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A Study of Improving Combustion Stability with Sonic Wave
Radiation
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Abstract NOx (nitrogen oxide) in the exhaust gas engines causes severe air pollution. NOx is produced
under high-temperature combustion conditions. EGR (exhaust gas recirculation) is normally used to
reduce the combustion temperature and NOx production. As the EGR ratio increases, the NOx level
becomes low. On the other hand, an excessively high EGR ratio makes the combustion unstable resulting
in other air pollution problems, such as unburned hydrocarbon and higher CO levels. In this study, the
improvement of fuel droplets moving by the radiation of sonic waves was studied for the stable
combustion using analytic and experimental methods. For the analytical study, the effects of the
radiation of a sonic wave on the fuel droplet velocity were studied using Fluent software. The results
showed that the small droplet velocity increased more under high-frequency sonic wave conditions, and
the large droplet velocity increased more under low-frequency sonic wave conditions. For the
experimental study, the combustion chamber was made to measure the combustion pressure under the
sonic wave effect. The measured pressure was used to calculate the heat release rate in the combustion
chamber. With the heat release rate data, the heat release rate increased during the initial combustion
process under low-frequency sonic wave conditions.
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Table 1. Conditions of fuel droplet injection

Item Data
Bore * Stroke 700 * 500 mm
mesh size 2% 2% 2 mm’
mesh No. 35,700
Turbulence model k-& model
Injection Velocity 15m/s
Injection angle 30deg
injection duration 5ms
Droplet size 20, 30, 40, 50 micron
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where,

0Qcn  heat relase rate,
Y specific heat ratio,
p pressure,

Vv volume

0Qn: heat transfer rate,

hin injected fuel enthalpy,

dmiy; injected fuel mass,
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Fig. 1. Schematic diagram of experimentla apparatue
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Fig. 4. Initial combustion pressure for equivalence
ratio 0.7 under various sonic frequency
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