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This project is part of labex EMC3 also call Energy Materials and Clean Combustion Center . The purpose is to
reduce the emissions of pollutants, for this it is necessary to understand all the phenomena involved in the combustion
chambers. It is in this component that fuel is consumed and pollutants are generated. Its mastering is thus essential to
optimize motors and to minimize the cost of external depollution components. The physical principles occurring in the
combustion chamber can be summarized as follow : the injection system atomize the fuel which will evaporate and be
mixed inside the chamber. Once the mixing is sufficiently homogeneous, combustion can takes place.

The key and starting point is the atomization process. If it is wrongly predicted, it will influence evaporation and
mixing inside the chamber. Numerical simulation has become today one essential tool for designing and optimizing
injecteur since the difficulty to instrument them for experiments.

Simulate primary atomization and mixing area in combustion chamber is not feasible in actual conditions of LES
and DNS developments. Constraints come from the Eulerian formalism which needs, in the region close to the nozzle, a
sufficiently enough fine mesh to describe the injection gradients. The goal of the project is to used a meshless Lagrangian
method in the primary atomisation. And in the futur realized a coupling between the lagrangian method with the Eulerian
formalism inside the combustion chamber.

The first point was to developed a Smoothed Particle Hydrodynamics method (SPH) into OpenFOAM-3.0.1. The SPH
method is a Lagrangian method Weakly Compressible. This method is inspired from the code JOSEPHINE developed by
J. M. Cherfils et al [1]. The SPH method was validated on dambreak test case.

DamBreak test case

In two dimensions of space, this case, widely studied within the community, plans to let collapse a column of water,
initially retained by a vertical wall. Under the effect of gravity, the fluid moves and strikes a wall placed at the opposite
end of the physical domain. This test case validates SPH developments realized.

We consider the flow of a fluid mass, initially retained by a vertical wall (Figure 1). Under the effect of gravity g = (0,
-g), the water column collapses, forming a front that moves rapidly along the ground. The impact of the waterfront on the
opposite wall forms a vertical jet, then this jet will collapse under the effect of gravity. The free surface thus undergoes
several successive fragmentations and complex reconnections.

The position of the water front can be approximated by determining, at each step of the simulation, the particle whose
component x of the position is maximum. The error between this approximation and the real position of the front is less
than h. This approach is very simple and fast.

No experimental data are available in the case of L/H = 2. The results (Figure 2) given by the model show a
slight delay compared to the Colagrossi [2] reference solution but is identical to the Cherfils [3] reference solution. More
validation was done on pressure impact and water level.



Figure 1: Initial configuration of collapse of a water column. L represents the width of the fluid volume initially retained, H is
its height. A vertical wall is placed at a distance d from the origin. The computational domain is limited vertically to a distance
D from the origin.
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Figure 2: Evolution of the position of the waterfront. Comparison the reference SPH solution provided by Colagrossi (black),
the reference solution provided by Cherfils (green) and the SPH (purple) model for the same resolution

Jet configuration

Still in two dimensions of space, this case, provides for the injection of water into a combustion chamber. Under the
effect of pression, the fluid on the nozzle moves and form a jet on the chamber.

SPH method and finite volume method (FVM) will be use for simulate this test case. A comparison between a FVM
simulation and a SPH simulation of jet will be presented on the configuration presented on Figure 3. Angle and length of
the jet will be compared together with velocity profiles.
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Figure 3: Initial configuration of the jet. Water in the nozzle are initialized with poiseuille velocity and in the chamber water
are not moving.

References

[1] J. Cherfils, G. Pinon, and E. Rivoalen, “Josephine: A parallel sph code for free-surface flows,” Computer Physics
Communications, vol. 183, no. 7, pp. 1468–1480, 2012.

[2] A. Colagrossi and M. Landrini, “Numerical simulation of interfacial flows by smoothed particle hydrodynamics,”
Journal of Computational Physics, vol. 191, no. 2, pp. 448–475, 2003.
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