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A Study of Improving Fuel Droplet Movement
with Sonic Wave Radiation
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Division of Automotive Engineering, Ajou Motor College
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Abstract NOx (Nitrogen oxide) in the exhaust gas from vehicle engines is considered one of the most
harmful substances in air pollution problems. NOx is made when combustion occurs under high
temperature conditions and EGR (exhaust gas recirculation) is normally used to lower the combustion
temperature. As the EGR ratio increases, the NOx level becomes low, but a high EGR ratio makes the
combustion unstable and causes further air pollution problems, such as CO and unburned hydrocarbon
level increase. This study showed that fuel droplets could move more freely by the radiation of sonic
wave for the stable combustion. In addition, the engine performance improved with increasing EGR
ratio. As a basic study, the effect of sonic wave radiation on the velocity of fuel droplets was studied
using CFD software. The results showed that the velocity of small droplets increased more under high
frequency sonic wave conditions and the velocity of the large droplets increased at low frequency sonic
wave conditions. In addition, an engine analysis model was used to study the effects of the increased
combustion stability. These results showed that a 15% increase in EGR ratio in combustion resulted in

a 45% decrease in NOx and a 10% increase in thermal efficiency.
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Table 1. Test engine specification

Item Specification
82 * 93.5mm
10.1
BTDC 9° / ABDC 43°
BBDC 50° / ATDC 10°

15°

Bore * Stroke

Compression ratio

Intake valve timing

Exhaust valve timing

Valve overlap
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(a)
Fig. 1. Analysis model of sonic wave radiation (a)
Chamber model (b) Injection model

b

Table 2. Conditions of fuel droplet injection

[tem Data
Injection Velocity 15m/s
Injection angle 30deg
injection duration 5ms
Droplet size 10, 20, 30 micron
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Fig. 2. Engine performance analysis model
200 w
E 150
s
——Tes
B —e—Analysis
1000 2000 3000 4000 5000 6000 000
Engien Speed (rpm)
Fig. 3. Performance validation of engine model
AS o = = =
3.2 HY7|7tA Ii=2t HIE0| M2 Xl ds dlid

Hi7|7kA Bt HlEE 5%9F 15% 2704 &
Zggste] ArkE H|wot. Fig. 400412k 2ol #j7]7}
A A= vl&o] 5%A 15%2 S7HE war AALt
SFE(NOx)9 == tizk 2,750ppmollA 1500ppmo.
2 45% 7FF AAEA, Sa&(Thermal efficiency)
2 33%°04 36%=2 10% 7tg =AUt

4000 40
= ]
3500 N 35
— —

3000 30
- g
T 2500 e~ bLE
2 3000 ¢ P 20 =
F == s
Z 1500 » 15 E
&
£

1000 10

500

0
0%

10%

15%
EGR rate

Fig. 4. EGR effect on NOx & fuel economy
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Fig. 5. Analysis result of fuel injection (a) No sonic
effect result (b) Sonic effect result

WNOSoNic W SOnic

Frequency

100
50 I
. (| I
2 4 6 B8 10 15

0
Droplet Velocity (m/s)

Fig. 6. Histogram of fuel droplet velocity
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Fig. 7. Histogram of fuel droplet location
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