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Computational Simulation of Combustion in Power Plant Boiler

According to Un-Even Combustion Air

Young Gun Go, Sangmin Choi and Young-zoo Kim

ABSTRACT

Oil-fired power plants usually use several burners and the combustion air is supplied
to each burner through the complicated duct which is called windbox. A windbox should
be designed to supply combustion air to each bumner evenly but, due to the complicated
duct shape, flow distribution in the windbox is unbalanced and uneven supplies of
combustion air to each burner are induced by these unbalanced flow distribution in the
windbox. These flow patterns tend to make flame unstable, increase the formation of
pollutants and lower the overall combustion efficiency. To prevent these disadvantages,
flow patterns in the windbox should be investigated for the uniform flow distribution. In
this study, computational simulation method was used to investigate the flow distribution
in the windbox and measured the velocities at the exit of burners in the real windbox
to compare with CFD results. The results show two significant flow patterns. One is
that the flow rates of each burner are different from each other and this means that all
burners operate in different conditions of air to fuel ratio. The other is that the flow
distribution at the exit of each burner is not axi-symmetric although the burner shape is
axi-symmetric and this increases the pollutant products like CO.

Key Words : Windbox, Power Plant, Flow Distribution, Combustion, CFD
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Fig. 1 Schematic diagram of fuel suply system in the oil-fired burner
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Fig. 4 Simulated boiler shape and grid
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(a) Figure of measurement probe
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(b) Schematic diagram of measurement probe
Fig. 5 Measurement of flow rate in power plant
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Table 1. Air flow rate of burners for Case 2

A B C
Front Burner ok Sax L)
kg/s kg/s kg/s
PP upper 11.35 13.42 11.35
lower 11.36 13.92 11.36
o upper 11.49 13.89 11.49
g
lower 10.73 13.65 10.73
A B C
Rear Burner _]c_|>_ Eék _%_ % -f-)r ;o}
kg/s kg/s kg/s
R upper 11.40 14.07 11.40
lower 11.11 13.35 11.11
. upper 10.94 13.68 10.94
s
lower 9.89 12.89 9.89
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Fig. 7 Velocity distribution in the
windbox(m/s)
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Table 2. Air flow rate deviation

9% A B C
AURY | AR % | WA % | VA %
Front | Upper -4.6 12.8 -46
% lower | -45 17.1 -45
Rear | upper -8.0 15.0 -8.0
% lower | -168 84 -168
. ) A B c
A4 - - -
HA % A& % Hx %
Front | upper 1251 -1.62
7% lower ~5.99 -49
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Fig. 8 Air flow shape at the exits of each
burner
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(b) Case 2
Fig. 10 Velocity and temperature distribution
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Table 3. Temperature and mass fraction
in the boiler

Height | Temperature(K) concerll\grzstfon(%)
tm) Case 1 | Case 2 | Case 1 | Case 2
53 1438 1455 0.017 0.037
95 1566 1569 0.025 0.034
144 1586 1613 0.026 0.029
20.9 1528 1532 0.015 0.018
26.9 1410 1422 0.013 0014
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