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: piersinstalled on the path. On the other hand, the remains and bridge
pier destruction waste on the path affect velocity variations and flow
surface fluctuations resulting from these surges and require careful
investigations.

Methods: This study comprises an experimental analysis of the
effect of present damaged and undamaged bridge piers on flow
pattern variations during the generation of positive surges in sloped
and horizontal channels. To this aim, ADV was utilized to help collect
three-dimensional flow velocity data. Moreover, PIV was used to help
make a comparison with ADV data results. Four distinct probes were
incorporated for bathymetry in the horizontal and the sloped
channels.
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In the sloped channel, the maximum velocity increase occurred with
installation of two piers, which showed a 34.39% increase compared
to that under the same conditions in the horizontal channel.
Furthermore, the average water level variations due to the slope of
the channel in cases without an element, with a damaged element,
with an undamaged element, and with a combination of damaged
and undamaged elements were respectively equal to 31.66, 32.70,
29.88, and 27.40%. In addition, the Reynolds shear stress values
were also calculated in the sloped channel to be 7.6, 3.57, 1.38, and
1.68 times those in the horizontal channel.
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Extended Abstract

Introduction

The sudden opening or closing of gates in
open channels (whether natural or artificial)
in the flow path generates positive and
negative surges. The sudden opening of the
gates causes a positive downstream surge
(progressively increasing the depth of flow)
and a negative upstream  surge
(progressively decreasing the flow depth). It
rotates simultaneously. In the present study,
the second case, i.e., sudden blockage of the
flow path, which is either in the form of the
sudden closure of the valve or in the form of
the sudden collapse of debris and complete
blockage of the path, will be investigated.
This situation can also occur in artificial
routes such as water transfer systems,
agricultural and irrigation canals, treatment
plants, and side overflow canals. These
surges can cause damage to the sides, scour
the floor, and damage structures along the
way (bridge piers, platforms, and water
facilities). On the other hand, especially in
times of floods, the remnants of the
destruction of the base of the stairs and
debris in the flow path are effective on
changes in the flow pattern of these surges
and need to be further studied. Due to the
importance of these issues, especially during
river flooding, in this study, instantaneous
velocity changes and flow level fluctuations
around damaged and undamaged bridge
piers were performed experimentally using
ADV and PIV and a flowmeter in a mild
sloping channel has been examined. Its
results have been compared with the case
results where the channel is horizontal.

Materials and Methods

To conduct the research, a laboratory
channel with a width of 1 meter, a height of
0.8 meters, and a useful length of 12 meters
with glass walls and steel structures was
designed and built in the Islamic Azad
University's Hydraulic Structures
Laboratory of Kerman. The bed of the
laboratory channel is rigid and made of steel.
In all tests, the discharge is 60 Lit/s, and the
water depth is 20 cm entrance of the
channel, using a butterfly gate downstream
at the end of the path. The elements used for

the experiments are a short cylindrical
element (10 cm in diameter and 5 cm high)
and a columnar element (4 cm in diameter
and 40 cm high). The location of the piers in
various experiments was 5 meters from the
beginning of the upstream  path.
Transversely, in the experiments with the
presence of a single pier, the location was in
the middle of the width of the channel, butin
the last experiment, where the combination
of both piers is considered, undamaged and
damaged piers in the distances of 1.3 and 2.3
of the channel width, respectively. In these
experiments, the Vectrino, one of the most
advanced types of ADV (Acoustic Doppler
Velocimeter), was used to measure the flow
velocity. The frequency is 25 Hz for these
experiments, and the duration is 3 minutes.
In addition to the ADV, Particle image
velocimetry (PIV) is also used to collect
velocity data. The main advantage of this
device over ADV is that due to the absence
and placement of the probe in the flow path,
local turbulence and change of streamlines
are not achieved, and the accuracy of
measuring the data is increased. A
flowmeter device made by Adak Tajhiz
Iranian Company has been wused to
determine the depth of flow in the channel.
This device consists of four probes, at the
end of each of which there is an electronic
board.

Findings

In order to compare the flow velocity data of
the collected using ADV and PIV, these data
were compared for 4 different experiments
at a distance of 5 meters upstream. Flow
velocities in this case are higher than when
the gate is fully open. The difference in flow
velocity data during surge formation is also
greater than the difference between ADV
and PIV in the absence of surge. The reason
for the greater difference between the data
collected with ADV and PIV in this case is
that the flow velocity under the surge
formation is very turbulent, and although
the ADV data are averaged over 25 samples,
the flow velocity values are always In all
cases, more than PIV data has been reported.
The average difference calculated for
experiments 1 to 4 is 6.78, 9.43, 10.10,
10.52%, respectively, which is quite
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acceptable considering the type of flow,
which is non-continuous.

Discussion

The surge formed in the horizontal and
sloping channels in this study travels from
the point of impact of the valve to the floor to
reach the upstream of the channel in
approximately 7.9 seconds in the horizontal
channel and 9.4 seconds in the sloping
channel. Examination of flow velocity values
in different positions along the canal shows
that flow velocity values at high depths
gradually decrease by moving away from the
valve and reaching the tank inlet, which has
been mentioned in the process of
deceleration in the studies of other
researchers. . Observations related to the
change in depth of flow in the horizontal and
sloping channel show that the positive surge
generated in the horizontal channel along
the entire length of the channel is an
oscillating surge, but in the case of a sloping
channel, this oscillating surge at a distance of
1.5 meters to reach the beginning of the
channel., Changes position in a fragile surge.
In Experiments 1 to 4, the Reynolds stress
values increased 7.6, 3.57, 1.38 and 1.68
(relative to the horizontal position,
respectively) due to the slope of the channel.
In addition, the effect of the presence of
foundations was not unaffected by changes
in Reynolds stress values and increased
shear stress in horizontal and sloping
channels. In this research, for example, with
the installation of a submerged base in the
channel, for example, a Reynolds stress
increase of 6.77 and 3.18 times occurred in
horizontal and sloping channels,
respectively.

Conclusion

The results of this study show that in both
horizontal and sloping channel conditions,
the maximum values of flow velocity were
reported in the first experiment without
base, while in all cases without a surge in
experiments with bases was higher than
without base. . In addition, a decrease in
speed of 2.21, 2395 and 38.84% was
observed in the horizontal channel and a
decrease of 9.35, 13.89 and 16.53% in the
sloping channel for experiments 3, 2 and 4

compared to experiment 1, respectively. Due
to the slope of the canal in Experiments 1 to
4,the Reynoldsian stress values are 7.6, 3.57,
1.38, and 1.68 times similar to the horizontal
conditions in the canal, respectively.
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