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Abstract:

This research presents the development and implementation of a spray
combustion model based on the spray droplet number size distribution moments
approach to spray modelling. In this spray model, the droplet size distribution of spray is
characterised by the first four moments related to number, radius, surface area and
volume of droplets, respectively. The governing equations for both the gas and liquid
phases are solved by the finite volume method based on an Eulerian framework. These
constructed equations and source terms of sub-models including droplet breakup,
collision, evaporation, and the interactions between the liquid phase and the gas phase
are derived based on the moment-average quantities which are the key concept for this
spray model. For combustion analysis, unsteady flamelet/ reaction progress variable
approach is employed to implement the diesel spray flames for capturing the auto-
ignition and flame lift-off phenomena. The skeleton chemical kinetic mechanisms
consisting of 43 chemical components and 185 reactions are solved in order to create
the Flamelet library. The flamelet-progress-variable solutions embedded in RANS with
the probability density function approach signifies the turbulence-chemistry interaction.
All thermochemical scalars are represented as a function of mean mixture fraction,
mixture fraction variance, reaction progress variable and scalar dissipation rate. Mixture

fraction is assumed to follow a beta-PDF distribution, as reaction progress variable and



scalar dissipation rate distributions are assumed to be a delta-PDF. In order to assess
the capability of this developed model, the predicted results are required to compare
with the experimental data [2]. The developed model gives a reasonably good overall
predicting performance in terms of auto-ignition, flame development and flame lift-off
length. The flame temperature distributions are comparable with the formations of
luminous flames. The predicted flame growth rate is consistent with the experimental
results, but there is small over-prediction. Therefore, the present approach can
accurately and efficiently capture the auto-ignition and flame lift-off phenomena of diesel

spray flame in diesel engines.
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