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Abstract — In this study, analysis of burner flame for cement kiln is performed by using computational fluid dynam-
ics(CFD). Flame shape, temperature distribution and NO,JHCN formation are predicted to determine the performance of burn-
ers which P company designed. Type A burner has three concentric channels for swirl air, pulverized coal, and axial air in
radial order. Type B burner has a special flame stabilizer at the center and channel for pulverized coal is relocated between
flame stabilizer and swirl air. Velocity contours of both types show internal recirculation near burner tip, which stabilizes the
flame and assists early ignition. Due to strong swirling action, type A burner has a little divergent flame. On the contrary, the
flame of type B burner is relatively slim and long. Temperature distribution and NO, concentration profiles show NO, is inten-
sively formed at the oxidizing atmosphere in the high temperature core of type A burner flame. However, in the type B burner,
NO, is formed at the outer flame where secondary air is supplied and NO, formation in the high temperature core is reduced by
reducing atmosphere. The methodology and results suggested in this study could be successfully applied to not only design of
burners but also optimization of operational conditions.
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Fig. 1. Type A burner[7].
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Fig. 2. Type B burner{7].
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Fig. 3. Burner tip and kiln structure.

Table 1. Boundary condition and data for simulation

A type burner B type bumer
Secondary air 10.0 m/s(1,073K) 10.0 m/s(1,073K)
Axial air 80.0 m/s(326K) 79.3 m/s(326K)
Swirl air 89.4 m/s(326K) 71.4 m/s(326K)
Coal 20.0 m/s(343K) 25.9 m/s(343K)
Central air - 2.7 m/s(326K)
Swirl angle 60° 20°
Kiln radius 1.78 m 1.78 m
Tip index - axial 30, swirl 30

coal 40, central 10
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Fig. 6. Velocity contour near burner tip exit.
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R  :reaction rate

Sy»S¢: local sources per unit mass of volatiles and char products
t : time [s]

T : temperature {K]

U  :X-direction velocity [m/s]

W :molecular weight of the various species [g/mol}

X  :mole fraction of the various species [-]
Jgloja Xt

p  :fluid density [kg/m’}

i - molecular fluid viscosity [Pa * s]

py  : turbulent fluid viscosity [Pa - s]

{  :bulk viscosity {Pa - s]

A - thermal conductivity [W/(m - K)]

6,, Oy: equivalent Prandtl number [-]

Q, :nitrogen mass fraction in the coal particles [-]

g, :efficiency of conversion of N to HCN of the volatiles

gc :efficiency of conversion of N to HCN of the char products
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