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Fluctuation Analysis of Diesel Combustion Process
by means of the Optical Fiber Thermometer
(Comparison of Combustion Fluctuation between Conventional Injection
and Pilot Injection)

Masahiro ISHIDA, Gui-Feng LUO,
Daisaku SAKAGUCHI and Hironobu UEKI

In order to clarify the characteristics of combustion fluctuation in diesel engines quantitatively,
the fluctuations of pressure and flame temperature were measured, and the root mean square value,
the autocorrelation coefficient and the power spectrum density of the measured fluctuations were
analyzed by comparing the cases with and without pilot injection. The following concluding remarks
are obtained. (1) The frequency power spectrum of the in-cylinder pressure history is reduced
markedly by pilot injection in two frequency ranges from 0.2 to 2.0 kHz and from 2 to 5 kHz. (2)
The fluctuation of combustion pressure is dependent on the maximum rate of pressure rise, which is
dependent on the ignition delay. (3) The maximum rms of the flame temperature fluctuation during
diffusion combustion has a clear correlation with that of the pressure fluctuation in the initial
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combustion. (4) The fluctuation of the flame temperature during diffusion combustion has the

characteristics of isotropic turbulence.

Key Words: Diesel Engine, Combustion, Pressure, Flame Temperature, Fluctuation Analysis,
Power Spectrum Density, Isotropic Turbulence
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Fig.1 Flame temperature measuring system
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Fig.2 Tested original injector and pilot injector
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Fig.3 Averaged time histories of combustion pressure, heat release and needle valve lift
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Fig.5 Cycle variation of flame temperature
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Fig. 12 Averaged time history of combustion
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Fig. 13 Time history of rms of combustion fluctuation
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