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Summary

In this study, the dispersion mechanisms of aerosols suspended in aturbulent plane channel
flow is investigated using a novel numerical approach. A turbulent channel flow is
simulated by a Direct Numerical Simulation (DNS) method, for which no-dlip boundary
conditions are assumed at the top and bottom walls, while periodicity conditions are applied
on the other sides. DNS, in particular, allows a detailed analysis of the near wall region,
where most of the particle transfer mechanisms take place. Hence, it is found the best
simulating method for detailed analyzing the dispersion mechanisms compared to the other
avail able methods. The simulation procedure of the turbulent flow is continued as aong as
enough, 14000 time units, when fully devel oped turbulent condition are achieved.

The aerosols with two Stokes number, 15 and 25, are then introduced in the simulated
turbulent channel flow, and tracked by a L agrangian approach. The drag force compared to
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the effect of Brownian motion is a dominant force due to the aerosols size. The initia
concentration of suspended aerosols is also assumed considerably low, so that the
simulations conducted under the one-way coupling condition. Besides, the collisions of
aerosols with the walls are assumed elastically. The particle tracking was continued
throughout the fluid simulation time to obtain the all reliable interesting statistics.

Comparison of the particle flux intensities indicates that turbophoretic and turbulent
diffusion fluxes are the dominant dispersion mechanisms. In other words, the free-flight
flux can be neglected in comparison with the other fluxes in the wall region. The steady-
state concentration distribution is not uniform across the channel, primarily due to the
opposing actions of the turbophoretic and turbulent diffusion flux.

Turbulent diffusion flux separated the aerosols from the core and gathered them in the
near wall region, while the turbophoretic flux migrate the particles from the near wall to
thewall region. It was al so observed that the turbophoretic flux for smaller aerosolsis more
efficient than that of larger ones. However, the opposite was observed for the turbulent
diffusions flux. The smaller particles were less gathered in the near wall region due to a
stronger turbulent diffusion flux and more migrated to the wall region due to stronger
turbophoretic flux. We also investigated the cross channel fluid and particles velocity
profiles. It was shown that the aerosol velocity components lag the fluid velocities in the
near wall, but lead it in the core region. Thisis due to the transverse migration of aerosols
across the channel.

Keywords: Aerosols, Particles dispersion, Turbulence, DNS, Turbophoretic flux, Free-

flight flux, Diffusion.
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