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We present improved modelling of spray evaporation for the gas-phase transported-Probability
Density Function (t-PDF) method. Evaporation models for the t-PDF need to specify not only the
amount of liquid evaporated, but also the region of composition-space where the vapour is
released. The common assumption of liquid-vapour equilibrium surrounding evaporating
droplets implies that evaporation takes place at the saturated vapour composition, and the vapour
then diffuses into the gas phase. Therefore the t-PDF modelling must introduce vapour in a
manner which ensures the composition remains bounded by the saturation condition, and
transport the vapour across composition-space in a manner which corresponds to the mixing
rates and to the /localness seen in the diffusion process around evaporating droplets. The two t-
PDF evaporation models in common usage [1] fail to enforce boundedness and localness, and we
propose new modelling which can satisfy both of these criteria.

PDF model predictions are evaluated by comparison with asymptotic solutions for
evaporating sprays [2]. In contrast with previous models, by applying evaporation source terms
and mixing rules which enforce boundedness and localness, the new modelling is able to match
the vapour-PDF for a range of spray evaporation regimes.

Simulations of n-heptane spray auto-ignition are used to investigate the sensitivity of spray
combustion predictions to the details of the t-PDF evaporation modelling. It is found that the t-
PDF predictions of ignition timing and pollutant formation are sensitive to the PDF evaporation
models, depending on the regime of spray evaporation. We conclude that the new evaporation
modelling should be adopted for t-PDF simulations of spray-fuelled engines.
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