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Numerical study on the effects of air staging on combustion in

the three air stage heavy oil fired combustion system

Sung-Soo Lee, Hyuck-

Ju Kim, Bvoung-sik Park, Jong-Jin Kim, Gyu-Sung Choi

ABSTRACT

Computations were performed to investigate the effects of air staging on combustion

in three stage heavy-oil

fired combustion burner. The burner was designed for 3 MW.

Different amounts of air are introduced into each 3 three stages by means of each

dampers.

The goal of the study is to understand combustion phenomena according to

each air stage mass ratios through CFI). Air flow rates at three inlets are adjusted by

dampers inside a burner. Here,
throughout all simulations.

injection conditions of liquid fuel are kept constant
This assumption is made in order to limit the complexity of

oil combustion though 1t may cause some disagreement. In case of cold flows, only
longitudinal velocities are considered, On the other hand, flow, temperature and NOx

generations are taken into account for

reactive flows. Simple parametric study was

conducted by setting 1'st air stage mass ratio as a parameter. And an optimal operation

condition was found.

The computational study is based on k-e model,

P-1 radiation

model{(WSGGM) and PDF, and is implemented on a commercial code, FLUENT,

Key Words @ Three stage burner, PDI,
Prompt NOx, Fuel NOx
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Table 1. Properties of fuel
3= Hs
H % 0.8204
¥4 5 (eSt) 1433
2184 (T) 75.2
B (wt %) 0.43
5 H0) -15.4
FHE AR (Wt%) 1.87
3 B (wt %) 0.011
A A E(wt) 0.01
F 2 (wi%) 0.05
ARE & 5%B R F/05% LRFO) <
AN EY Hae oF 03% st vk

Fig. 4 Computational domain
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3.1 Cold flow
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Fig. 5 Longitudinal Velocities along a
radius at 78mm from a nozzle tip with
different air staging
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Fig. 6 Longitudinal Velocities along a
radius at 123 mm from a nozzle tip
with different air staging
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3.2 Reactive flow
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Fig. 7 Longitudinal Velocities along a radius
at 123 mm from a nozzle tip with different
air staging during combustion
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Fig. 8 Temperature along a radius at 123
mm from a nozzle tip with different air
staging during combustion
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3.2.3 NOx generation

R(m)

160

NOx( ppm )

Fig. 3 NOx along a radius at 123 mm from
a nozzle tip with different air staging during
combustion
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3.2.4 NOx generation at exit with air
staging ratio
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Fig. 10 NOx at exit with varying air
staging ratio
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