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ABSTRACT: Flood flow in rivers is often of density current type. Hence, recognizing and exploring
these currents can solve some problems of sedimentation. In this study, the effect of porosity and the
angle of permeable obstacles on the control and trapping of density current have been investigated in the

and average diameter of 1.15 mm. The experiments were carried out with two concentrations (10 and ~ Available Online: 2019-05-13

20%) and 5 porosity and 4 angles. The obstacles were made of palsy glass plates and two types of groove
and cavity with 8.2 mm width of the groove and the diameter of the cavity. The results showed that, with
an increase in porosity ratio, the amount of trapping to optimum porosity decreases and then increases.
The optimal porosity of the cavity and groove is 22 % and 19%, respectively. In experiments, the cavity
trapping was observed more than the groove, in the concentrations of 10.20% it was 0.13 and 0.14%,
respectively. Also, with the increase of the angle, the amount of trapping has reduced and its value was
observed in the groove more than the cavity. The correlation coefficient in the grooves and cavities was
0.996 and 0.937, respectively. The major effect of obstacles, reducing velocity and slowing flow were
identified as the average velocity in the cavity was 3.62% higher than the groove. Accordingly, in the
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same conditions, the cavity obstacles have better performance than the groove obstacles.

1. INTRODUCTION

The flood of the rivers are often density currents. Hence,
the investigation of these flows can resolve a part of the
sedimentation issues. Despite a lot of research that has been
conducted to understand better the behavior of the density
currents [1 - 5], evaluation of these currents’ behavior that
have suspended sediment loads and encounter permeable
obstacles in their path requires further studies. For this
purpose, the process of changes in the sedimentation with
different angles of permeable obstacles is investigated in this
research. Speed and depth of the density currents affected by
permeable obstacles and the process of encounter and passing
of them through the permeable obstacles are also evaluated.

2. MATERIALS AND METHODS

A flume with a length of 10 m, a width of 30 cm, and a
height of 45 cm has been examined in this study, as shown in
Fig. 1. Two obstacles with grooves and pits porosity at different
percentages of 10, 15, 20, 25 and 30 and in the with an equal
slit width and diameter of 3 mm, were mounted respectively.

3. RESULTS AND DISCUSSION

Flow velocity measurement was conducted by lateral
imaging of the flume. The vertical profiles of flow velocity
and concentration at a distance of 2 meters upstream of the
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obstacle are shown in Fig. 2.

As shown in Fig. 2, as the density current gets closer to
the obstacle, the mean velocity reduces and the depth velocity
becomes more dispersed. Also, due to the sedimentation in
the path toward the obstacle, the concentration of materials
diminishes, and the concentration in the deep parts of the
flow increases. Changes of depth in the upstream vicinity of
the obstacles are shown in Fig. 3.

As shown in Fig. 3, the more the porosity of obstacle is,
the less the rate of depth reduction gets. Studies have shown
that the flows containing the obstacles with pits have a less
upstream depth (4.14%) and a more velocity (3.62%), due to
easier passing of the flow. In addition, the mean velocity of
the head and back of the current density mass was estimated
to be 10.7 and 4.6 cm/s, being 37% more and 30.2% less than
the mean velocity of flow, respectively. The analysis of time of
the test from the beginning of the injection of density current
to the base flow to the last particle of suspended load passing
through the obstacle shows that the distribution and changes
in the test duration are more at the concentration of 10%
compared to that of 20%. Moreover, the process of changes in
the test duration at the concentration of 20% is more balanced
compared to that at the concentration of 10%. Fig. 4 shows
how the flow passes through the obstacle and the sedimentary
materials accumulate upstream it.

The amount of materials passing through the obstacles
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Fig. 2. The flow velocity and concentration at a distance of 2 meters
upstream the obstacle
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Fig. 3. The status of changes of depth in the vicinity of obstacles for
the base and total flow

Fig. 4. The accumulation of sedimentary materials upstream the
obstacle
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is shown in Fig. 5 for two different concentrations and five
various porosities.

The results showed that in all cases, the trapping
performance of the obstacles with pits is better than those
with grooves. The mean trapping of the obstacles with pits
was reported to be more than those with grooves by 0.14
and 0.13% at the concentrations of 10 and 20%, respectively.
At low concentrations, the performance of the two types of
obstacles is relatively similar. At high concentrations, however,
the obstacles with pits have been effective with a better rate
of trapping. Accordingly, at the porosities of 20 and 25% the
lowest trappings were observed for the concentrations of
10 and 20%, respectively. Optimum porosity, which has the
highest amount of passing materials, was estimated at 22 and
19% for the obstacles with grooves and pits, respectively.

To examine the effect of the angle of installation, the
obstacles were rotated by 90, 105, 120 and 135 degrees relative
to the horizontal direction of the floor in the flow direction.
The trend of changes in the passing materials through the
obstacles for different angles is presented in Fig. 6.

Studies have shown that by increasing the angle of
installation, the trapping by both types of obstacles decreases.
The amount of trapping reduction in the obstacles with
pits was observed to be more than those with grooves. The
correlation coefficients in the obstacles with grooves and pits
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Fig. 5. The materials passing through the obstacles with different
porosities and concentrations

80
o =@ = Pits (10%)
frwy) = =l =« Grooves (10%) /.
B oo 4| —o— rits (20%)
‘_0; il Grooves (20%)
8 40 -
©
S e——___—-
§ D ——
%]
©
& 0 4 T i -
90 105 120 135

obstacle angle (degree)

Fig. 6. Changes in the passed materials with the angle at different
concentrations



A. R. Jahangir et al. , Amirkabir J. Civil Eng., 52(6) (2020) 359-362, DOI: 10.22060/ceej.2019.15394.5907

were obtained 0.961 and 0.937, respectively. This can result
from easier passing of the flow and evacuation of the materials
caused by the pressure on the obstacles with pits.

The results approved the obstacle’s efficiency in controlling
the density current. It was found that permeable obstacles,
due to their capacity to transmit a part of the flow and higher
pressure reduction compared to impermeable ones, require
smaller dimensions and have higher stabilities.

4. CONCLUSIONS

A review of experimental results showed that the
optimum porosity for obstacles with pits and grooves are 22
and 19%, respectively. By increasing the porosity, the trapping
reduces up to the optimal porosity and then increases.
Evaluation of various angles of the obstacles relative to the
direction perpendicular to the floor of the flow showed that
by increasing the angle, the amount of trapping decreases.
The amount of reduction in trapping for the obstacles with
grooves was more compared to those with pits. The mean
velocity of flow by using the obstacles with pits was 3.62%
more compared to those with grooves. Totally, at the same
conditions, the obstacles with pits have always shown a better
performance than those with grooves.
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Table 3.Trap material data for different porosity and
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Table 4.Data on trapping performance based on barrier installation angles (10% porosity) and different concentrations

1)e cdale 1Y cdale
Slgo 5 jlailal
w9l ¥ (gr) olgo gjluslali
(gr)
&b 8 -
. a).d." . .
S | b | gleye
S

a. B0V | BNEID | VerXeip | VeevIS
VO | BN | OVEE | VoYY | VeeYVE
Ve | FRARA | BNYIY | Ve Y | Ve YOI
VWO | O-YVE | 0--VIF | QQAVD | VeeNeA

80
o /

R?= 0.9967///
60 /
50 /
40 2
R? = 0.9994 / /
30
/ e

—— ey Ll

& 00y olgo

(55 1)

0 10 20 30 40 50 60 70 80
(p55) 1N J&dsi glo yaz ouiss y Slgo

Oyl cdale g cuai aygly b @ilgo 0uloy dlgo (s o510 Y o
Fig. 13.Relative fit of rejected material obstacles with different installation angle and concentration

e



VEFA B 1FO0 doxio AYAR Jlo & 0,led DY 095 ¢3S ol () yo suobie 4yl

Experimental investigation of the effect of inlet
concentration on the behavior of turbidity currents in
the presence of two consecutive obstacles, Journal of
Waterway, Port, Coastal, and Ocean Engineering, (2)143
04016018 (2016).

[12] S. Keshtkar, S.A. Ayyoubzaeh, M. Ghodsian, Changes
in Turbidity Current Flow Velocity Due to the Obstacle
Height and an Abrupt Decrease in a Reservoir Bed Slope,
Water Enginnering, 69-55 (2017) (32)10. (In Persian)

[13] G. De Cesare, C.D. Oehy, A.J. Schleiss, Experiments
on turbidity currents influenced by solid and permeable
obstacles and water jet screens, in: 6th International
symposium on ultrasonic Doppler methods for fluid
mechanics and fluid engineering, 2008, pp. 44-41.

[14] S.A. Pari, S. Kashefipour, M. Ghomeshi, M.S. Bajestan,
Effects of obstacle heights on controlling turbidity currents
with different concentrations and discharges, Journal of
Food, Agriculture & Environment, 935-930 (2010) (2)8.

[15] C.D. Oehy, A.J. Schleiss, Control of turbidity currents
in reservoirs by solid and permeable obstacles, Journal of
Hydraulic Engineering, 648-637 (2007) (6)133.

[16] M. Kordnaeij, S.A. Asghari Pari, S.M. Sajjadi, M. Shafai
Bajestan, Laboratory Investigation the effect of porosity
obstacle and stepped porosity obstacle on control of gravity
current, Journal of Marine Science and Technology, (4)16
96-86 (2018).

[17] S.A. Asghari Pari, S.M. Mohagheghiyan, Numerical
Investigation Effect in Using Plate and Tilt Columnar
Barrier in Controlling Turbidity Current, Iranian Journal
of Irrigation & Drainage, 366-357 (2015) (2)9.

[18] S.A. Asghari Pari, S. Yazdanfar, M. Kordnaeij, Numerical
Investigating Effect of Obstacle’s Upstream Angle and
Water Depth of Reservoir on Controlling Turbidity
Current, Water and Soil Science, 219-207 (2016) (2-2)26.
(In Persian)

[19] M.A. Habib Mohammadi, S.A. Asghari Pari, S.M.
Sajjadi, Experimental Investigation the Effects of Gabion
Obstacle's Height, Shape and distance of obstacle from
entrance to Control the Turbidity Current, Journal of
Water and Soil Conservation, 265-251 (2016) (4)23. (In

Persian)

1€y

&=l

[1] A. Eghbalzadeh, M. Javan, Numerical simulation of a
turbidity current flowing over a solid obstacle, in: 2nd
International Conference on Environmental Science and
Development, Singapore, 2011.

[2] B.C. Kneller, Comments on the Origin and Significance of
Density Stratification in Turbidity Currents, in: AGU Fall
Meeting Abstracts, 2016.

[3] S. Baghalian, M. Ghodsian, Experimental analysis and
prediction of velocity profiles of turbidity current in a
channel with abrupt slope using artificial neural network,
Journal of the Brazilian Society of Mechanical Sciences
and Engineering, 4517-4503 (2017) (11)39.

[4] E. Meiburg, M.M. Nasr-Azadani, Gravity and Turbidity
Currents: Numerical Simulations and Theoretical Models,
in: Mixing and Dispersion in Flows Dominated by
Rotation and Buoyancy, Springer, 2018, pp. 180-129.

[5] N. Barahmand, A. Shamsai, Experimental and theoretical
study of density jumps on smooth and rough beds, Lakes
& Reservoirs: Research & Management, -285 (2010) (4)15
306.

[6] P. Hu, Z. Cao, G. Pender, G. Tan, Numerical modelling
of turbidity currents in the Xiaolangdi reservoir, Yellow
River, China, Journal of hydrology, 53-41 (2012) 464.

[7] LY. Vladimirov, N. Korchagin, A. Savin, Wave influence of
a suspension-carrying current on an obstacle in the flow,
in: Doklady Earth Sciences, Springer Science & Business
Media, 2015, pp. 286.

[8] A. Farizan, S. Yaghoubi, B. Firoozabadi, H. Afshin, Effect
of an obstacle on the depositional behaviour of turbidity
currents, Journal of Hydraulic Research, 89-75 (2019) (1)57.

[9] S. Chamoun, G. De Cesare, A.]. Schleiss, Managing
reservoir sedimentation by venting turbidity currents: A
review, International Journal of Sediment Research, (3)31
204-195 (2016).

[10] S.A. Asghari Pari, S.M. Kashefipour, M. Ghomeshi,
An experimental study to determine the obstacle height
required for the control of subcritical and supercritical
gravity currents, European Journal of Environmental and
Civil Engineering, 1092-1080 (2017) (9)21.

[11] S. Yaghoubi, H. Afshin, B. Firoozabadi, A. Farizan,



VEEA 1 1F00 doiuo VAR Lo & oyl BY 093 «pusS pual (3 yas (wsbies &y il

Laboratory Investigation The Effect of Porosity of
Permeable Obstacle on Control of Gravity Current,
Irrigation Sciences and Engineering, 24-13 (2017) (1)40.

[26] M.N. Abhari, M. Iranshahi, M. Ghodsian, B. Firoozabadi,
Experimental study of obstacle effect on sediment
transport of turbidity currents, Journal of Hydraulic
Research, 629-618 (2018) (5)56.

[27] R. Wilson, H. Friedrich, C. Stevens, Photometric velocity
tracking tool for laboratory generated turbidity currents,
in: River Flow 2016 - Constantinescu, Garcia & Hanes
(Eds) Conference, 2016, pp. 867-862.

[28] T. Tokyay, G. Constantinescu, E. Meiburg, Lock-
exchange gravity currents with a high volume of release
propagating over a periodic array of obstacles, Journal of
Fluid Mechanics, 605-570 (2011) 672.

[29] T. Tokyay, G. Constantinescu, E. Gonzalez-Juez, E.
Meiburg, Gravity currents propagating over periodic
arrays of blunt obstacles: Effect of the obstacle size, Journal
of Fluids and Structures, 806-798 (2011) (6-5)27.

[30] M. Nasr-Azadani, E. Meiburg, Turbidity currents
interacting with three-dimensional seafloor topography,

Journal of Fluid Mechanics, 443-409 (2014) 745.

[20] E. Alves, R. Rossatto, Experimental study of turbidity
currents flow around obstacles, in: 7th International
Sympathy on Stratified Flows, Rome, Italy, 2011.

[21] H. Nogueira, C. Adduce, E. Alves, M. Franca, The
influence of bed roughness on the dynamics of gravity
currents, in: River Flow - Murillo (Ed.), Taylor & Francis
Group, London, 2012, pp. 362-357.

[22] M. Janocko, M. Cartigny, W. Nemec, E. Hansen, Turbidity
current hydraulics and sediment deposition in erodible
sinuous channels: laboratory experiments and numerical
simulations, Journal of Marine Petroleum Geology, 41
249-222 (2013).

[23] J. McArthur, R. Wilson, H. Friedrich, Photometric
analysis of the effect of substrates and obstacles on
unconfined turbidity current flow propagation, in: Proc
River Flow, 2014.

[24] S. Yaghubi, P. Golchoubian, H. Afshin, B. Firoozabadi,
Experimental Investigation of the Effect of Two

Consecutive Obstacles on Turbidity Current, Journal of

Selcuk University Natural and Applied Science, ((2013

627-615.

[25] M. Zeynivand, S.M. kashefi Pour, M. Ghomeshi,

Civil Eng., 52(6) (2020) 1455-1468.
DOI: 10.22060/ceej.2019.15394.5907

A. R. Jahangir, K. Esmaili, M. Faghfour Maghrebi, Experimental Investigation Effect of the r.i-F
Porosity and Angle of Permeable Obstacles on Density Current Sedimentation, Amirkabir J.

o0 gl o ol 4 655> [E]E

V1€TA



