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Abstract

Introduction: The use of obstacles in dam reservoirs is considered
an effective method for directing sedimentation toward the middle
ofthe reservoir (instead of sedimentation next to the dam wall where
the facilities are located). In the present study, to control the saline
density current, the effect of cylindrical, cubic, and pile-shaped
obstacles on the characteristics and motion of the body of the density
is experimentally investigated.

Methods: In this regard, 323 cylindrical obstacles with a diameter of
1 cm and a height of 30 cm, were placed on the bed of a Plexiglas in a
channel with a length of 12.5 m, a width of 30 cm, and a height of 40
cm in a zigzag form along with the same number of cubic obstacles
with dimensions of 1.1 cm and a height of 30 cm in the next step. The
experiments were performed with three flow rates (0.27, 0.55, and
0.83 liters per second), three slopes (0.2, 0.5, and 1%), and constant
concentration (15 g/1).

Findings: The results showed that the use of obstacles reduces the
height of the body of density current along the channel. The height of
the body in cubic obstacles is more than cylindrical obstacles. The use
of obstacles affects the velocity profiles and reduces the velocity of
the body of the density current. The flow rate of the body of density
current in a bed without obstacles has an increasing trend while it
has a decreasing trend in the bed with obstacles. Therefore, the
reduction of flow rate in cubic obstacles was 1.5 to 2 times compared
to the cylindrical obstacles. As a result, flow rate control in cubic
obstacles was greater. Also, by moving along the channel, the
reduction of the concentration of body of the density current in cubic
and cylindrical obstacles was 49% and 41%, respectively, compared
to the bed without obstacle.
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Extended Abstract

Introduction

The moving density current, which is mostly
generated during floodwater, submerges
beneath the reservoir water due to
producing erosion in the bed section at the
point that the river meets the dam reservoir,
and after drawing close to the dam’s body
creates sedimentation in this region. The use
of obstacle can be employed as an effective
method to control the sedimentation at the
reservoir, especially in the middle of the
reservoir, and to inhibit sediments from
reaching and precipitating at the dam’s key
points. This phenomenon has attracted
researchers’ attention in recent years.
Regarding the importance of the density
current phenomenon in the motion of
sediments in reservoirs, the present
research experimentally investigated the
effect of degree and the effect of mechanism
of cylindrical and cubic-shaped obstacles on
the characteristics and motion of the body of
the density current in reservoirs of dams.

Materials and Methods

In this regard, 323 cylindrical obstacles with
a diameter of 1 cm and a height of 30 cm
were placed on the bed of a Plexiglas in a
channel with a length of 12.5 m, a wide of 30
cm, and a height of 40 cm in a zigzag form,
along with the same number of cubic
obstacles with dimensions of 1.1 cm and a
height of 30 cm in the next step. The
experiments were conducted with three
flow rates (0.27, 0.55, and 0.83 liters per
second), three slopes (0.2, 0.5, and 1%), and
a constant concentration (15 g/l1). Three
siphons were wused to measure the
concentration of different sections of density
current along the channel. The siphons were
designed and selected in a way that, along
with 14 tubes to collect samples from
density fluid, covered the entire height of the
head and the body of the current. The
longitudinal and transverse distance of
obstacles from each other was selected as
dimensionless, being 3 times higher than
that of the dimension (3D) of the obstacles,
and 3 cm.

To measure the velocity profile of the body
of density current, the electromagnetic flow

meter device was used at two stations 2.85
and 4.25 m away from the inlet valve and at
the central line of the channel.

Findings

Compared to the bed without obstacle, the
results showed that the height of the body of
density current along the channel pass-way
remained slightly constant. The installation
of both obstacles resulted in a decreasing
trend in the height of body. Increasing the
slope parameter of the channel reduced the
height of the body, and increased the
velocity of the body of the density current
either with or without obstacles. The results
of the present research also revealed that the
use of obstacles was effective on velocity
profiles, and caused a decrease in the
velocity of the body of the density current.
The measurements showed that the
presence of obstacles increased the height of
the maximum velocity location, in
comparison to the channel bottom. The
height of the maximum velocity location in
cubic-shaped obstacles was higher than that
in cylindrical-shaped obstacles. A reduction
in the concentration of body caused by the
motion of the density current along the
channel in cubic-shaped obstacles was
higher (around 9%) than that in cylindrical-
shaped obstacles with the same
concentration, slope of bed, and inlet
discharge rate of the density current. For all
beds either with or without obstacles, the
reduction rate of the body concentration and
the reduction percentage amount of the
passing discharge rate of the body of the
density current along flume were reduced
following an increase in the slope of the
channel bed.

Discussion

According to the findings of this research,
the height of the body of the saline density
current in all experiments was higher than
that in cylindrical-shaped obstacles in the
bed with cubic-shaped obstacles.

Owing to larger characteristics of the area of
wake behind cubic-shaped obstacles, the
measured velocities were always higher
than those Dbehind cylindrical-shaped
obstacles. In the bed without obstacles, the
total passing discharge rate of the body of
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the density current was increased
approximately 5% to 7%, in comparison to
the regulated outlet discharge rate from the
pump. But, at the bed with obstacle, it was in
contrary, and the total discharge rate of body
had decreasing trend between two sections,
as at the bed with cylindrical shaped
obstacles, the decreasing area was between
5% to 16%, whereas with cubic shaped
obstacles being more effective, and the
decreasing area was shown to be between
11% to 30%. The results of controlling the
concentration of the body of current showed
that the concentration of the body of the
density current along bed had a decreasing
trend either with or without obstacles. The
presence of obstacles caused a decrease in
velocity, when compared to the bed without
obstacles. This decrease was accompanied
by an increase in the Richardson number,
and Ri in cubic-shaped obstacles was always
lower than that in cylindrical-shaped
obstacles. For all experiments, the results of
the Froude number indicated a subcritical
current.

Conclusion

Reduction in the total passing discharge rate
of body from cubic shaped obstacles,
compared to cylindrical shaped obstacles
with the same concentration, slope of bed,
and inlet discharge rate of density current, at
the installation place of obstacles was
around 1.5 to 2 times, and consequently, the
achieved control of discharge rate of body of
density current at cubic shaped obstacles
was higher than cylindrical ones. Decreasing
changes in the body concentration in the bed
with obstacles was higher than those in the
bed without obstacles. This reduction in the
bed without obstacles was approximately
6.5%, while it was 49 and 41% in the bed
with cubic- and cylindrical-shaped obstacles,
respectively. The results indicated that the
presence of obstacles caused a reduction in
velocity, compared to the bed without
obstacles. This reduction was accompanied
by an increase in the Richardson number,
and Ri in cubic-shaped obstacles was always
lower than that in cylindrical-shaped
obstacles. For all experiments, the results of

the Froude number indicated a subcritical
current.
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