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Abstract: [Objective] The research studied the hydraulic jump characteristic of low Froude number.

[Method] By using VOF method in water surface upstream and downstram of the gate and 2-d k¢ RNG

turbulence model, hydraulic jump with low Froude number (Fr, =2.0—4.5) was simulated numerically.

Water depth after hydraulic jump, length of hydraulic jump and distribution of flow velocity of hydraulic

jump with low Froude number were analyzed. Furthermore, pressure, turbulent kinetic energy, turbulent

dissipation and coefficient of energy dissipation in the hydraulic jump region and the open cannel flow re-

gion were studied. [Result] The length of hydraulic jump whose degree of submergence is more than 1. 2 is

longer than that of calculated by empirical formula,and increases along with the increase of Froude num-

ber. The maximum velocity reduces along the flowing of the main flow in the hydraulic jump region,and

the reduction of the average velocity in section is small in open channel flow region after hydraulic jump.
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The pressure distribution of hydraulic jump is closely related to flow aeration. Turbulent kinetic energy and

coefficient of energy dissipation are the maximum near the boundary of the main flow and ground droller in

the hydraulic jump. The higher the Froude number is, the higher the theoretical and practical coefficient of

energy dissipation is. The theory coefficient of energy dissipation is higher than actual coefficient consider-

ing the turbulent kinetic energy after hydraulic jump. [Conclusion] Because low-head key water control

project has larger flood discharge power,less energy dissipation hydraulic characteristic of hydraulic jump

with low Froude number should be seriously considered, and reasonable energy dissipation instrument

should be designed to solve its problems of energy dissipation and erosion-control.

Key words: hydraulic jump with low Froude number; numerical simulation of turbulence flow;hydraulic

jump region;open channel flow region
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Fig. 1

Diagram of computation model of turbulence of hydraulic jump with low Froude number

D. Water slide import;®. Upstream and downstream surface of sluice gate;®). Service gate;

@. Bottom of water slide; ®. Export of water slide;

a. The water content of water-air two phase flow is 50 per cent;b. The water content of

water-air two phase {low is 75 per cent;c. The water content of water-air two phase flow is 100 per cent

1.3 MEXS AR RMGEFE

THE DR R A% 0] 43 (7R A1 2 B R . KR
JUEF U B 2 e B AR B W A B R R
8§<<0.001 6 L=1.28 ecm, WIFEIHBEHHZLEE
ok S B B ) R R A S0 B S R B N
i i U 6 23 A JE 1) DX B B TR AR R R
1.342 em, ¥ FZER ;4 BRI Kb 1 2K
KRN 0.25 em, R HR 1.2, THEMIEE R 2 A
DI K ER XL E 2 =0~ 1. 4 m, A& R
0.5 emX0.5 em(Ax X Ay) s B 433l Bl b 7K 2 M B R
T X B R SF 2 1.0 em X 0.5 em,

],Olcm?<(l),fcm:': ilﬂﬁ}%
Bﬁi%?fﬂ?lZHE: Boundary layer

Open cannel flow region 4 X

yT T0.5cmX0.5¢cm

Tt b=

Hydraulic jumpreg

on
B2 AR FCBOK BR 28 I 1T 5 X8 I s 4] 4 7 2 R
Fig. 2

turbulence of hydraulic jump with low Froude number
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Table 1 Water surface comparison between simulation and measurement when Fr; =2, 0

x/m 2/1; (y/h2) (y/h2),s ACy/hs) x/m x/1; (y/h2) (y/hy), ACy/hy)
0.05 0.079 4 0.418 8 0.469 7 0.050 9 0. 50 0.793 7 0.916 2 0.910 1 —0.006 1
0.10 0.158 7 0.497 4 0.552 4 0.055 0 0. 60 0.952 4 0.968 6 0.941 6 —0.027 0
0. 20 0.317 5 0.628 3 0.678 3 0.050 1 0.70 1.111 1 1.005 2 0.962 4 —0.042 8
0. 30 0.476 2 0.733 0 0.777 8 0.044 8 0. 80 1.269 8 1.005 2 0.976 7 —0.028 5
0.40 0.634 9 0.837 7 0.857 9 0.020 2 1. 00 1.587 3 1.000 O 0.998 0 —0.002 0
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Mean flow rate comparison in different sections between simulation and measurement when Fr; =2, 0
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Table 2 Calculation results of length of hydraulic jump from the parameters when Fr; =2.0—4.5

T %5 o

Condition ho/m (m? ({/S’I ) hi/m (mL.JIS/ 1y Fry hy/m h,/m oj l;/m
number
1 0. 50 0.10 0.063 1. 587 2.0 0. 151 0.191 1.264 0.670
2 0. 50 0.10 0.055 1. 818 2.5 0.167 0.212 1.270 0. 855
3 0. 50 0.10 0.048 2.083 3.0 0.183 0.238 1.297 1. 050
4 0. 50 0.10 0. 044 2.273 3.5 0.194 0. 254 1. 307 1. 140
5 0.50 0.10 0. 040 2.500 4.0 0. 207 0. 267 1.292 1.227
6 0. 50 0.10 0.037 2.703 4.5 0.217 0. 287 1.323 1.325
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