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Study of Convective Heat Transfer on the Combustion Chamber
Wall Surface of a Gasoline Engine

(Investigation of Negligible Mainstream in a Combustion Chamber)
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Shigeki TOMOMATSU, Masatoshi KIMURA

Abstract

In order to solve an environmental problem, it is necessary to improve the thermal efficiency of
an internal combustion engine. There is a heat loss, which amounts to about 30% of thermal energy
occurred in a combustion chamber of an engine. To reduce the heat loss, it is required to understand
the heat transfer on a combustion chamber wall surface from combustion gas. Therefore, it is
necessary to calculate the heat transfer coefficient between combustion gas and combustion chamber
wall surface. In past studies, the correlation between the gas flow and the heat transfer coefficient
was indicated in the high velocity range, through it is not possible to be applied in the low velocity
range. In order to solve this problem, this laboratory developed an empirical formula between the
Fourier number which is a dimensionless number of a time and the Nusselt number which is the
dimensionless number of heat transfer coefficient. In this study, the heat flux on a combustion
chamber wall of an S.I. engine was measured using the heat flux probe in negligible gas flow conditions,
and we investigated the validity of the developed formula. As a result, it was found that the developed
heat transfer calculation formula is more accurate than Woschni's equation, and even if the turbulence
intensity differs, the decline tendency of the heat transfer coefficient in the low flow velocity region is
reflected.
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Engine type 4-stroke, OHV
Cylinder number Single cylinder
Combustion chamber configuration Pancake type

Bore x Stroke

85.0mm % 85.0mm

Stroke volume 482cc
Top clearance 24.0mm
Compression ratio 4.54
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Access

window
Removal __—[|.
piston head
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Criterion item Coefficient Star_lda}rd
deviation
Maxi int .
aximum value point [deg.] 115 3329
Average value [MW/m?] +1.5 0.0242
Maximum difference [MW/m?]
+1.5 0.263
Maximum value [MW/m?] +1.5 0.262
o 2
Value at BTDC30° [MW/m?] 120 0.0022
Value at ATDC30° [MW/m2]
+1.5 0.228
Value at ATDC60° [MW/m?]
+1.5 0.128
Noise [mV] +2.0 0.0681
Inner junction voltage [mV] +1.5 0.410

Cylinder head

@ Heat flux sensor

Front Motor

side side

Combustion chamber

|~

Piston head
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NE L Engine speed 900 1000 1100 1000
g 2 Charging
El 5' efficiency [%] 70
é | Air fuel ratio 15 20| 15] 2| 15 15
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Q gnition timing
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Engine speed 1000rpm
Charging efficiency 70%
Shroud angle 240° 180° 120° | 45°
Air fuel ratio 15120 | 15|20 (15|20 |15
I.G timing [BTDC] 20°]30° | 20° | 28°| 19° | 31° | 25°
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Average relative error

from measurement (%)

Experimental condition Eq. (6) Eq. (7)
AFR15 900rpm normal valve 21.5 17.0
AFR15 1000rpm normal valve 20.8 37.5
AFR15 1100rpm normal valve 21.4 40.7
AFR20 900rpm normal valve 14.2 8.3
AFR20 1000rpm normal valve 7.1 7.6
AFR15 1000rpm

11.9 24.0
With shroud (120°)
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