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: porosity in all three dimensions) which is located on the bottom of
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article online : type of obstacle has been investigated on a stepped spillway.

: Methods: The slope of the spillway was 1: 2 and had 8 steps, the total
[=] [=] : height was 87 c¢cm and the width of the flume was 1.2 m. The
: measuring instruments in the present study were point gage, image
:E processing technique and observations of the experiment.

: Findings: In a continuous three-dimensional porous obstacle,

: according to the relative height, location and number of steps with
DOL: . ‘an obstacle, the starting flow boundaries of the placement change
10.30495/wej.2023.28972.2338 | compared to the flat step, so that by increasing the relative distance
of the obstacle from the edge of the steps and decreasing the number
of steps with continuous porous obstacle. The tendency of the flow
to expand in the upper range of the transition flow (neighborhood
with the skimming flow regime) increases.
Conclusion: In the nappe flow regime, the placement of a three-
dimensional porous obstacle for the variables of the present study
increases the energy dissipation by up to 5% more than in the flat
step (control). For transitional and skimming flow regimes, in most
cases, continuous porous obstacle placement has no positive
depreciation effect. In addition, according to the size of the areas
formed by BIV, it can be said that in conditions where the mixing area
measured in two consecutive steps was more than the flat step,
energy dissipation has also increased.
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Extended Abstract

Introduction

Stepped Spillways have a simple geometric
structure, which reduces the cost of
implementing these types of spillways and
are economically viable; however, the
complexities of the flow on this type of
spillway are high and this has led to ongoing
research in this area. In the last decade,
many laboratory studies have been
performed on stepped spillways with the
focus on increasing energy dissipation and
the process of air entry around the world for
different slopes. This has led to the use of
new and creative ideas in the structure of
this type of spillway. Among the researches
done in order to increase the spillway
depreciation by using obstacles in different
ways (3,4,8,10,11,12,14,17,18, 29, 32-35)
pointed out. In the present study, an attempt
has been made to investigate the effect of a
continuous  three-dimensional  porous
obstacle on a stepped spillway.

Materials and Methods

The flume has length, width and height of 10,
1.2 and 1 meter, respectively, with a
maximum flow rate of 150 liters per second,
which was measured using an ultrasonic
flowmeter. The downstream depth after the
spillway jump and the water depth at the
upstream inlet on the spillway were
performed using two depth gauges with an
accuracy of +1mm. The spillway has a height
of 87 cm, 8 steps, a slope of 1: 2, a step length
0f 20.9 and a step height of 10.9 cm. Imaging
was performed with the FS5 SONY camera
along with 3 LED projectors for lighting at
steps 6 and 7 and for maximum flow. The
images were analyzed after calling in the
image processing code of MATLAB software,
PIV-Lab (31). The obstacle used in the
present study has three-dimensional

porosity. Relative heights (%) of 0.38 and
0.19 and relative distances (LL—") of 0.29-0.38
and 0.48 of the edge were examined. The
discharge parameter range (%) from 0.37 to
1.06 with 8 discharges was investigated.

Conclusion

In the three-dimensional porous obstacle,
according to the relative height, location and
number of steps with the obstacle, the
boundaries of the start of the regimes change
according to the flat step (F.S). By moving the
obstacle to the inner corner of the spillway
(increasing the relative distance) and
decreasing the number of steps with a
porous obstacle, the flow increases
transition boundary with the upstream
constraint.

The inception point of free aeration (IP)
location of a stepped spillway with a three-
dimensional continuous porous obstacle at
the relative distance and relative height
studied is in most cases similar to the flat
step (F.S), and in some arrangements, it
oscillates and moves downwards.

In the nappe flow regime, the placement of a
three-dimensional porous obstacle for the
variables of the present study increases the
energy dissipation compared to the flat step
(F.S). For transition and skimming flow
regimes in the form of continuous porous
obstacle placement cases, it has no positive
depreciation effect and according to the
results of the relative distance arrangement
of 0.48 starting from steps 4 and 5, the
depreciation has more energy than the F.S
and continuous obstacle.

The results of BIV analysis show that the
dimensions of the formed areas change
continuously under the influence of the
relative height and relative distance of the
porous obstacle. Moving the obstacle
location from the edge to the inside of the
steps prevents the formation of a pool mode
(Rzp) and increases the dimensions of the
mixing area.

The results of energy dissipation according
to the size of the areas formed by BIV show
that in conditions where the mixing area
(Mz) measured in two consecutive steps has
a higher value than the flat step (F.S), energy
dissipation has also increased.
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P, Lo/L=0.48, ho/h=0.38, St4 39.74 45.97 50.63 57.32 64.04 67.9 78.75 87.72
P, Lo/L=0.48, ho/h=0.38, St5 39.06 4597 4933  54.77 61 67.3 77.83 85.9
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Model name/ (dc/h) IP de/h
106 101 092 083 0.73 0.64 0.55 0.46
F.S 5 SKI  SKI  SKI  SKI TRA TRA NAP NAP
P, Lo/L=0, ho/h=0.19, St2 s SKI  SKI  SKI  SKI TRA TRA TRA NAP
P, Lo/L=0, ho/h=0.38, St2 5 SKI SKI g SKI SKI TRA TRA NAP
P,Lo/L=0.29,ho/h=0.19,5t2 5  SKI  SKI g SKI TRA TRA TRA NAP
P,Lo/L=0.29,ho/h=038,5t2 50 SKI  SKI  SKI ~ SKI SKI TRA TRA NAP
P,Lo/L=0.29,ho/h=0.38,5t3 57 SKI  SKI  SKI  SKI SKI TRA TRA NAP
P,Lo/L=0.29,ho/h=0.38,St4 ¢  SKI  SKI  SKI  SKI SKI TRA TRA NAP
P,Lo/L=0.29,ho/h=0.38,St5 5  SKI  SKI  SKI  SKI TRA TRA TRA NAP
P,Lo/L=0.38,ho/h=0.19,5t2 5  SKI. SKI  SKI ~ TRA TRA TRA NAP NAP
P,Lo/L=0.38,ho/h=0.38,5tz2 50  SKI  SKI  SKI SKI SKI TRA TRA TRA
P,Lo/L=0.38,ho/h=0.38,5t3 ¢  SKI  SKI  SKI  SKI SKI TRA TRA TRA
P,Lo/L=0.38,ho/h=0.38,St4 ¢  SKI  SKI  SKI  SKI SKI TRA TRA NAP
P,Lo/L=0.38,ho/h=0.38,5t5 5  SKI  SKI  SKI  SKI TRA TRA NAP NAP
P,Lo/L=0.48,ho/h=0.19,st2 5  SKI SKI g TRA TRA TRA NAP NAP
P,Lo/L=0.48,ho/h=0.38,5t2 5  SKI  SKI  SKI  TRA TRA TRA TRA NAP
P,Lo/L=0.48,ho/h=0.38,5t3 5  SKI  SKI  SKI  TRA TRA TRA NAP NAP
P,Lo/L=0.48,ho/h=0.38,St4 5  SKI  SKI  SKI  SKI TRA TRA NAP NAP
P,Lo/L=0.48,ho/h=0.38,5t5 o SKI  SKI  SKI  TRA TRA TRA NAP NAP
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P, Lo/L: 0.48, ho/h: 0.19, St2 P, Lo/L: 0.48, ho/h: 0.38, St2
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Model name Sum Step 7 Step 6
(Ednf) (5;1) (E/Irrf) Rz (cm) Mz (cm) Rz (cm) A
F.S 39.74 9.9 31.9 41 16.8 5.8 15.1
P, Lo/L=0, ho/h=0.19, St2 38.37 8.6 33.2 0 20.8 8.6 12.3
P, Lo/L=0, ho/h=0.38, St2 37.67 0 41.8 0 209 0 20.9
P, Lo/L=0.29, ho/h=0.19, St2 36.97 9.8 32 3.7 17.2 6.1 14.8
P, Lo/L=0.29, ho/h=0.38, St2 33.33 0 41.8 0 20.9 0 209
P, Lo/L=0.29, ho/h=0.38, St3 32.58 0 41.8 0 20.9 0 209
P, Lo/L=0.29, ho/h=0.38, St4 32.58 0 41.8 0 209 0 20.9
P, Lo/L=0.29, ho/h=0.38, St5 34.81 0 41.8 0 209 0 20.9
P, Lo/L=0.38, ho/h=0.19, St2 37.67 9 32.8 4.6 16.3 4.4 16.5
P, Lo/L=0.38, ho/h=0.38, St2 33.33 0 41.8 0 20.9 0 209
P, Lo/L=0.38, ho/h=0.38, St3 31.06 0 41.8 0 20.9 0 209
P, Lo/L=0.38, ho/h=0.38, St4 32.58 0 41.8 0 209 0 209
P, Lo/L=0.38, ho/h=0.38, St5 34.07 0 41.8 0 209 0 209
P, Lo/L=0.48, ho/h=0.19, St2 41.75 10.3 315 5.1 15.8 52 14.9
P, Lo/L=0.48, ho/h=0.38, St2 36.97 7.8 34 3 17.9 4.8 16.1
P, Lo/L=0.48, ho/h=0.38, St3 36.26 6.4 35.4 39 17 2.5 18.4
P, Lo/L=0.48, ho/h=0.38, St4 39.74 9.8 32 5.8 15.1 4 16.9
P, Lo/L=0.48, ho/h=0.38, St5 39.06 9.9 31.9 5.4 15.5 4.5 16.4
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