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We focus on the numerical prediction of particle-laden turbulent flows in a straight duct
at Reτ = 300 that is defined as Reτ = Huτ/ν based on the duct hydraulic diameter
H = 0.02m, the mean friction velocity uτ and the kinematic viscosity ν. The streamwise
length of the duct is 4πH and the fluid is water. The kinematics and trajectory of the
discrete particles as well as the particle-particle interaction are described by the discrete
element method (DEM) [1] while the hydrodynamic model of the fluid phase is based on
the direct numerical simulation (DNS) [2, 3]. Unlike the particle transportation process
in pipes with circular cross section [4, 5], the motion of the particles in square duct can
be affected by the secondary vortexes which are known as the secondary flow of Prandtl’s
second kind. Therefore, the particles show more stochastic motions than those in the
homogeneous and iostropic turbulent flows. Moreover, inter-particle collisions play an
important role on the particle behavior. In this study, the effect of collisions on the
particle resuspension process is investigated with special emphasis.

Initially, 20000 particles of 50 µm are randomly generated in the fully developed turbulent
flow field, the particles have the same velocities as the fluid flow. The periodic boundary
condition is used in the streamwise direction. The collisions between the particles and
between the particles and the four bounded walls are treated via a soft-sphere DEM [6].
Numerical simulations are carried out with and without collisions, respectively. Fig. 1
displays the snapshot of the particle and velocity distributions in the duct with collisions.
For the sake of presenting better visual, only 20% of the particles are shown without
changing the main trend of the distribution characteristic. It is shown that the instanta-
neous particle distribution is obviously influenced by the secondary flows, the velocities of
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Figure 1: 2D snapshots of particle distribution with velocity vectors at t = 12s. Red point for the particle,
black arrow for the velocity.

the particles emerge almost random distributions that related to the local fluid structure.
However, the intimate motions are decoupled by the gravitational force that leads to a
progressive segregation of the particles within the upper half of the duct and accumulation
within the lower half. Due to the secondary velocities towards the corners, two arms are
lifted within the upper half of the duct that also prevent the particle deposition.

The lower half of the duct is separated into 50 squares, namely five partitions in the
z−direction and ten partitions in the y−direction, each region in the z−direction con-
taining ten squares is marked by A, B, C, D, E. The resuspension rate is defined as the
ratio of the number of resuspended particles to the total number of particles within each
square. Further results will be presented in the final paper and in the conference.
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