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Abstract

Introduction: Density currents are often the main cause of sediment
transport in deep water and reservoirs. To prevent sedimentation in
critical locations of dams, various methods have been proposed,
including placing obstacles in the path of these currents.

Methods: In this study, the effect of discharge, inlet concentration,
slope and height of trapezoidal permeable obstacle on the behavior
of salt density current has been investigated experimentally. 72
experiments were performed with variable discharge of 0.7, 1.2 and
1.7 liters per second and variable concentrations of 20 and 25 g/l,
slope of 0.5%, 1% and 1.5% and obstacle height of 1, 1.5 and 2 times
the body of density current. The percentage of flux reduction was
determined and the effect of other parameters was evaluated
Findings: The results showed that the three parameters of slope,
concentration and inlet discharge are the factors affecting the
momentum and by increasing each of these parameters, the
efficiency of obstacle with heights of 1 and 1.5 times body density
current decreases. In the case of obstacle with a height of 2 times the
body, when the current collides with the obstacle, there is a lot of
turbulence, which decreases the momentum of the current, and
complete control is achieved.

Conclusion: Thus, the average percentage of flux reduction for the
dimensionless ratio of height 1 is about 38%, for the dimensionless
ratio of height 1.5 is about 52% and for the dimensionless ratio of
height 2 is about 86%. Finally, linear and nonlinear regression of the
average percentage of flux reduction head data was obtained.
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Extended Abstract

Introduction

Density current is caused by the effect of
gravity on the concentration difference
between two fluids (1), in fact the source of
the formation of many deep valleys, to soil
erosion by turbid currents. These flows in
submarine valleys are also known as the
main factors in the transfer of sediment from
shallow to deep areas. Due to the erosive and
sedimentary properties of turbid currents,
these streams are the main cause of several
problems in reservoirs. Due to the effect of
these currents in nature, a lot of research has
been done to solve these problems; one of
the most practical methods is to make
changes in the topography of the bed, such as
building obstacles in the density current
path. Accordingly, in this laboratory study,
the authors have examined the percentage of
density current control by making
permeable obstacles.

Materials and Methods

This study was conducted in a rectangular
flume at the Shahid Chamran University of
Ahvaz. The walls of this flume were made of
glass so that the flow could be easily
interpreted. Upstream of this flume there
was a sliding valve, which divided the flume.
In the upper part, density current was stored
and in the lower part, it was filled with
transparent fluid. There was a storage of
density fluid, a cylindrical tank with a
capacity of 3 m3 and equipped with a mixer
was used to mix the density current, salt and
permanganate were used to prepare the
density current, and after preparing the
desired fluid by the pump , The fluid was
transferred to the head tank, which was
located at a height of 3 meters from the
ground to allow flow with a fixed head
throughout the test. An electromagnetic
flowmeter with an accuracy of 0.001 sl:e_tc
was also used to measure the flow rate
transmitted from the head tank to the flume.
In this study, 18 experiments without
obstacle and 54 experiments with obstacle

were performed. The obstacle was
constructed at a distance of 2 meters from
the valve using a metal mesh and a variable
height. Two siphons were used to measure
the concentration of density current at
different heights. These siphons were
installed before and after the obstacle at a
distance of 1.5 and 2.5 meters from the inlet
valve, respectively.

Discussion

In this study, various parameters have been
investigated and the results showed:
Height of obstacles

Increasing the height of the permeable
obstacles results in better control of the
density current head. Such that, the effect of
the obstacles with the dimensionless ratio of
height one and one and a half is relatively
good and close to each other, but in the case
of the obstacle with the dimensionless ratio
of height two, the effect is very significant
and in most experiments full control has
been taken.

Input concentration

Increasing the concentration reduces the
efficiency of the obstacles, except in the case
of two obstacles, where increasing the
concentration has improved the efficiency of
the obstacles.

input discharge

At low discharges, the amount of current
control by obstacles is not much different,
but in high discharges, due to the high
momentum increase, the current collision
with the obstacle increases and a large part
of the current passes through the obstacle,
which decreases the efficiency of obstacles.
However, in most of the experiments of
dimensionless ratio of height 2, complete
flow control has been achieved.

Flume slope

Increasing the slope such as flow and
concentration is one of the parameters that
increase the momentum of the current,
which reduces the efficiency of the obstacles.
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In the case of high obstacles, the effect of
slope increase is neglectable.

Conclusion

In this study, the effect of permeable
obstacles with aggregate diameter of 0.5 cm
on the head of density current under
variable conditions such as inlet discharge,
concentration, slope, and obstacle height
was investigated. The main results of this
article are as follows:

1- By dimensional analysis, a two-
dimensional relation was  obtained
according to the studied parameters, which
has provided the possibility of application
and accurate flow analysis and comparison
between the results of this research and
other studies.

2- Increasing the dimensionless height ratio
of the permeable trapezoidal obstacle used
in this research improves the performance
of the obstacles. The obstacle with one and a
half is able to control the current of the head
current on average 52%, but for the obstacle
with two dimensionless height ratio, current
control was in average more than 86%, and
in most cases the current was fully
controlled.

3. In general, increasing the dimensionless
ratio of concentration, slope and
dimensionless ratio of input flow reduces
the efficiency of obstacles.

4- Obstacle with two dimensionless height
ratio has a very big effect on the density
current head and in most experiments it has
been able to control the flow completely,
only in experiments with high momentum
part of the current was able to pass.
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