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1. Introduction

Spillways are essential systems designed to con-
trol the flow rate of water and manage discharge from stor-
age areas. They are commonly used in structures like weirs
and crests to regulate the flow in channels, including feed-
er, link, irrigation, and power channels. In volume fraction
studies, spillways play a crucial role in directing surplus
water from a reservoir. The excess water flows over the
free surface of the reservoir, passes through an artificial
water passage known as the spillway, and is then returned
to the same channel or redirected to other open flow paths.
These systems are integral in managing the water flow to
ensure stability and prevent overflow in various water con-
trol infrastructures.

The flow uniformity of water along a flow pas-
sage can be achieved using a spillway weir system. De-
signing the weir shape is complex, as it can lead to air im-
pingement issues. Flow deviations cause high-velocity
impacts from falling water, which results in significant air
entrainment in the water. If the flow passes over the weir
crest, the water's impact velocity on the free surface is re-
duced, leading to less air entrainment. To optimize the weir
design, the height and thickness of the weir should be min-
imized. Typically, if the spillway profile is bent inward, it
reduces flow separation. To study the effect of impact ve-
locity on air bubble entrainment, water film thickness at
various elevations downstream is measured, as impact ve-
locity strongly influences air bubble formation.

2. Literature Review

Eguchi and Tanaka [1] and Erpicum et al., [2] de-
scribed the fundamental characteristics of fluid-elastic vi-
brations in flexible overflow weirs. Savage et al. [3] and
Bung, D. B. [4] found that dissipated energy increases with
steeper slopes and measured water velocity and air concen-
trations in flow across spillways using a back flush Pitot
tube with conductivity probe.

Li et al., [5] used a three-dimensional unsteady
RANS CFD model to predict flow and mixing in tanks
with jet-mixed water. Saddington et al. [6] and Aleyasin et
al., [7] studied jet mixing in convergent nozzles with cas-
tellated lip geometries, while Jahansen et al. [8] and Kuma-
ri et al., [9] investigated buoyant particles surface entrained
in a water model of an impeller-stirred refining reactor.
Kazemipour et al., [10] and Wei et al., [11] proposed two

concepts to explain air impingement in free-surface spill-
way flows.

Saleh et al. [12] and Velusamy et al., [13] high-
lighted vortex-activated entrainment as the only likely
mode of gas entrainment in the Prototype Fast Breeder
Reactor (PFBR). Dah-Mardeh et al., [14] observed strong
flow entrainment downstream of spillways with flow de-
flectors. Ghare et al. [15], Abbasi et al., [16] and Bilhan et
al., [17] noted that labyrinth profiles provide significant
flow amplification for both the approach channel and
downstream chute. Felder and Chanson [18] analyzed ex-
perimental data related to energy dissipation, flow re-
sistance, air-water interfacial areas, and re-aeration rates,
comparing findings with relevant literature.

Rad and Teimouri [19], Stojnic et al., [20] and
Ghaderi & Abbasi, [21] discussed the hydraulic and eco-
nomic success of stepped spillways in dissipating energy
from large water flows over dam spillways, despite their
limitations. Aras and Berken [22] and Y. Zhang et al., [23]
and Stein, [24] conducted studies on profiles and water-air
regulating mechanisms. Kang and Song [25], Wang et al.,
[26] and Carbone et al., [27] observed that the temperature
gradient of an unsaturated liquid, impinged by a vapor
stream, is influenced by the behavior of the turbulent jet,
affecting the overall thermal mixing in a pool.

Kathiravan et al., [28] described water-metal pool
hydraulics in a fast breeder reactor, including multi-
dimensional, multi-scale, and multi-physics heat transfer
studies. Fedorova et al., [29] examined the vertical distri-
bution of aerosol particles, water vapor, and insoluble trace
gases in convectively mixed air. Tobita et al., [30] outlined
how argon cover gas may entrain into sodium in the hot
pool and surge tank of a Liquid Sodium Cooled quick Re-
actor due to various mechanisms.

Kudiiarov et al., [31] and Jayaprakash et al., [32]
Gas entrainment in reactors can disrupt normal operations
in various ways, such as decreasing heat transfer efficiency
in heat exchangers, causing neutronic disturbances within
the reactor core, and increasing the risk of cavitations in
pumps. Hence, it is crucial to mitigate gas entrainment to
maintain optimal reactor performance. High free surface
velocity and turbulence are major factors contributing to
gas entrainment, as they can lead to gas bubbles being
drawn into the system. To address these issues, gas en-
trainment mitigation devices are used. These devices are
designed to modify the flow patterns, reducing both veloci-
ty and turbulence at the free surface.



A combined experimental and computational ap-
proach is proposed to develop these mitigation devices.
Initially, the computational form used for parametric stud-
ies is validated through experimental data from a scaled-
down water model of the reactor’s primary circuit and
surge tank (Soh, Q. et al., [33]). The validated CFD model
is then employed to study the impact of various gas en-
trainment mitigation devices on reducing free surface ve-
locity and turbulence. Based on the CFD analysis, the final
geometry of the devices is selected and optimized. The
chosen devices are then tested in large-scale models of the
reactor’s primary circuit and surge tank to verify their ef-
fectiveness in mitigating gas entrainment.

Spillways are essential systems used to control
water flow rate and manage discharge from storage areas
in various water control infrastructures. Designing the weir
shape is complex, as it can lead to air impingement issues
caused by flow deviations and high-velocity impacts from
falling water. Researchers have studied the characteristics
of fluid-elastic vibrations in flexible overflow weirs, self-
aeration along chutes, and flow aeration in hydraulic jumps
downstream. CFD models have been used to predict flow
and mixing in tanks with jet-mixed water, and the effects
of jet mixing in convergent nozzles and buoyant particles
surface entrainment have been investigated. Gas entrain-
ment in reactors can disrupt normal operations, and mitiga-
tion devices are used to modify flow patterns and reduce
velocity and turbulence at the free surface. The agglomera-
tion of particles in base fluids can affect the operation of
hydraulic systems, and various techniques have been ex-
plored to measure air-water mixing and cavity formation.
Non-dimensional numbers like Reynolds and Weber num-
bers are used to characterize flow behavior in industrial
applications where air flows in water occur in both longi-
tudinal and transverse directions.

3. Experimental Setup

The experimental setup utilizes a 3 HP centrifugal
pump to circulate water from a sump through the test loop
illustrated in Fig.1 The system includes two valves: one at
the inlet for adjusting flow rate and one at the outlet for
regulating the fall height. A 50 mm diameter inlet pipe
supplies water, with flow rate monitored by a rotameter
(80-700 LPM range). The model is made of transparent
acrylic sheets, allowing observation of drop locations and
air bubble behavior. It measures 1 meter wide and 2 meters
high, with a 150 mm radial distance between sheets and a
90 mm distance to the spillway weir.

Fig. 1 Experimental setup

456

Flow distribution devices of different sizes (up to
600 mm x 100 mm) are placed at the base of the upstream
section to ensure uniform flow. These devices are adjusta-
ble in height (10 mm to 160 mm) and feature 500 drilled
holes to study plate porosity effects.

Air impingement heights are measured using a
fast entrained air tester, covering drop locations (0-
700 mm) and flow rates (100-650 LPM). Additional meas-
urements include upstream jet velocity (using a propeller
anemometer), water sheet thickness above the weir (via
ultrasonic sensor), and high-speed camera footage of air
bubble entrainment. This setup evaluates air-water mixing
and the effectiveness of flow distribution in reducing gas
entrainment.

3.1. Weir profile conducting tests

The spillway weir profile was initially developed
as a model to assess its properties and investigate the ef-
fects of air impingement. The prototype has dimensions of
1 meter in length, 0.15 meters in height, and 0.03 meters in
width. To examine different flow characteristics, two addi-
tional profiles were created: one made of stainless steel and
the other from teak wood. Multiple spillway weir profiles
were tested to analyze the air impingement phenomenon,
including: Stainless steel profiles with a coating, Teak
wood profiles featuring bulges at the center and bottom
and Profiles with grooves designed into them

The profiles are shown in Figs. 2 to 5. Water was
used as the working fluid, and to protect the spillway weir
from corrosion caused by continuous flow, it was coated
with a copper-cobalt alloy. These coatings, commonly used
in industrial applications like nuclear reactors, were elec-
tro-deposited to a thickness of 200 um, which did not af-
fect the system’s performance. The coating's morphology
and composition were analyzed by means of Energy Dis-
persive X-ray Spectroscopy (EDX) and Scanning Electron
Microscopy (SEM).

3.2. Thickness measurement with ultrasonic sensor

Fig. 6 illustrates the measured water film thickness
profiles obtained using ultrasonic sensors, highlighting the

Fig. 2 Surface profile of
treated stainless steel

Fig. 3 Central concave
structure on the sur-
face

Fig. 4 End of surface show-
ing concave curvature

Fig. 5 Groove formation
on the surface



thinning trend as flow accelerates along the spillway sur-
face. The sensor's response time varies with the water
thickness: thicker layers result in longer transmission
times. The HC-SR04 ultrasonic module provides non-
contact measurements from 2 cm to 400 cm with 3 mm
accuracy. It emits eight 40 kHz pulses and detects the re-
turning signal to calculate thickness. Fig. 7 presents the
impedance probe setup employed for high-resolution ve-
locity measurements within the water film. Its placement
and sensitivity allow for the detection of rapid velocity
fluctuations, essential for analyzing turbulent structures
and energy dissipation mechanisms downstream of the
spillway weir

Fig.6 Ultrasonic sensor
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ment

4. Results and Discussion

The experimental flow prototype in the upstream
region is illustrated in the following images, showing the
flow at different x and y coordinates. These visualizations
provide a detailed view of the water flow dynamics at var-
ious points, helping to analyze the behaviour and interac-
tion of the flow with the spillway weir.

Fig. 8 shows the response of threads attached to
the flow uniformity device under varying flow rates. The
uniform lifting of threads along the device suggests a well-
distributed and stable velocity profile, confirming the ef-
fectiveness of the device in achieving flow uniformity
across the channel width. This observation indicates that,
under all flow conditions, the upstream flow remains uni-
form throughout the length of the flow device.
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Fig. 9 shows that the threads tied above the inlet
pipe, representing fifty percent of the flow uniformity de-
vice, were lifted, while the threads at other positions re-
mained horizontal.

Fig. 10 presents the thread behavior along the
one-fourth-length flow uniformity device. The absence of
thread lifting across the entire device suggests poor flow
conditioning, with significant disturbances and uneven
velocity distribution resulting from the insufficient length
of the uniformity device

Fig. 8 Flow pattern image for L = 600 mm
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Fig. 11 shows the thread response along the one-
eighth-length stream equalization plate. The stationary
threads reflect a lack of upward or forward flow, suggest-
ing the development of recirculation zones and reverse
currents, which hinder uniform velocity distribution and
emphasize the insufficiency of the plate’s reduced length
in stabilizing the flow

4.1. Air bubble depth measurement in water

As water flows over the spillway weir, flow sepa-
ration at the crest can entrain air into the water, creating air
bubbles. The depth of these air bubbles on the downstream
side varies with flow rate and drop height. Lower Flow
Rates/Drop Heights: Air entrainment is reduced due to
lower water velocity and decreased turbulence. Higher
Drop Heights: Increased water velocity intensifies air im-
pingement at the surface.

Air entrainment is minimal for fall heights less
than 100 mm but becomes more pronounced as drop
heights exceed 100 mm. Air impingement height refers to
the depth at which air bubbles are drawn into the water.
Typically, waterfalls at speeds of 0.5 to 1 m/s, slowing as it
move downstream. This velocity decreases with friction,
causing bubbles to rise once the downward pull weakens.
Air impingement depth follows a non-monotonic relation-
ship with drop height, reaching its maximum at around
370 mm after a decline from a peak at approximately
200 mm.

4.2. Surface-treated stainless steel profile

Fig. 12 illustrates the downstream variation in air
bubble impingement on a coated stainless steel plate sub-
jected to a 144 LPM flow rate and 600 mm drop height.
The observed heterogeneity in impingement height reflects
the influence of increased turbulence and air entrainment
resulting from the elevated fall height, affecting the distri-
bution and intensity of aeration along the plate

Table 1 summarizes the average air bubble im-
pingement heights on the stainless steel treated surface for
varying flow rates and downstream distances. These values
indicate how increasing flow rates and spatial position af-
fect air entrainment and bubble distribution, providing in-
sights into the flow dynamics and aeration processes along
the spillway. The tested flow rates include 100, 144, 192,
260, 360, 480, 600, and 650 LPM.

During the experiment, it was experimental that at
a200 mm fall height, the air bubble impingement height

Fig. 12 Air bubble penetration depth at 144 LPM

Table 1
Air bubble impingement height (mm) for
surface-treated stainless steel profile

Drop location, mm Flow Rate, LPM
100|144 (1921260 | 380|500 | 600 | 650
0 (crest) 0]0]0]0]J]0]O0O]O]O
100 180 | 200 | 200 | 220 | 260 | 340 | 350 | 350
200 2201230{230]260|290|350|360|370
300 190{200{200]210{290|370|360|370
400 160 [ 180(190[210]250|350 365|375
500 140 | 140 {200 [ 220|260 | 360 | 370 | 370
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Fig. 13 Air bubble impingement height with surface-
treated stainless steel plate

was slightly higher compared to other drop locations. Ad-
ditionally, the impingement height increased with the flow
rate at each fall height, indicating that higher flow rates
lead to higher velocities and turbulence, resulting in more
intense air entrainment and deeper penetration of air bub-
bles into the water.

Fig. 13 illustrates the stainless steel coated plate
profile and associated air bubble impingement heights. The
data demonstrate an exponential increase in impingement
height with flow rate, indicating intensified turbulent mix-
ing and air entrainment at higher velocities. The peak im-
pingement height at the 200 mm fall height suggests that
this intermediate drop optimizes the flow conditions for
maximum bubble dispersion along the spillway.

4.3. Grooved surface

Table 2 summarizes the variation of air bubble
impingement height along the downstream distance from
the spillway crest.

The observed increase up to 400 mm reflects
growing turbulence and bubble entrainment, while the sub-
sequent decrease towards 700 mm is attributed to flow
relaxation and reduced aeration intensity. It is also ob-
served that higher flow rates result in a greater air im-
pingement height. When comparing the SS-coated profile
to the grooved profile, the air entrainment is slightly higher
in the grooved profile. This is likely due to the turbulence
generated by the grooves, which enhances inertia and pro-
motes more air entrainment.

Fig. 14 presents the air bubble impingement
height along a grooved surface under varying flow rates.
The grooves enhance turbulence and air entrainment,
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Table 2 Table 3
Air bubble impingement height (mm) Air bubble impingement height (mm)
for grooved surface for concave-ended surface
Drop Flow Rate, LPM Drop location, mm Flow Rate, LPM
Location, mm 100 | 144 [ 192 ] 260 | 380 | 500 | 600 | 650 100 | 144] 192|260 | 380 500 | 600 | 650
0 (crest) 0] 01]O0 010 0 0 0 0 (crest) 0l 0[]O0O]O[O]O]O]O
100 150 | 150 | 170 | 140 | 210 | 245 | 260 | 270 100 170{170|180| 180 190| 210 350|350
200 150 | 160 | 250 | 260 | 310 | 360 | 365 | 370 200 170 170] 200 | 260 | 300 360 | 360 | 365
300 170 | 180 | 260 | 260 | 310 | 390 | 380 | 385 300 150 160] 180 | 220|300 350 | 360 365
400 190 | 200 | 260 | 230 | 300 | 360 | 380 | 380 400 180(190| 190|220 300| 350 360|370
500 1551160 | 260 | 210 | 310 | 360 | 360 | 375 500 170{170|170] 190 300| 370| 370|375
600 140 | 140 | 210 230 | 260 | 350 | 370 | 370 600 160 160| 180| 220|260| 360 | 380|390
700 130 | 140 | 220 | 210 | 260 | 360 | 380 | 380 700 150 160] 170|200 | 250 360 | 380 | 400
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5 ey oSt Em L L gt
§ 350 1 /"/* > Biane > & : 2%&«'21&:3;;)0'1?& % zjz: _ i 3 : . . & Flow rate=100 LPM|
& / 5 Flowrate=500 Lpw E o Flow rate=144 LPM
@ / — ow rate= = - A—Flow rate= |
fw| R o Y T Ly
_lg ‘,/ o 5 280 > Flow rate=500 LPMj
fm| ¥/ o fml /s ey 3
é /' v N @ _2 240 Bottom bulge profile
% 006 //V . v S v S 220 v v v
§ // — /-\. g 200 : i - e
E 150  w—— ://- . g Sl . g i
= bi e § ] - —
= 160 260 360 4<'Jo 5('30 scljo 7(‘)0 % 140 1(')0 2(']0 360 4(')0 5(')0 6[')0 7r‘>o
Fall Height (mm) Fall Height (mm)

Fig. 14 Air bubble impingement height on grooved surface

leading to an exponential increase in impingement height,
especially pronounced at the 300 mm and 400 mm drop
locations where the height peaks at 380 mm under maxi-
mum discharge conditions.

Across all flow rates, air entrainment is lower at a
100 mm drop height, suggesting that smaller drop heights
lead to less intense air entrainment. At 200 LPM, a signifi-
cant surface restriction causes the impingement height to
increase sharply before decreasing. Additionally, the rela-
tionship between air bubble impingement height and flow
rate is non-linear, highlighting a more complex interaction
between these variables.

4.4. Concave-ended surfaces

Table 3 summarizes air entrainment characteris-
tics at various drop locations for different surface profiles.
The lower air entrainment at 100 mm corresponds to un-
derdeveloped turbulence near the crest, while the peak at
400 mm marks the zone of maximum turbulence and bub-
ble formation. The concave-ended surface profile enhances
air entrainment beyond that of the coated stainless steel
and grooved profiles, attributed to its ability to intensify
flow separation and turbulent mixing.

Fig. 16 shows the air bubble impingement heights
measured along the bottom-bulging spillway weir profile.
The exponential increase with flow rate, and peak values at
intermediate drop heights (300 mm and 400 mm), reflect
enhanced turbulence and bubble entrainment. The dimin-
ished impingement at 100 mm drop is attributed to reduced
flow energy and turbulence near the crest, resulting in
weaker air—water interaction.

4.5. Film thickness and drag coefficient measurement

The water film depth over the spillway crest is

Fig. 15 Air bubble impingement heights (mm) for concave-
ended surface
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important for determining the tolerance on its horizontali-
ty. Table 4 presents both measured and theoretical film
depth values for various flow rates, calculated using the
relation:

0=0415x (L-0.2 h) x h**x (2g) 2, (1)
where Q is the flow rate (m*/sec), L is the spillway length
(m), 4 is the water film thickness (m), and g is the accel-
eration due to gravity (m/s?). The measured values closely
match the theoretical ones. Fig. 15 compares water film
thickness across various surface profiles, highlighting in-
creased thickness over concave middle sections, punched
patterns, and concave ends.

4.6. Mean drag coefficient for ss-coated spillway weir pro-
file

Table 5 shows the mean drag coefficient values
for the SS-coated spillway weir profile at various down-
stream positions, flow rates, and vertical positions. Key



Table 4
Measured film thickness (mm) at the crest
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Table 6
Mean drag coefficient for grooved spillway weir profile

Drop location, mm Flow Rate, LPM

100[144{192| 260| 380|500]600] 650

Surface with Central Concave |8.5| 9 | 10[12.5[17.5] 21|25.4{26.5

IProfile with Perforations 7 17.519.5| 11| 18] 21[24.5 26

Surface with End Concave 6| 719.5|11.5 17| 20[24.5[26.5

Table 5
Mean drag coefficient for ss-coated spillway weir profile

Distance from Flow Rate, LPM

crest, mm 100 | 144 | 192 | 260 | 380 | 500 | 600 | 650
100 0.100 |0.10 0.14 ]0.62 |0.39 [0.35 |0.25 |0.23
200 0.203 [0.24 10.45 ]0.65 |0.42 [0.34 [0.26 0.23
300 0.192 [0.20 10.45 ]0.65 |0.42 [0.33 [0.24 0.23
400 0.187 [0.20 10.43 ]0.67 [0.43 |0.31 [0.23 |0.23
500 0.179 0.18 10.35 [0.62 |0.41 |0.31 [0.22 |0.22
600 0.165 0.17 10.35 ]0.60 |0.41 [0.31 [0.22 0.21
700 0.154 [0.17 10.35 ]0.56 |0.41 |0.31 [0.22 0.21
500 0.179 0.18 10.35 [0.62 |0.41 |0.31 [0.22 |0.22
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Fig. 17 Mean drag coefficients for coated SS plate

observations include: The mean drag coefficient increases
from the spillway crest up to 200 mm. From 300 mm on-
ward, it gradually decreases until 700 mm. The mean drag
coefficient increases gradually for flow rates of 100 LPM,
144 LPM, 192 LPM, and 260 LPM. For flow rates above
260 LPM, the mean drag coefficient begins to decrease.

Fig. 17 depicts the variation of the mean drag co-
efficient for the stainless steel-coated plate with flow rate.
The initial increase in drag correlates with rising flow ve-
locity and shear stress, while the subsequent decline be-
yond 192 LPM suggests the onset of surface disturbances
and flow separation, which modify the boundary layer and
reduce drag.

4.7. Mean drag coefficient with grooved spillway weir
profile

Table 6 presents the mean drag coefficient values
for the grooved spillway weir profile at different down-
stream positions and flow rates. Key findings include: the
mean drag coefficient increases from the spillway crest to
200 mm and also rises with higher flow rates. The mean
drag coefficients for 100 LPM and 650 LPM are similar.
Fig. 18 shows the influence of grooved spillway weir pro-
files on the mean drag coefficient at various flow rates
measured from the crest. The drag coefficient decreases
significantly with increasing flow rate, and the grooved
profile yields lower values than the SS-coated plate.

Table 7 presents the indicate drag coefficient val-
ues for the plane with a concave at the end, measured at

Distance Flow Rate, LPM
fromerest o 4 [1o2 P60 P80 500 600 650
(mm)

100 10.189 10.235 |0.319 10.292 0.230 0.202 |0.185 |0.166
200 10.196 10.218 |0.302 0.278 |0.230 |0.207 |0.185 |0.166
300 0.2 10.202 |0.295 [0.276 |0.223 |0.202 0.179 [0.161
400 10.201 |0.202 |0.285 |0.265 |0.221 0.192 [0.179 |0.161
500 |0.185 ]0.187 |0.285 10.265 10.212 0.187 |0.174 |0.157
600 10.164 |0.173 10.276 0.249 |0.212 0.174 10.174 |0.157
700 10.145 10.173 ]0.269 ]0.239 |0.212 |0.169 0.168 |0.152
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Fig. 18 Effects of grooved spillway weir profiles on
mean drag coefficient

Table 7
Mean drag coefficient for surfaces with a concave
end profile
Distance Flow Rate, LPM
from crest,
mm 100 144 [192 {260 |380 |500  [600  |650
100 0.243 ]0.252 |0.355/0.337/0.221|0.223 |0.179 [0.161
200 0.198 10.218 |0.319,0.321|0.221|0.216 [0.179 [0.161
300 0.199 ]0.218 |0.319/0.307|0.230{0.216 |0.190 [0.166,
400 0.201 {0.202 |0.302/0.292/0.212(0.209 |0.174 |0.152
500 0.186 [0.187 ]0.285/0.292/0.198|0.195 |0.168 |0.148
600 0.164 10.175 ]0.285/0.292/0.197/0.196 |0.163 [0.143
700 0.136 (0.159 |0.285/0.2780.195/0.195 (0.163 [0.143
0.4 ~+—100 mm from
€ 036 ;g‘gl ;
o —— mmirom
§ 932 crest
2 0.28 ~—#— 300 mm from
: 0.24 crest
E 0.2 400 mm from
5 0.16 ——g'(;tmmhmn
2012 crest
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Fig. 19 Mean drag coefficients for surfaces with a concave
end shape

4.8. Measurement of mean drag coefficient for surfaces
with concave end profiles

different flow rates and vertical positions. The coefficient
drastically decreases at higher flow rates due to unsteady
state conditions downstream, similar to the grooved pro-
file. From the spillway crest to 200 mm, the mean drag
coefficient increases, then decreases toward the down-
stream end.
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Fig. 19 illustrates the spatial variation in mean
drag coefficient for a flow rate of 192 LPM, showing a
decrease from 0.355 at 100 mm to 0.336 at 700 mm down-
stream. The decline reflects boundary layer development
and reduced flow resistance as the film becomes more uni-
form along the spillway

5. Conclusions

1. Impingement height of air bubbles. Various
spillway profiles, including coated stainless steel, concave
middle, concave end, punched, grooved, rough surfaces
and polythene sheets, and were tested at flow rates from
100 LPM to 650 LPM. Key findings include: Profiles with
punches and concave middle surfaces had minor air bubble
impingement heights (up to 360 mm), making them effec-
tive in reducing air entrainment. Profiles with concave
ends showed superior air impingement heights, indicating
more air entrainment and making them unsuitable for air
impingement studies.

2. Optimization of flow distribution device. The
approach velocity of water was measured at flow rates
ranging from 100 LPM to 650 LPM, using flow uniformity
devices of lengths 500 mm, 250 mm, 125 mm, and 62.5
mm, along with varying x and y coordinates. Key findings
include: The full-length flow uniformity device (500 mm)
provided a uniform velocity distribution across all flow
rates and coordinates. Experimental velocities closely
matched theoretical predictions, confirming the device's
efficiency. Based on these results, it is recommended to
use the full-length flow uniformity device for optimal flow
uniformity. CFD simulations and experimental techniques
showed that the flow remained uniform with a porosity of
38.2%, aligning with the experimental data.
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STUDY OF AIR VOLUME FRACTION IN WATER
FLOW: AN EXPERIMENTAL APPROACH

Summary

The spillway system plays a crucial role in main-
taining uniform flow conditions in open channel streams,
ensuring consistent water levels according to the flow rate.
However, the design of the spillway weir crest can lead to
flow deviations and non-uniform velocity distributions,
causing the formation of air bubbles in the water. This
study investigates the impact of flow uniformity device
length and spillway profiling on air entrainment in water
flow. Various flow uniformity device lengths (100%, 50%,
25% and 12.5%) were modeled and tested in a laboratory
setup. Water velocity was measured using an anemometer
and air characteristics were studied using different spillway
profiles, including concave surfaces, grooved surfaces and
roughened surfaces. The air entrainment was assessed us-
ing a quick entrained air tester and water thickness was
measured with ultrasonic sensors. Results showed that
concave and punched surfaces produced the least air bub-
ble formation. The 100% flow uniformity device resulted
in consistent velocities, validated by analytical data. The
study also verified that for a 600 mm uniformity device
with 38.2% permeability, the flow remained laminar. The
impedance probe method was used to accurately measure
the volume fraction of air (VOF) in the water.

Key words: spillway weir, air bubble impingement, veloc-
ity, flow pattern, rotameter.
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