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Heat Transfer on Combustion Chamber of Spark Ignition Engine
( Relation between Nusselt number and Fourier number )

Tomohiro TAKAHAMA, Yoshinori NAGASE, Shigeki TOMOMATSU, Masatoshi KIMURA
Abstract

Spark ignition (S.1.) engines are widely used for cars, motorcycles, generators, and so on. However, S.I. engine emits carbon
dioxide, which becomes the origin of global warming. Therefore, it is necessary to improve the thermal efficiency of S.I. engine for
reducing the emission of the carbon dioxide. A gas flow is often generated in the cylinder of the engine in order to promote
combustion for improving the thermal efficiency. While the gas flow increases the thermal loss, as the heat transfer on combustion
chamber is promoted. So it is necessary to be obtained relation between the flow velocity and the heat transfer coefficient.
Nevertheless, it is difficult to measure the velocity of the in-cylinder burnt gas flow. Whereas, it is thought that the heat transfer
coefficient is related to the time after ignition. This paper reports that the heat transfer coefficient on the combustion chamber walls is
obtained as a function of time by using of the relation between Nusselt number and Fourier number.
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Fig.1. Heat flux sensor.
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Table 1.  Engine specification.

4 stroke, OHV
single cy linder
85.0 mm x 85.0 mm

Engine type
Cylinder number
Bore x Stroke

Stroke volume 482 cc
Compression ratio 4.54
Combustion chamber configuration Pancake type

Ignition system Full transister system

Fuel supply system Electric fuel injection

Lubricaion system Dry sump
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Table 2.  Experimental conditions.
Engine speed 1000 rpm
Charging efficiency 70%
Shroud angle 6 240° | 180° [ 120° [ Noshroud
Air fuel ratio (A/F) 15,20
Ignition timing [deg BTDC] 20,30 | 20,28 | 1931 | 33,42
Cooling water temperature 80°C(x0.5C)
Lubricant oil temperature 80°C(£0.5°C)
Charge temperature 65°C(x0.5°C)
Samp ling interval 60 ps
Sampling cycles 100
12 bt AD HI 12/ Cylinder head
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Fig.2. Measuring system.
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Table 3.  Engine specification.
Engine type 4 stroke, SOHC
Cylinder number single cylinder

Bore x Stroke

79.0 mm X 71.2 mm

Stroke volume

349 cc

Compression ratio

3.61

Combustion chamber configuration

Pent roof type

Ignition system

Full transister system

Fuel supply system

CDI

Lubricaion system

Dry sump
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Table 4. Experimental condition.
Engine speed 1000 rpm
Charging efficiency 56%
Air fuel ratio (A/F) 15
Ignition timing (MBT) BTDC35°
Lubricant oil temperature | 60°C(£1°C)
Charge temperature 70°C(x0.5°C)
10° — .
- Nu=1.5F0"’ ]

A/F Shroud angle
240°

Nusselt number
=
3%}

C e
L A 15 180°
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T ¥ 15 No shroud
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10 s | P R | | L
107 10 1073
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Fig.9. Relation between Nusselt number and Fourier number.
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