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Measurement of Heat Flux on Combustion Chanber Wall by
Infrared Rays
(Examination of Infrared Rays Observation Window)

Shingo HAMADA, Yoshinori NAGASE, Shigeki TOMOMATSU,
Masatoshi KIMURA, Akinori OTSUKA

Abstract

It is important to measure the temperature on the combustion chamber wall surface of a spark ignition engine
because of improvement for thermal efficiency in the engine.Temperature on the engine combustion chamber wall
surface is usually measured by the film type of the thermocouple.However attaching a thermometer to an engine has
many restrictions.In this study, the temperature and the heat flux measurements on the engine combustion chamber
wall surface were carried out using infrared rays.In order to remove the influence of infrared from combustion gas,
the sapphire glass for observation window evaporated a carbon film and an aluminum film was applied.Moreover the
influence on the heat flux of the sapphire glass used for the infrared rays observation window by the simulation using
the MSC software was investigated.At first the calibration was carried out.The calibration is the method to obtain a
relation of temperature and infrared radiation.Next the temperature on the spark ignition engine wall was measured
with the IR detector.The temperature and the heat flux of the same place were measured using the thermocouple of
the film type, and they were compared with the results using the IR detector.As the result the instrument for in the
heat flux measurement on the combustion chamber wall surface using infrared rays, is improved in response and
reproducibility.Moreover change of the temperature of the infrared observation window was able to be predicted by

the simulation using MSC.
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Fig.2 Calibration system
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Table 1  Specification of engine

I, =P TOEHBEIER

Engine type

4stroke * gasoline

Cylinder number

Single cylinder

Fuel supply system

Fuel injection

Combustion chamber

configuration

Pent roof type

Valve mechanism

SOHC
Intake valve 1

Exhaust valve 2

T T y T y T
5301
) Calibration result
= — (Calibration curve
5 5201
=
)
o
£ 510
H
5001

BorexStroke $79.0mmx71.2mm
Stroke volume 349cc
Compression ratio 3.61
Lubrication system Dry sump

Table 2 Experimental conditions

| L | L |
0.7 0.8 0.9
Infrared radiaion voltage [V]

Fig.3 Calibration curve obtatined from experiments

Engine speed 1000rpm
Charging efficiency 56%
Ignition timing BTDC35°(MBT)
A/F ratio 15
Charge temperature 70°C
Oil temperature 60°C
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Table 3 Thermophysical properties

S45C (0.4C) Sapphire
300K 500K
Thermal conductivity
51.5 24.2
[W/(m + K)]
Thermal diffusivity -6 -6
s 11.8X10 5.89X 10
[m?/s]
Specific heat
473 1040
[J/(kg - K)]
3 3
Density [kg/m’] 7.85%X10 3.95%X10
0.8 T I T I T I T
I.R. ditector
0.6 o
--—-—Intake side
—Exhaust side
0.4f §
S45C-Ni heat flux sensor T
0.2

o
180
Crankangle [deg. ATDC]

Fig.7 Heat flux on combsution chamber wall
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