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Development of Simplified Combustion Gas Temperature Measuring Method
Using Flame Spectroscopic Analysis
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The combustion gas temperature within the internal combustion engine is one of the important information
factors for analyzing the combustion process or estimating the engine's performance. We examined whether the
Two-color method can be used for measuring the combustion gas temperature within gasoline engines as an easily
available approach.

To apply the Two-color method to gasoline engines mainly of pre-mixed combustion, we made it artificially
possible to emit luminous flames by mixing in seed particles instead of soot with the flames. In addition, to verify
the results of temperature measurement by the improved Two-color method, we attempted to compare the
measured temperatures with the reference temperature identifiable from the starting point of light emission from
basic metal added to the fuel, as a measuring approach different in principle. As a result of employing combustion
flame spectrometry using a high-speed multi-spectrum camera capable of simultaneously taking monochromatic
intensity pictures of three different wavelengths in order to perform the improved Two-color method and basic

metal light emission analysis, we discovered the improved Two-color method to be capable of performing analysis

with a measuring accuracy of + 80 K and a measuring range of 1000 K to 2400 K.

Key words : Gas temperature, Combustion, Two-color method, Gasoline engine, Direct injection
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Fig. 1 Transmission spectrometry on soot existing
diesel engine
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Fig. 2 High-speed multi-spectral video camera
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Table 1 Additive organic compound and light
emission start temperature

Organic compound Sodium naphthenate

Added quantity 0.0400g/1

Light emission start temperature =1050+20K
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Fig. 5 Combustion gas temperature measuring
system
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Fig. 6 Engine configuration around the combustion
chamber
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Fig. 7 Sodium light emission and calculated
temperature using two-color method
(Anlyzed at 40deg. ATDC)
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Max temperature = 1410K
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Table 2 Experimental condition

Homogeneous Stratified
Revolution speed 1200r/min
Fuel injection timing | 320deg. BTDC 58deg. BTDC
Ignition timing 15deg. BTDC 24deg BTDC
A/F 15 30
IMEP 280kPa

<A/F=15>

51 000000O0O00O0O0O000
00000000000000000000000
00000000000 000000000000
00000000000 000000000000
Fig. 80000

00000000000 00000O0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

<A/F=19>

- 2400

w3

[31] amesad

¥ — 1000

1620K

Fig. 8 Influence of total A/F on combustion gas temperature
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Fig. 9 Comparison of combustion gas temperature
between stratified combustion and
homogeneous combustion
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