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Study of Compression Auto-Ignition Control Method Using Flame Kernel
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Summary

While compression auto-ignition enabling lean burn combustion is effective for improving the efficiency of the
internal combustion engine, controlling ignition timing and combustion duration are major challenges. In this
study, we considered enhancing the combustion control by using an electric discharge which forms a flame
kernel. When an electric discharge occurred in lean air-fuel mixture under a low pressure condition, we observed
a flame kernel formed, unburned gas near the kernel heated, and then the flame going out. And when an electric
discharge occurred during an intake stroke in a single-cylinder engine, we observed the auto-ignition timing
advanced despite a longer time passes from electric discharge to compression auto-ignition. Then we performed
a detailed chemical reaction analysis simulating an experiment to analyze the factors of this phenomenon. The
result of analysis suggested that part of the fuel in unburned gas, which had been heated up by the kernel, was
cleaved and generated chemical species, which survived until the latter half of engine cycle and induced
compression auto-ignition. It also indicated that among the chemical species generated by the cleavage, HO,, in

particular, greatly affected the effect of advancing of ignition timing.
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Fig. 1 Schematics of Combustion Chamber of RCM
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Table 1 Experimental Conditions of RCM

Fuel iso-Octane

Compression time (msec.) | 40
Air-fuel ratio 30:1
Initial gas temperature (K) 298

Initial wall temperature (K) | 298

Initial gas pressure (kPa) 101.3

Ignition energy (m)) 100

2.2 AIR{LEHRIFE

BERENASZRAVWTUHLERAZ/BE TSI LICELD,
FIEAN R BRR 2R LTce £o, 2 )—L ViR
HreERL, PHHARKICEDERENSRRERDZE
Bamz EMMICERIEL 7o

2.3 HREAIVIY
BHGRAITIYIVIF4 20— THD, 1TI23HE
I 622cm’, SEIFHERLLIE 201, TRESAHFEEAIC
BU%E%F%&U12¢1T55°ﬁk?%ﬁm&up

—RT7HROIERE LTz, Table 2 ICHRBEIY Y VET
t%ﬁ%#%itwéo

Table 2 Engine Specifications and Experimental

Conditions

Engine type 4.—stroke,.
Single cylinder

Bore (mm) 89
Stroke (mm) 100
Displacement volume (cm?) 622
Geometric Compression ratio 20:1
Engine speed (rpm) 1000

Coolant temperature (deg. C) 90

Lubricant temperature (deg. C) 90

Inlet valve opening timing (deg.

BTDC) 47

Inlet valve closing timing (deg. 87

ABDC)

Fuel supply Direct Injection
Start of injection (deg. BTDC) 320 (single)

Fuel Gasoline (91TRON)
Air-fuel ratio 30:1

Ignition energy (m) /cycle) 100
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Fig. 4 Heat Release Rate of Single Cylinder
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Table 3 Calculation Conditions

(@ Preheating

Constrain volume and solve

Problem type .
energy equation

Temperature (K) 700-1140

Pressure (bar) 2

Holding time (msec.) 2

Air-fuel ratio 30:1

@ Cooling

Constrain volume and

Problem type
temperature

Temperature (K) From 700-1140 to 400

Cooling time (msec.) 6

@) Inlet1

Air-fuel ratio 30:1

Mass flow rate (kg/sec.) | Parameter (95.0, 97.5, or 99.5)

@ Inlet2

Mass flow rate (kg/sec.) | Parameter (5.0, 2.5, or 0.5)
® Engine

Bore (mm) 89

Stroke (mm) 100

Compression ratio 20

Engine speed (rpm) 1000
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