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High-Speed Supercharging Knocking Analysis by LES Detailed Chemical Reaction

Calculation
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Abstract

In order to improve the performance, in-cylinder combustion calculation was carried out as part of knock counter-

measure. Since knocking occurs due to cycle fluctuation, calculation was performed by a combination of LES that can

calculate cycle fluctuation and detailed chemical reaction calculation that can perform self- ignition calculation. As a

result, the knock corresponding to the octane number and the ignition timing was calculated, and new suggestion was

given about the knock mechanism.
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Table 1 Engine specification

Inline-4cylinder Turbocharged

Displacement 2.0
Bore X Stroke, mm 87.5 X 83.0
Compression ratio 10.0

Fuel injection type Direct injection

Table 2 Engine operation condition

Engine speed, rpm 5600

Volumetric efficiency, % 206.5
Air fuel ratio 12.7
Power, kW 222
Intake pressure, kPa abs 213

Table 3 Calculation condition

Mesh Resolution mm 0.4
Number of Cells 4 million
Time Step deg.CA 0.02
Number of Chemical Species 1387
Number of Reaction Formula 5739
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Fig.1 Engine geometry

Fig.2 Generated Mesh
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Fig.3 Calculation Procedure
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Fig.4 Comparison of the Results of Experimental
and Calculation
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Fig.5 Comparison of Octane Number
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Fig.6 Comparison of Ignition Timing
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Fig.7 Pressure Sensor Location
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Fig. 8 Comparison of Sensor Location
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Fig.9 Comparison of FFT Analysis
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Fig.10 Rising Point difference of Sensor Location
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Fig.11 Monitoring cross section
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Fig. 31:  Physical principle of PCSP specific pressure oscillation compared to knock
(left) and corresponding raw and filtered pressure traces of striking cycles
at medium load for spark plug and PCSP (right)
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Fig.13 Knock Oscillation by Jet from Pre-Chamber
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