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A spray is described at a mesoscopic scale through the dynamics of a Number
Density Function (NDF) f which takes its value in a large dimensional phase space
χ = (t, ~x, ~v, S, T, . . . ), where t and ~x are the time and space variables, ~v is the
velocity, S and T the size and temperature of the droplets. Since χ is too large for
predictive numerical simulations of the Boltzmann-like equation of the dynamics of
f [1], we consider only a finite set of moments of f . To simplify the explanation, we
will consider only a 7-dimensional phase space: χ = (t, ~x, ~v) ∈ R7, and reduce the
size of χ by looking at the successive moments in velocity:

Mk =

∫
R3
~v

f(t, ~x, ~v)
(
⊗k~v

)
d~v.

Moment of order zero is the particles density, moment of order one is the local
mean momentum, moment of order two is the local mean total energy, etc. By
taking successive moments of the Boltzmann-like equation cited above, we obtain a
hierarchy of hyperbolic systems of conservation laws [3] which need to be closed by
different physical assumption that will be discussed during the talk.

Next we will mainly focus on three main closures: the Pressure-less Gas Dynamics
(PGD) which assumes the NDF is a Dirac function in the velocity direction [2] and
the Gaussian and Anisotropic Gaussian (AG) models which assume the velocity
repartition of the NDF is Gaussian (resp. Anisotropic Gaussian) distribution in ~v,
[5, 8]. We will discuss some mathematical properties of such systems and present
some features which makes their numerical approximation not really easy, especially
on unstructured meshes which are mandatory for the sought complex applications.
Most solutions present in fact some preferential accumulation zones with particularly
high density and pressure, next to vacuum zones where ρ and p almost reach 0.

The last half of the talk will then focus on dedicated numerical method for the
resolution of such conservation laws on unstructured meshes. Based on the work on
Zhang&Shu [6] and Johnson&Rossmanith [9], we will present recent progresses in
the preservation of convex constraints for high order numerical schemes. The preser-
vation of such constraints is mandatory for the simulation of the moments equations
since it is necessary to preserve the realizability of the set of transported moments:
the fact that the considered set of moments actually corresponds to the moments
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of a positive NDF f . The space of realizable moment being convex, this explains
the convex constraint preservation [4, 7]. Finally numerical results will illustrate the
advantage of using both higher order moments and higher order dedicated numerical
schemes: it allows to capture finer physical details at reasonable computational cost.
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