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Interaction of micrometric droplets with a turbulent plane air jet impacting a wall
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@ Univ. Gustave Eiffel, MSME UMR 8208 CNRS, 5 bd Descartes, 77454 Marne-la-Vallée Cedex 2, France ;
b CSTB, 24 rue Joseph Fourier, 38400 Saint-Martin-d’Héres, France

Experiments and Large Eddy Simulations are carried out to study the interaction of spherical particles
(micrometric oil droplets) with a turbulent air jet impacting a wall. The context is that of the dynamical air
curtains used to separate a contaminated atmosphere with passive particles from a clean atmosphere.

In the experiment, the impacting air jet configuration is similar to that of [1, 2]. The aspect ratio H/e of the jet is
equal to ten (see Fig. 1). A spinning disk is used to produce oil droplets close to the air jet. The droplet diameter
varies in the range 0.35 um<d,<7 pum. Measurements are based on particle image velocimetry and optical
particle counting. The jet and particle Reynolds numbers and the jet and turbulence Stokes numbers are
respectively equal to Rej= 13500, 0.33<Re, <3.5, 0.02<5t<0.35 and 0.1<St<1. The passing rate of the particles
(PPR) that cross the air jet is analyzed according to the particle size distribution. Whatever the droplet size is,
the PPR increases with time due to the presence of two large vortices on each side of the air jet. The time
averaged PPR is shown to decrease with respect to the particle diameter.

Numerical simulations of the experimental configuration are carried out with the commercial code
ANSYS/Fluent, with the LES Wale model for the air flow and a stochastic Lagrangian model for the particle
transport (see Fig. 2). The droplet collision and coalescence are accounted for thanks to O’Rourke’s model [3].
The LES solutions for the air jet are validated through comparisons with numerous literature results. The high
frequencies due to the Kelvin-Helmholtz (KH) roll passing and the low frequencies of the oscillating jet are
detected in the spectra. The PPR is analyzed according to the particle size and compares favorably with the
experiments, only when the coalescence of the oil droplets and their deposit on the wall are accounted for. The
vertical profiles of the PPR along the jet axis are also analyzed to detect the weak zones of the jet in its role of
dynamical air curtain.
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Fig. 1: Scheme of the experimental setup
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