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ABSTRACT

This study explored the effect of porosity and installation angle, thickness (dimension) and second layer
of permeable obstacles on density current control and trapping in the laboratory. For this purpose, an
insoluble suspended polymer and two types of groove and cavity obstacles made from plexiglass sheets
were selected. The experiments were conducted with two different concentrations, five different
porosities, four different angles, four different thicknesses and two obstacle layers. The results showed
that the optimum porosities for cavity and groove obstacles were 22 and 19%, respectively. In all
experiments, the cavity trapping rates of 0.13% and 0.14% at 10% and 20% concentrations were higher
than those of groove trapping. In addition, by increasing the angle, the rate of trapping decreased and its
value was observed in the groove with the correlation coefficients of 0.995 and 0.981 compared to the
cavity. The major effect of obstacles was found to be the flow deceleration where the average velocity
in the cavity was obtained 3.62% higher than that in the groove. For the increased thickness with 10%
porosity and groove type, the passage of materials from the obstacle further increased. By creating the
second layer of obstacle, the passage of materials from the obstacle in the both groove and cavity

increased, and the optimal distance of the second obstacle was 2.25 m from the first one.

doi: 10.5829/ije.2020.33.09¢.03

1. INTRODUCTION

The mechanism of flow sedimentation are among the
important and complex issues in hydraulic structures; the
issue has been paid attention by many experts [1-4].
Sediments can have significant effect on the behavior of
a density current [5]. Density current occurs when a fluid
of high density flows into a low density or light fluid [6-
8]. One of the effective tools to control flow sediment is
the obstacles used in the river course upstream of main
structures and dam reservoirs [9, 10]. Permeable
obstacles are more common and efficient due to the
ability to pass part of the flow and reduce the flow
pressure compared to impermeable obstacles [11, 12].
Since the major part of sediments is related to the
suspended load of flow, which occurs in the floods and
density currents, it is very important to understand and
study these types of currents. De Cesare et al. [13]
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evaluated the passage of density current through different
obstacles. Their studies showed that the density current
can be effectively designed through the constructive
measurements. Asghari Pari et al. [14] presented the
velocity curves of flow body and concentration. They
concluded that the high height is more effective on the
flow control and also at high concentrations, the effect on
the velocity and control of flow sediment is also high.
Oehy and Schleiss [15] investigated the effect of different
obstacles on the control of density current and concluded
that the subcritical conditions and not passing over the
obstacle are more appropriate. To compare
experimentally the effect of porous obstacle and porous
stepped obstacle on the control of density current,
Kordnaeij et al. [16] used porous obstacle as a permeable
ones. The results of the study showed that the porous
obstacle outperforms the porous stepped obstacle and
further reduces the sediment discharge. Asghari Pari et
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al. [17, 18] numerically investigated the effect of the
angle upstream the obstacle and depth of water reservoir
on controlling the density current. They stated the high
the obstacle height, the low impact of water depth would
better control the flow. In addition, the high angle
upstream of obstacle would be the greater the flow
control by obstacle. Habib Mohammadi et al. [19] studied
the effect of height, shape and location of gabion
obstacles on the control of sediment density current.
They stated that part of the flow passes through or over
the obstacle and the high height and close to the inlet, the
low velocity resulted in desired performance. Alves and
Rossato [20] conducted a series of experiments to
investigate the effect of obstacles on density currents.
The results showed that the flow velocity decreases with
an increase in the obstacle height; while the ratio of
different characteristics remains constant in the velocity
profile. In a study conducted by Nogueira et al. [21], the
dynamic properties of density current on rough bed in
experiment approaches were evaluated. The convergence
of upstream Froude number showed that the mechanical
characteristics of the flow were determined by the means
of upstream local variables. Janocko et al. [22] found that
the superiority of numerical simulations is the possibility
of monitoring all the hydraulic factors in the density
current and their reactions to the three-dimensional
topography of the walls during the full flow period. In
another study, MacArthur et al. [23] experimentally
analyzed the density currents using the imaging
technique. They concluded that the obstacles with uneven
surface reduce the flow velocity, but have a slight effect
on the overall flow velocity. Yaghubi et al. [24]
experimentally investigated the effect of inlet
concentration on the flow behavior in the presence of two
consecutive obstacles. The study results showed that an
area with an insignificant velocity and significant
concentration grows at the top of each obstacle and with
the increased inlet concentration, the area becomes
larger. Zeinivand et al. [25] investigated the porosity
percentage of obstacles and different flow
concentrations. The results showed that by increasing the
porosity percentage of the obstacles, the absorption rate
of flow materials decreased and correspondingly, the
efficiency of obstacles in the cont wrol of flow will be
lower. Abhari et al. [26] examined the transfer rate of
experimentally suspended load. This study showed that
in the velocity profile, the obstacle reflects the flow and
creates another critical area in addition to the walls in the
current, reducing 1% of the average transfer rate of
suspended load in downstream the obstacle.

Despite the numerous studies to understand the
behavior of density currents [28-30], evaluating the
behavior of currents with suspended sediment load
colliding with permeable obstacles in their way is a novel
issue, There was less report and still needs further
investigation. For this purpose, as presented in Figure 1,

this paper explores the effect of porosity and installation
angle, thickness (dimension) and second layer of
permeable obstacles on the density current control and
trapping in the laboratory.

2. MATERIALS AND METHODS

2. 1. Laboratory Equipment In this study, a
flume with the length of 10 m, width of 30 cm and height
of 45 cm was used. Figure 2 shows the overall view of
the flume and the related laboratory equipment. The
study tests were conducted for duration of 6 months in
the hydraulics and sediment laboratory of Water
Engineering Department in Agriculture Faculty of
Birjand University. Due to constant flow, the velocity
recording, collision status and passage of flow over the
obstacles were performed using the Pitot tube plate by the
imaging technique. The Pitot tube plate was installed in
the upstream of the obstacles with measuring capability
at distance of 5 cm, and the imaging was performed
solely to examine the density current motion along the
flume; the physical and mechanical behavior of the
collision and passage of flow over the obstacles. The
longitudinal slope values were considered zero in the
experiments. The plexiglass sheets of 3 mm thick with
the width equal to the flume width and the height up to
30 cm were used to build the obstacles. The amount of
porosity in the obstacles with different percentages of 10,
15, 20, 25 and 30 in both forms of groove and cavity were
created using the equal groove width and diameter of 3
mm (about 3 times the average particle diameter). The
obstacles were installed at the distance of 9 m from the
inlet of density current injection. The obstacle installation
angles were considered at 45, 60, 75 and 90° relative to
the direction perpendicular to the bed. Figure 3 shows
samples of two types of cavity and groove obstacles.

2. 2. Density Current Characteristics The
desired density current was produced by the mixture of
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Figure 1. Overall paper flowchart
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Figure 2. Overall view of flume and laboratory equipment

Figure 3. Samples of used obstacles: a) cavity obstacle; b)
groove obstacle

water and a type of expanded poly styrene (EPS) with the
density of 1135 kg/m® and average diameter of 1.15 mm.
The current was injected into the main stream at an
average discharge of 3.43 L/s at a distance of 7 cm from
the bottom of the flume. The density current injection
was performed by pump as flood hydrograph. The base
water discharge was 5 L/s and the volume of density
current was 460 L with a mixer at two different
concentrations of 10 and 20%. At the end of the flume,
there was a filter and a tank for separating materials from
the current for the storage and reuse purposes. Figure 4
shows the tank for the production of density current and
the filter for the separation of materials from the current.
According to Figure 4(b), in the test device, a suitable
filter with a total flow capacity was placed at the flume

Figure 4. a) Density current production tank; b) material
separating filter

outlet against the flow to separate suspended matter
passing through the obstacles and to store material-free
flow into the storage tanks and continued the flow cycle
for the experiments. In addition, the collected materials
were the basis for evaluating the performance of the
obstacles and used for subsequent tests.

2. 3. Test Method To ensure that the material used
is suspended, special experiments were carried out based
on the proposed theories and the experimental method of
mixing and falling speed. Then, the concentration tank
was filled with water and the required amount of material
for the desired concentration was added and
homogenized with the mixer. By installing the control
valve and obstacle, the base discharge was set and
adjusted to the threshold depth. According to the
characteristics of the current and polymer material and
considering the limitations of the laboratory flume
dimensions according to Schneider method [19], the
depth of 25 cm was calculated. Then, as shown in Figure
5, the density current was injected to the stream as flood
hydrograph.

As shown in Figure 5, out of the total test time (335.4
seconds), 84 seconds (25%) is dedicated to be the upward
trend, 49.8 seconds (15%) to the peak constant discharge,
and 201.6 seconds (60%) to the downward trend. The
average pumping time is about 133.8 seconds.

To determine the testing time and to validate the test,
the control sample was taken as the temporal variations
of the suspended sediment load for the desired depth. In
this way, the least change of the sediment load was the
basis for the time selection, which resulted in the
hydrograph, as shown in Figure 4. In all experiments, the
flow characteristics including the velocity, body height,
injection time, front and tail arrival time of suspended
materials to the obstacle, process of collision with and
passage over obstacle, situation and location of
sedimentation, amount of passed and trapped materials
behind the obstacle were measured. The obstacle
performance criterion was the amount of trapped
materials (fraction of passed materials to total initial
material). In this study, 68 independent tests including
density currents at two concentrations and five porosities,
and obstacles using two different shapes, numbers and
thicknesses and four installation angles, were performed.
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Figure 5. Flood flow hydrograph produced in experiments
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3. RESULTS AND DISCUSSION

3. 1. Flow Velocity The flow velocity
measurement was performed with a piezometric plate
attached to the pitot tubes and also using imaging of the
flume sides. The velocity varied by the temporal
variations of discharge, relative location of measurement
and obstacle at different porosities. An example of the
velocity profiles approaching the flow upstream of the
obstacle is shown in Figure 6.

The reason for the relative increase in flow velocity
in the vicinity of the obstacle can be attributed to the
impact of the reduced passage over the obstacle and also
the decrease in suspended sediment load along with
upstream course. The vertical profiles of velocity and
flow concentration at 2 and 5 m upstream of the obstacle
are shown in Figure 7.

As can be seen in Figure 7, the density current
approaches the obstacle, the average velocity is low and
the depth velocity is more widely distributed. In addition,
due to the sedimentation in the course to the obstacle, the
concentration of materials decreases and the
concentration in the deep sections of the stream
increases. The depth changes in the vicinity of the
upstream obstacles are shown in Figure 8. As can be seen
in Figure 8, the high porosity, the low rate of depth
decrease as the porosity increases. This trend was
observed both for base flow without water level
adjustment and for total flow with water level adjustment
with depth. The upstream depth of the groove obstacles
with an average of 4.14% is always higher than that of
the cavity obstacles. The main reason for this difference
was the desired distribution of cavities at the surface of
cavity obstacle and the easier passage of flow through the
cavities.

The studies showed that the velocity profiles differed
along with flume depending on the position relative to the
obstacle. As such, upstream of the obstacles, the
velocities become more balanced with moving away
from the obstacles and close to the form of flow without
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Figure 6. Example of velocity profiles approaching flow
upstream of obstacle

35 ® Concentration (g/Lit)

30 H Velocity (cm/s)

25

20

Flow depth (cm)
5

(@ 01 23 45 6 7 8 910111213 14
A I |

® Concentration (g/Lit)

35

30 m Velocity (cm/s)

25

20

15

10

Flow depth (cm)

(b) 6 é 1‘1 é é 1‘01‘21‘41‘61‘82022242628
Figure 7. Vertical velocity profile and flow concentration
with concentration of 20% in (a) 2m upstream of obstacle;
b) 5m upstream of obstacle

35

= = =« Groove (Basis discharge)
= =@ = - Cavity (Basis discharge)

M~ Groove (Total discharge) |
\ ——@— Cavity (Total discharge)

w
o

Flow depth (cm)
G 8 &
"
"
U
[
U
/

=
o

v

10 15 25 30

20
porosity (%)
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obstacle. In the vicinity of the obstacle, the velocities are
more different in depth and higher than the maximum
value. The currents with cavity obstacles had a lower
upstream depth due to the easier flow while having
3.62% higher velocity. In addition, the mean velocity of
the front and tail of density current mass were 10.7 and
4.6 cm/s, which were 37% higher and 30.2% lower than
the mean flow velocity, respectively. The differences in
velocities can be attributed to the obstacle performance
in the flow deceleration and the trapping and
sedimentation factors of the density current.

In addition to the velocity profiles and upstream
depth, the test time was also evaluated. Figure 9 shows
the test time from the beginning of the density current
injection to the base flow until the passage of the last
particle of suspended load over the obstacle.
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Figure 9. Variations of test time for obstacles with different
flow concentrations

As shown in Figure 9, the distribution and temporal
variations of the test time at concentration of 10% was
greater than that of the 20% concentration. In addition,
the variations of test time at the 20% concentration are
more balanced compared to those of 10% concentration.
The depth and flow velocity data in the vicinity of the
upstream obstacles are summarized in Table 2.

The obtained results showed that as part of the flow
passes through the obstacle body, the front velocity of the
flow occurs with the same pattern as behind the obstacle.
However, at high levels, the flow velocity is significantly
reduced. It was also observed that the stationary state and
even the inverse current of upper and surface parts caused
by the collision of flow with obstacles is a factor behind
the accumulation of part of the materials on the surface.
It should be noted that since this part of the accumulated
materials are not part of the suspended flow mass, the
floating materials were deducted from the initial
materials, which constitute about 11% of the total initial
materials. Figure 10 shows how the sediments
accumulate upstream of the obstacle.

3. 2. Effect of Obstacle Porosity To determine
the effect of obstacle surface porosity with constant flow
conditions, two types of obstacles were tested at two
concentrations of 10 and 20% for five porosities of 10,
15, 20, 25 and 30%. Figure 11 shows the amount of

TABLE 2. Depth and flow velocity of upstream obstacles

Figure 10. Accumulation of sediments upstream obstacle

materials passing over the obstacles versus the porosity.
In addition, the related data are givenin Table 3. By
deducting the amount of passed material from the total
initial material, the performance of the obstacle in
trapping was determined and expressed in percent.

The results showed that in all cases, the trapping
performance of the cavity obstacle is better than that of
the groove obstacle, so that at concentrations of 10 and
20%, the average trapping of cavity obstacles was
reported 0.14% and 0.13% higher than the groove
obstacles, respectively. At low concentrations, the
performance of the two types of obstacles is relatively
similar, but at high concentrations, the cavity-type
performance has been found to be more effective in
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Figure 11. Variations of materials passing over obstacles
with different porosities and concentrations

TABLE 3. Material trapping data for different porosities and
concentrations

Material trapping (g)  Material trapping (g)

Depth (cm) Velocity (cm/s) Porosity (%) 10% concentration  20% concentration

Porosity (%) ) ]
Groove Cavity Groove Cavity Groove Cavity Groove Cavity
10 9.2 9.8 30.6 28.7 10 5010.1 5016.5 10030.6 10036.6
15 11.3 11.9 24.9 23.6 15 4999.1 5009.7 10016.6 10030.6
20 14.3 14.8 19.7 19.0 20 4996.0 5006.7 10009.2 10026.4
25 16.2 16.5 17.4 17.1 25 5000.7 5007.4 10008.6 10025.6
30 18.1 18.3 15.5 15.4 30 5013.0 5011.8 10014.1 10028.1
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trapping materials. Also, at high porosity, the
performance of the two types of obstacles was close
together. In this case, the lowest trapping was observed
in 20% porosity for 10% concentration and in 25%
porosity for 20% concentration. By repeating the tests
and further examining the optimal porosity, which has
the highest amount of passed material, it was determined
about 22% for the groove type and about 19% for the
cavity type. The trapping decreases for the porosities
lower than this amount and increases for the higher
porosities.

3. 3. Effect of Obstacle Installation Angle In the
first stage of tests, the obstacles were considered
perpendicular to the flow direction (90° angle). To
investigate the effect of the installation angle, the
obstacles were rotated in the flow direction at the same
previous location. According to Figure 12, the angles 90,
105, 120 and 135° were selected relative to the horizontal
bed direction. The variations of the materials passing
over the obstacles for different obstacle angles are shown
in Figure 13. Table 4 also reports the data on the trapping
performance for different obstacle installation angles
(10% porosity) and different concentrations.

Figure 12. Selected angiés of obstacle installation beyond
90°
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Figure 13. Variations of passed materials with obstacle
installation angle at different concentrations

TABLE 4. Data on trapping performance for different obstacle
installation angles (10% porosity) and concentrations

Material trapping (g)  Material trapping (g)

Installation i '

Angle 109% concentration  20% concentration
(Dgree) Groove Cavity Groove Cavity
90 5005.7 5016.5 10030.6 10036.6
105 5000.1 5014.6 10021.3 10031.6
120 4989.9 5012.2 10009.2 10025.2
135 5031.6 5007.4 9987.5 10010.9

The results showed that by increasing the angle of
installation reduces the trapping level in both types of
obstacle. In addition, at two different concentrations
used, the observed reduction in the trapping level in the
groove obstacles was more than that in the cavity
obstacles. According to Figure 14, the correlation
coefficients in the groove and cavity obstacles were
0.9994 and 0.9967 for 10% and 20% of concentration,
respectively. This can be attributed to the easier passage
of flow and discharge of materials due to the water
pressure on the cavity obstacle. For this reason, the
trapping reduction rate in the groove obstacles was more
than that in the cavity obstacles.

3. 4. Effect of Obstacle Thickness or Dimension
To investigate the effect of obstacle thickness and
dimension in the flow direction, one of the groove
obstacles with 10% porosity was selected. Due to the
operational limitations, according to Figure 15, this
obstacle was used at a 90° angle in perpendicular
direction. The passed current was constant with the same
base current at both 10 and 20% concentrations. In
addition to the thickness of the main obstacle (3 mm), the
5, 10 and 15cm thicknesses were also considered.

Figure 16 shows the amount of passed sediment for
different obstacle thicknesses in both currents at 10 and
20% concentrations. As can be seen in Figure 16, the
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Figure 14. Relative fitting of materials passed over obstacles
with different installation angles and concentrations
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Figure 15. Example of obstacle with dimension for testing
impact of obstacle thickness

amount of passed materials is higher for the increased
obstacle thickness at both concentrations. However, at
high concentration resulted in high increased rate. As
such, the slope of fitting line of the 20% concentration
data was observed about 2.3 times that of the 10%
concentration. Also, the correlations of recorded data of
the obstacle-passed materials with different thicknesses
at the 10 and 20% concentrations were 0.981 and 0.995,
respectively. The reason for the general increase in the
passed materials was found to be the impact of the current
passing along the obstacle on the current flowing into the
obstacle and created suction conditions. Also, the higher
correlation coefficient at higher concentration was
attributed to the easier flow of suspended materials into
the obstacle due to the inside flow tension. In the case of
obstacles with low thickness, the flow is released as it
passes over and has no effect on the upstream and, as a
result, on the flow of materials through and over the
obstacle.

3. 5. Effect of Second Obstacle Layer Due to the
frequent application of sediment control structures such
as slit dams, an obstacle was used to investigate the effect

100

H 10% concentration
W 20% concentration R?=0.995

(2] o)
o o

Passed Material (g)
ey
o

20 I
0
3 5 10 15
Obstacle thickness (cm)
Figure 16. Amount of passed sediment for different

thicknesses of first obstacle with two rows and 10 and 20%
concentrations

of the second obstacle upstream of the main one. The
tests were performed for all previously used obstacles
with the same specifications but with a half-height
obstacle. The relevant experiments were repeated at the
same conditions as before with two concentrations of 10
and 20% and the materials deposited behind an obstacle
and the conditions of two obstacles were compared.
Figure 17 illustrates the second-layer obstacle and the
obstacle valve for the passage of second-layer materials.
A view of the deposited material with the second layer of
obstacle is shown in Figure 18.

The amount of sediment passed over a single
obstacle, two obstacles, comparison of the obstacle types
in two obstacles, and the remaining amount behind the
second obstacle are shown in Figures 19, 20, 21 and 22,
respectively.

Figure 17. a) Example of second-layer obstacle; b) valve for
passage of second-layer

e——-

Figure 18. View of deposited material with second er of
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Figure 19. Amount of sediments passed over single obstacle
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As shown in Figures 19 and 20, by addition of the second
layer of obstacle, the amount of passage over the first
layer slightly increased compared to the single-obstacle
conditions. The average amounts of increased for the
cavity and groove obstacles were 2.34% and 1.96%,
respectively. The reason for such increase was the effect
of turbulent flow passing over the second obstacle
towards the first obstacle downstream and the tendency
of the materials to the passage. The behavior of groove
and cavity obstacles was similar to the single-layer case.
As such, the optimal porosity in this case was also
observed about 20% where the passage of materials over
the obstacle before and after that had an increasing and
decreasing trend, respectively. In this case, the efficiency

of the cavity-type obstacle was better than the groove
type.

Comparing the behavior of the two types of cavity
and groove obstacles in Figure 21 showed that by
addition of the second obstacle row, the materials passing
over the first obstacle downstream in the cavity type had
less changes than the groove type. Particularly for the
porosities higher than the optimum porosity (about 20%),
the groove-type conditions were improved so that at high
porosities, the efficiency was higher than the cavity type.
This is due to low permeability of the obstacle than the
cavity type resulted from the flow turbulence.

The examination of the materials deposited behind
the second obstacle in Figure 22 showed that with an
increasing the porosity before the optimum porosity, the
trapping process decreased, but that of the groove type
increased. For the porosity more than the optimal
porosity, due to high permeability of the cavity type, the
same process was continued, but in the groove type, as
the flow passes over obstacle, the trapping and
sedimentation of materials behind the obstacle were
stabilized. However, the performance of both types of
obstacle showed that the second layer was effective in
improving the obstacle efficiency. Of course, it was
affected by the distance of the second obstacle from the
first obstacle.

To investigate the effect of location and installation
of second obstacle to the first one, the experiments were
carried out from 2 m upstream the first obstacle at 25cm
intervals to the end of flume. The reason for choosing 2
m was that in the lower distances, the turbulence of the
flow passing over the second obstacle had a great effect
on the first obstacle and the performance of obstacles
could not be distinguished. As such, for the performed
experiments, the optimal distance of the second obstacle
from the first one downstream was determined based on
the highest trapping and sedimentation efficiencies. The
selection criterion was to compare the deposited
materials between the two obstacles and upstream of the
second obstacle layer. Figures 23 and 24 showed the
amount of the sediment passed over the first and second
obstacle in terms of the distance from the first obstacle,
respectively.

The studies showed that the greater the distance
between the second and first obstacles, the better the
effectiveness in improving the efficiency. Figure 24
shows that the process of sediment deposition behind the
second obstacle is greater with an increased distance
from the first obstacle. Also, according to Figure 23, it
was found that with the existing tools and limitations, the
sedimentation process changed from a certain distance to
higher ones. The reason for this was also the effect of
turbulence caused by the base flow inlet, especially the
effect density current injection. As a result, at the end
parts of the flume, the function of the second layer was
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Figure 23. Amount of sediment passed over first obstacle in
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Figure 24. Amount of sediment behind second obstacle in
terms of distance from first obstacle

not practically recognizable. Consequently, the optimum
distance between the second and first obstacles was about
2.25m.

6. CONCLUSION

This paper explores the effect of porosity and installation
angle, thickness (dimension) and second layer of
permeable obstacles on the density current control and
trapping in the laboratory. Two types of groove and
cavity obstacles with the groove width and cavity
diameter equal to 3 mm were selected and built from the
plexiglass sheets. An insoluble suspended polymer with
the density of 1.135 g/l and average diameter of 1.15 mm
was used to create the density current. The experiments
were conducted at two different concentrations of 10 and
20%, five different porosities, four different angles, four
different thicknesses and two obstacle layers:

1) The analysis of laboratory results showed that the
optimum porosity for cavity and groove obstacles
were 22 and 19%, respectively. However, an
increasing porosity, the trapping up to the optimum
porosity decreased and then increased.

2) Inalltests, the trapping level of cavity obstacles was
higher than the groove obstacles. The trapping level

of cavities obstacles at t 10 and 20% concentrations
were 0.13 and 0.14% higher than the groove
obstacles, respectively.

) The evaluation of different angles of obstacles
relative to the direction perpendicular to the stream
bed showed that by increasing the angle, the amount
of trapping decreased. The reduction in the trapping
level with the correlation coefficients of 0.995 and
0.981 in the groove obstacles was higher than the
cavity ones.

4) The average flow velocity in the cavity obstacles

was 3.62% higher than that in the groove obstacles.

5) For the increased thickness with 10% porosity and
groove type, the passage of materials from the
obstacle further increased. This was attributed to
high flow velocity along with obstacle and the
induced tensile force and its effect on the upstream
inflow.

6) By creating the second layer of obstacle, the
passage of materials from the obstacle in both
groove and cavity obstacles increased, so that the
amounts of 1.96% and 2.34% were recorded in the
groove and cavity types, respectively. The reason
for such increase was the effect of turbulent flow
passing over the second obstacle. Therefore, higher
the distance between the second and first obstacles
resulted in improvement in trapping and
sedimentation efficiencies. As such, the optimal
distance from the second obstacle to the first one
was obtained equal to 2.25 m. Beyond this distance,
due to the effect of the turbulent flume inflow and
injection of density current, the share of second
obstacle was not noticeable. However, the effect of
second layer on the overall trapping and
sedimentation efficiencies was found to be positive.
According to all obtained results, the cavity
obstacles always outperformed the groove obstacles
under similar conditions.

w
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