion 
The main objective of the present study was to investigate how the results obtained with three radiative 

heat transfer methods, the P1 approximation method, Discrete transfer and the DO method, fit the temperature 

field in a boiler furnace on pulverized coal, with implemented OFA ports. Despite the evident discrepancies, in 

general, the both thermal radiation modeling approaches, with the DO, DT and the P-1 models, give fair 

representation of the experimental results. The obtained temperature profiles with P-1 model are somewhat 

lower than in the case when DO model is used. In that sense, the results obtained with the DO, DT model better 
fit the measurements. The main differences between the modeling and the measurement values appear in the 

burnout zone, near the air/fuel injections, and need further investigation for appropriate explanation. In general, 

they can be addressed to several reasons: peculiarities of the flow field in the near-burner region, including the 

particles-turbulence interaction; the utilized thermal radiation models; and the variability of coal properties that 

requires much characterization data for validation purposes of the boiler furnace processes. Finally, it must be 

noted that the computation with the DO and DT model is more time consuming. 
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