
 

 

  
Abstract—In the paper there are described the analysis of 

turbulent flow and the combustion process developed into a non-
turbionar jet burner of 35MW on coal. This research is fulfilled using 
the FLUENT programme and the results permit to correct the 
functional parameters of burner from the exploitation point of view. 
This work demonstrates that the proposed procedure is a powerful 
tool in the optimum design of a burner efficiency. 
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I. INTRODUCTION 

HE paper presents the numerical results of calculus 
fulfilled using the Finite Element Method concerning the 

distribution fields, the medium and maximum values of 
physical sizes involved in the burning process of dust coal 
into the non-turbionar jet burner of 35 MW. 
 In recent ten years the optimum design in order to increase 
the energetic efficiency of non-turbionar jet burner of 35MW 
on coal is becoming a main research direction [1]-[7]. 

The recommended constructive sizes of burner obtained 
through theoretical calculus and experimental correction, 
which in practice give the best results, were established as a 
consequence of collaboration between T.K.T.I. Company and 
the Boilers Factory from Taganorog (Russia). In Fig. 1 is 
shown the sketch of dust coal injector into the furnace with 
the constructive dimensions designed by these companies [8]. 

Into the furnace is injected a mixture of air and dust coal 
which velocity vAP and a secondary air with velocity vAS, 
which fulfilled a stable burning process with long flame, 
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considering the exclusive case of  work only coal.  
Table I presents the values of velocity and temperature of   

secondary air mixture [9].    
 
Table I. The values of velocity and temperature of   

secondary air mixture. 

The flow regime of mixture fuel into the furnace is 
designed to be a turbulent regime from initial conditions [9]. 

Fig. 1. The sketch of dust coal injector into the furnace with 
the main constructive dimensions. 

 
The internal recirculation of mixture is strong influenced by 

the central pipe and the external recirculation by the interior 
conical shape of burner (which have an angle by α = 7.5°, 
according with Fig. 1). The ignition device and the injector of 
black oil are placed into the central pipe of injector. In case of 
supplementary work with black oil in the burning process, 
through the central pipe is injected air with velocity vAN. 

II. THE ANALYSIS WITH THE F.E.M. 

 
Starting the examination of flow with axial symmetry for 

fuel mixture, the results of simulation are given on axial plane 
identical with the section indicated in Fig. 2.  

Researches concerning the turbulent flow and 
the parameters which characterize the dust 

particles of coal injected into furnace  
of 35 MW burner 
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The 3D model is designed with the Gambit 2.2.30 
programme and the Finite Element Analysis (F.E.A.) is made 
with Fluent 6.2.16 programme. 

Fig. 2. The axial plane through the 3D model. 
 
The imput sizes of simulation with the F.E.M. are: 
- the injection of coal is Qcoal  = 6.36 [kg/s]; 
- the fuel consists from the elements: 61 % char, 30 % 

volatiles and 9 % ash; 
- the temperature of inner wall of burning chamber is          

Tp = 1100 [°K]; 
- the total length of furnace is L = 10.5 [m]; 
- the products of burning process are send directly to 

atmosphere. 
From Fig. 3 to Fig. 9 are shown the distribution of fields for 

magnitude velocity (v), x velocity (vx), y velocity (vy), 
tangential velocity (vtan), turbulence intensity (IT), total 
temperature (Ttot) and radiation temperature (Trad) of the 
combustible mixture from the furnace of burning installation. 

Also there are shown the study of variation for v and Ttot on 
the interior surface of the burning chamber on the symmetry 
axis of furnace and on the output cross section. 

 

 
Fig. 3. The magnitude velocity.  
 
 
 
 
 
 
 

Fig. 4. The x velocity.  
 

Fig. 5. The y velocity.  
 

Fig. 6. The tangential velocity.  
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Fig. 7. The turbulence intensity.  

Fig. 8. The total temperature.  

Fig. 9. The radiation temperature. 
 
The results with F.E.M. concerning the medium and 

maximum values of temperature corresponding on the interior 
wall, output section and symmetry axis are given in 
Table II.  

Table II. The medium and maximum values of temperature 
corresponding on the interior wall, output section and 
symmetry axis 

 
Temperature of surface T [°K] 

Surface Medium Maximum 
Interior wall 761.6   [°K] 901.3   [°K] 
Symmetry axis 959      [°K] 1627.4 [°K] 
Output section 1311.3 [°K] 1652.6 [°K] 

 
The plots of variations for Ttot on the furnace symmetry axis 

are marked with continue line and on the interior wall of 
burner with discontinue line (Fig. 10); the graphics for the 
output section are given in Fig. 11. 

Fig. 10. The plots of variations for Ttot on the furnace 
symmetry axis and on the interior wall of burner. 

Fig.11. The plots of variations for Ttot in the output section. 
 
Because the pulverized particles of dust coal traveling with 

aid of the gas and devolatilize in time of combustion, it is 
interesting to present the evolution in time of some parameters 
which characterize the combustible of particle.  

The plots from Fig. 12 to Fig. 18 give on the 3D field 
trajectories of particles, the evolution of residence in time (tr),  
diameter (d), density (ρ), magnitude velocity (v), turbulence 
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intensity (IT), total temperature (Ttot) and radiation 
temperature (Trad). 

 

 
Fig. 12. The residence in time.  

 
Fig. 13. The diameter. 

 
Fig. 14. The density. 
 

 
Fig. 15. The magnitude velocity.  

 
Fig. 16. The turbulence intensity.  

Fig. 17. The total temperature.  
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Fig. 18. The radiation temperature. 
  
Also, the volume integral weight-average into 3D domain 

of flow of burner is given in Table III. 
 
Table III. The volume integral weight-average into 3D 

domain of flow of burner. 

 
 The average values and maximum values on the interior 
flow (3D domain) on the lateral wall and on the output section 
(3D surfaces) are given in Table IV and Table V. 

 
Table IV. The average values on the interior flow on the 

lateral wall and on the output section. 
 

 
 
 
 
 
Table V. The maximum values on the interior flow on the 

lateral wall and on the output section. 
 

 
The minimum and maximum values of residence time, 

diameter, density and mass of particles are given in Table VI. 
 
Table VI. The minimum and maximum values of residence 

time, diameter, density and mass of particles. 
 

 

III. CONCLUSIONS 

 
The analysis with the Finite Element Method confirms the 

turbulent character of flow into the furnace of burner. The 
internal and the external recirculation zones are viewed in 
proximity of the interior shape and of the symmetry axis (Fig. 
3 to Fig. 7). 

The high field of temperature gives the high stability of 
burning process. The premixture injected burns the volatiles 
of coal and then the stability of process is provided by the 
supply of heat of burnt gas cycling into the flame (Fig. 3, Fig. 
7 and Fig. 8). 

The following observations of physical size of burning 
process made references to: velocity, v for (Fig. 3 to Fig. 6); 
to turbulence intensity, IT, Fig. 7; and for temperature T to 
(Fig. 8 and Fig. 9); Table V and Table VI. 

The flame along the symmetry axis of furnace is divided in 
three zones: 

- the input zone Linput ≈ 31% L, with moderate gradients of 
increasing for T, v and IT; 

- the middle zone Lmiddle  ≈ 68% L, with hight gradients of 
variation for T and v and the  maximum value of sizes given 
in Table 2; 

- the optput zone Louput ≈ 11% L, where the burning process 
filling in totality the jet’s section, with moderate decreasing 
gradients of T, v and IT. 

Analyzing the parameters which characterize the evolution 
of coal particles, starting at Fig. 12 to Fig. 18, and Table VI 
we can conclude next: 

Physical sizes The volume integral weight-average 
v [m/s] 37.61 
vx [m/s] 37.57 
vy [m/s] 0.22 
v rad [m/s] 36.20 
v tan [m/s] 5.79 
IT [%] 303.71 
T tot [K] 963.12 
T rad [K] 1081.79 

physical sizes 
interior 

flow 
lateral 
wall 

output 
section 

 average values 
v [m/s] 37.65 0 54.63 
vx [m/s] 37.61 0 54.72 
vy [m/s] 0.22 0 0.462 
v tan [m/s] 2.49 0 3.30 
IT [%] 303.73 246.95 234 
T tot [K] 963.51 1099.83 1311.30 
T rad [K] 1081.92 1065.25 1325.41 

Physical sizes Interior flow Lateral wall 
Output 
section 

 Average values 
v [m/s] 37.65 0 54.63 
vx [m/s] 37.61 0 54.72 
vy [m/s] 0.22 0 0.462 
v tan [m/s] 2.49 0 3.30 
IT [%] 303.73 246.95 234 
T tot [K] 963.51 1099.83 1311.30 
T rad [K] 1081.92 1065.25 1325.41 

Physical sizes Interior flow Lateral wall 
Output 
section 

 Maximum values 
v [m/s] 60.12 0 60.12 
vx [m/s] 60.13 0 60.13 
vy [m/s] 6.12 0 0.0066 
v tan [m/s] 5.81 0 4.95 
IT [%] 1005.14 305.81 303.77 
Ttot [K] 1697.04 1100 1652.54 
T rad [K] 1401.02 1268.26 1401.02 

Physical size Minimum values Maximum values 
tr [s] 0 0.566 
d [m] 7·10-5 4·10-4 
ρ [kg/m3] 78.459 1300 
m [kg] 9.24·10-11 5.44·10-9 
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- the 3D shape of particles trajectory are complicated as 
consequence of turbulent flow; 

- on the input zone t r, φ, T and v have small values, Table 
VI; 

- on the middle zone arriving the particles with medium 
value of tr and φ. The sizes T and v are in continuous 
increasing; 

- on the output zone arriving we meet particles with large 
values of tr and φ. Also in this zone the v and T have large 
values. 

In conclusion the analysis with the F.E.M. is an efficient 
mode to investigate the character of flow process and the 
parameters attach to particle of coal to this volatilize, which 
give information about 3D fields and numerical values. 
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