27

uoboboobobooobbooobbooobobooon

0Dooo
oodggao

LIF(ODDODDDOOO0O0)Oooooooooboooooog

gooboobboogooon

Analysis of Cycle-by-Cycle Variation in a Direct-Injection Gasoline
Engine Using L aser-Induced Fluorescence Technique

Taketoshi Fujikawa, Yoshihiro Nomura, Yoshiaki Hattori
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Abstract

The fuel mixture distribution has been measured at the spark timing and the combustion duration by the
LIF technique in order to analyze the combustion fluctuation in a DI gasoline engine. It has been revealed
that the combustion fluctuations under both the early and late injection conditions are dominated by the
mixture concentration at the spark position and timing. On the other hand, for the best injection timing, the
combustion fluctuations are strongly correlated to the unburned mixture quantity around the piston cavity
during the latter combustion period. For improving the combustion fluctuations, it is effective to make a

compact shaped mixture to reduce the over lean region.

” " Gasoline engine, Stratified charge combustion, Combustion fluctuation, Ignition,
Mixture formation, Laser, Fluorescence
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Fig. 1 Injection timing vs. combustion fluctuation.
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Fig. 3 Visualized engine and optical set-up.
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Fig. 4 Fuel spray and piston cavity configuration.
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Table 1 Specifications of the visualization engine.

Number of cylinders 1

Displacement volume 508 om0

Bore 86 mm

Stroke 86 mm
Compression ratio 7.1

Intake port Straight ports

Steady tumbleratio 0 045

Piston cavity Shell-shaped

Fuel supply system High pressure slit injector
Fuel pressure 12 MPa

Table 2 Engine operating conditions.

Engine speed 000 1200 rpm

Injected fuel amounts 12mmd/st
Operation Fired operation with EGR
Coolant temperature 80°CU
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Table 3 Conditions for the LIF measurements.

Purpose

Fuel concentration measurements
before the spark timing

Fuel and flame observation
during the combustion period

Excitation laser

KrF excimer laser ( 248nm )

Fuel & Tracer Iso-octane & Toluene ( 5 wt%) Iso-octane & DMA (1 wit%)
Laser sheets thickness < 1mm >22.5mm
I1luminated section Plug ground electrode plane Whole combustion area
Quartz piston bottom shape Concave

I T=-68° IT=-58°
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Fig. 5 LIFimages of the mixture distribution at -30°ATDC. (a) Averaged image over 30cycles. (b) COV image:
Pixel by pixel value of the standard deviation of the LIF intensity divided by the mean intensity.
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Fig. 6 Cycleto cycle variation of the equivalence ratio at the spark position and its effect on

the combustion period and IMEP.
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Fig. 7 LIF visualized results related to the heat release pattern.
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