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Fig. 1 Vertical profile and plan of sluice test model
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Tab. 1 Comparison between simulated values and testing values of water depth under different working conditions
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Fig.3 Comparison between flow regime by numerical simulation and physical tests under different working conditions
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Tab. 2 Flow regime characteristics of different training wall lengths during opening of a single gate and three gates

WK BRRKI/m ORERGE AR B /m OB /m CYOKBOK Y m CYORBREERIEEE/m CYOKEREE I TR /m

0 2.96/3.61 13.2/11.0 25.0/32.0 1.12/2.08 15.0/16.0 38.5/35.0
0. 50L, 3.03/3.46 18.0/13.0 15.0/31.0 1.21/2.25 12.5/12.5 40.0/29.0
0. 60L, 3.09/3.55 20.0/13.8 13.0/29.5 1.88/2.31 3.073.0 43.0/30.0
0.75L, 2.70/3.54 23.0/14.0 9.0/29.0 1.70/2. 34 1.5/1.0 39.0/34.0
L, 2.95/3.53 25.0/13.0 8.0/26.0 1.72/2.32 0/0 44.0/34.5

T/ A AL A, /5 3 LI HfE .

3 AL A B A B 5 AT A A5k O T It o T 4, /K BR S FE ORI S it i I G . 5 R0 S T e 1
BUAHEE, 0 4 RO R B2 S i BRJS K R A3 AIREAIR T 4. 16% ,1. 66% , 1. 94% 1 2. 22% , — KBRS 18 J1ith
FETREE B 46 T 17, 14% ,14.29% ,2. 86% F1 1. 43% , i 0. SOL, ‘T BRI, S i 5% (A EAE X S 78
A8 Y BOE RN, “UOK R BE B AR A o BE-S S R FE 3G I, S ST 32 I A AR AT
H LB T B PR, TUOKBRTE BB AR R R S B ROKRER G K RIS I V18 E oK TR A3 A A
¥15) o Wi E IR 7 2T B SIS BRG0G0 , S UisE o L [ B G B AT 2% o
3.2 BEXRERRESH

TR PR & A ] 9 D PR 2 YT T P S G U S A T IR P AN Il o 0 S K A g 3 30 4 PR, IR



72 KkoOFOok B L OB O% R 2018 4 8

VL AE T — I 2K 224805 B 4 HFEANRIFRE T 2N T b i LB 1.2 m RSP Wy i Ak T8 XY 3
JEE TR A AL, B 5 A R U 60 m B =130 m AbA8E DA 16730 JEG 7% 2 4 A

LI AR AR R D, RV B I B R K AR T EUKBR R 2015 i o 45, W i A2
Ao ATEFWEG , B TOKIRY B B, I a2 PO HS A B B R 1 O A
Xof WO IR, S S0 2O R R AR P XN . S5 () R, T b O
R S PR T AL 8 L 3 4 2384 g 3 K L ol T B SR A B A

3 LIFIR I, it b A B K DX R (8190 5% s S g 0 AT o0 2 0 2 BF s s o0 W T AR A
il 3 AR ISE RN, 24 L, =0. SOL, , — YK Rl L 5 Hh (o7 e B, A 18 A i L A LX), St e
XF VA B R AN B o L ARSI, J2 0 R S B, s ) X R O A AR A A . il
5(b) i LIF H, 25 PRI L, =0. SOL R, 118 A it s A fie b4 2] HAROR TR V. 550/

(b) 3fLH
[ aaaEa
0 1.88 375 562 750
P/ (m - s

K4 z=1.2 m QAR T 30 = K
Fig. 4 Velocity distribution diagram of different guide wall lengths at z=1.2 m

£ £
2 =
= S|
47
(b) 3 FLIFI
BIS  w=130 m QBRI i AS [R] 5 b 1R LR AL 73 A
Fig. 5 Near-bottom velocity distribution at x=130 m cross section with different training wall lengths
4 % &

(1) Z2 LR MR ALIT i e 2277 A ZROK R IR AL, 3 0 45 50 S A 1 0 e NS BE FE 70 9 B, R K TR



o4 4 2 WE, SF . SUHEXT S ZI0KIA R R R 73

i, ZUOKBRAE K

(2) ZALKMIELE 3 FLITIEmF, 2L 3 LA & 1 K L, =0. SOL )Ty b, 08055 1 WM Kk K 1ol 3
TEH B RTHR S 2 A 5F He HLA KBRS 35070 9 O Wi /s, A R 1 8BRS /K TR B ROK BR e A i o
DA, R bR AT R 2

(3) TR SC AR, RO itss 1T 2 FL M1 S ALAESE 3 LI IR IR it P9I 37 83k 1] J5 7K R R 25 70
AR, 0 ) 1D AT RS 15 D0 St 0T I J5 =TT /K BR A2 A 1 10— A S AR AL S0

& £ X #:

[1] SL 265—2016 7K 1% it MG S]. (SL 265—2016 Design specification for sluice[ S]. (in Chinese) )
(2] FEAW, M. IR REBTHOFFE 5 W BURIEPELT ] UK ) & H, 2000, 19(1) @ 79-81, 85. (WANG Caihuan,
XTAO Xinghin. Application and study on energy dissipator for bottom current at present[ J]. Sichuan Water Power, 2000, 19
(1):79-81, 85. (in Chinese) )
(3] &R, #UKHE, FEAE. H/NRUK THEFYIRRK BRI REBARBIEET]. MRk A], 1996(6) : 4-8. (DONG Junrui, LI
Yongxiang, LI Yuzhu. New development of energy dissipation technology for bottom water flow of small and medium sized
hydraulic structures[ J]. Haihe Water Resources, 1996(6) ; 4-8. (in Chinese) )
(4] whffie, REH, mEM. ZAUKMDBLLITEZMET ERY BOFELT ] Wb R #40, 2017, 40(3): 114- 118,
123. (HAN Weimeng, WU Xinmiao, MIAO Chenwei. Study on mainstream diffusion under part opening of multiple-outlet sluice
[J]. Journal of Agricultural University of Hebei, 2017, 40(3) . 114-118, 123. (in Chinese) )
[5] RAJARATNAM N, SUBRAMANYA K. Hydraulic jumps below abrupt symmetrical expansions [ J]. Journal of the Hydraulics
Division, 1968, 94(2) . 481-504.
[6] BHEMEN. =k TAA SRS TIIFE[T]. KFIZK PR, 2000, 21(19) : 21-25. ( CHEN Hongli. Design of the left guiding
wall of the Three Gorges Project [ J]. Express Water Resources & Hydropower Information, 2000, 21 (19). 21- 25. (in
Chinese) )
[7] Z4e, Sz, UK mTE bR A tede [T ], A /K AR, 1986(3) : 31-35. (LI Hua, MA Yuan. Comparison of stilling
basin type of plain sluice[ J]. Water Resources Science and Technology of Shandong, 1986(3) : 31-35. (in Chinese) )
[8] ZBEZZ, AR, VIRZALKIF D EALIT IS IS RE R [T ]. M KA, 1992(6): 17-21. (GONG Yankui, CAI Baozhi.
Energy dissipation of opening partly in plain multiple-outlet sluice[ J]. Haihe Water Resources, 1992(6) : 17-21. (in Chinese) )
(9] Eibg, FRMT, k. BESS I It MK BRISEUERU [ T]. K FKis TR =4, 2012(3) : 70-74. (GE Xufeng, WANG
Changxin, LI Lin. Turbulence model of hydraulic jump in a post-steep plunge pool[J]. Hydro-Science and Engineering, 2012
(3): 70-74. (in Chinese) )
[10] BAYON A, VALERO D, GARCIA-BARTUAL R, et al. Performance assessment of OpenFOAM and FLOW-3D in the numerical
modeling of a low Reynolds number hydraulic jump[ J]. Environmental Modelling & Software, 2016, 80: 322-335.

[11] JINGS G, GAO X P, JIA L F, et al. Three-dimensional numerical simulation of the hydraulic characteristics of spillway in
Gushitan reservoir[ J]. Applied Mechanics and Materials, 2013, 256-259(6) ; 2403- 2406.

[12] 238, WK, 2K =4 VOF FRY K H AR v Bl K RS T R I LY ). /K ) K a2 4ie, 2007, 26(2) : 83-87. (LI
Ling, CHEN Yongcan, LI Yonghong. Three-dimensional VOF model and its application to the water flow calculation in the
spillway[ J]. Journal of Hydroelectric Engineering, 2007, 26(2) : 83-87. (in Chinese) )



74 KoM Ok E L OB ¥ W 2018 4 8 A

Influences of training wall on 3D flow property behind sluice

LIANG Xiao, QIE Zhihong, WU Xinmiao, RAN Yanli
(Institute of Urban and Rural Construction, Agricultural University of Hebei, Baoding 071001, China)

Abstract; When the multi-hole sluice is opened partially, 3D hydraulic jump and secondary hydraulic jump will
occur. In order to avoid or reduce the damages to the anti-scour facilities placed behind the sluice and the river
channel, this paper aims at the situations where one and three consecutive holes of the plain gate are open
respectively, and four training walls with different lengths are placed at the stilling pool. Studies of relevant
characteristics of hydraulic jump, flow pattern and flow velocity are carried out by the hydraulic model tests and 3D
numerical simulation. The scale of the hydraulic model is 1 : 100, and the numerical simulation adopts the RNG -
& turbulence model and the VOF method. The research results show that the three consecutive holes are open with
the opening of 1m under the conditions of model tests, with the training wall lengths of 0.5, 0.6, 0. 75 and 1 times
of the length of the stilling pool, compared with the case without training wall ; the sequent depth has decreased by
4.16%, 1.66% , 1.94% and 2. 22% respectively; and the distance of the secondary hydraulic jump has reduced
by 17.14%, 14.29%, 2.86% and 1.43% respectively. The sequent depth and the distance of the secondary
hydraulic jump have reduced to the largest degree when a training wall whose length is 0. 5 times of the stilling pool
is placed in the stilling pool, and the flow velocity is most uniform over the apron in this case. The test results can
provide a technical support for the management of engineering operations including energy dissipation by the baffle

blocks or the stilling basins located behind the sluice.

Key words: 3D flow; secondary hydraulic jump; training wall; numerical simulation; flow field analysis



