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Zero-dimensional Knock Modeling and the Livengood-Wu Integral

Akira Miyoshi

Zero-dimensional analysis with detailed kinetic mechanisms has been performed to elucidate the underlying chemistry of the Livengood-Wu

integral which has been used to predict and analyze the knocking phenomena in spark ignition engines. Its predictive potential was ascribed to

be the similarity between the concentration of the "pertinent reaction product (x)" in the original concept and the simulated logarithmic total

concentration of hydroperoxides, log[total-OOH]. It was shown that the integral is a good indicator of ignition for periods before cool flames

while the predictability significantly deteriorated for periods after cool flames.

KEY WORDS: Heat engine, Spark ignition engine, Combustion analysis, Chemical kinetic analysis (A1)
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Fig. 1. Change of the mole fractions of active species during the induction period for ignition for ¢= 1 n-heptane/air mixture at 20 atm.

(@) at 7143 K. (b)at 714.3 K with X,(OH) = 1x10™. (c) at 833.3 K.
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Fig. 2. Change of the mole fractions of active species during the
induction period for ignition for ¢= 1 PRF90/air mixture at 20 atm.
(@)at714.3K. (b)at833.3K.
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Fig. 3. Change of the temperature and the mole fractions of
hydroperoxides (total-OOH) during the five patterns of model
compression and expansion of ¢= 1 PRF90/air mixture. (a) To=
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Fig. 5. (a) Temperature and pressure dependence of the ignition delay times, 7, and 7y, and their difference, Az, for PRF90/air, ¢= 1 mixture.
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Fig. 7. Comparison of the autoignition timings calculated by

0D-HCCI model and those predicted by Livengood-Wu integral.
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Fig. 8 Correlation of the calculated ignition timing with those

predicted by Livengood-Wu integral.
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