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Abstract

Introduction: The deposition of sediments in reservoirs seems to be one of the fundamental
problems in the operation of dams. An operation known as flushing, with two free and
pressurized types, is used to discharge these sediments. In the free flushing method, all the
water in the reservoir is drained from the bottom outlet and large amounts of the deposited
sediments are discharged; however, this method does not perform well in the case of large
dams. In the pressurized flushing method, the discharge of sediments is done under constant
water height at the upstream of the bottom outlet. The efficiency of the free flushing method
is superior to the pressurized flushing method; but it is not much common to be applied due
to causing environmental problems resulting from the sudden outflow of large volumes of
water and sediments in the downstream and is specifically used only for small reservoirs.
Hence, due to its low efficiency, some strategies are needed to increase the efficiency of the
pressurized flushing approach. A few researches have been conducted so far on the topic of
increasing efficiency. By installing a group of cylindrical piles in the upstream of the orifice,
Madadi et al. (2016) increased the efficiency of pressurized flushing by 250% compared to the
control test (without piles). Also by installing a semi-cylindrical structure in the upstream of
the orifice, Madadi et al. (2017) managed to enhance the efficiency of pressurized flushing by
450% compared to the control test. A new method has been provided in this study to examine
the effect of using a square single-pile at the upstream of the orifice on the dimensions and the
volume of the flushing cone in the pressurized flushing.

Materials and Methods: The experiments were performed in a rectangular flume in the
hydraulic research laboratory of the Faculty of Water Sciences and Engineering, Shahid
Chamran University of Ahvaz, Iran. Three flow rates (Q) of 4.17, 6.39 and 8.34 1/s were
considered for the experiments. In all experiments, the level of sediments (Hs) was set constant
at the level of the orifice lower edge. The water level in the flume to the center of the orifice
(Hw) was considered to be 52 cm in all experiments. The diameter of the outlet orifice (Do)
was also set to be 7 cm. The gradation of the sediments used was also considered fixed in all
experiments (d50 = 0.5mm). We set the experiment time as150 minutes in all cases. We utilized
four different sizes of the side (1.4, 2.1, 2.8, and 3.5 cm or the corresponding ratio Dp/D0 equal
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to 0.2, 0.3, 0.4, and 0.5, respectively) aimed at examining the effect of square pile size (Dp) on
the dimensions and efficiency of the score cone. We determined the pile placement distance
from the orifice (Lp) in such a way to avoid any impact on the water level at the upstream of
orifice and the outlet flow rate when discharging and also to be located at the closest distance
from the orifice. This distance was calculated to be 4.9 cm by performing successive
experiments. The pile was installed with the highest impact on flushing at different distances
from the orifice upstream to examine the effect of pile placement distance (Lp). These distances
have defined as a ratio of the orifice diameter equal to L,,/D, = 0.7,1.2,1.7,2.2.

Results and Discussion: The control experiments were made in a state of non-installation of
the pile at the orifice upstream. Revealed by the results, by increasing the flow rate from 4.17
1/s to 8.34 1/s, the volume of the flushing cone has increased by approximately 287%. Also, the
length, width, and depth of the flushing cone have increased by 57%, 42% and 53%,
respectively. The movement of sediments in the pressurized flushing and their outflow are
made due to shear stress along the bed and two clockwise and counterclockwise vortices in
the orifice upstream. As the flow rate increases, more sediments removed as a result of more
shear stress caused in the bed and the strength of the vortices enhances as well. This leads to
the removal and exit of further sediments from the orifice, which will increase the volume and
dimensions of the sediment flushing cone. The results of the pile installation experiments
demonstrated that the application of the square pile has significantly increased the volume of
the flushing cone so that in the case of a flow rate of 4.17 1/s and a pile installation with a side
size of 3.5 cm at a distance of 4.9 cm from the orifice upstream, the volume of the flushing cone
increased by approximately 362% compared to the control state. Also, in the same case, the
depth, length and width of the flushing cone respectively increased by 120%, 57%, and 42% in
comparison to the control state. When a pile is placed in the path of the water stream with a
sedimentary bed, a series of downward currents are formed known as Horseshoe Vortices due
to the collision of the flow lines to the pile upstream side, which causes the hydrodynamic
scour phenomenon around the pile. Installing the pile at the orifice upstream causes the
erosive sediments caused by the presence of the pile to exit from the orifice in addition to the
removal of sediments from the sediment flushing phenomenon, increasing the efficiency of
flushing. To explain this phenomenon, we can say that more downward vortices are formed
in the pile upstream by increasing the pile dimensions. Also, the separation of the flow lines
in this case increases and a low-pressure area is created with a larger area at the pile
downstream. Thus, more sediments are detached from the orifice upstream and exit from it. It
was found that the highest effect of the square pile dimension on extension of flushing cone is
related to the size of Dp/D, = 0.5. Therefore, in order to investigate the effect of the pile
distance from the orifice on flushing cone volume and dimensions, the measured flushing
volume and dimensions related to the relative distance of Lp/D, = 0.7,1.2,1.7,2.2 with the
abovementioned pile size were only analyzed here. As the pile placement distance from the
orifice upstream increases, the volume of the sediment flushing cone decreases; for the furthest
distance the effect of pile placement almost vanishes.

Conclusion: The study of the effect of installing a single square pile at the upstream of the
orifice on the pressurized flushing efficiency indicated that the presence of a single pile can
lead to an increase in the sediment flushing efficiency. The greatest impact of the pile
placement (Lp/D, = 0.7 ) belongs to the largest pile (Dp/D, = 0.5). In this case, the volume of
the flushing cone increased by about 362% compared to the control state. In other words, with
the same amount of discharge of water from the orifice in the pile-less state, we can increase
the volume of sediments discharge to a considerable extent by installing the pile.

Keywords: Flushing, pile, Flushing cone, Orifice.
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Table 1 Dimensions and volume of scour cone

Q Dy Ly V. L. w, Zc
(fs) (cm) (cm) (cm®) (cm) (cm) (cm)
Reference test 138 7 19 3
4.9 250 10 21 3.5
14 8.4 196 11 20 3.4
' 11.9 168 12 20 3.2
15.4 144 8 20 3
4.9 270 11 22 2.7
21 8.4 218 12 22 2.8
' 11.9 170 14 19 3.1
4.17 15.4 145 9 21 3.2
4.9 579 13 25 5.9
28 8.4 309 14 20 2.7
' 11.9 157 15 19 2.7
15.4 150 10 20 2.9
4.9 638 11 27 6.6
35 8.4 350 12 23 3.2
' 11.9 211 13 19 3.2
15.4 165 11 20 3.1
Reference test 332 9 24 4.2
4.9 400 11 25 4.1
14 8.4 360 12 26 2.9
' 11.9 350 13 26 3.3
15.4 340 10 25 4.2
4.9 634 13 28 5.6
21 8.4 427 14 27 3.5
' 11.9 352 15 24 3.7
6.38 154 347 11 24 4
4.9 921 15 28 7.1
28 8.4 652 16 26 4.6
' 11.9 431 17 24 4.7
15.4 422 12 24 3.9
4.9 1075 16.5 30 8
35 8.4 825 175 28 4.8
' 11.9 412 185 26 3.7
15.4 382 13 24 3.9
Reference test 534 11 27 4.6
4.9 668 12 26 4.3
14 8.4 640 13 26 4.1
' 11.9 550 15 27 4.7
15.4 540 13 27 4.7
4.9 813 15 27 5.7
21 8.4 720 16 27 4
' 11.9 570 17 26 4.2
8.34 15.4 545 14 28 4.4
4.9 1200 17 26 7.5
28 8.4 1060 18 28 6
' 11.9 636 19 27 4.3
15.4 548 14 25 3.9
4.9 1270 18 28 8.9
35 8.4 1057 18.9 27 6
' 11.9 619 196 27 3.4
15.4 589 15 26 3.8
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Fig. 3 Scour cone in reference test for two flow rates 4.17 L/s and 8.34 L/s
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Fig. 4 V¢/D3 versus Dp/D, in L,/D, = 0.7
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Fig. 5 Scour cone for Qr= 2.05 (a) Reference test (b) Pile installation, relative size of Dp/D, = 0.5
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Fig. 6 Longitudinal profile of scour cone L,,/D, = 0.7 and Qr= 2.05

Y/Do
-2 -1 0 1 2 2
-0.8
4] 4
----Reference test ——Dp/Do=0.2 ----Reference test ——Dp/Do=03
Y/Do Y/Do
-2 -1 0 1 2 -2 -1 0 1 2
0 S\ 0
N '/
-0.2 - \ 4
\ ’
\\ ’I
~ ’
o 04 S
=
N -0.6
-0.8
S B
----Reference test ——Dp/Do=0.4 -=---Reference test ——Dp/Do=0.5

Fig. 7 Cross section of scour cone at L, /D, = 0.7 and Qr= 1.02
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Fig. 8 Scour cone dimensions variation for different pile relative sizes at L,,/D, = 0.7
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Table 2 Comparison the results of increasing flushing
efficiency using methods presented by other researchers
with present study

Flushing
.eff|C|er?cy Method -
increasing
(%)
Cylindrical pil .
_y |ndr|c_a_ pries Madadi et al.
250 with Semicircular
(2016)
pattern
Mazloum
273 Vibrator Shahraki et al.
(2017)
450 Semi- circular Madadi et al.
structure (2017)
270 Single square pile Present study
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