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ABSTRACT
Research on freely falling particles has primarily focused

on wake dynamics and vortex shedding of individual particles
in quiescent flow. When these particles fall collectively, the
wakes of surrounding particles alter the flow fields. Hence we
conducted volumetric experiments to investigate how the set-
tling and wake dynamics of particles are affected by the wakes
of other settling particles. Negatively buoyant 12 mm particles
of various shapes are first released individually into quiescent
water. Then, the particles are released individually into the
bulk wakes of 20 mono-dispersed particles. Using four high-
speed cameras and LEDs, we simultaneously capture both 3D
particle and fluid motions within an imaging domain measur-
ing 90 mm × 90 mm × 40 mm. Our results show that all trail-
ing particles settling through the bulk wakes gain additional
downward momentum from the turbulent wakes, falling faster
than in the quiescent flow. Upstream of the particle, the vor-
tices in the bulk wake interact with the developing shear layer
along the particle. The wake downstream of the trailing parti-
cle also appears more chaotic than that in a quiescent flow.

INTRODUCTION
Freely falling collective particles exhibit complex dynam-

ics due to the interactions of their wakes with the surrounding
fluid and particles. Previous studies have primarily focused
on wake dynamics and vortex shedding of individual particles
to characterize their shape-dependent trajectories due to the ef-
fects such as density ratios and particle Reynolds numbers (Ern
et al., 2012). For non-spherical particles, instead of a steady
descent, they may tumble, flutter, or undergo chaotic motion.
These motions are influenced by their Reynolds numbers and
moments of inertia, which are determined by their shapes and
aspect ratios. However, when these particles fall in bulk, the
flow fields are perturbed by the wakes of neighboring parti-
cles, affecting the settling dynamics of the trailing particles.
Classical studies such as Fortes et al. (1987) on fluidization
have observed how the inertial effects associated with wakes
can lead to the capture of one particle in the wake of another.

Nevertheless, considering the three-dimensional nature of
the wake structures, volumetric studies on the flow around
falling particles have been limited due to experimental chal-
lenges. Some advanced measurements include Adhikari &
Longmire (2012), who studied the flow around moving objects
using Tomographic Particle Image Velocimetry (PIV). Here,
the moving objects were reconstructed separately from the
tracer particles using visual hull reconstruction. Meanwhile,

Esteban et al. (2019) studied the flow around falling polyg-
onal particles using a combination of non-time-resolved vol-
umetric V3V camera systems with separate high-speed cam-
era imaging from two orthogonal directions. More recently,
Wieneke (2023) studied the flow around a stationary cylinder
using a Lagrangian particle tracking (3D-LPT) algorithm in a
volumetric measurement. The cylinder was reconstructed us-
ing Iterative Particle Reconstruction (IPR), which was used in
Shake-The-Box (STB) in DaVis by LaVision GmbH (Schanz
et al., 2016).

In this study, we conduct volumetric experiments to inves-
tigate how the particle settling and wake dynamics are affected
by the wake structures from particles falling collectively. The
research goal is to identify particle-wake interactions when
particle Reynolds numbers are large, on the order of 103. This
is important for the understanding of the transport of large sed-
iments, macroplastic pollutants, or other natural particles in
our environment where the particles have been traditionally
modelled as point-masses in simulations of particle-laden flow
at high volume-fraction (Brandt & Coletti, 2022).

METHODOLOGY
To investigate the effects of particle shapes on the set-

tling dynamics, we fabricated particles with four distinct ge-
ometries but the same mass and volume: a sphere, a cuboid,
a circular cylinder, and a square cylinder. All particles were
printed using resin with a solid-to-fluid density ratio (ρs/ρ f )
of 1.15. The sphere has a diameter of l1 = 12 mm, while
the other particles have a length of l1 = 12 mm along their
longest axis and a thickness of l2 along their shortest axis. By
keeping l1 constant, the values of l2 were chosen such that
the volume and mass of each particle are equal to those of the
sphere. Consequently, the particle Reynolds numbers, defined
as Rep = l1|U⃗ |/ν , vary only with the particle settling velocity
(|U⃗ |). Here, ν refers to the kinematic viscosity of water. The
detailed parameters of the particles as shown in Figure 1a can
be found in Table 1.

The experiments were performed in an open hexagonal
acrylic tank with a maximum length, width, and height of
0.61 m × 0.51 m × 0.52 m, respectively. The tank was filled
with water up to 0.4 m. These negatively buoyant particles
were first released individually in a quiescent liquid below the
water surface and allowed to fall. To avoid any side wall ef-
fect, the particles were released at least 7l1 from the nearest
sidewalls. Then, the particles were released individually into
the bulk wake of monodispersed particles of the same sizes and
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