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Abstract

Introduction: The first and most effective measure to control the density current is to control
the erosion of the watershed and trap the upstream sediments to prevent the production of
the sediments caused by erosion. This method includes a wide range of measures such as soil
protection operations with vegetation, settling of sediments with sedimentation ponds,
construction of corrective dams and stabilization of the river bed and banks. However, part
of the sediments enters the reservoir of the dam and move towards the body of the dam due
to the density current phenomenon. Therefore, solutions to control these sediments have
been presented by different researchers in the reservoir of the dam. An effective method that
has been studied by other researchers is a method to control the density current using an
obstacle. The effects of these obstacles have been extensively studied through numerical and
laboratory research. However, identifying the optimal conditions for selecting the most
efficient option in terms of density current control, ease of implementation, and cost-
effectiveness remains an open and debated issue. It is crucial to use obstacles that that
minimize the risk of flow blockage, are easy to implement, and provide greater stability. The
purpose of this research is to investigate the effect of obstacles in the form of side plates
against the density current and its control.

Methodology: The experiments were carried out in a flume with a length of 12 meters, a
height of 80 cm and a width of 40 cm. The density current used in this research was
considered to be a saline flow with a concentration of 20 g/liter. The obstacles were made of
glass with a thickness of 4 mm. The depth of the ambient water in the experiments was
constant and equal to 50 cm. Also, in all experiments, the inlet flow rate of density current
and the slope of the floor were considered constant and horizontal. The height of obstacles
(h) used in this research were considered to be 3, 6 and 9 cm. Obstacles were installed as side
plates on both sides of the flume with an installation angle (8) of 30, 60 and 90 degrees to the
wall in such a way that their ends were on the middle axis of the flume and the distance
between the ends of the obstacles (d) on the flume axis was fixed (10 cm) (Fig. 2). In the
conducted experiments, the velocity of the flow Head and its depth concentration were
measured at two depths of 4 and 6 cm, and the body concentration was measured at 7 points
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in the depth. After collecting the samples, their salinity was measured using a salinity meter
and converted to concentration in grams per liter using the salinity-concentration calibration
chart. To determine the percentage of density current control by the obstacle, the reduction
in its head flow before and after the obstacle was calculated and expressed as a percentage.
To compare the efficiency of the side plates, experiments were also considered in the form of
a blocked channel, in such a way that the width of the flume was completely closed by an
obstacle with the same height considered, and to investigate the effect of obstacles on the
concentration profile of the flow body.

Results and Discussion: Based on the observations, as the density current hits the row of
side obstacles, part of the flow continues its path through the obstacles and another part
climbs, after descending for a while, it joins the rest of the flow and continues the path. It
continues with a lower velocity and concentration. This decrease in concentration occurs
with the entry of the surrounding fluid into the density current due to spreading caused by
the collision of the density current with obstacles. It can also be observed that the efficiency
of the complete blockage mode in controlling the density current is nearly equal to that of
plates with a 60-degree angle. However, the 60-degree angle offers advantages in terms of
easier implementation, greater efficiency, improved stability of the obstacles, and a longer
useful life. Moreover, it can be seen that in each installation angle, as well as in the case of
complete blockage of the flume, with the increase in height, the percentage of density current
control has increased, so that at a height of 9 cm, the amount of density current control at an
angle of 60 degrees is about 80 is a percentage. Creating obstacles in Head of the density
current, in addition to the effect on the forehead, also affects the concentration profile of its
body. It can be seen that for all the operating conditions of the obstacles, the concentration of
the thick flow body has decreased compared to the condition without obstacles. For all
installation angles, the height of 3 cm has no significant effect on reducing the body
concentration and the body profile in this case is close to the unobstructed state. By
increasing the height of the obstacle in all working angles, the reduction of the concentration
of the thick flow body is more. In such a way that at a height of 9 cm compared to the state
where the flow passes without the presence of an obstacle, a large difference between the
concentrations of the body in all four positions of the obstacle is observed.

Conclusion: It should be noted that under real conditions, the density current is in the form
of sediments and creating obstacles in head of the flow will lead to a decrease in velocity and
as a result sedimentation. Consequently, completely blocking the flow path will result in
rapid sediment accumulation behind the obstacle, rendering it ineffective in restraining the
head of the density current. with side plates, an empty space is created between them,
allowing part of the flow to pass through. The results showed that the greatest effect of
obstacles on the control of the thick flow head is in the case of installation angle of 60
degrees, and it is almost equal to the amount of control in the case of complete obstruction.
Also, with the increase in the height of the obstacles, the amount of their installation in
controlling the thick flow head increased in all cases. Furthermore, an analysis of the impact
of obstacle installation on the concentration profile of the density current body showed that
the greatest effect occurred at a 90-degree installation angle. As obstacle height increased, the
concentration of the thick flow body decreased more significantly.

Keywords: Density current control, Side plates, concentration profile, storage capacity,
Turbidity current Head.
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