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THE NUMERICAL SIMULATION OF THE SPRAY

Cesenek J.*

Abstract: In this article we focus on the spray of the liquid which is injected into the cylinder area with gas
flow. We work with the non-stationary viscous compressible fluid flow with turbulence model, described by
the RANS equations and SST model. Trajectories of the drops are described by the Lagrangian model. More-
over, breakup and trajectory stochastic collision submodels are taken into account. Results of simulations
are compared with experimental data.
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1. Introduction

The main topic of this work is to estimate the trajectories of the liquid spray drops, which is injected into
the domain with the gas flow. This problem presents a very complex task, which requires the simulation
of the gas flow, drops injection, drops trajectories, droplet collision, breakup phenomena, heat transfer,
etc. The spray simulations are required in various industrial applications such as the combustion engines
and furnace, spray washing, spray cooling, etc.

The physical theory of the compressible fluid motion is based on the principles of conservation laws of
mass, momentum, and energy. The mathematical equations describing these fundamental conservation
laws form a system of partial differential equations, the so-called Navier-Stokes equations, which we can
write in conservative form
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Here w(x, t) is the state vector, f; are the inviscid fluxes, R are the viscous fluxes. These equations are
closed by the SST turbulence model. To this system of equations we have to add the Lagrangian model,
which describes movement of the drops
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where u, is the velocity vector of the drop, U is the speed of the gas flow, g is the vector of gravitational
acceleration, p, density of the drop, diameter d and drag coefficient Cy, which depends on the particle’s
Reynolds number Re,, .
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The finite volume method with implicit time stepping is used for the discretization of the partial
differential equations on unstructured meshes. In this research the open-source code OpenFOAM was
used to simulate various scenarios.

2. Numerical simulation.

For the numerical simulation of the spray, we use sprayFoam utility from the open-source code
OpenFoam. For simplicity of the calculation, we use ReitzDiwakar breakup submodel and trajectory
stochastic collision submodel. Others submodels like atomization, heat transfer and so on left to be none.

For a comparison of the numerical simulation results with the experiment we used data from (Liu et al.
1993 or Habchi et al. 1997). Their experiment consists of a liquid drop generator, which injects liquid into
the cylindrical area with the flowing gas. The velocity distribution of the drops was measured at two
levels 29mm and 47mm from top of the cylinder for two different inlet velocities 59 m/s and 72 m/s.
Figure 1 shows positions of drops at a time instant.

Fig. 1: Drops position of the spray at a time instant. Left for 59 m/s. Right for 72 m/s.

Figure 2 shows the comparison between the calculated velocity distribution across the jet and the
experimental data. We can observe a good agreement for the velocity 59m/s and acceptable agreement for
the velocity 72 m/s. In this case we can see greater difference between experiment and numerical
solution. It is possible that other (more complicated) choice of the breakup and collision models would
further improve the solution.
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Fig. 2: Drop’s velocity distribution for inlet 59 m/s.
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Fig. 3: Drop’s velocity distribution for inlet 72 m/s.

3. Conclusions

In this article we worked with the numerical simulation of the spray injected into the gas flow. We show
the comparison between numerical simulation and the experimental data. The acceptable agreement was
achieved. For the future work we aim to use the numerical simulation of the spray for the prediction of

drops trajectories in a real domain in the industry application.
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