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Numerical simulation and experimental research of hydraulic jumps
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Abstract: Measuring flume is a common water measuring device which is designed for irriga-
tion. The characteristics of hydraulic jump is one of the important indexes to judge whether the
selected shape is suitable. This paper discussed the last stage of irrigation canal renovation project
in a certain small irrigation area as an archetype, with two different experimental conditions,
computed by the turbulence mathematical model tracking the free surface of liquid based on Tru-
VOF method and realized mesh optimization based on Favor. We also simulated the water jump in
U-shaped canal airfoil-shaped flume in three dimensions, and analyzed the hydraulic characteris-
tics such as time-averaged flow field, conjugate depth, occurring position, jump length, distribu-
tion of hydraulic velocity in cross section and the loss of energy of hydraulic jump section. We
verified simulation results by using experimental data of hydraulic model test whose ratio arche-
type is 1:1. The results of experimental and the computational model are consistent, In the end,
we analyzed the conjugate depths of experimental data and simulation results, and inferred the ap-
proximate calculation formula of conjugate depths for U-shaped canal airfoil-shaped flume, This
research provides some basic advice and suggestions on the application of airfoil-shaped {lume in
irrigated area in last stage of canal system in plain with gentle slope.

Key words: U-shaped canal;airfoil-shaped measuring flume;hydraulic jump; Flow-3D; numeri-
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Table 3 The results comparison between numerical simulation and experiment

TR BkE FE OSTWERRKER  EBUTER  RXE SWEREKE EEUMEKE  RE SRR SINHRRK Rz
5 f4Etke Q/(L-sh hi/cm RIKEE hi/em my/ % hy/cm KB hy/em me/%  Lj/em L;/em ms/%
29. 85 6.76 6. 60 2.37 15. 87 16. 61 4.66  60.33 57.73 4.31
40,25 7.79 7.65 1. 80 19.11 18. 35 3.98  76.76 80.19 4,47
1 0. 49 50. 10 8. 89 9.04 1.66 21.53 20.72 3.76  84.45 87.53 3.65
59. 87 10. 14 10. 40 2. 50 24.09 25.04 3.94  98.59 93.98 4.68
FHE 2.08 4 {E 4.09 T 4.28
30.18 3. 60 3.70 2.70 14.19 14. 63 3.10  56.29 53.45 5.05
39, 88 4.64 4.75 2.32 16.51 17.28 4.66  69.87 73. 36 4.99
2 0.45 49.59 6. 30 6.52 3.37 17.55 18. 39 4.79  76.32 79.57 4,26
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FHE 2.48 FHE 4.36 FH{E 4.75
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Table 4 Accuracy evaluation for measured data

THRFE BAHEWSEIL: W Q(L-s) Fr

LW b /em ZWEKE KR he/em ARHBRIGAKR ho/om HMRE m/ %

29. 85 2.6196 6.76

40. 25 2.6783 7.79
1 0. 49

50. 10 2. 5805 8. 89

59. 87 2.3928 10. 14

30.18 7.3639 3. 60
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2 0. 45
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19.11 18. 75 1. 86
21.53 21.10 2.01
24.09 23.40 2.87
14.19 14.57 2.68
16. 51 16. 33 1.09
17.55 18. 30 4.28
19. 23 20.21 5.10
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Fig. 7 Schematic diagram of hydraulic jump energy dissipation
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