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Fig. 1 Hydraulic jump in abruptly expanding channel
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Tab. 1 Comparison between explicit solutions and experimental data

S . S .
o P e P — HERYER s || e P e P — HERER -
g = TR 5K/ m i B ] [E] IR/ BLS FK%/m
KEBE/m  KE/m (m-st) AKE/m  KE/m (m-st)

1 1.2 0.015 0. 086 1. 800 0. 086 0 46 2.0 0. 043 0. 155 2.240 0. 158 1.935
2 1.2 0.011 0.079 1.750 0.072 -8. 861 47 2.0 0.027 0. 163 2.347 0.133  -18.405
3 1.2 0.014 0. 105 2.250 0. 106 0.952 48 2.0 0.027 0. 180 2.697 0.153  -15.000
4 1.2 0.022 0. 151 2.550 0. 149 -1.325 49 2.0 0.027 0. 196 3.124 0.178 -9.184
5 1.2 0.028 0. 167 2. 600 0.171 2.395 50 2.0 0.027 0. 226 3.658 0.209 =7.522
6 1.2 0. 035 0.182 2.530 0.184 1. 099 51 2.0 0.027 0. 244 4. 054 0.232 -4.918
7 1.2 0.043 0. 196 2. 480 0. 199 1.531 52 2.0 0.027 0. 147 1.935 0.109  -25.850
8 1.2 0. 050 0.200 2.350 0. 201 0. 500 53 2.0 0.027 0.239 3.993 0.228 -4.603
9 1.2 0. 058 0. 205 2.220 0.202 -1.463 54 2.0 0. 067 0. 160 1.585 0. 141 -11.875
10 1.2 0.011 0. 096 2.280 0. 096 0 55 2.0 0. 067 0.203 2.042 0.180 -11.330
11 1.2 0.028 0.114 1. 646 0. 104 -8.772 56 2.0 0. 067 0.229 2.591 0.228 -0.437
12 1.2 0.028 0.132 1.920 0.123 -6.818 57 2.0 0. 067 0.272 3.109 0.275 1.103
13 1.2 0.028 0.231 3.475 0.231 0 58 2.0 0. 067 0.312 3.566 0.316 1.282
14 1.2 0.028 0. 157 2.377 0. 155 -1.274 59 2.0 0. 067 0. 345 3.901 0. 346 0.290
15 1.2 0.028 0. 180 2.758 0. 181 0.556 60 3.0 0.012 0.072 2.200 0.077 6.944
16 1.2 0.028 0.201 3.063 0.202 0. 498 61 3.0 0. 058 0. 160 2.310 0. 180 12. 500
17 1.2 0.028 0.254 3.993 0.267 5.118 62 3.0 0. 042 0. 144 2.430 0. 160 11.111
18 1.5 0.030 0.172 2.650 0. 168 -2.326 63 3.0 0.030 0. 130 2. 480 0.137 5.385
19 1.5 0. 025 0. 158 2.670 0. 155 -1.899 64 3.0 0.022 0.112 2.510 0.119 6.250
20 1.5 0. 025 0.153 2. 660 0. 155 1. 307 65 3.0 0.015 0. 085 2.330 0.091 7.059
21 1.5 0.027 0. 140 2.360 0.142 1.429 66 3.0 0.015 0. 080 1.990 0.078 -2.500
22 1.5 0. 026 0. 107 1. 890 0.110 2. 804 67 3.0 0.011 0.075 2.280 0.076 1.333
23 1.5 0.016 0. 105 2. 100 0. 098 —-6. 667 68 3.0 0. 028 0. 090 1. 870 0. 100 11. 111
24 1.5 0. 045 0. 137 1. 830 0. 138 0. 730 69 3.0 0. 024 0. 095 2. 100 0. 104 9.474
25 1.5 0.041 0. 185 2.550 0. 187 1. 081 70 3.0 0.032 0.119 1.533 0.089  -25.210
26 1.5 0.032 0. 164 2.510 0. 164 0 71 3.0 0.032 0. 142 2. 155 0.123 —-13. 380
27 1.5 0.015 0.115 2.490 0.113 -1.739 72 3.0 0.032 0. 165 2.481 0. 141 —14. 545
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(8ER)
b ol LRI BR B e T RBR
e wp R BUR BN o WA/ % || 5 g BRN BOR BRNDVORS o B/ %
KFE/m  KFE/m (m-s") KFE/m  KFE/m (m-s')

28 1.5 0. 027 0.132 1.814 0. 107 -18.939 73 3.0 0.032 0.178 3.048 0.173 -2.809
29 1.5 0. 027 0. 145 2. 185 0.131 -9. 655 74 3.0 0.032 0. 201 3.536 0. 201 0

30 1.5 0. 027 0.168 2.621 0. 158 -5.952 75 3.0 0.032 0. 221 3.871 0. 220 -0.452
31 1.5 0. 027 0.193 3.139 0. 190 -1.554 76 3.0 0.032 0.234 4.206 0.239 2.137
32 1.5 0. 027 0.216 3.597 0.219 1.389 77 3.0 0.043 0. 160 1. 695 0.115 -28.125
33 1.5 0.027 0.239 3.993 0.244 2.092 78 3.0 0.043 0.175 2.149 0. 143 —-18.286
34 1.5 0. 027 0.259 4. 359 0.267 3. 089 79 3.0 0.043 0.203 2. 667 0.177 -12.808
35 1.5 0.027 0. 104 1.457 0. 085 —-18.269 80 3.0 0.043 0.226 3.292 0.217 -3.982
36 1.5 0. 027 0. 156 2.457 0. 147 -5.769 81 3.0 0.043 0.249 3. 658 0.242 -2.811
37 2.0 0.012 0. 082 2.200 0. 083 1.220 82 3.0 0.043 0.287 4.328 0.286 -0. 348
38 2.0 0.034 0.153 2.520 0. 159 3.922 83 5.0 0.029 0.102 2. 400 0.102 0

39 2.0 0. 044 0. 156 2.270 0.162 3. 846 84 5.0 0. 060 0.132 2.300 0. 144 9.091
40 2.0 0. 030 0. 140 2.490 0. 147 5. 000 85 5.0 0.039 0.123 2.450 0. 121 -1.626
41 2.0 0. 025 0. 135 2.530 0. 137 1. 481 86 5.0 0.030 0. 083 1. 850 0. 081 -2.410
42 2.0 0.013 0. 094 2.560 0. 101 7.447 87 5.0 0. 025 0. 092 2.320 0.091 -1.087
43 2.0 0.028 0. 141 2.510 0. 144 2.128 88 5.0 0. 044 0.123 2.410 0.127 3.252
44 2.0 0.016 0. 100 2.250 0. 098 -2.000 89 5.0 0. 058 0. 135 2.270 0. 140 3.704
45 2.0 0.012 0. 069 1. 900 0.071 2. 899 90 5.0 0.023 0. 100 2. 600 0. 098 -2.000
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Fig. 3 Comparison between calculated results and

experimental results of conjugate depth
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Explicit solution of hydraulic jump equation for abruptly expanding channel

NING Lizhong', QU Yawei', NING Bibo’, WANG Xinhong', TIAN Weili’, LIU Shuang'
(1. State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi'an University of Technology, Xi’an
710048, China; 2. College of Civil Engineering and Architecture, Jiaxing University, Jiaxing 314001, China;
3. Department of Architecture, Shanghai University, Shanghai 200444, China)

Abstract: The energy dissipation and scour prevention in the downstream of the release structures is one of the
important measures to ensure the safety of hydroprojects. The abruptly expanding hydraulic jump is one of the forms
of the energy dissipation of the hydraulic jump, which is widely applied to the practical hydraulic engineering. Some
studies of the equations for the abruptly expanding hydraulic jump and its hydraulic characteristics including the
average water depth in the backflow zone are carried out in this research. An empirical formula of coefficient « is
suggested based on the assumption of the average depth hi=a(h;+h}) in the backflow zone, and the equation of
the abruptly expanding hydraulic jump is derived by the momentum conservation theory, and the explicit solution of
the abruptly expanding hydraulic jump is given. The experimental results show that the average error between the
explicit solution of the abruptly expanding hydraulic jump equation and the experimental data is 5.481%. Of 90
groups of the experimental data, there are 57 groups with the errors between the explicit solution of the abruptly
expanding hydraulic jump equation and the experimental data being less than 5%. Obviously, the explicit solutions
of the equation in this paper for the abruptly expanding hydraulic jump are in good agreement with the experimental
data. It is proved that the equation in this paper for the explicit solution of the abruptly expanding hydraulic jump is

reliable, practical and accurate, and can be applied to solving practical engineering problems.

Key words: abruptly expanding channel ; momentum principle ; hydraulic jump equation; conjugate depth; water

depth in the backflow zone
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