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Investigation of the flow pattern around the piers gives a more
accurate understanding and vision for scouring prediction.
Methods: The flow pattern around two side-by-side circular cylinder
with various gaps are investigated numerically in current study. The
numerical calculations are carried out on quadrilateral mesh which
is finer close to the cylinders vicinity in order to provide better
description of boundary layer and gradually become coarser further
places. In term of simulation of the free surface effect, the volume of
fluid (VOF) method used. In this simulation based on the frequency
of vortex shedding and Strouhal number. After selecting appropriate
turbulence model (RNG k - €) the value of velocity, turbulence and
bed shear stress reported.

Findings: The results show that by reducing the gap between two
cylinders, the velocity in middle of cylinders increases and the
maximum velocity observed in G/D=1.5 while for smaller gaps
(G/D<1.5) the velocity decreases due to blockage. In case of two side-
by-side cylinders turbulence intensity in the middle of channel is
higher than in bed which represent the significant impact of vortices.
However, in case of single cylinder turbulence intensity in the bed of
channel is higher than those of in middle which represent the
significant impact of bed on turbulence intensity.
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Extended Abstract

Introduction

Nowadays, scouring is one of the important
issues in river engineering as well as coastal
engineering. Based on the results of the
investigations, the destruction of most of the
bridges built in the rivers is due to scouring
around piers. For this reason, it has been the
subject of many researches conducted in
recent years. Factors such as the narrowing
of the flow path and the creation of eddy
currents around the piers cause local
scouring of sediments around the piers. The
dominant form of flow near a pier is a vortex
system, which develops around the piers
and forms the main scouring mechanism.
The main components of this system are
downflow, horseshoe vortex and wake
vortices. Investigation of the flow pattern
around the piers gives a more accurate
understanding and vision for scouring
prediction and determining the depth of
erosion in the vicinity of the piers.

Materials and Methods

The topic of investigating the flow pattern
around the group of piers, despite its many
applications in engineering problems, has
not been numerically researched. In the
present study, we investigate the flow
patterns around two side-by-side piers with
different distances using Fluent software. In
this modeling, based on the vortex formation
frequency and Strouhal number, the
turbulence model and appropriate meshing
size have been selected. Also, in this two-
phase weather and climate modeling, the
volume of fluid (VOF) method has been used
to consider the effect of the free surface. The
quality of the effect of choosing the
appropriate turbulence model in a new way
was carried out in the form of examining the
velocity values, turbulence values and bed
shear stress. The solution domain for the
case of two side-by-side cylinders is a
rectangular channel with a length of 12 m, a
width of 1.26 m, a height of 0.5 m and a water
depth of 0.32 m, with walls and a rigid bed
that has two piers with a diameter of 9.1 cm

with the distance between the piers, G/D
=1,1.5,2,2.5 and 3 (G is the distance between
the inner edge of two cylindrical piers) at a
distance of 8 m from the upstream of the
channel. The Reynolds number of the flow is
about 105 and the Froude number is 0.2,
which indicates the turbulent and subcritical
flow regime. Considering that the flow of the
current study is in a fully turbulent state, the
change in the Reynolds number will have
little effect on the results. Therefore, the
effect of Reynolds number changes was not
investigated in this study, and by presenting
important turbulence parameters such as
shear stress and flow turbulence energy in a
fully turbulent flow, the effect of the
presence of piers in front of the flow was
investigated. In this study, the ratio of the
average velocity to the threshold velocity of
the movement of bed particles is considered
to be around 0.95, and the flow upstream of
the piers is close to critical conditions for the
movement of sediment particles.

Findings

In this research, the turbulence models
available in the software were examined and
itwas found that the RNG k- model provides
better results than other models. As the flow
approaches the piers, the velocity of the flow
has increased due to the narrowing of the
flow channel on the sides of the cylinders.
The average velocity around the piers has
not increased much compared to the single
pier, but the disturbance inside the group
piers have increased up to three times. The
eddies have less expansion in the lower
levels and more expansion in the middle and
upper levels, which indicates the increase in
the strength of the eddies as they move away
from the bed. This difference in the strength
of the vortex in the depth is one of the factors
that create the pressure gradient in the
depth and the separation of sediment
particles into the flow downstream of the
cylinder. In the area between the two
cylinders, due to the increase in velocity, the
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shear stress of the bed and its extent have
increased. As the flow approaches the area
between the two cylinders, an increase in
speed can be seen, especially in the upper
levels. Of course, it should be mentioned that
this increase in velocity occurs after passing
through the cylinder due to the presence of
vortices, which themselves act as an
obstacle.

Discussion

This study was carried out in clear water
conditions and taking into account the
constant roughness of the bed. In this study,
only circular cylindrical piers with a fixed
diameter and perpendicular to the channel
bed were used, and the effect of changes in
the shape and size and installation angle of
the piers was not investigated. To clarify the
details of the flow, it is necessary to simulate
the flow in the mobile and erodible bed until
the formation of the final equilibrium hole.
In the condition of the mobile bed, the
simultaneous solution of the flow and
sediment equations is done by the model. If
the bed is erodible and scouring around the
piers is allowed, the formed scour hole will
attract the flow near the bed towards itself.
By increasing the dimensions of the hole, the
velocities and disturbances near the bed will
increase. In fact, the combination of velocity
components will increase the downward
velocity in front of the piers, and as a result,
stronger horseshoe vortices are created and
move to the sides of the piers. A stronger
vortex shedding will occur behind the pier
and around the scouring hole. Due to the
contraction of the flow, stronger horseshoe
vortices are formed between the two piers
inside the hole compared to the outside of
the piers.

Conclusion

Quantitatively and qualitatively, the results
of the numerical simulation show a good

agreement with the laboratory results. In the
case of two side-by-side cylinders, the
turbulence values in the middle height are
higher than the values near the bed (on the
sides and downstream of piers) which shows
the greater effect of eddies on the turbulence
values. While in the case of a single cylinder,
the turbulence values near the bed are
higher than the turbulence values at the
middle height. which can indicate the
greater influence of the bed on the
turbulence values. As the distance between
the cylinders decreases, the velocity values
in the center of the cylinder increase, and the
maximum velocity value is at G/D= 1.5 has
occurred, while for G/D>1.5, the velocity
value has decreased due to the confinement
of the flow. The highest amounts of
turbulence in the case of two cylinders side
by side occurred in the downstream of the
cylinder and at G/D = 2. In general, it can be
said that the as the distance between the
piers increases, the interaction of two piers
on the flow pattern disappears, and each
piers acts independently. When the pierss
are too close, two piers act like one pier with
a larger diameter.
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