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 A computational fluid dynamic (CFD) model of a 700MW wall tangentially-fired 

furnace of a coal fired power plant in Malaysia had been developed. The input data, 

such as coal feed rates, air flow rates and coal particle size are obtained from the plant 

data. This paper presents coal combustion performance in terms of temperature and 
species distribution in the furnace. ANSYS FLUENT 14.5 was used for the simulation. 

The mathematical model for continuous phase is based on Eulerian description and for 

the coal particles is based on stochastic Lagrangian description. A two dimensional 
combustor model is used in this study. For turbulence model, standard k-ε model was 

used to describe the gas solid flows in the coal combustion. Non-premixed combustion 

and discrete phase model (DPM) had been selected for the simulation of coal 
combustion.  As a result of analysis, the maximum temperature was observed at 2720 

K.  The species distribution of oxygen and carbon dioxide concentration are reasonable 

with other studies. Pulverized coal combustion occurs immediately after coal and air 
were mixed at high velocity and temperature. The high temperature was observed near 

the burner zone where devolatilization process occurs. Concentrations of oxygen and 

carbon dioxide have reverse correlation. The results presented in this paper can enhance 
the understanding of pulverized coal combustion. Besides that, it can be a baseline 

model to predict others parameters in the coal combustion process. Using this model, 

future study of pollutant emissions from coal combustion will be developed. 
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INTRODUCTION 

 

 Computational fluid dynamic (CFD) model is a tool that has been used in many industries including coal 

combustion. CFD provides more detailed about boiler equipment performance predictions that cannot be 

obtained from experiments, traditional performance predictions and field measurements (Dudek et al., 2008). 

Besides that, CFD can test many testing of many variable combustion parameters that are impossible through 

experiments (Macphee et al., 2009). There are some commercial CFD codes that comply with coal combustion.  

 Coal combustion involves three main stages in the combustion process. Devolatilization process is the first 

stage where the raw coal produces coal volatiles and char. This process is endothermic process that has managed 

the stability of the flame and affects the temperature and all major emissions. After that, it followed by 

combustion of coal volatiles and oxidation of residual char. Combustion of coal volatiles is homogenous 

reaction and the oxidation of char is heterogeneous reaction. In homogenous reaction, there are two step 

reactions where in the first stage, the volatile gases react with oxygen to produce carbon monoxide and water. 

Then, in second step reaction, the carbon monoxide oxidized with oxygen to form carbon dioxide. For 

heterogeneous reaction, the char oxidized with to produce product gases carbon monoxide and carbon dioxide 

and some studies include inert ash and unburned carbon as the product of heterogeneous reaction.   

 Coal has been widely used in power generation due to its availability and the low price compare of other 

fuels. There are four types of coal which are lignite, sub-bituminous coal, bituminous coal and anthracite. The 

high quality of coal is anthracite that has high heating value, lower sulfur, chlorine and moisture content. 

Anthracite is the more desirable fuel source compare to others. Lignite is the low rank coal. This is because it 
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has highest moisture content and lower heating value. Coal mainly consists of carbon, hydrogen, oxygen, 

nitrogen and sulfur. The elemental composition of each coal is different according to the type of coal.  

          

Methodology: 

 A two-dimensional geometry was created using Design Modeler- a FLUENT pre-processor. The 2D view 

of the furnace is shown in Fig. 1. The furnace has a width of 15.3 m and height of 48.5m. The qualities of the 

created mesh had checked to avoid error from occur. There are five inlet of pulverized coals into the furnace that 

comes from Mill A, B, C, D and E. Before blowing into the furnace, the coals were milled to obtain sizes less 

than 200 microns in diameter. Primary air was injected with the coal, while secondary air is supplied around the 

burner to provide adequate oxygen for combustion process. The combustion process was ignited by using diesel 

oil.  

 The mathematical model used in this modeling is based on the commercial CFD code, FLUENT for 

momentum, enthalpy and species mass fraction. The standard k- ε turbulence model was selected for turbulence 

viscous model. Single mixture fraction probability function (PDF) and P1 radiation model were used in the 

modeling. P1 radiation model was selected since the furnace created is larger than 1m.  

 

                                     
 

Fig. 1: Furnace geometry in 2-D model. 

 

 For coal combustion modeling, a discrete phase model (DPM) was used to solve the transport equations for 

the continuous phase. Coals particles that flow into gas phase will devolatilize and undergo char combustion 

where some of reactions were occur. In this study, the non-premixed combustion model was used for reaction 

chemistry. The following steps describe the method in coal combustion modeling using FLUENT.  

1) PDF mixture was used for species and materials count. A PDF table was created for getting information on 

thermo-chemistry and its interaction with turbulence.  

2) The values obtain from proximate and ultimate analyses of coals were inserted in non-premixed combustion 

model.  

3) A discrete phase model for coal injections into the continuous phase was defined.  

4) Boundary conditions and operating conditions were set up before starting the simulations 

 The specifications of the furnace are given in Table 1. The proximate and ultimate data for coal used in the 

modeling is given in Table 2. The composition of atom fraction carbon, hydrogen, nitrogen, oxygen and sulfur is 

obtained from ultimate analysis. Moisture, ash, fixed carbon and volatile matter for the coal is determined from 

proximate analysis.  

 
Table 1: Operating conditions of furnace. 

Case description Operating conditions 

Flow rate of total primary air (m3/s) and temperature (K) 19.95 and 343 K 

Flow rate of total secondary air (m3/s) and temperature (K) 89.57 and 573 K 

Total coal feed rate (kg/s) 68.7 
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Table 2: Proximate and ultimate data of coal. 

Proximate analysis 

Moisture 3.4 

Ash 15 

Volatile Matter 26.4 

Fixed Carbon 55.2 

Ultimate analysis 

Carbon 84.39 

Hydrogen 4.60 

Oxygen 8.29 

Sulfur 2.03 

Nitrogen 0.69 

 

 A finite volume method was chosen since most of fossil fuel combustion simulations applied this type of 

method. SIMPLE-based approach was used for pressure-velocity coupling scheme. The solution was simulated 

until convergence is achieved. If the convergence not achieve, it’s needed to change the solution parameters and 

solution method.   

 

RESULTS AND DISCUSSION 

 

 The computational models were solved using ANSYS FLUENT 14.5. Fig. 2 shows the contour plots of 

temperature of furnace. When the fuel and air enter the furnace, combustion was occurs due to high velocity and 

temperature (Kumar et al., 2012). After that, the temperature was increased rapidly until reach maximum 

temperature of 2720 K. The maximum temperature was observed near the burner of the furnace, where 

combustion process was starts to begin. Coal and air mixture had been rapidly heated up due to high temperature 

flame and devolatilization process occur immediately (N.M.Razali et al., 2009). The temperature increases with 

the increase of furnace elevations because of the mixing of more hot gases when flows upward. However, the 

temperature starts to drop after combustion region due to heat transfer.  

 

 
 

Fig. 2: Temperature distribution of coal combustion. 

 

 For species distribution from coal combustion, the contour plots of oxygen distribution and carbon dioxide 

distribution had been discussed. Fig. 3 and Fig. 4 show the contour plot of oxygen mass fraction and carbon 

dioxide mass fraction respectively.. Since devolatilization process occur immediately after coal-air mix, 

therefore all coal volatiles are formed near the burner zone. Oxygen concentration is high near the burner and 

rapidly decrease to around 3 % after complete combustion was achieved (Yin et al., 2002). Oxygen 

concentration are high at near burner due to the volatile species are more rapidly consumed. The distribution of 

carbon dioxide mass fraction is reverse of oxygen concentration. Carbon dioxide concentration zero at the 

burner where reactions is start to begin. Then, the concentration is rapidly increased after complete combustion 

of the fuel.  
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Fig. 3: Oxygen mass fraction. 

 

 
 

Fig. 4: Carbon dioxide mass fraction. 

 

Conclusion: 

 Computational Fluid Dynamics has been used as a tool for modeling pulverized coal combustion in 700 

MW coal fired power plant. The mixture fraction/PDF model was use to model combustion in the furnace. The 

combustion modeling showed the temperature and species distribution in the furnace. The average gas 

temperature near the burner is about 2720K. From the modeling, the oxygen and carbon dioxide distribution 

have successfully shown. The combustion modeling provides some promising results and can be a baseline for 

future modeling of pollutant emissions from coal combustion.  
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