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Optimization of Combustion Chamber for 2.0L Direct-Injection Gasoline Engine
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A center injection system in which a high-pressure
fuel injector is located in the center of the combustion
chamber has been employed in a direct-injection engine,
significantly improving fuel economy and emissions
performance in the direct injection stratified charge
(DISC) range. Ensuring the stable formation of a
combustible mixture around the spark plug at the
appropriate time is the most important element in
achieving stable combustion in the DISC range. During
the development of the engine, a variety of methods
were used to measure mixture distribution, including
visualization using Laser Induced Fluorescence (LIF) and
infrared absorption analysis to measure the air-fuel ratio
around the spark plug, and CFD simulations were
conducted to analyze mixture distribution and in-cylinder
flow, enabling analysis and evaluation of the combustion
process. These analyses enabled the design of an original
piston cavity form with reference to the fuel spray
characteristics of the center-positioned high-pressure
injector. This has ensured the stable formation and
maintenance of a compact combustible mixture around
the spark plug, enabling the achievement of a high lean
combustion limit in stratified combustion and
significantly reducing fuel consumption.
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Table 1 Engine specifications
Engine code K20B
Cylinder configuration In-line 4-cylinder
Bore x Stroke (mm) 86 x 86
Displacement (cmq) 1998
Compression ratio 10:1
Valvetrain DOHC VTEC
Number of valves 4 per cylinder

Fuel injection pressure (MPa) 8-10.5
Fuel spray angle (deg) 25
Penetration (mm)

73 (1msec after start of injection)

11.4 (Sauter mean diameter)

Fuel spray particle size (1m) at 10MPa fuel pressure

¥
7%

%

Fig. 1 Combustion chamber configuration

Slope angle

Deflection angle

Fig. 2 Form of piston cavity
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Fig. 3 LIF system for fuel distribution visualization
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Table 212 2 fFEHHDOF v ET o fIHEA, BFYET A&
L, R, WA ZmRd.

Equivalence ratio

15deg BTDC 15deg BTDC Spark ignition timing
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10deg BTDC 10deg BTDC

Fig. 4 Comparison of mixture distributions in CFD
simulations and measurements
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Table 2 Cavity pattern A, B

Cavity volume Deflection

Type ratio (%) Slope angle (deg) angle (deg)
A 28.9 10 60
B 26.4 15 30

Flow velocity (m/s)

(a) Cavity A

15 deg BTDC
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(b) Cavity B

Fig. 5 CFD results for flow velocity in piston cavity
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(b) Cavity B

Fig. 6 CFD results for stratified mixture formation in
piston cavity
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Table 3 Optimized cavity specifications

Cavity volume Slope angle (deg) Deflection
ratio (%) P 9 9 angle (deg)
26.4 15 45

t 10g/kW-h _.--h
A ,A’

prenll,

ISFC

-40 -30 -20 -10 0

Pressure of intake manifold (kPa)

Fig. 7 Influence of pressure of intake manifold on
combustion characteristics and lean
combustion limit

—@—|MEP 267kPa
== IMEP 386kPa
== |MEP 513kPa

| I 10g/kW-h

. \/ .

15 30 45 60 75
Deflection angle (deg)

ISFC

Fig. 8 Influence of deflection angle on ISFC
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Fig. 9 Experimental setup for concentration
measurement in direct injection engine
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Fig. 10 Schematic of measuring probe
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Fig. 11 Air-fuel ratio at spark plug
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Fig. 13 Influence of injection timing on air-fuel ratio at
spark plug and ignition delay
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Fig. 14 Influence of injection timing on combustion
characteristics
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