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Introduction

Obstacle usually blocks the current and it has been found by other researchers an obstacle with a height
more than two times of body height of flow is necessary to fully block the density current. The
construction of an obstacle with this elevation creates problems in terms of performance and
sustainability as well as the accumulation of sediments behind it.

Rottman et al. (1985) solved the analytical solution of the two-phase current in a horizontal slope
with an obstacle in the steady and unsteady flow and concluded that if the height of the obstacle is
twice the body height of the density current so the density current is completely blocked. Prinos (1999)
conducted studies on the effect of the shape of the obstacle on the current control. In his experiments,
he used two semi-circular and triangular obstacles with the same height and concluded that the shape
does not have a significant effect on the control of high current. Also, in the range of densimetric
Froude number, 0.7 < Frd < 0.8 if the height of the obstacle is twice the height of the body of the
density current, the current will be fully restrained. As it has been stated, for a complete block of
density current, based on the results of previous investigators, the height of the obstacle should be at
least twice the height of the body.

The purpose of this study is to use successive obstacles with lower height, with greater sustainability
and lower cost, in controlling density current. For this purpose, in different conditions, in terms of
slope and concentration, three rows of obstacles with different heights and also different distances were
used to control sedimentary and salty density current.
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Research Methodology

The study Experiments were conducted in a tilting flume with 780 cm length, 35 cm width, and 70
cm depth in the hydraulic laboratory of Ahwaz University, Iran. The flow discharge was kept constant
and equal to 1 lit/s and the concentration too was 20 and 10 gr/lit in both salty and sedimentary
experiments. In this research, two types of sedimentary and salt density currents were used. Obstacles
height was considered 0.5, 0.75, and 1 equal to the height of the body of density current. In the

discussion of obstacles distances, 3 distances were considered L1=L2, % = 0.81 and % =1.23.L

is the distance between the first and second obstacles, and L is the distance between the second and
third obstacles. In all tests, discharge of density current 1 liters per second was considered. In order to
quantify the amount of control of sedimentary and salty density current the sediment load transported
by the head and body of density current was calculated according to equation (1) and (2).

Qy =10"U (H{BC; (1)

Q,, =10°uhBC, 2)

Where, Qsp = sediment discharge (kg/s); B= flume width (=35 cm); Hs = depth of density current
head (cm); C¢= average sediment concentration of head (gr/cm3), and 10 is a coefficient to convert
the units. Precise estimates of Ur = head velocity (cm/s) and Hr were provided using the digital photos.
To provide the average height and speed of the head and body were used using the flume recording
and recording technique. Qss= the sediment discharge of body, u= body velocity, h= body height, Cy,
is body concentration, and the concentration of the head was determined by samplers that were located
before and after the obstacles at a distance of 2 and 4.56 meters from the beginning of the Flume. Each
of these samplers includes 10 siphons that were at a height of 15 mm from each other. To provide the
average concentration of head, samples were taken from two depths including 3.4 cm and 6.4 cm from
the bed, where Hf was measured. Details of the height and distance of obstacles are illustrated in Table
(1). For each experiment, two points were specified for measuring the above parameters, one before
beginning the obstacles and the other one after them.

Table 1-Height and distance of obstacles in different arrangements

Distance Distance Relative Relative Relative height
. between the between the Distance . . . height of nelg
Distance - . Height  height of first of third
. first and second and ratio - second
kind - kind obstacle obstacle
second third obstacle (D1/D2) (Hm1) obstacle (HM3)
obstacle (cm) (cm) (Hm2)
L1 50 50 1 H1 0.5 0.5 0.5
L2 65 65 0.81 H2 0.75 0.75 0.75
L3 80 80 1.23 H3 1 1 1
H4 0.5 0.75 1

After determining the speed and concentration of head and speed and concentration of the body,
the sediment discharge was determined before and after the obstacles using relations (2 and 3) and the
percentage of reduction in sediment discharge (AQs) is calculated by:

%AQs = % %100 (3)

Sy
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Where, Qs1 and Qs are sediment discharge before and after obstacles, respectively In this regard,
AQs is the percentage of reduction in sediment discharge for both the head and body of density current.

Results

The use of successive obstacles with low height, instead of an obstacle whit high height with
approximately twice the height of the body of density current for its complete block, reduces to a large
extent the sediment discharge of the density current and causes control of it. The most effective in
controlling the density current was to use obstacles with a height equal to the depth of the body of
density current that decrease the sediment discharge of the density current head by about 99.3 %.
The results also showed that if successive obstacles ranging from small to large and the first obstacle
had 0.5, the second obstacle 0.75, and the third obstacle be equal to the height of the density current,
an average of about 1.02 times comparable use of three obstacles with an elevation of 0.75 of the height
of flow. This result was also confirmed in sedimentary experiments. Whatever the distance of obstacles
increases, the influence of successive obstacles increases in the density current control. In general, if
the distance between the first and third obstacles is fixed and the distance between the first and second
obstacles is greater than the second and third obstacles, the effect of the obstacles is more than the state
that the second and third barrier distance is greater. with Increasing the slope from 0 to 2.5 % effect of
successive obstacles decreases on controlling the current due to the increase of current velocity and
decrease of sedimentation. By increasing concentrations in laboratory conditions of this study, the
effect of successive obstacles reduces on controlling the sediment load of density current.

Conclusion

In the present study, the results showed that successive obstacles can control the density
current up to 99 % and reduce sediment transported by sedimentary density current. Also, the
results showed that in 3 rows of obstacles the distance between the first and second obstacles
is more important. Successive obstacles not only reduce the flow velocity but increases the
water entrainment significantly and for these two reasons can control sediment transport by
density current.
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Table 1- Height and distances of obstacles in different arrangements

length Di1(cm) D2(cm) D1/D2  Height (Hmy) (Hmy) (Hma)
L1 50 50 1 H1 0.5 0.5 0.5
L2 65 80 0.81 H2 0.75 0.75 0.75
L3 80 65 1.23 H3 1 1 1
0.5 0.75 1
H4
ovcrﬂgw E]ectric\nﬁxer //,Head tank sipli |
/,'"/’speedometer\'*._\
- ; y obstacles \
We"N Ho/w e sector valve 3 780cm 3 209cm
ST LiStem £ GRS ICIL / cm A Aoverflowe—
Electric mixer valvel " slem | ] S, . ~ 8
\ P drain vaLve 3
\ P e P ey | T
\j]: pump ]12;5}%
. " A . ~B)
| Mixing reservoir sl | / \g

B gams § 1O 3 (8 w8 5155 Jorog (AICEs o 3T Dluawl 57 (Slod 31 Silod -F <o
Fig. 2- Schematic representation of the general view of laboratory facilities and the location of
probes and siphons
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Table 2- The results of control head of salt density current by three obstacles

G1% G2% Average
H L St 2 S3 SL_ s2 sz AV engths
L1 70.4 64.3 60 758 693 646 67.4
H1 L2 76.2 70.2 65.9 822 756 71 73.5 72.7
L3 79.9 73.8 69.5 86.1 797 75 77.3
L1 75.2 69.2 64.8 811 745 699 724
H2 L2 81.8 75 70.7 874 809 762 78.5 77.8
L3 84.7 78.8 74.4 913 848 801 82.3
L1 89.8 79.2 715 95 90.3  83.2 84.8
H3 L2 93.1 89.8 82.3 97 929 89.6 90.7 90.4
L3 98.2 97.3 86.6 99 97.2 946 95.5
L1 76.9 70.9 66.5 829 764 717 74.2
H4 L2 82.9 76.7 724 89.2 827 784 80.3 79.5
L3 86.4 80.4 76.1 93.2 86.6 82 84.1
Average 82.9 77.1 71.7 88.4 82.6 78 80.1 80.1
B 4w bwgl (Kod Bld Ob o by J 55 @b T Jouer
Table 3- The results of control body of salt Density Current by three obstacles
H L G1% G2% Average  Average
lengths
S1 S2 S3 S1 S2 S3
L1 62.2 48.5 42.8 69.3 64.6 51.6 56.5
H1 L2 62.4 49.3 94.4 75.2 65.7 52.2 59.1 61.5

L3 74.1 65.2 55.7 79.3 73.1 65.8 68.9

L1 63.8 49.5 44.0 70.5 65.5 52.5 57.6
H2 L2 64.0 58.9 49.3 73.4 65.6 55.0 61.1 63.8
L3 81.2 65.6 62.6 83.6 76.6 67.1 72.8

L1 66.5 53.0 46.5 73.5 67.5 54.5 60.3
H3 L2 68.8 64.1 53.4 75.9 70.9 61.3 65.7 76.1
L3 81.8 70.3 63.3 87.6 76.3 72.4 75.3

L1 65.0 51.0 45.0 715 66.5 53.4 58.7

H4 L2 71.2 60.3 52.7 76.6 65.9 62.4 64.8 64.1
L3 73.9 60.7 58.7 79.8 75.3 64.3 68.7
Average 69.6 58.1 52 76.4 69.5 59.4 64.1 64.1

Sl 4w g (g Bulé Ob 2 Sl J 45 @b -L Jgu
Table 4- The results of control head of salt Density Current by three obstacles

G2% Average
H L si 2 3 Average Iengtr?s
1 743 63.1 63.7 68.7
H1 L2 80.3 742 69.8 748 74.0
L3 84.1 78.0 73.6 78.6
L1 80.9 748 704 754
H2 L2 87.1 80.9 765 815 80.7
L3 90.8 84.6 80.3 85.2
L1 89.5 83.6 84.2 85.8
H3 L2 93.9 88.1 86.5 89.5 90.3
L3 99.2 95.1 92.3 955
L1 82.8 76.7 723 773
Ha L2 89.0 82.8 78.4 83.4 82.6
L3 92.7 86.6 82.2 87.2

Average 87.1 81.1 775 81.9 81.9
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Table 5- The results of control the body of sediment Density Current by three obstacles

H L G2 Average Average
s1 S2 S3 lengths
L1 52.0 42.0 36.0 43.3 53.3
H1 L2 60.0 49.2 45.0 514
L3 76.7 63.9 55.2 65.4
L1 51.0 43.0 36.0 43.3 56.3
H2 L2 65.3 51.4 48.6 55.1
L3 87.7 70.9 61.7 70.4
L1 80.8 74.3 60.0 71.7 57.7
H3 L2 97.7 74.4 64.4 72.8
L3 91.1 79.4 75.3 81.9
L1 53.0 44.0 38.0 45.0 58.9
H4 L2 69.2 55.5 50.5 58.4
L3 80.1 76..0 63.7 73.8
Average 69.8 60.3 52.8 61.0 61.0
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Fig. 3- percentage variation in the control head of Density Current during salt tests
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Fig. 4- percentage variation in the control body of Density Current during salt tests
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Fig. 5- percentage variation in the control head of Density Current during sediment tests
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Fig. 6- percentage variation in the control body of Density Current during sediment tests
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