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INFLUENCE OF OXYGEN CONCENTRATION IN INTAKE AIR
ON COMBUSTION CHARACTERISTICS FOR STANDARD TYPE
OF SMALL GASOLINE ENGINE

By
Tatsuya SHINKAI
Graduate student

Abstract

Experiments have been carried out to examine the influence of oxygen concentration in
intake air and fuel concentration on flame speed for small gasoline engine. The travel time of
flame front is measured using ionization probes located at different positions from the
ignition point of cylinder head.

Practical internal combustion engines are required to reduce the emissions for
improvement of the environmental problems. These engines are operated at high
temperature and pressure conditions. To achieve the low emissions and low fuel
consumption, the researches about combustion characteristics in such conditions are so
important. Therefore, many studies about combustion characteristics by large-sized,
medium-sized engines have been carried out for it. Where, the studies by the small-sized
engines (25-125cc), it is very important from viewpoint of spread of demand in the world.
Therefore, the research about small gasoline engines to achieve low emissions and low fuel
consumption must be done, but because of the restriction of combustion chamber, the
experimental studies by small gasoline engines are extremely difficult. In this study, it is used
ionization probes to measure the travel time of flame front in the small-sized engine.

Experimental set up consists of a small gasoline engine (Honda A-C50: single cylinder, 50cc,
4stroke). The oxygen concentration in intake air can be changeable from 17vol.% to 21vol.%
by connecting the portable air bag and fuel concentration is regulated by changing the
needle jet in a carburetor (#42, #52, #65 and #72). The travel time of flame front is
measured using ionization probe located at different positions from the ignition point of
cylinder head (probe 1 (length of flame propagation from ignition point: 6mm), probe 2
(10mm), probe 3 (12mm)). The flame speed was obtained from the electrical signal of
ionization probes by using oscilloscope. The flame speed is measured by a unit of 25times,
and the arithmetic average value was used as data.

The main results are as follows:

1) By using ionization probes, it is possible to determine the flame speed of small gasoline
engine with high accuracy.

2) The flame speed monotonically increases with increasing the engine rotation at any
oxygen concentration in intake air.

3) The effect of oxygen concentration on flame speed under high engine rotations seems to
get nullified for low oxygen concentration under high oxygen concentration.
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Table 1 Engine Specifications

Engine Type C50E 4-Stroke Cycle 1 Cylinder
Ignition System Spark Ignition
Cooling System Air Cooled
Bore x Stroke 39.0 x 41.4
Displacement 49cc
Valve System OHC
Compression Ratio 10.0
Normal Jet Number #72

Maximum Output

3.3kW / 7000rpm

Maximum Torque

5.1Nm / 4500rpm
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7o =298.15K  7[K]

T(K) 0)) N> H,O CO;

kJ/(kg*K) | kJ/(kg*K) | kJ/(kg*K) | kJ/(kg*K)

1000 | 1.011 1.092 2.056 1.081
1200 | 1.031 1.113 2.124 1.121
1400 | 1.048 1.132 2.191 1.153
1600 | 1.063 1.149 2.256 1.179
1800 | 1.075 1.164 2.317 1.202
2000 | 1.087 1.178 2.374 1.221
2200 | 1.097 1.189 2.427 1.237
2400 | 1.107 1.200 2.476 1.252
2600 | 1.116 1.209 2.520 1.264
2800 | 1.125 1.217 2.562 1.275
3000 | 1.134 1.225 2.600 1.285

CH4 1.3 7Bt

CH +1.3%2[0,+(0.790/0.210)N,]=C0,+2H,0+0.60,+(2.6x0.790/0.210)N,
Tee =2000K 1kg

[ka/kd]
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COz Hzo 02 N2

ka/kgcna | 2.74 2.246 1.197 | 17.084

G ka/kgcha 23.270
m kg/kg 0.1179 | 0.0965 | 0.0514 | 0.7342

Gi 298K
kl/kg K| 1.221 2.374 1.087 1.178
2000K
50 Gim k/kg K 1.294
1 2 Gw
Gy m 298K 2000K
Cpi m Cpi

Gm  1.294K1/ kg K)
H=50.01M1/kg=50.01x10%k]/kg
7ot 50.01x10° 23.27x1.294 + 298=1959K

2000K Tot 1959K
Tot 1964K Goi Tot 1964K
Tot 1964K
(C7H13) Tot
(C7H13) Tot

43.7MJ/kg
C;H13+10.25(0,+(0.79/0.21)N2)=7C0O,+6.5H,0+38.56N,
21vol.% 10

Tor  2448K
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1) ( ) (1989) p.29 p.33 p.214 p.219

2) 2 (B) p.59 p.562 pp2094 (1993)

3) 2 (B) p.62 p.603 pp3988 (1996)

4) 2 (1986) p.87 p.88, p.161 p.163
5) 2 (2002) p.17 p.61

6) p.45

7 p.47 p.48

8) 1 (1999) p.109 p.110

9) ( ) p.48 p.51

10) p.227

11) 2 (2002) p.259 p.276
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