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1. Numerical and experimental investigation of the effect of gate lip on flow
domain downstream of outlet gates -IAHR-APD- South Korea- 2012, August

2. Numerical and experimental study of the gate lip effect on flow aeration
downstream of outlet gate- 6™ International symposium on advances in science

and technology-Malaysia- 2012,March
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e Jabos s SIMple 5 PISO slo g, zmlts auylic ¥-F Jgax

static pressure numerical

piz.no perime ple Simple | PISO | Simple | PISO
17 1 0.76 0.78 24.0 22.0 576.0 | 484.0
18 0.88 0.69 0.75 21.6 14.8 466.2 | 218.2
19 0.84 0.64 0.74 23.8 11.9 566.9 | 141.7
20 0.78 0.52 0.64 33.3 17.9 1111.1 | 322.2
21 0.55 0.39 0.51 29.1 7.3 846.3 52.9
22 0.46 0.34 0.42 26.1 8.7 680.5 75.6
23 0.32 0.23 0.32 28.1 0.0 791.0 0.0
24 0.3 0.12 0.24 60.0 20.0 3600.0 | 400.0
25 0.2 0.021 0.18 89.5 10.0 8010.3 | 100.0
26 0.2 -0.1 0.13 150.0 35.0 22500.0 | 1225.0
27 0.1 -0.2 0.06 300.0 40.0 90000.0 | 1600.0
32 0.56 0.39 0.48 30.4 14.3 921.6 | 204.1
33 0.335 0.32 0.4 4.5 -19.4 20.0 | 376.5
34 0.345 0.22 0.31 36.2 10.1 1312.7 | 102.9
35 0.29 0.11 0.22 62.1 24.1 3852.6 | 582.6
36 0.18 0.01 0.16 94.4 11.1 8919.8 | 1235
37 0.12 -0.1 0.11 183.3 8.3 33611.1 69.4
38 0.07 -0.2 0.06 385.7 14.3 | 1487755 | 204.1
39 1.15 0.9 0.92 21.7 20.0 472.6 | 400.0
40 0.75 0.61 0.67 18.7 10.7 348.4 | 113.8
41 0.7 0.56 0.65 20.0 7.1 400.0 51.0
42 0.72 0.5 0.61 30.6 15.3 933.6 | 233.4
43 0.45 0.34 0.43 24.4 4.4 597.5 19.8
44 0.29 0.22 0.3 24.1 -3.4 582.6 11.9
45 0.21 0.12 0.18 42.9 14.3 1836.7 | 204.1
46 0.12 0.05 0.12 58.3 0.0 3402.8 0.0
47 0.1 0.001 0.07 99.0 30.0 9801.0 | 900.0
48 0.08 -0.04 0.04 150.0 50.0 22500.0 | 2500.0
49 0.03 -0.07 0.02 333.3 33.3 |111111.1 11111
50 0.44 0.38 0.41 13.6 6.8 186.0 46.5
63 1.035 0.65 0.67 37.2 35.3 1383.7 | 1243.7
64 0.72 0.53 0.6 26.4 16.7 696.4 | 277.8
65 0.69 0.48 0.58 30.4 15.9 926.3 | 254.1
66 0.8 0.54 0.7 325 12.5 1056.3 | 156.3

average=  74.9 15.28
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a0 YYD adl o ¥ am g a0 700 Sodjl o el 5 sose Joo mls awslis :F-F Jgo

bl
180 S 3b gl 180 S
PizNO | X (cm) | _Jul) s error Piz.NO Xem) | guked | o Error
17 7.5 178 166 6.74% 41 60 159 | 157 | 1.26%
18 30 163 166 1.84% 42 85 147 | 145 | 1.36%
19 60 168 165 1.79% 43 92.2 1 -1 0.00%
20 85 143 150 4.90% 44 95.5 0 0 0.00%
21 92.2 78 71 8.97% 45 99.5 0 0 0.00%
22 95.5 48 44 8.33% 46 103.5 0 0 0.00%
23 99.5 16 22 37.50% 47 107 0 0 0.00%
24 103.5 16 10 37.50% 48 110.25 0 -0.1 | 0.00%
25 107 14 2 85.71% 49 112.85 0 -0.1 | 0.00%
26 110.25 12 -10 | 183.33% 50 92.2 0 -1 0.00%
27 | 112.85 0 -30 0.00% 51 95.5 0 0 0.00%
32 92.2 71 68 4.23% 52 99.5 0 0 0.00%
33 95.5 43 40 6.98% 53 103.5 0 0 0.00%
34 99.5 21.5 19 11.63% 54 107 0 0 0.00%
35 103.5 8 7 0.00% 55 110.25 0 0 0.00%
36 107 0.3 0.2 0.00% 56 112.85 0 0 0.00%
37 | 110.25 1 -10 0.00% 63 7.5 158.5 | 151 | 4.73%
38 | 112.85 0 -20 0.00% 64 30 151 | 150 | 0.66%
39 7.5 169 165 2.37% 65 60 152 | 150 | 1.32%
40 30 159 157 1.26% 66 85 165 | 172 | 4.24%
average= 10.42%
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piz.no | X (cm) e L@ piz.no | X (cm)

17 | 75 Pkl 41 | 60
18 | 30 kel 42 | 85
19 | 60 N 43 | 922
20 | 85 FE 44 | 955
21 | 922 FSm 45 | 995
22 | 955 M 46 | 1035
23 | 995 AWEN 47 | 107
24 | 1035 Ly 48 | 110.25
25 | 107 AN 49 | 112.85
26 | 110.25 N 50 | 922
27 | 112.85 BV 51 | 955
32 | 922 WL 52 | 995
33 | 955 Il 53 | 1035
34 | 995 N 54 | 107
35 | 1035 N0 55 | 110.25
36 | 107 el 56 | 112.85
37 | 110.25 AN 63 | 75
38 |[112.85 AN 64 | 30
39 | 75 N 65 | 60

40 30 4.10% CS 85
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17 7.5 | 26.00% [ 60
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|

40 30 8.00% ) 85

average= 10.90%
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Abstract

Outlet gates have attracted a great attention in dam engineering and related industry. In
this regard, the tasks of many investigations are focused on providing the discussion and
solutions of related problems for such structures. Increasing the velocity and pressure
reduction are the common problems in high head conduits, which lead to cavitation
formation. Cavitation is the main factor of sever damages in outflow tunnels
downstream of gates; therefore, it is necessary to decrease or eliminate its destructive
impacts on the structures. Previous investigations have shown that air entrainment into
the flow reduces cavitations damages; thus, aeration just downstream of the gates by air
vents has become a common solution for such problem.

The main aim of this research is to study the effects of gate lip on aeration process and
its distribution downstream of the gates. The effect of gate lip is examined
experimentally, and then is supported by numerical simulation. A physical model was
constructed at Water Research Institute of Iran and examined with gate openings of
50%, 70% and 90% with the gate lip angel of 22.5° and water head of 2m. Then, a
numerical model was provided and calibrated by experimental results. The model was
used to simulate the lip angles of 45° and 60° degrees to check its impact on the aeration
mechanism. The results showed the reasonable agreements between the numerical and
experimental information. It is also concluded that, increasing the gate lip angle changes

the flow characteristics and thus, the air density downstream of outlet gates.

Keywords: Gate Lip Angle, Aeration, Cavitation, Numerical Model, Physical Model.



