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A Study on Mixture Composition and Combustion
Characteristics in Gasoline Engine
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(Abstract)

Recently the automobile engine has been developed in achieving the high
performance, fuel economy, and emission reduction.

In a conventional spark ignition engine the fuel and air are mixed together in the
intake system, inducted through the intake valve into the cylinder, and then
compressed. Under normal operating conditions, the combustion is initiated towards
the end of the compression stroke at the spark plug by an electric discharge.
Following inflammation, a flame develops and propagates through this premixed
fuel-air mixture. Therefore the state of mixture is very important in the combustion
and emission characteristics. In this study the combustion and emission characteristics
were tested and analyzed with changing the mixture composition and engine
operating parameters in order to improve the combustion and performance in engine.

Keywords - park ignition(Sl), Oxygen volumetric fraction, Premixed, lgnition
delay(ID) Combustion duration(CD), Rate of heat release, Mass burned
fraction, Minimum spark advance for best torqgue(MBT)
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Table 2. Specification of the oxygen indicator

A/D Converter ; [tem Specification
Fuel Tank |
P 01 ndicator e ] XPO-318
E Mol tmjectar P P L Model (portable oxygen
spaccring 1AL 1AL LoasDisiay | indicator)
Bomb BT e e | | DM L "
- S e PDgztgz(l:t1o n Galvanic cell
ECU \T\\%Ué),—/lixhaus[hlamhld | rlnClp e
[ : : 0725 % O
Leamon Monitoring | (included 0, 21 %
ange adjustment knob)
AFM - AirFlow Meter ENC : Encoder Accuracy iOS % of Oz
cA Combustion Analyzer FCM Fuel Consumption Meter M'dX ZO SeCOI’ldS 'EO 90
DM Dynamometer PR Printer 0, .
EG : Eagine PT Pressure Transducer Response % (With 1mtl%ng
EGA Exhaust Gas Analyzer THV Throttle Valve samp Ing u e
connected)
Fig. 2 Schematic diagram of the experimental apparatus. Temperature 0C to 40T
Range
4x UM-3(AA-size) dry
Power cell batteries
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Table 3. Engine operating condition

2 A °F 5 9 9% AT 7AE

Engine oprating Engine operating sl oF 5 9% 9F 12 % A& 7HAs

condition variation a3l gk 3,000 rpm oA Z7tAlof| 18 %, 27
Zae) T+ L

Fngine speed (pm) | 800Gdle), 1500, 2500, 3000 | % 8= SO, A= oF 13 %ok 31 %

A 23 gtejo] vk, olAe ARAHul

O, volumetric fraction, 19, 20, 21, 22, 24

e =oste] ke QAadEr MepT we o 9
Load condition Idling, Full Load St AAE Sl=g 7|l HAHEC ESE AF

Spark timing MBT AR F7F Db A3ASTE EaE =4 U

Efsith TlEja A-T of SEgioRsE ALkt
HHASEP/dO)E ¥ HFS e,
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3000rpm
Full load
MBT

£ =24%
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40 - £=21%
£ =20%
£=19%

w
o

Cylinder pressure, P (kg/cmz)
N
(=)

10

-20 0 20 40 60 80

Crank angle, 6 (deg.)

Fig. 4 Cylinder pressure( P)-crank angle(#) diagram
for oxygen volumetric fraction
(£=19,20,21,22,24 %).
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Fig. 5 Rate of pressure rise(d?/dd)-crank
angle(9) diagram for oxygen volumetric
fraction(€ =19,20,21,22,24 %).
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Fig. 6 Rate of pressure rise(d//df)-crank angle(9)
diagram for oxygen volumetric fraction
(€=19,20,21,22,24 %).

Table 4. The change of Pmax, dPmax and dQmax
with O, volumetric fraction(é)

€ 119 %20 %|21 %22 %[24 %

Pmax | 28.39 | 30.62 | 32.27 | 36.50 | 38.62
(6°) | (30° )| (28" )| (26" )| (26" ) | (26”)

1,500 [dpmax| 0.595 | 0.770 | 0.830 | 1.178 | 1.369

pm |00 a2 Jaz ) a4t | aet) | a3t
dQmax| 398 | 4.27 | 459 | 553 | 637
(0°) | @) | @) @) er)| )

Pmax | 26.79 | 32.85 | 35.95 | 41.19 | 45.51
(0°) 9" )| (@8 )| (25" )| (@1°)|16")

2,500 [dpmax]| 0.503 | 0.734 | 0.898 | 1.200 | 1.548

pm | (0°) a0 )| a0 ) | ©) | 6 | G

dQmax| 3.43 | 4.27 | 458 | 5.04 | 5.21
(6°) @8 ) |Q1°)[@1°)|a6” )| 9 )

Pmax | 21.92 | 27.58 | 31.7 | 37.38 | 40.30
(0°) [ (33°) | (32°) [ (307 )| (26°) | 25°)

3,000 | dpmax| 0335 | 0.531 | 0.733 | 1.068 | 1.198

rpm | (0°)]10°)|(Q4°) | (13°) | d1°)|(A2°)

dQmax| 3.23 | 3.96 | 458 | 539 | 5.81
(0°) [ (32° ) (29°) | (25°) ] (20°) | (19°)
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<©-- ID: 1500rpm
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ID : 3000rpm
L2 CD : 1500rpm
CD : 2500rpm ||
—e— CD : 3000rpm

Duration, ID & CD, t (ms)

18 19 20 21 22 23 24 25

O, volumetric fraction, & (%)

Fig. 9 The change of ignition delay(ID) and combustion
duration(CD) for oxygen volumetric fraction
(€=19,20,21,22,24 %) at MBT.
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Fig. 10 CO variation with oxygen volumetric fraction
change (£=19, 20, 21, 22, 24 %).
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Fig. 11 HC variation with oxygen volumetric fraction
change (£=19, 20, 21, 22, 24 %).
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