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Real Gas Effect on Modeling Ignition Delay Time of Hydrocarbons
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Abstract: Calculation of ignition delay time (IDT) of hydrocarbon fuels based on ideal gas
assumption in combustion kinetic simulation tools or codes may cause notable deviations to lead to
the non-ideality under high or supercritical pressure. In this research, a new framework is
developed incorporating the real gas effect with an open-source platform Cantera for kinetic
simulations. The physical and chemical properties of the hydrocarbons considering real gas effect
are investigated and validated against experimental data from literatures. Then propane, n-
heptane and n-dodecane are selected as the representative fuels to examine the impact of real gas
effect on IDT at pressures ranging from atmospheric to supercritical conditions. The results show
that the non-ideality of hydrocarbons is enhanced with the elevation of pressures; the non-ideality
of physical and chemical properties of the hydrocarbons is enhanced with the rising pressure,
which can be accurately described by real gas equation of state (EOS) instead of ideal gas EOS.
The non-ideality deviation of ignition delay time caused by real gas effect strongly relates to
pressure and temperature, which is enhanced with the increasing pressure, and peaks appear in

negative temperature coefficient (NTC) region. This approach provides a useful framework for
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accurate kinetic simulation of hydrocarbon combustion reactions under engine-relevant conditions.

Keywords: equation of state; hydrocarbons; ignition delay time; combustion reaction kinetics
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Table 5 Validation of group additivity method against experimental data for some physical properties
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Fig. 2 Validation of physical properties for n-dodecane
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Fig. 5 Physical properties of n-dodecane/air mixture under

varying equivalence ratio and temperature
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