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Under the current requirements of environmental protection, carbon peaking 

and carbon neutrality goals, the capacity of the new energy interconnection 

network is increasing day by day. The thermal power unit requires the 

ability of rapid load adjustment to meet the requirements of real-time power 

balance. However, when the unit is in a variable load condition, the 

denitrification system is inefficient or even inoperable. The nitrogen oxide 

emission is large, which makes it difficult to meet environmental protection 

requirements. In this study, a new method for predicting reductive products 

in the preheating process is proposed, introducing the gasification 

mechanism into the pulverized coal preheating process. The effects of air 

coefficient on combustion temperature, velocity, O2, CO2, CO, CH4, H2, 

volatile matter and NOx emission are investigated by numerical simulation. 

It is demonstrated that the gasification mechanism is applicable to predict 

the reduction products and NOx during preheating. Internal combustion 

burners can stabilize the precipitation of volatile matter, CH4, CO and H2. 

The burner outlet temperature and flow rate decrease with decreasing air 

coefficient. The local maximum concentration of volatile matter and CH4 are 

8.3 vol% and 2.54 vol% respectively. The CO concentration increases with 

decreasing air coefficient under the effect of CO2 gasification reaction. 

When the air coefficient is 0.33, the NOx concentration at the burner outlet 

is 2.8 mg/Nm3 (@ 6% O2). 

Key words: Thermal power unit; Pulverized coal preheating; Internal 

combustion burner; NOx emission; Numerical simulation 

1. Introduction 

At present, the concentration of nitrogen oxides in economizer inlet and the pressure of 

denitrification system are high under peak shaving of thermal power units, which could lead to the 

shutdown of thermal power units. The existing low nitrogen combustion technology combined with 

denitrification system cannot meet the demand of nitrogen oxides emission under variable load 

conditions. There is an urgent need for a breakthrough low nitrogen combustion technology to reduce 

the concentration of nitrogen oxides at the entrance of the denitrification system. 

In recent years, more and more attention has been paid to the pulverized coal preprocessing 

low nitrogen combustion technology [1-3]. The concrete realization of pulverized coal preprocessing 

technology [4-7] is to preheat the pulverized coal by a high-temperature thermal source before 

entering the combustion furnace. It makes the pulverized coal release volatile matter quickly and 

partially burn and gasify to produce a large amount of high temperature semi-coke. The mixture of 
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high temperature semi-coke and pyrolysis gas is reorganized to achieve low NOx emission. The 

preheating process of pulverized coal is shown in Figure 1. 

 

Fig. 1. The preheating process of pulverized coal. 

There are few studies on char gasification during pulverized coal preheating. Most of the 

simulations related to char combustion have considered only the char oxidation process and ignored 

the role of gasification [8-11]. This leads to the inability to accurately predict the reduction products. 

Recently, char gasification at high CO2 and H2O concentrations has gained attention. Hecht et al. [12] 

reported that char gasification could increase char conversion and decrease particle temperature. Kim 

et al. [13] found that gasification may lead to a decrease in particle temperature by 200 K, and a 

similar phenomenon was found by Shaddix and Niu [14]. Many current studies on gasification have 

focused on high pressure and high concentration gasification conditions [15-17]. The effect of char 

gasification during the preheating of pulverized coal is not well known. 

It is impractical to explore the formation law of pyrolysis products and nitrogen oxides only by 

experiment because of the high operating cost of the experimental equipment. Computational Fluid 

Dynamics (CFD) has been widely used in recent years as an important numerical simulation method 

for coal combustion to guide the design and improvement of actual combustion equipment [18-21]. In 

this study, the Eddy-Dissipation Concept (EDC) model assumes that the chemical reactions all occur 

in small eddy [22-25]. The reaction time is controlled by the combination of the small eddy survival 

time and the time required for the chemical reaction itself. The model is able to consider detailed 

gasification reaction mechanisms in turbulent reactions. 

The purpose of the study is to accurately predict the generation pattern of reduced products 

during the preheating of pulverized coal in order to explore the nitrogen reduction potential of 

preheating technology. Firstly, an internal combustion burner is designed to replace the conventional 

burner. The measured along-range temperature distribution is used to verify the numerical calculation 

result under the same boundary conditions. Secondly, the coupled gasification mechanism is used to 

simulate the pulverized coal preheating process. The calculated temperature is found to have 

essentially the same trend as the measured temperature by the platinum-rhodium type thermocouple. 

The generation of reduction products CH4, H2 and CO is successfully predicted. Finally, the effects of 

air coefficients on the temperature, velocity, O2, CO2, CO, CH4, H2, volatile matter concentration and 
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NOx emission in the combustor are investigated. This study provides a scientific basis for predicting 

the reduction products and nitrogen oxides during the preheating process. 

2. Burner structure and operating conditions 

2.1. Coal properties 

Proximate and ultimate analysis of the coal are shown in Table 1. Where, SC is the abbreviation 

of Shenhua bituminous coal; the subscript “ar” represents the coal as received; Mar is the moisture; Aar 

is the ash; Var is the volatile matter; FCar is the fixed carbon; Qar,net is net calorific value of the coal as 

received. 

Table 1．Proximate and ultimate analysis of the coal. 

 Proximate Analysis (%)  Ultimate Analysis (%) Qar,net/ 

(kJ·kg
-1

) Mar Aar Var FCar Car Har Oar Nar Sar 

SC 14.50 7.37 28.67 49.46  65.10 3.25 8.08 0.66 0.71 23790 

2.2. Burner structure and grid 

The internal combustion burner adopts a step-by-step amplified ignition structure consisting of a 

plasma generator, jacket and five-stage internal sleeve [26]. Primary air powder flows out of the 

burner inlet and a gap between the inner casing layers flows into the inner casing for preheating. The 

diameter of the burner inlet is 0.59 m, the tail variable square side length is 0.78 m, and the total length 

is 3.945 m. The wall of the tube is arranged in sequence with five temperature measuring points. The 

physical and structural diagrams are shown in Fig. 2(a) and Fig. 2(b). The internal combustion burners 

replace the original tangential burners. Plasma generator diameter is 0.1 m. The hot plasma enters the 

primary inner sleeve and immediately ignites the pulverized coal that is carried by the primary air. The 

heat is sent to the next stage sleeve in turn. Primary air carries most of the pulverized coal from the 

jacket to the burner. During the flow of pulverized coal, it enters the interior of the burner through the 

gaps between the internal sleeves and is heated in turn by the heat transferred from the upper sleeve. 

The graded ignition structure not only forms a stable atmosphere of reduced gas, but also preheats 

pulverized coal particles evenly. Previous studies have shown that pulverized coal preheating 

combustion has great potential for reduction of nitrogen emission in the furnace. It is a technology that 

is expected to meet stringent emission targets through pulverized coal combustion alone. 

The number of burner grids is 1050924 cells, all composed of hexahedral structured grids. The 

burner grid structure is shown in Fig. 2(c). The effect of the combustion reaction on the flow field can 

be better described by grid refinement of the intermediate combustion area. 
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Fig. 2. Physical diagram (a), structural diagram (b) and cross-sectional grid diagram (c) of 

an internal combustion burner. 

2.3. Operating conditions 

This study aims to provide experience for the internal combustion burner retrofit of a 600 MW 

tangentially fired boiler. A total of 6 cases are simulated as shown in Table 2 with Shenhua bituminous 

coal (SC) as the practical coal type for the unit. Case 6 is a full load state and case6 is an experimental 

verification case. Based on the rated working conditions of the power plant burner, the numerical 

boundary conditions are determined to keep the primary wind speed constant at 22.6 m/s. The plasma 

is replaced with 3000 K hot air. 

Table 2．Numerical simulation case setup. 

 Load (t/h) Air coefficient 

Case1 5 0.6 

Case2 6 0.5 

Case3 7 0.43 

Case4 8 0.37 

Case5 9 0.33 

Case6 10 0.29 

3. Numerical simulation 

3.1. Overall model 

Numerical simulation is a three-dimensional gas-solid two-phase flow based on the Euler-

Lagrange formulation and performs using commercial code fluent 2020. An Euler framework is used 

to solve the gas phase conservation equation. The Lagrange framework is used to solve the solid phase 

equation. An implicit linearized solver based on finite volume pressure is used to couple two 

interacting source terms. A SIMPLE algorithm is used for pressure-velocity coupling. The spatial 

derivatives of diffusion terms are discrete by central differential scheme and the stiff nonlinear terms 

are discretized by second order scheme. 

Turbulence model is established by the Realizable k-ε model. The stochastic tracking approach 

is used to describe the motion of discrete coal particles under Lagrange framework. The aerodynamic 

resistance on dispersed particles is calculated by instantaneous gas velocity. The combustion of coal is 

simulated as a continuous process of water evaporation, volatilization, char reaction and gas phase 

combustion. The trajectories of the discrete phase particles are predicted by integrating the forces 
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exerted on the particles without considering the interactions between the particle populations. The 

interactions between the discrete phase and the continuous phase through mass, momentum, energy 

and source phase are considered. In the simulation, the continuous phase equation and the discrete 

phase equation are solved alternately until the solutions of both phases converge [18-20]. The coal 

particle size is assumed to be consistent with the Rosin-Rammler distribution and divided into 10 

discrete sizes with particle diameters 5.8-230 μm. The average particle diameter is 59 μm and the size 

distribution parameter 1.0 [27, 28]. The particle dispersion due to turbulence in the fluid phase is 

predicted by a stochastic tracking model. During pulverized coal combustion, radiation is the main 

energy transfer path in the combustor, transferring more than 90% of the total heat. The discrete 

ordinate method (DOM) is used to model the radiation heat transfer. The radiation transfer equation 

(RTE) is discretized and solved in the polar and azimuthal directions with an angle of 2 divisions and 

4 pixels. The gas absorption coefficient is chosen for the wsggm-domain-based model (WSGGM) [29]. 

3.2. Coal devolatilization model 

Two-competing model is chosen to describe the pulverized coal devolatilization process. The 

model can be expressed as follows: 

 
   v

1 1 2 2 1 2
0 0

w,0 p,0 a

( )
exp d d

1

t tm t
R R R R t t

f m m
      

       (1) 

Where R1 and R2 are the competing kinetic rates for controlled devolatilization in different 

temperature ranges; mv (t) is the volatile yield at time t, kg; mp,0 is the initial particle mass, kg; α1 and 

α2 are 0.3 and 1.0, respectively; ma is the ash content in the particle, kg; and fw,0 is the initial moisture 

content of the particle. 

The two kinetic rates are expressed in the form of Arrhenius as: 

1 2
1 1 2 2

p p

exp ; exp
E E

R A R A
RT RT

   
         

   
 (2) 

Where A1, A2 and E1, E2 are pre-exponential factor and activation energy, s
-1

 and J·mol
-1

; the 

temperature control ranges for R1 and R2 are 1000-1700 K and 1700-2100K respectively [30] ; TP is 

the pulverized coal particle temperature, K; R is the molar gas constant, J·mol
-1

·K
-1

. 

In this study, assuming char is composed of pure carbon and ash, the volatile matter is 

represented by a single pseudo-substance, CaHbOcSdNe, in which a, b, c, d and e are obtained by mass 

balancing each volatile matter element [31, 32]. 

3.3. Char surface reaction model 

Pulverized coal is heated to remove volatile matter in burner. Because of low air coefficient, 

oxygen consumption is fast and complete and gas phase pressure such as carbon dioxide increases. 

Considering that the residual carbon surface will continue to react with gas products (CO2, H2 and 

water vapor) in gas-solid reaction, the multiple surface reactions model is selected to describe char 

reaction process. The multiple surface reactions model is suitable not only for the oxidation reaction of 

char, but also for the gasification reaction of char. 

Char oxidation reaction: 

C(s) + 1/2O2 → CO (R1) 

C(s) + O2  → CO2 (R2) 



6 

 

Char Gasification by Water: 

C(s) + H2O → CO + H2 (R3) 

Char Gasification by CO2: 

C(s) + CO2 → 2CO (R4) 

Char Gasification by H2: 

C(s) + 2H2  → CH4 (R5) 

The char reaction rate is expressed as: 

j,r p r j j,rR A Y R
 

(3) 

rN

j,r

j,r kin,r n

0,r

R
R R p

D

 
   

 

 (4) 

R j,r is the rate of particle surface substance consumption, kg/s; Ap is the particle surface area, 

m
2
; Yj is the mass fraction of substance j in the particle; ηr is the effectiveness factor related to the 

surface area of the char. In the process of char consumption, the particle diameter is assumed to 

remain constant while the density decreases. Rj,r is the reaction rate of the particle surface substance 

per unit area, kg·m
-2

·s
-1

; Pn is the partial pressure of the gas phase substance, Pa; D0,r is the reaction r 

diffusion rate coefficient; Rkin,r is the reaction r kinetic rate; Nr is the apparent order of the reaction r. 

The reaction r diffusion rate coefficients are： 
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C1,r is the reaction gas concentration of reaction r, kg/m
3
; Tp is the particle temperature, K; T∞ is 

the surrounding gas temperature, K; dp is the particle diameter, m. 

The kinetic rate of the reaction r is: 

 r pr
/

kin,r r p

E RT
R AT e

 


 
(6) 

When the apparent order of the reaction Nr = 1, the rate of consumption of surface material of 

the particles is given by the following equation: 

kin,r 0,r
j,r p r j n

0,r kin,r

R D
R A Y p

D R



 

(7) 

When the apparent order of the reaction Nr=0, the rate of surface material consumption of the 

particles is: 

j,r p r j kin,rR A Y R
 

(8) 

3.4. Gas-phase reaction model 

Despite the great efforts of many researchers, there is no clear, convincing and universally 

accepted method to define volatiles due to the difficulty of accurately simulating the actual 

combustion environment and measuring the types of volatiles. In this study, coal volatiles are 

considered as virtual substances CaHbOcSdNe. According to the proposal [33], CH4, CO and H2 are 

considered as the main effective gasses produced by volatile matter pyrolysis. The molar ratio of CH4 

to CO produced by volatile matter pyrolysis is assumed to be 1.59. The equation of volatile matter 

pyrolysis according to elemental conservation is: 
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CaHbOcSdNe + (2d+0.39a-c)/2O2  → 0.61aCH4 

+ 0.39aCO + (b/2-1.22a)H2  + dSO2  + e/2N2 
(R6) 

Other homogeneous reactions include water-gas shift reactions: 

CO + H2O → CO2 + H2 (R7) 

CO2  + H2 → CO + H2O (R8) 

CH4 reforming reaction: 

CH4  + H2O → CO + 3H2 (R9) 

Gas phase products combustion reaction: 

CO + 1/2O2 → CO2 (R10) 

CH4  + 2O2 → CO2 + 2H2O (R11) 

H2 + 1/2O2 → H2O (R12) 

The kinetic parameters of the above chemical reactions are shown in Table 3. 

Table 3 .Kinetic parameters for chemical reactions. 

Reaction Ar (kg·s
-1

·m
-2

·atm
-1

) Er (J·kmol
-1

·K
-1

) Reference 

R1 87100 1.494 e+08 [34, 35] 

R2 87100 1.494 e+08 [34, 35] 

R3 41800 1.751 e+08 [34] 

R4 2470 1.751 e+08 [36] 

R5 1.2 1.49 e+08 [36] 

R6 10
30

 100 [32] 

R7 2.34 e+10 2.883 e+08 [37] 

R8 2.2 e+07 1. 9 e+08 [37] 

R9 8 e+07 2.51 e+08 [36] 

R10 2.24 e+12 1.67 e+08 [34] 

R11 2.12 e+11 2.05 e+08 [34] 

R12 9.87 e+08 3.1 e+07 [34] 

3.5. NOx generation and reduction model 

The NOx emitted into the atmosphere from pulverized coal at atmospheric pressure consists 

mainly of NO (more than 90%), which originates from airborne N2 and fuel N (thermal NO and fuel 

NO) [38, 39]. The formation of thermal NO is based on the extended Zeldovich mechanism. Fuel 

nitrogen is specified as volatile nitrogen and char nitrogen after the completion of devolatilization. 

Assuming that fuel NO from volatile nitrogen is formed through the transient evolution of hydrogen 

cyanide (HCN). The small evolution of ammonia (NH3) is ignored. Fuel NO is based on De Soete’s 

proposed global reaction mechanism. For the heterogeneous reduction of NO by char, the model 

derived by Levy is used to describe the reaction rate of NO reduction. 

Considering the property that CH4, CO and H2 can reduce NO in homogeneous phase [35, 40, 

41], the reburning model is used to describe the NO reduction process. The reduction efficiency is 

related to the local equivalence ratio, temperature, component concentration and mixing rate. In the 

temperature interval of 1600-2100 K, NO reacts with unburned hydrocarbons, leading to the decrease 

of NO concentration.  
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The NO mass concentration is: 

 
 2

(NO) 21 6
NO 2.05

0.95 21 O
x







  


  (9)

 

Where ρ(NOx) is the mass concentration of NOx in dry flue gas with 6% oxygen at standard 

conditions, mg/m
3
; φ(NO) is the volume fraction of NO in dry flue gas, 10

-6
; φ(O2) is the volume 

fraction of oxygen in dry flue gas. 

4. Results and Discussion 

4.1. Mesh independent validation and CFD result validation 

The 725680, 1050924 and 1290756 hexahedra cells are used for grid independent validation. 

The O2 and temperature distributions along the centerline of the burner are taken in each set of grids, 

as shown in Fig. 3(a) and Fig. 3(b). The calculation results with 725680 cells deviate significantly 

from those of the other two sets of grids, while the calculation results for cells 1050924 and 1290756 

are similar. Considering the calculation cost and accuracy, the mesh with 1050924 cells is used for all 

subsequent calculations. 

 

Fig. 3. Temperature distribution (a) and O2 distribution (b) along the burner centerline. 

 

Fig. 4. Experimental and simulated temperature validation. 
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A full-scale thermal experiment of the internal combustion burner is conducted on a 660 MW 

unit with a load of 10 t/h. The experimental operating conditions are basically the same as the set 

boundary conditions. Six platinum-rhodium thermocouples are used to measure the temperature 

distribution along the burner. The simulation results of the measured point temperatures are compared 

with the thermocouple measurement results as shown in Fig. 4. The maximum deviation between the 

experimentally measured temperature and the numerically calculated result is 64 K with an error range 

of ±8.5%, which satisfies the industrial requirements. Therefore, it can be considered that the model 

selected in this study can predict the actual combustion situation in burner accurately. 

4.2. Temperature and velocity distribution 

Preheating temperature is an important parameter to evaluate the preheating degree of 

pulverized coal. In this study, a plasma torch is used as the initial heat source to ignite the pulverized 

coal. The preheating temperature is adjusted by controlling the air coefficient. Fig. 5(a) shows the 

temperature distribution contours of the burner cross-section. The high temperature region shrinks 

gradually as the air coefficient decreases. In Fig. 6, the average temperature of the outlet decreases 

with the decrease of air coefficient. When the air coefficient is reduced to 0.29, the average 

temperature of the outlet is 826 K. Zhu [5] found that there is an optimal value of the effect of 

preheating temperature on the nitrogen reduction effect by preheating pulverized coal in circulating 

fluidized bed. This phenomenon will be discussed in 4.4. 

 

Fig. 5. Temperature distribution (a) and velocity distribution (b) of the burner at different 

loads. 

The burner flow field distribution will directly determine the boiler operation condition, which 

is an important index to evaluate the burner performance. The accurate simulation of the flow field 

distribution is the basis for reasonable prediction of the component distribution. The design structure 

has an important influence on the flow field distribution. Fig. 5(b) shows the contours of the velocity 

distribution of the burner. The average flow rate of the outlet decreases continuously as the air 

coefficient decreases combined with Fig. 6. The trend of the average flow rate of the outlet and the 

trend of the average temperature of the outlet are basically the same. This is because as the air 

coefficient decreases, the combustion becomes insufficient resulting in lower temperature and the 

molecular heat absorption of the gas mixture decreases resulting in lower flow rate. 
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Fig. 6. Average temperature and average flow rate of the burner outlet. 

 

Fig. 7. O2 (a), volatile matter (b), CO2 (c), CO (d), CH4 (e) and H2 (f) distribution of the 

burner at different loads. 
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4.3. Gas phase component distribution 

The actual operating experience of power plants shows that pulverized coal will precipitate 

reducing gas by heating and form a local reduction zone under low air coefficient conditions. It can 

effectively reduce NOx and lower NOx emission, such as air stage technology. Coal preheating 

technology can be regarded as further air stage. In this technology, accurate prediction of reducing gas 

concentration is a prerequisite for NOx prediction. The gas phase distribution is shown in Fig. 7. It can 

be found that O2 is rapidly consumed at the burner inlet, after O2 is replenished step by step. This 

structure can continuously provide sufficient heat for pulverized coal preheating and make the volatile 

matter precipitate rapidly. As can be seen from the change of O2 volume fraction of the burner outlet 

in Table 4, while the air coefficient keeps decreasing, combustion becomes insufficient and the 

volume fraction of O2 at the burner outlet increases. Combined with Fig. 7(b) and Table 4, there is 

obviously volatile matter precipitated and the maximum local concentration reaches 8.3 vol%. 

Table 4 .Gas volume fraction of the burner outlet at different loads (%). 

 O2 Volatile 

matter 

CO2 CO CH4 H2 

Case1 7.81 2.17 7.09 8.04 0.87 4.54 

Case2 9.79 2.66 4.70 8.69 0.63 2. 33 

Case3 11.92 2.64 2.44 8.95 0.5 1.68 

Case4 12.77 2.66 1.5 9.11 0.51 0.96 

Case5 13.22 2.69 0.94 9.28 0.55 0.81 

Case6 13.49 2.72 0.58 9.4 0.61 0.74 

From Fig. 7(c) and Fig. 7(d), there is an obvious decreasing trend of CO2 volume fraction along 

the burner. While the change trend of CO is exactly the opposite. The volume fraction of CO along the 

burner becomes obviously larger, probably because CO2 gasification reaction (R4) and water 

gasification reaction (R8) dominate CO2 consumption to generate CO. The lower the air coefficient, 

the more obvious such phenomenon is. It can be seen from Table 4 that when the air coefficient in 

burner is 0.29, the volume fraction of CO2 at the burner outlet is only 0.58% and the volume fraction 

of CO is as high as 9.4%. 

The contours of CH4 distribution in burner are shown in Fig. 7(e). CH4 can be stably generated 

in burner with a local maximum concentration up to 2.54 vol%. Peter et al. [42] considers CH4 as an 

efficient reducing agent. The CH4 volume fraction decreases along the burner. It is possible that the 

CH4 reforming reaction (R9) consumes part of CH4. In case3 the minimum value of CH4 volume 

fraction of the burner outlet appears to be 0.5%. When the air coefficient is lower than 0.43, the CH4 

content increases due to the gasification reaction between char and H2 (R5), which becomes the main 

influencing factor of CH4 concentration change. When the air coefficient is higher than 0.43, the 

increase of O2 makes the combustion become violent. More volatile matter is analyzed and the volatile 

matter pyrolysis reaction (R6) leads to the increase of CH4 volume fraction. Fig. 7(f) shows the 

contours of H2 distribution in burner. The volume fraction of H2 decreases along the burner. The 

gasification reaction between char and H2 (R5) and water gas reforming reaction (R8) are the main 

reasons for the consumption of H2, while CO and CH4 are produced. As the air coefficient decreases 
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leading to the lower preheating temperature, the volatile matter pyrolysis reaction (R6) is less active 

and the H2 volume fraction of the burner decreases according to Arrhenius. 

4.4. NOx distribution and char conversion analysis 

The NO distribution contours of the burner outlet are shown in Fig. 8. The pulverized coal 

preheating technology has obvious nitrogen reduction effect. Under the reduction of CH4, CO and H2, 

the concentration of NO at the burner outlet is maintained low. The locations of NO generation are 

mainly concentrated in the circular region Ⅰ and in the annular region Ⅱ. The NO in region Ⅰ 

decreases gradually with the decrease of air coefficient. It may be the thermal NO reduction due to the 

lower flame temperature. Region II is at the intersection of reducing and oxidizing atmospheres. The 

fuel nitrogen is oxidized in the annular region to form fuel NO. 

 

Fig. 8. NO distribution of the burner outlet at different loads. 

 

Fig. 9. NO concentration and char conversion rate of the burner outlet at different loads. 

When the air coefficient in burner is 0.33 and the char conversion rate is 25.58%, the 

concentration of NO at the burner outlet is only 2.8 mg/Nm
3
 from Fig. 9. When the air coefficient 

inside the burner is higher than 0.33, the temperature inside the burner increases with more char 

oxidation and combustion, which may lead to collapse of char pore structure [5]. This reduces the 

specific surface area of the coke and leads to lower reducibility. When the air coefficient inside the 

burner is lower than 0.33, the NO concentration rises to 18.48 mg/Nm
3
 at the burner outlet. The 

reduction efficiency decreases. The reduction effect is influenced by the ambient temperature. As the 
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air coefficient decreases, the burner outlet temperature decreases and the NO reduction reaction 

activity decreases. 

5. Conclusion 

In this study, the effects of air coefficient on temperature field, velocity field, gas component 

distribution and nitrogen oxides emission of the preheating process are studied experimentally and 

simulated. The main findings are summarized below: 

（1） Numerical simulation coupled with pulverized coal gasification mechanism can 

successfully predict the reduction products and nitrogen oxides during preheating process; 

（2） With the increase of load, the average temperature and velocity of the burner outlet 

decreases. At an air coefficient of 0.29, the average temperature and average flow velocity 

of the burner outlet are 826 K and 47.02 m/s, respectively; 

（3） Under the condition of low air coefficient, the burner can produce CH4, CO, H2 stably. 

With the decrease of air coefficient, the effect of CO2 gasification reaction is obvious. The 

volume fraction of CO at the burner outlet is up to 9.4%. The maximum local concentration 

of CH4 is 2.54 vol% and the volume fraction of H2 decreases with the decrease of air 

coefficient; 

（4） The nitrogen reduction effect of internal combustion burner is remarkable under the 

condition of low air coefficient. The concentration of NO at the outlet of the combustion 

burner is maintained low. When the air coefficient is 0.33, the average temperature of the 

burner outlet is 866 K and the char conversion rate is 25.58%. The burner has the best 

preheating effect with NO concentration of 2.8 mg/Nm
3
 (@ 6% O2) at outlet. 
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