551 KOF oK B TR % M No.1
2017 42 A HYDRO-SCIENCE AND ENGINEERING Feb. 2017

DOI; 10.16198/j.¢nki.1009-640X.2017.01.012

WRIt, 2z, XUASHE, A5 K Sk i I — < ) 171K 2l 0 R SO [ ] K ARk TR =41, 2017(1) : 87-94. (CHEN
Qiong, LI Yun, LIU Benging, et al. Numerical simulation of hydrodynamic characteristics of single-leaf gate of high-head navigation
lock[ J]. Hydro-Science and Engineering, 2017(1) ; 87-94. (in Chinese) )

1o 7K Sk R T — 57 TR T 7K 3l 0 R e BB ASE AU

Mo, & =, AA¥, LA
(FRUKFIRADFFERE, VI8 Bat 210029)

FEE s FEXIAE I X RS KSK AR 30 m ¥ KV T — I 1 (92K 8l S R EAT 5T, 85 B FLUENT S pR44it 1d
Realizable k-g ZEU AT A P R AR AR E i HEA T 2 25 MU, 8 1 57 o — 28 TR 5 PO 2 1) iz A i )
YERAE VR R S 2. 5D FARISRADCIT S S %, 18 R AR RS o 4R m R RCR A R, S T
Je M g R =4I, SIA VOF I3 Atk ik AR g , 45 21— )R P AR TR K 7 22 R 3K B
AU B R AR S BRI AT LA, B W) A . DL A B DU B BN T 112 A7 A B
BeglyK BRI R0, 211 7K BH 7 AR AR BT G ) B3 A8/ 0N

% B MR T BB kS B
FEZHES: U64l. 1 ERFREAD : A X EHR S :1009-640X(2017)01-0087-08

AT AR A FE P AT R M T 2 A i K Sk B R IR S I, ol TP R L DX O 2 HA R 25 R
C N w1 B R S TSN W = et/ NS 3 L e L =402 2 2 L T N =70 o A €SS T
L DT ] A 7K Sk R AR A AR MR UL 87 AEm AT 25 1 i HA IR L 3

Il DA SR TR] 11 7K Sl 0 4R PE R IT ST AS B B o SR R B TR BRI R P . il SR FEA
[FIHE AL B ] I 1 AN TR K Sk (RS AR A2 VR R P b B AR B S R el B IT IR R T
JE BRI W A, OO0 A I ] D A5 AR A i SR A RO P O 3K st TR R TR, A e 1] 1] B HL S AT AL
L AEAT R WAL

VR, X087 DR ] B i) — S ) ) s g R 1 5 2 = AR AR 1 Tl , R DA OGRS, A SO B ) T ] gl
Ja P RE B SRR, SR AR SR A i i AN 5% A7 B4 R LY Realizable k-¢ XU FEZR AR HEFT =
AR AL, A OGP R Sk B A LA, ol T — 5 IR0 1 PTG R 1 IS AR S 28 X0 1 1A i 32 3
IR BE 7 AE (A A S R OGSV YRRl A B 1 ol T AR T L BOR T VOF 351 % A ok
T BEATABE

1 —FRTTEE R

T JTAHARA DN RO TEY RO 10220, 3 I JLATARRL K 3tz SARML TR AR S P LIz S AR
BT R ISk BRI [ 1D R R o ) 2 A i g A RE e R AR AT T 0. 6 mx2. 5 m (FEx iy ) KA
e, AR T RT 41,0 mx14. 8 mx2. 1 m (Fx x5 ) | i it 37 1 A R i 45 B 3k 2R AT AL R A 32
I3, AR A ] 1T T 32 Sl KBRS FE AL i R SR P TC 2 280 I8 e ASCIM 5 ) 1 5 s /K (S e s L,y B 2
PP A L 1

IFs HER: 2016-03-02
HEWMB . sl FHIEalAF oz B « Ll DX 38 UK 217 A 8T RY 0 1] 20 ke 287 (2013329746280)
EEEN: R B(1990—) , L, TLARE M, LA, 8 GEm MK 20 marst .

E-mail; qiongchennhri@ foxmail. com



38 KoM ok oaE T OBO% W 2017 42 A

) 600 300 88, 600 |88,
[ | 1 [
ok W BT Rl
HEAK R =1 —gF— — | - Mz P od—— e —
o] ke T 21
AL AP il
Jin] 2
NR7Z/NES -
G| s

/ 8| s,

P AR (A T A (B em)
Fig. 1 Layout of a physical model (unit; c¢m)
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Fig. 6 Horizontal flow field past opening gate (unit: m/s)
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Numerical simulation of hydrodynamic characteristics of single-leaf
gate of high-head navigation lock

CHEN Qiong, LI Yun, LIU Benqin, WANG Xiaodong
( Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract; The hydrodynamic characteristics of the single-leaf gate of a high-head navigation lock located at a
mountain river are studied in this paper. The submerged water depth of this gate is up to 30 meters. The dynamic
simulation of the 3D unsteady flow field during the opening and closing processes of the single-leaf gate is made by
using a Realizable k-& turbulence model on the basis of FLUENT software. The three-dimensional flow field
simulation of the whole processes of the gate opening and closing is realized by the aid of 3D prism grids stretched
by the 2D hybrid grids, combined with the 2.5D reconstruction and elastic dynamic grid fairing method, reducing
the number of grids and improving the efficiency of numerical simulation. The flow pattern around the gate, water
level difference between the gate’s front and back and the variation law of the hydraulic resisting torque are obtained
by introducing the volume of fluid method ( VOF) for the water-air two-phase flow into the iteration of calculation.
The calculated results coincide well with the test results, which shows that the numerical model is reliable and has a
high precision. It is found from the results of numerical solution that the values of the hydraulic resisting torque are
influenced by the bottom clearance of the gate during its whole opening and closing processes and the peak value of
the hydraulic torque decreases with the increase of the bottom clearance. The simulated results will help to optimize

the design of gate structures and reduce the force of the directly-connected hydraulic hoist.

Key words: navigation lock; single-leaf gate; numerical simulation; hydrodynamic characteristics; hydraulic

resisting torque



