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Abstract. In this paper, the influence of different geometric and operation parameters on the 
flow field in the swirling coal combustion device were studied, like the tuyere positions, the air 
supply forms and the air velocity, for the particles velocity distribution in the D300 furnace. By 
comparing the distribution of particles in the four inlet modes of 0 °, 10 °, 16 ° and 22 °, the 
tangential velocity distribution of particles is more symmetrical along the radial direction under 
the condition of 0° air inlet. Tangential velocity is smaller, increase the residence time of 
pulverized coal in the swirling coal combustion device. The residence time of fuel particles 
also can be prolonged which is beneficial to increase the combustion efficiency of the swirling 
coal combustion device. And provide the basis for the selection of the swirling coal 
combustion device in hot experiment. 

1. Introduction 
The energy demand continues to increase of China, coal as primary energy production accounts for 
72.1% (2015), coal as a major fossil fuel and energy still play an extremely important role in China's 
economic development. However, the exploitation and utilization of coal has also brought many 
negative impacts on the national economy and people's lives, at the same time the country for 
environmental protection requirements more stringent [1, 2]. Swirling burner is one of the power-
generating devices where fuel combustion or gasification processes occur in a strong eddy flow of gas, 
with effective mixing and a relatively small combustion chamber in swirling burner. Swirling burner 
can be used for efficient combustion of coal [3], as well as hazardous waste combustion 
decomposition treatment, also can be used for metallurgical slag of high temperature restructuring [4]. 
The main drawback of the swirling burner is that the carbon content in fly ash is 10% ~ 15%, and the 
NOx emissions are above 1300 mg Nm-3 (at 6% O2 dry). Many researchers have studied the 
combustion characteristics and NOx emissions. Therefore, to achieve clean burning of coal in our 
country has a very important significance.  

Commonly used coal combustion technology has liquid slagging technology and solid slagging 
technology, in which solid slag technology with CFB (circulating fluidized bed technology), liquid 
slagging technology to liquid slagging boiler applications more. Liquid slagging boiler In foreign 
applications more, there are relatively more mature design and manufacturing experience, and less in 
the domestic application, the lack of relatively mature design calculation method [3-7]. The research 
direction of the liquid slagging furnace is mainly focused on the emission reduction of NOx and SO2 
and the improvement of coal combustion efficiency. However, the liquid slagging process causes the 
combustion reaction and heat transfer process in the furnace to be extremely complicated, and the high 
temperature molten particles are in the furnace driven by the surface is usually adsorbed on the surface 

http://creativecommons.org/licenses/by/3.0


2

1234567890

EEMS 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 94 (2017) 012021    doi   :10.1088/1755-1315/94/1/012021

of the slag film, the formation of near-wall combustion or adherent combustion, to the furnace 
simulation has brought great challenges [8-12]. 

In this paper, through change the structure of the furnace to form a new type of swirling coal 
combustion device. On the basis of PIV experiment, the internal flow field characteristics and the 
three-dimensional velocity distribution characteristics of different cross-section of the new swirling 
coal combustion device were studied respectively, which provided reference for the hot experiment of 
the swirling coal combustion device.  

2. Model descriptions 

2.1. The swirling coal combustion device geometry 
The geometry of the swirling coal combustion device used for experimental models in this study is 
presented in Fig.1a, for Z1 and Z2 measurement station were studied, and four different swirling coal 
combustion device geometries were studied (Fig.1b), where the angle of the inlet1 and inlet2 were 
0°,10°,16°and 22°, respectively. 

       
 
  
 

2.2. Experimental system  
The research is carried out in the self-designed equipment, the experimental device is shown in the Fig. 
1, H (Height of combustion chamber) = 1.5 m, D (Inner diameter of combustion chamber) = 0.3 m. 
Physical experiments were constructed using the structural parameters of table 1. Transparent 
plexiglass was used as wall materials. In order to reduce errors caused by laser scattering, a couple of 
orthogonal planes were processed in the outside of transparent model. Two measurement technologies 
were applied: CCD camera to record the trajectory of tracer particles and PIV measurement to obtain 
the detailed flow field over a vertical plane passing the swirling chamber center. Figure 2 shows the 
PIV measurement system, which consists of physical model system and a PIV system. Glass bead 

Figure 1b. The angle of the inlet1 and inlet2 Figure 1a. The schematic diagram of the 
chamber（unit：mm） 



3

1234567890

EEMS 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 94 (2017) 012021    doi   :10.1088/1755-1315/94/1/012021

(149um) was used as tracer particles of air particles in the experiment. The trace particles were 
transported from the primary air inlet to the combustion chamber with air. 

 
Figure 2. The PIV measurement system 

All the structural parameters used in the simulation are listed in table 1, and the operating condition 
parameters are shown in table 2. 

Table 1. The structural parameters of the swirling device 

Structural parameter Value 

Diameter of cyclone furnace/mm 300 

Size of the inlet1/mm 50×8 

Size of the inlet2/mm 50×10 

The angle of the inlet1 and inlet2 0°,10°,16°,22° 

 

Table 2. The operation condition parameters in this study 

Structural parameter Blast capacity of inlet1(m3/h) Blast capacity of inlet2(m3/h) 

Condition 1 14 96 
Condition 2 22 88 
Condition 3 22 96 

3. Results and discussion  

3.1. Velocity profiles  
The velocity profiles at different locations were recorded. Two locations were used 120, 240mm from 
the top of the device. These positions were selected to give a general description. The operation 
parameters for this section are condition1, condition2 and condition3. 
3.1.1. Z1=120mm of different working conditions. In the velocity field of the swirling coal combustion 
device, the tangential velocity dominate, which is an important factor influencing the distribution of 
the air flow field. The tangential velocity distribution of 0°,10°,16° and 22° air intake PIV measured 
values of different cross-sections in the swirling coal combustion device are shown in figure3 and 
figure4. 

Figure3 shows that the contrast of tangential velocities of different inlet angles with the same 
conditon in the Z1=120mm cross-section. 
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a. condition 1                               b. condition 2                                c. condition 3 
Figure 3. The tangential velocity distribution at the section Z1=120mm of different working 

conditions 
It can be seen that the tangential velocity is radially symmetric in the three conditions, Under the 

condition 1 and condition 2, the tangential velocity of the glass bead is symmetrical along the radial 
center (figure3a, 3b), The symmetrical center of the tangential velocity of the glass bead is shifted to 
the furnace wall under the condition 3 (figure3c).  

Under the three conditions, the maximum tangential velocity of particles is 10°of air intake. The 
minimum tangential velocity of particles is 0°of air intake, on the one hand due to 0° into the air 
conditions, the glass beads close to the furnace wall into the chamber, glass beads and the furnace wall 
there is a relatively large friction, resulting in the glass beads tangential velocity is greater Loss. The 
maximum tangential velocity of the glass bead is 10° under the condition of air inlet. On the one hand, 
because the friction loss between the glass bead and the furnace wall is small, on the other hand, the 
influence of the side tuyere is smaller.  
3.1.2. Z2=240mm of different working conditions. Figure4 shows that the contrast of tangential 
velocities of different inlet angles with the samecondition in the Z2=240mm cross-section. 

 
a. condition 1                                 b. condition 2                                 c. condition 3 

Figure 4. The tangential velocity distribution at the section Z2=240mm of different working 
conditions 

As shown in figure 4, the tangential velocity is still large under the 10° inlet condition, but the 
tangential velocity difference of particle is not obvious under different inlet angle conditions with 
figure3, the Z2 cross-section is closer to the secondary air inlet, the secondary tuyere has a greater 
effect on the tangential velocity of particles under the Z2 cross-section. 
3.1.3. Z1=120mm and Z2=240mm section of different air inlet angle 
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a. 0°                                                                           b. 10° 

 
c. 16°                                                                       d. 22° 

Figure 5. The tangential velocity distribution at the section Z1=120mm of different air inlet angle 
 

 
a. 0°                                                                         b. 10° 

.  
c. 16°                                                                         d. 22° 

Figure 6. The tangential velocity distribution at the section Z2=240mm of different air inlet angle 
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As can be seen from Figure 5 on the Z1 section, the tangential velocity of the glass bead is larger 
under the condition 1 and condition2, On the one hand is the second wind speed larger, a greater 
impact on the primary air speed. On the other hand, the primary air speed is larger, and the formation 
of strong recirculation in the furnace has a great influence on the tangential velocity of the glass beads. 
And the tangential velocity distributions are more uniform at 0° and 22° air inlet angle.  

As can be seen from figure 6 on the Z2 section, the tangential velocity of the glass beads shows the 
same trend, the tangential velocity of the glass bead is larger under the condition 2 and condition3, 
And the tangential velocity distributions are more uniform at 0°, 10°and 22° air inlet angle. 

It can be seen from figyre 5 and figure 6 that the tangential velocity of the glass beads in the Z1 and 
Z2 cross sections is the smallest, which is most favourable for increasing the residence time of the 
glass beads in the furnace, which is more favourable for efficient combustion of pulverized coal in the 
hot experiment.  

4. Conclusions 
The tangential velocity is radially symmetric in the three conditions, under the condition1, condition2 
and condition 3, the tangential velocity of the glass bead is symmetrical along the radial center, and 
the tangential velocity distributions are more uniform at 0°, 10° and 22° air inlet angle. The tangential 
velocity of the glass beads in the Z1 and Z2 cross sections is the smallest, which is most favourable for 
increasing the residence time of the glass beads in the furnace, which is more favourable for efficient 
combustion of pulverized coal in the hot experiment.  

References 
[1] Zarzycki R, Bis Z, Kobyłecki R, 2016. The concept of coal burning in a cyclone furnace. Procedia 

Engineering. 157 472-479.  
[2] Zarzycki R, Bis Z, 2016. Modeling of Coal Dust Gasification in a Cyclone Furnace under Oxy-fuel 

Combustion Conditions. Procedia Engineering. 157 480-487. 
[3] Gong C, He P W, Bo X, 2012. Gasification of biomass micron fuel with oxygen-enriched air: 

thermogravimetric analysis and gasification in a cyclone furnace. Energy 43(1) 329-333. 
[4] W B Dai, 2016. Study on steel slag hot modification process, equipment and preparation for glass-

ceramics manufacturing. University of Science and Technology Beijing.  
[5] J A Delgadillo, R K Rajamani, 2005. A comparative study of three turbulence-closure models for 

the hydrocyclone problem. International Journal of Mineral Processing. 77(4) 217-230. 
[6]S M Mousavian, A F Najafi, 2009. Influence of geometry on separation efficiency in a 

hydrocyclone. Archive of Applied Mechanics. 79(11) 1033-1050. 
[7] KR S K, 2012. Comparison of Reynolds Averaged Navier-Stokes Based Simulation and Large-

eddy Simulation for One Isothermal Swirling Flow. Journal of Thermal Science. 21(2) 154-161. 
[8]B Y Cui, D Z Wei, S L Gao, 2014. Numerical and experimental studies of flow field in 

hydrocyclone with air core. Transactions of Nonferrous Metals Society of China, 24(8) 2642–2649. 
[9]S Li, Z C Chen, X G Li, 2017. Effect of outer secondary-air vane angle on the flow and combustion 

characteristics and NOx formation of the swirl burner in a 300-MW low-volatile coal-fired boiler 
with deep air staging. Journal of the Energy Institute, 90 (2) 239-256. 

[10]F B Blakemore, C Davies, J G Isaac, 2001. Effects of changes in the UK energy-demand and 
environmental legislation on atmospheric pollution by oxides of nitrogen and black smoke. Applied 
Energy. 68 (1) 83-117. 

[11] S Li, T M Xu, S E Hui, 2009. NOx emission and thermal efficiency of a 300 MWe utility boiler 
retrofitted by air staging. Applied Energy. 86 (9) 1797-1803. 

[12] W D Fan, Y Li, Q H Guo, 2017. Coal-nitrogen release and NOx evolution in the oxidant-staged 
combustion of coal. Energy. 125 417-426. 


