
Original Research Paper

On the enhancement of particle deposition in turbulent channel airflow
by a ribbed wall

C.D. Dritselis
Department of Mechanical Engineering, University of Thessaly, Pedion Areos, 38334 Volos, Greece

a r t i c l e i n f o

Article history:
Received 26 August 2016
Received in revised form 24 November 2016
Accepted 22 December 2016
Available online 3 January 2017

Keywords:
Particle deposition
Surface ribs
CFD
Large-eddy simulation
Lagrangian particle-tracking

a b s t r a c t

The particle deposition at a vertical wall roughened by transverse square bars placed at a small spacing
between them is investigated using large-eddy simulation of the turbulent flow in a ribbed channel with
the gravity aligned in the flow direction together with Lagrangian particle-tracking. It is found that the
particle deposition coefficient is substantially increased in the presence of roughness elements, exhibit-
ing a weaker dependence on the variation of particle response time relative to the case of smooth chan-
nel. The enhancement ratio of particle deposition varies from three for the larger size particles to about
400 for the smaller particles examined here. The friction-weighted enhancement ratio of particle depo-
sition is higher than unity for all particle sets, indicating that the present ribbed channel configuration
efficiently increases particle deposition with respect to the increase in energy losses. The rise in the par-
ticle deposition coefficient at the rough surface is closely related to the direct inertial impaction and
interception mechanisms. The population of particles depositing at the rear surface of the square bars
is very small, revealing that an enlargement of the effective deposition area is not necessarily translated
to a similar augmentation of particle removal.
� 2016 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder

Technology Japan. All rights reserved.

1. Introduction

Several human health problems associated with heating, venti-
lation, and air conditioning (HVAC) systems are caused by the pol-
lution of ventilation ducts. Particle deposition onto duct surfaces is
a critical factor, which influences size distributions, concentrations,
and fate of indoor aerosols. Re-suspension of the deposited parti-
cles in a ventilation duct may also take place, resulting in polluted
indoor environment and adverse health effect. It has been found
that the removal of particles is significantly increased by a rough
wall consisting of elements with various sizes and shapes placed
on the solid surface in various arrangements and combinations,
improving the collection efficiency of electrostatic precipitators
[1] and the air filtration in ventilation ducts [2–4]. However, the
total energy losses are usually increased in such geometric config-
urations, and the trade-offs between those losses and particle
removal need to be clarified. Therefore, it is important to advance
our knowledge and understanding of the complicated processes
occurring in particulate flows and particularly in particle deposi-
tion on rough surfaces, in order to maintain and improve indoor
air quality (IAQ).

Relatively few studies have been performed on the particle
deposition enhancement by a rough wall. The effect of surface
roughness on the particle deposition has been quantified in several
experimental works by using irregular size materials or well-
defined large scale obstructions [2–5]. Particle deposition was
measured rather indirectly by calculating the particle mass rate,
while certain details were not provided. Nevertheless, all these
works indicate that the amount of particles depositing on rough
walls is higher than that on smooth walls. Moreover, the signifi-
cance of the interception mechanism for the augmentation of par-
ticle deposition observed at the rough walls is clearly highlighted.

Several aspects of the transport and deposition of aerosol parti-
cles in turbulent channel flows with surface ribs have been inves-
tigated mostly based on Reynolds-averaged Navier-Stokes (RANS)
models together with Lagrangian particle-tracking [6–12]. In
accordance with the experimental observations, the numerical
studies predict an increase of particle deposition at the rough sur-
face. The differences in the dynamic behavior between spherical
and cylindrical particles in a channel flow with one surface rib
were discussed by Lo Iacono et al. [13], who used large-eddy sim-
ulation (LES) coupled with Lagrangian particle-tracking. They
showed that spherical particles were concentrated mostly at the
frontal surface of the rib, while cylindrical particles didn’t exhibit
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such tendency. Lo Iacono et al. [14] showed that the mass-sink
concept could be employed in engineering practice, even though
it could not capture the microphysics of the interaction of the sus-
pended particles with the roughness element. The effect of the sub-
grid scale fluid motions on the particle trajectories in turbulent
channel flows with one surface rib was investigated by Khan
et al. [15]. They concluded that their effect is rather small on the
motion of particles with high response times in well-resolved LESs.
On the other hand, the model impact could be non-negligible at
different flow regimes, such as higher Reynolds number of the
flow, insufficient grid resolution, and/or low particle inertia.

In the present study, the effect of roughness elements on the
particle deposition is investigated by using LES of the downward
turbulent flow in a vertical channel with one wall consisting of
square bars separated by a cavity, as shown in Fig. 1. The combina-
tion of numerical methods (LES/immersed boundary method/

Lagrangian particle-tracking) has not been utilized previously for
the in depth investigation of particle deposition enhancement by
a rough wall, which so far is based on RANS simulations. This work
differs form previous LES studies [13,14] in several aspects, as for
example, in the size and arrangement of roughness elements, the
Reynolds number of the airflow, the gravity orientation, and the
particle response time, indicating that a different parameter space
is examined here. Moreover, the main objective of this work is
focused on addressing the impact of square bars on the particle
deposition enhancement and quantifying it properly based on
measures, such as the deposition enhancement ratio and the
friction-weighted efficiency factor. To the best of the author’s
knowledge, this is performed for the first time by using LES results.
LES can provide a reliable representation of the turbulent flow
fields, and several quantities required for the description of particle
deposition onto rough walls can be obtained accurately, such as

Nomenclature

Ad deposition area
C LES parameter
cD drag coefficient
Cf viscous shear stress
dp particle diameter
f friction factor
fD,i
n drag force acting on particle
Fd friction drag
fG gravity force acting on particle
Fr Froude number
frough friction factor of the rough channel
fsmooth friction factor of the smooth wall
g gravity
h half distance between the right smooth wall and the

crest of the left rough wall
k dimension of the square bar
kd

+ normalized particle deposition coefficient
l distance from the vertical crests of the rough wall
Lij LES quantity
Lx, Ly, and Lz dimension of the channel in the streamwise, wall-

normal and spanwise direction, respectively
Mij LES quantity
mp the spherical particle mass
n unit vector normal to the wall contour
nd number of deposited particles
ndV initial number of particles
p pressure
P non-dimensional pressure
Pd form drag
Re Reynolds number
Rep particle Reynolds number
s unit vector parallel to the wall contour
Sij resolved strain-rate tensor
jSj magnitude of resolved strain-rate tensor
Spf particle-fluid density ratio
St+ non-dimensional particle response time
t, T time (non-dimensional)
tc contact time
ui component of the filtered velocity in the i-direction
Ui non-dimensional component of the filtered velocity in

the i-direction
~un
@p;i undisturbed fluid velocity at the particle position

U mean fluid velocity in the streamwise direction
ub bulk velocity
Up,d, Vp,d, and Wp,d non-dimensional components of the wall-

impact velocity in the x, y, and z directions,
respectively

up,i
n velocity of the n particle

Urms, Vrms, and Wrms non-dimensional rms fluid velocity fluctua-
tions in the x, y, and z directions, respec-
tively

us,0 wall friction velocity at w/k = 0
Us non-dimensional wall friction velocity
W cavity width
X unit vector in the x-direction
x(X), y(Y), and z(Z) coordinates (non-dimensional) in the stream-

wise, wall-normal and spanwise direction,
respectively

Xu(nbl), Xl(nbl), Yin, Yout planes of the upper and lower horizontal
surfaces of the nbl square bar and planes
of the inner and outer vertical surfaces of
the rough wall, respectively

xpc,i
n particle position at contact with the planes of the

rough wall
xp,i
n particle position
y+ non-dimensional distance
y0
+ origin of distribution of correction 2

Greek
C enhancement ratio of particle deposition
D characteristic length scale
dij Kronecker delta
dtd time interval
dV volume
Dx, Dy, andDz grid spacing in the x-, y-, and z-directions, respec-

tively
g friction-weighted enhancement ratio of particle depo-

sition
k streamwise wavelength
m air kinematic viscosity
P extra pressure gradient
qf air density
qp particle density
sijr subgrid scale stress tensor
sp particle relaxation time
sw wall stress

Symbols
— filtered LES quantities
^ variables calculated on a test filter
hiz,t denotes averaging over the z-direction and time
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