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Analysis of causes and countermeasures for plane gate jamming in closing process//Sheng Chuanming'>?, Lian
Jijian® | Liu Fang®, Li Lei’ (1. School of Water Conservancy and Hydroeleciric Power, Hebei University of Engineering;
2. State Key Laboratory of Hydraulic Engineering Intelligent Construction and Operation, Tianjin University; 3. The Froniier
Technology Research Institute Limited Company of Tianjin University)

Abstract: To investigate the causes of plane gate jamming in the closing process, a combined approach of physical model
experiments and CFD numerical simulations was employed to examine the hydrodynamic characteristics of plane gates during
dynamic closure under free-flow conditions. The results show that under the upstream pressure head, plane gates equipped
with upstream seals experience significant hydrodynamic thrust forces with minimal contribution from water-induced
gravitational forces, rendering gate closure primarily dependent on self-weight. After a period of gate operation, excessive
friction coefficient is identified as a significant cause of closing jamming. Under free-flow conditions, the permissible
friction coefficient of the plane gate is mainly governed by the gate self-weight, the upstream-downstream head difference,
and the effective area subjected to water thrust. Five countermeasures were proposed to facilitate the successful closure of
the plane gate: reducing the friction coefficient of supporting materials, increasing counterweights, decreasing the upstream-
downstream head difference, reducing the water thrust action area, and appropriately closing the radial gate.

Key words: plane gate; closing jamming; free flow; friction coefficient; supporting material

] 3 7K ) T v 4 i K O ) S B it
Tz TR PE TE R GE R A T AR, AR
K, ENSMGEEARIE T Z2 8 P-4 W TR TR BH S
g NRIED D BRI RS R e
=l /) Wanapum"® F1ZE NEHLAY Guri' ™ 25K T2

i) e G L A T sz B Z A E R T se e, FE
BT L, FEAER SRR H KA A
TR IR T T 7= A R W g 8 46 075 72K 7
] b, D) 38 A2 K HE ) AR T, %0 251 R EE 5 RH
I BEAGRITT 5 P, AR TR g 56 2 A 5~ A e ] 9
FZ 1R R FF-BE . B0 : Naudascher 25" fff

GE R BT T AA TR ] |75 B X i) 1T P 1) ) A
SO X SEAS B A I ] AL R v R B T OB A A
FH ; Markovic-Brankovie 451" i it A% 128 56 7 vk
WIS T AR IR TP T T A v 1) 52 3R AR, 2 BRI T
PRSP T UK A S A 2 5 mm A ] 7, 42 )
I VARV R 5T TR S4B
IR DGH S iAo 3 2 3R A T ey 3 R A1 1]
AREESLTZ ) ST TR OC R  toR 4 e il
1158 42 G 1 7

Ry BRASE AL 5 A1, 5 A4 7 (CFD ) HR
BeH 23z HUH T 1K S S RE s . BUE s

E£WA . EHEESV &I H (2023YFC3209402 ) ; F 58 A SR B4 5 £ 050 H (42407255) 5 0648 A SR B4 3k 4 G137 i 58 R 5 H
(E2024402142) ;b TRER S A1H7 5455 H (S12401002177)
TEE R AL (1987—) 5, PEU, i1 | 2N KRIK B TR FFREIRIT A5, E-mail : shengem_tju@ 163. com

KA Kb A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 79 -



U] v AR 5 T AR 2 R ) H RORON, ] R AT R
B/ N DRI IR, AT Ay A A 2 A 7
B0 ; Amorim 4 CFD J5 %k, #F5E T A il
PP 3k i o 0 T 43 A5 e g SN
CFD J5ik WF58 TSR T8 F IR )2 8 ) g,
WS ZE SRR A T152 01 5 W 1HFBE TR TR AL A K
TARAF B VIARDC 38 5 i A DG AR i AT KA1 07
MHTEMEBAU LA 7 R R 3 AW i e D 4y
A5 51152 JIAEOCHR , d e A PN 3Z 7 #f BE A R T 1)
AN REBLR

AR S L IR P A 1D A B S 4 fif
BERNAIS S CFD BUEBARSS & 1 7k, J S 04T
T AT AR AT TR B A IR T
AFRE ()i R ot 58, LAJH Ay figp ke b 286 7T 7% i) A i 1 A
B, IR E KSR W T TR A R TR S

1 TITiEHR

SR A AL TR F B0 3, R R A
A 0 I A AU X 3R P AR — Pl TR
— BB RITT, 23 A S Sl e 1R AR T I
SEARFITTFL T 58 6 m .25 12 m, %37k 3k 100 m, JIE
W IFLEFE 7. 0m & 6. 5 m JEM AR R 3175 m,
ST IV YT 25 R FH S A 78 X o e SOK 3K
1T, FRmTTAE 112,51, 24 FEFHfKk2ZHR 50m
Bf PR IR T T T 7% B BE B AR 10, 4 m Ab R4, 4 1
WEK Sk B 28 25 m B, SF Al 1] F 9% 21 BB B8 I A
4.8 m Ab-RA:, AKBREIERL, JLT- LR, ITHE AR
RETC SRR, G-k W 1 R RN TE P 2 AR 5
KA ATHEBR eV S AT AR S

2 MIRAE

2.1 ¥MTZHGH

SRR TR I 7E RIEACK PR IR 52
JIMERE 1 R, Wb F,(F, G, F, 735 97K
Dy Ry T A EROKE ), Hd oK A
FEAKFEE S FW sk BFETT, Py P PP LAY
SR AR E e T AR R IR ) AR T R )

v ] TRl
) B
7J(§Eff —Ig
3 K
TR TT ) £iG, ! \
\_/ P
‘F

B1 FHRENZHAREE

IR T 22 ).
Db R S
G, +F, - F, —uF, =0 (1)
b RBERR R, wF, 1CRIERE )  HIR T
B R TR )
KA RIK TR S5 B
F,= [(Py = Po)ds, (2)

F,= [P, - Poyaa, (3)

KA, KHEIETHRR A, oK VR,

W] ) AT ph A D B KA K E
A3 o e A% T N A5 3, K HE D0 4 R T LRI K
A TR AT 38 3 ) 114 28 K 307 A 3, Y
W] R BB, 48 2R J1 ok O, B B8 4 22 %4 nT 3 i
£ (D)5,

ASCHE SESETT A B R O, P =0,
2.2 HEENAIE

P RE T S AR, ANy 1 : 25 SRR |
BLFEIKIE BIK O A R & SR ] TR DA
JEWTT KRR AKHESE . BOA FAK SPAR R TFI
IR ) 1T E4 4 P AT ML 338 i A, R 7Kk 28l FH A 238 )
BRAIAE" T SR I 8 B e A i o, S AR50
RGN 2 fis

B2 BEReER

RYG Y, UK A A FH KA DU 9 £
JEOE MR 5, AR 7 1] BE 8 e AL SR 3l 5 4 L4
il IO 0TI 3 S0 A T sl ) 5 ) R A Je
AT E IR 3 TR, WSR3 6 AL R
(145 2 50 3 5 ) Wik, 43 310 A B A b i T Al ) A
I 2, QR I 1 X TR B IR (4 5 ) T
A AR R LR, E ORI R
FEBERY DIB00 e I3t 73 A7 ZR Ge i A 7 e SR 4R S Ak
B RFESIF R 100 Hz, RAERT A 60 s, {5 B A% 1%
24 0.0l m,
2.3 HEER

S AR R e ERE BT 1 1 S HEEUE
B BUE AR B EK IR 5K O RT3 P4l
1T IO 0 1R R 548 il 4 s,

i FHT GAMBIT #4355 8 I A% 5357 45 AR Al

- 80 - KA K A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



\f] ]

ThisKkEf ’ 1
—— ik & | 1L 4=

= =i = -

%“\j’{‘ Lz,'%:

B |

| L

— || e

Ca) WTTYE (b) WITSWE (o) GRIAE
E3 AR ERERE (S .m)

\ | LM
\ \ I L S
x L
‘\ K ““\ “
k L 8k | .
| \ i | g
| x Fov— B amemi

B4 Z=HHEEDR
SNSRI BB E AR AT A X 4 BT TRE N
T DX Sl 1 B Ay i By DX, K TR A0S X 35 A
BIX K, 38 3 X 35 T A5 X ek g 40 L 1 R AR T T
W] R A A KR IZ S A 3 A R R 4y 2 N
IR B0, FE ] 132 Bl iy S B sl A 4 in sl s A
JZEL, ARG G sl S AR 7 AR R AR S A
R EE AR T DA% SR FH = AR T I A % 358 D) 4%
SR FH D T A4 PO A, et FH b o R T R 5, X)) T A A
AT T A R LG 25 Ko 0. 1 m, BE KR Ny
112, FFJR MRS TCOCAE ST, 23l A B 3 Tl AR Sal 44
RS | AR R ST 235102 0.35.0. 5 1 m, XiF 7 A% B
435114 3868704 1960021 1103 815, Hilf&l 5 i,

PEICIR TR S T AROK Sk 22 0E AP RR bR IS
RIS 45 AT % 1, 0. 35,0, 5.1 m A% TR
ZAN 0.1% 1. 7% 8. 2% ,0. 35 m MA&F1 0. 5m

RS LR BT, BTSRRI AR R

LMl 0. 5 m MRS RIRISEA T EE AL 0T, A% T
RSP EE  RRITET R A R 0. 727, e K TT R
FHE R 0. 785, e R LK 162,

fifi ] FLUENT $R44 %) 25 B Rk 7oK 3l g 1k fig
AIAEEO AR VOF R AR 0 312 AR K Y A
UM, 25 SO0 FA0 KR, AR E AR,
SR AR B T 1IE ER R 2 A T
TR E R s BE Gl A R %R (UDF) 52 3K i)
TGP, AT ) B 5 S A I 1] — 3, Hor i 30 [
BE P B AR T X N R s i O R T
TS YAl FH bR e koo T SR RO 43 B X
SIMPLE ( FE J1#l & R Ba sl ik ) i#f 47 s 07 - B
A THE a0, 01 s, BT 45 3 BT B
U st
2.4 1REBIGE

ANFTIFFEE (e) & ,4 A AR ISR A3 1) e
SERXT AN 6 (a) ~ (¢) Fras;3 5 I s AEAS [R) Wl )
FFEE T BSR4 WE 6 (d) From ; 24 Il 1] FF B2 R
1 m B, 3 S0 5 AN ] B Rk Sk 22 (H) FE i)
IR (A) F R SR EL AN 6(e) ~ () Fim

i P 249 4 X AR X152 22 (MARE ) 720 X 3180 4
AT, 6 Al ST TN 4.1.0.2m
Bf, I e FE 3R 9 MARE {H 20 310 2. 1% . 7. 2%,
2. 6% ; ¥F 3 S Wi, ASFEPEAR TR B AR BT
WK Sk 22 RO IR T THF R T, K3 A MARE {H
M 3.3% 6. 2% F1 3. 6%, IRZEEII/NT 8%,
TR 25 ] BB IR T ik R D A% i BU(EA T
A S AR 0 £ (E 45 SR B, R CFD Jrikfig
i BSOS A M A B2 0 S WS BR T AR 7K 3l e

3 EREHWH
3.1 KkBhfkge
R [T PAT T ek A e, AN TR ] D B B4 3 3 i i

SRR S A i 7 FiE 8 B
P 7 AT gn IR A B AT T R
S 5 A9 SR AR R B %?EJMZISM%UJ(D;LE/\,

(a) 0.35 mM# (b) 0.50 mPI#E

(¢) 1.00 mMHE

Bs5 REmMELS

ARA AR A B 2026,46(4)  Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn - 81 -



. e
1000p 1000, 1000p
800 800+ 800
£ 600f £ 600 £ 600
=4 = =4
S 400} & 400f S 400
2001 200f 2001
0 0 0
15 25 35 45 : 4%
P P
(b)e=lm (¢)e=02m
1000 1000 1000
800 1 800 | 800 H
£ 600f £ 600F & 600f
=4 = =4
400t 4001 S 400t
200 200 H 200t
0 0 0

0.6
A

(f) ARG T

65 0.1 0.3 0.9

H/m
(e) ALKk 2

85

25

0.2 1 2 4 50

e/m

(d) A1 T

El6 ARERATERNEESITEEXTLE
i34/ (m/s) 4/ (m/s) i 4/ (m/s)
42.9 36.8 36.8
40 35 35
nl 28 -~ 30 -~ 30
e 25 25
L0 20 20
15 S s 15
10 10 10
5 5 =5
0 0 0
(a)e=4m (¢) e=02m
7 AREFETHRIESH
i /Pa JE5#/Pa JEi#/Pa
931 464 978 239 979 675
751 426 930 045 937 836
=727 271 899 398 902 808
684846 761 069 746 914
570 389 _ 543 900 514 153
389 351 — 326 730 e 281392
208 314 — 109 561 E 48 630
82726 s - 0 g E 0
0 = ~107 609 = ~184 131
~334 799 ~541 948 ~649 653
(a)e=4m (b)e=lm (¢)e=02m

8 ARBANAETHRBENSH

AN IIEEA /N JFRERE AL A S, i o 32;ﬁ;ﬁin1fﬂmxﬁﬁﬂkﬁﬁﬁ@

JUT A AR BT R D s, TRV PR e

A —— T B, s o U B2 TR ML, 12 5
s T RO KT L, JO Ok A
IS 8 T BRI AR L, T TR s, BT )

) AN e R s 2 VA L 55 O N EA D O
R 33~ % AE )R i 2 Ak ml DL =5 Y

. T : K AT SR
RSB, W TR Wk AR, AR L BTV B S50 1 0 ok (1) ]

TRWFEAME,JLPAZKE S, WA 5,
frf W) R RSN, PRI N, & = (G, + F\, = F)/F, = G/F, = G,/pghA,

WA ] 32 2K 2 AR, iK1 AL (4)

- 82 - KA K A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



8r 180
7-°°°99 170
6r  TI=w—a 160
z 5t \ 150 =z
= 4l = Rl s {40 £
~ 3L == E,{W'Ji{ﬁ \_30 X
2L —v= F"ﬂ—ﬁ{ﬁ 120
—o= A
1t n 110
O}Innn_n_n 0
-1 L 1 1 1 -10
0 2 4 6 8 10

e/m
B9 AEFETEIIZRNKEHMKKED

S g, HVR BB R M 0 R0 5 g S T
& sh, IR THTE KK 22

= (4) FTAL A B, KBTI B
TRy T AR P K T R S e A 1R R T
TR 7K R 7 B RAE A 317K Sk 100 m, R TR T 47
TE SR/ INEEFEE 2850, BT 1 RT 5 4 5C PR I 9 7 FH 2R 4
AE, AKIMESEHRERL A, =73. 8 m® , T E W] A
FEEZR KN 0. 047, B 25 ] ) EE4E R EUN T 0. 047
A, ] 1] AT S B 5 42 5 ]

SEIUR TR BN Y 3 K )RR e 55 2
B, RS TR R IR 1 R,

F1 BNEREZERHTEER

TH  e/m  G/KN  F /KN At f1/kN F,/kN “
1 4.8 1102 17.3 1119.3 10271 0.109
2104 1102 -57.6 1044.4 10203 0.101

WA B A, SRR A 4.8.10. 4 m 1
SR EE 4 R B AR 0.1, 3 K T4 R 4 R AL
0.047, SZbr TR, 1) 2853 — Bt g F , W %6
TR B2 B [R) A2 B 0 5 45 45 okt |, 2 308
P RBCCBETHE B B 3G R, ANBE 22 0K R il 1 1 13
THEEIE 20K 0. 06, I2I{E A 0. 196" ; 58 = K JFE )
W BT EE S R Bk 0. 11, SEI{E S 0. 275 MU BH
ol ] B T BT EE AR R BN 0. 15, SEI{E A
0. 3170 T2 K vl (R ) 1) R R O 0. 11, 52
WA A 0. 28330 s ARk B b (9 10 1133 R 38 R B0k
0. 11, SR R 0. 28134 /INVT K 28 4 1) 1135 3 8 4
ZBCR 0. 12, SR Ky 0. 357 BB FE K % 1 1 )

JE/Pa
Hi;[l) 459
783 170
1753 444
— 686474
517 326
348 177
179 029
0
-159 269

-328 417
—-473 402

(a)H=85m

BT R A 0.1, LM A 0. 2647 M4 EE 2
Fad K T A E K TGk v MR EE S St T
BRFHIG , A FBUAT 1AL, B, B R E0T
I PR TP 1] BEL A E 2 SR

4 fRREITE

4.1 ZE#E

V] [ S AR b4 ek It 5 5 P I T) 9 S 4 H B 21k,
PR AR RS SR PR R I RO R R A
AR Ak, BEAE 2R HGH W G K, 7R 2 RE 1 AH I AT, AR

S I A1 JBE 8% 2R MR ik DR 1D DA 1D R BHL 9 A A%

BT SR RE B AR, ZE A ] — 2 IR S
LGSR, A T 2 s A7 0 1A RS 2 B
JGELS, M AR A AR R RS A
PREE  [RIE, AR THE A N T 5% T2 e mie
TERCIE R I IH BRAE 25 AL 25 SR | DA T s e 22
REBRFA T A O H  BLVA S e B, DT R ARIE A TR
e, NLEUA R, R 7E 8 2 0E VR K — 2 L)
TRV AR, a0 A A R A T R R A VR, AT
SCEM R EERE R AT L S AN R PR | ek EE
FPURFEE A B B SR MR AU SRR AR 5k
CEMRE SR AR R 55 TR sl D A 4 AR i) E
], 2 ) TR T R
4.2 HWINBE

W (4) AT, R RN 0. 109 B, #5741
SEPRIF T e A OCH] T A BTN 847+, BAR R
et 25 ] i) ] 5 4 S P (L3 R 1) i S DT
By e R et O, 53 A, R R RO KA, W
FANEINECEE , PIL, 22 el ] EE A RN, T
JETE Y N C EE e & A 1T 5 4 I 1 EE R B R
F, 384 e B 6 S o DA S
4.3 LETiFkLE

TN 1 m B, R E R Kk 22 T
Y 143 A Al 1)z an i 10 fE 11 fras,
110 1A, AR bR K Sk 221 TR U TR

JE5#/Pa
244 402
202 379

=160 356
= 118333

76 310
34 286
0

7737

49 760
91 783

w

(b)H=25m

B 10 ARLETHAIETHRBENS

ARA K A B R 2026,46(4)  Tel ;025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn - 83



%, Bl BB AR, WA 1 R B K
S ZE AR, M P T A L U 1) TR T80/, s PEE 45
(2 T N A RS 1L N E I RS A e 5 N I
S]] e BH S A 3 o T R AR LR K
2 BUETE T R D BE KSR K ZE
Dol M AR 1L B BRSO , al et I 1T 5GP

8 -
——F+G,

—o— UF,
z Or
E /
R4l
F 4
24
2 L
0 : ; \ .
20 40 60 80 100

H/m
B 11 AELETFHALZTHRIIZH
4.4 SEEI]

e A ) TR o BB X, BB 1] 430
%Y T PRBEME, BEBRIF R T, T EBKE
I=6m AT TR A 12 FiR , ANEEBKE TR
W32 & 13 frs, BB 12 AT, T 2R B ]
A, KSR T B R, RO LR
PNt A 180 S 0 B AR A T 1) T i T P T B Ay
Eo PP B, i R T o A 5 A )
Y LT ARTR] AR T sk Ak S B AR Ak
L 13 AT, Bl TR T T BE D8/ K E 1 51T A
HIG JIAAEL N T BEAE T 0 N | R 4 B ]
FT9IN T K HE I E R TR, PR 3 A vl T3
B BOE R 3R ¥ AT 080 NEE R T TERER Y

JE5#/Pa

953311
747 684
=~ 542057
336 430
130 802
0
‘ -74 825
| —280 452
-486 079
-691 706

(\r
(a) FEI]
JE5#/Pa
979 006
926 043

881 068

BB

0/

(b) FEII]
12 SEEENSS

NTTTT

JEEAE 2T ATl BRI SE P

7000

6000 - —o F+G, (L)
= s o000l o HE (BT
-ﬁ — E+G,(FEII])
= 4000 —— pF (R EET)
% 3000}

2000 f

1000

3 4 5 6 715/5 9 1|01|11121|3
B 13 AESBRKETHEIISH
4.5 SNEEITHE
MBI TIFEER 1 m B, SMOASIOE 1T R, 135
FE 1o Aa A )3z anEl 14 FiE 15 s

JE5#/Pa
978 239
934 856
= 898 081
— 788 181
598 123
408 065
218 007
0
-162 109
-352 167
-542 225

L

|

(a)A4=0.60
JE5%/Pa

978 681
937 324
= 895 468
— 843487

708 293
573 100
437 906
1302712

248 938
167 518
0

-102 869

e;

(b)A=0.15

B 14 ARESMERITFETHRBEHNS
8 -

6,

12 1] F3/MN

4_

2t ——F+G,
—— uF,

0 02 04 06 0.8 1.0
A

B 15 ARESREEIFETREIZN

SIS N T )G A L B - N L I 2
JEHAR 3, N AR /NI RERE R iR
JiFtEr, ELEA IO R 1) 52 e 5k IR 3 1 B VR A
SR T BRI Sk . B 15 TR Bl SO i)
IIF RIS R T 1K ) 5 | G ) AR T
FESE W IR SRS RE | I S Wi/ | 2S5l 1] T
JE/ANT 0,15 B KE 1 5 BHEIE T R TE# T,

-84 - KA K A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



SR T AT Ak S AT, PRI, 2 58 B S A
DIWTIATIE , TP A I 1) ks Uik S P A, A 2 /)

S TAE T B2 R A2 5 S A Wl 1] 56 P, X e B
S AT S —Fheg A T
5 & it

a. ARG T, FARE T s S Ry
At TR T3 2 s ISP A 1] 17 52 8 1) oK 4 g R
FH 4ok B T 1T i, AL A2 K E T

b. X Tz AT H i T BT KR 874w
11, VEHIEEE R S 0T A E KHE A A T AR L
TRk ZEA G, Wity — B a))s e e
FIE LA 2 B R R B AR 5, SR EE 5 AR
ROWK, HIPREE B R BTV R EE R BmT, P-A
1T HBER BB R | B 48 28 ek K2~ ] [T P4 1]
REH A E 2R,

c. SHLE H A SORBERL, Sl 18 9 R 5% TAE,
TR PERE SORMBRACE AL G ), AR SR
LIRS 280, A A TP AR TG, B R R
BN 3 2 I C A M TR T Y R
FRAGE I 3 i e A LA S BEIR T OC T, i/ 1
K Sk ZE AT M T T 8K HE T A AR T
FISCHT . TRT] 0 B v ml sl N K3 oA T AR, 7K
AR BEAE T W /N A7 T T S P
a5 25 S P IS W] 1] ml /A P A ) 10 ) oK A
T3 KT HEAAAL | FEAE T LR 080 A T Al
INESKIS
S E Lk

I S 0 M i N R L B S S A o TS S
[J]. Kea 55rAEE ,2024,38(5) :40-44. ( Dong Zhiwei.
Analysis and treatment of an abnormal closing fault of a
water intake gate in a hydropower station[ J ]. Hydropower
and New Energy,2024,38(5) :40-44. (in Chinese) )

[ 2] ER&ER R /NRIE K AR K AL | o 8 U AT T/ 7]

s B[ 1], v B, 2021,40(7) :57-59. (Wang

Zhigang ,Hong Yu. A brief analysis of the influence of low

water level and high sediment flow on gate operation in

Xiaolangdi Reservoir[ J]. Journal of Henan Science and

Technology,2021,40(7) :57-59. (in Chinese) )

TR VT A7 R IR S 17 S IR A T T Y I AT B

AL ERSHE [ )], JE K S5, 2018 (5) 1 49-52. ( Gao

Xunyu. Safety hidden danger and treatment plan of

[3

[

bakelite chute of entrance emergency gate to civil defense
tunnel of Chao River in Miyun Reservoir [ J ]. Beijing
Water,2018(5) :49-52. (in Chinese) )

[ 4] Qi Huijun, Li Tongchun, Liu Xiaoqing, et al. Study on
failure of an ecological tunnel gate caused by jet-flow from

air vents [ J |. Engineering Failure Analysis, 2017, 79

1043-1057.

[ 57 XU, T8, X058 , A5 W B3 1) i) ] 1) A P - BEL i
P2 #r [0, 10 P 7K AR 2, 2013 (4) 2 21-23. ( Liu
Xuping, Wang Wei, Liu Houai, et al. Analyzing the causes
of blocking the lifting and lowering of gate of Siyang
regulation sluice[ J]. Shanxi Hydrotechnics,2013(4) ;21-
23. (iin Chinese) )

[ 6 ] Sheng Chuanming, Liu Fang, Ma Chao, et al. Application
of CFD to predict the sluice gate jammed[ J]. Journal of
Hydraulic Research,2023,61(5) :686-702.

[ 71 Bk K Sk - 1o ] 1P 1) 2R 58045 45 R e SR L BRATT 50
[D]. Kt RHAR:,2020.

[ 8 ] Naudascher E, Kobus H E, Rao R P R. Hydrodynamic
analysis for high-head leaf gates [ J]. Journal of the
Hydraulics Division,1964,90(3) :155-192.

[ 9 ] Naudascher E,Rao P V, Richter A, et al. Prediction and
control of downpull on tunnel gates [ J]. Journal of
Hydraulic Engineering,1986,112(5) :392-416.

[10] Markovic-Brankovic J, Drobier H. New high head leaf gate
form with smooth upstream face[ J]. TEM Journal ,2013,2
(1):3-12.

(117 A8, AR bR 25 KSRk B IR o BeA e Y- 1 il 1)
Ja P ) BeAg e iR [ J]. KK Rk it g, 2016, 36
(3):41-46. ( Yang Min, Niu Limin, Chen Lin, et al.
Experimental study on hoisting force and stability of
pressured plane gate located in Middle of long water
delivery tunnel [ J ]. Advances in Science and Technology
of Water Resources,2016,36(3) :41-46. (in Chinese) )

[12] Ameen S,Taher T,Ahmed T M. Effects of geometrical and
flow rates on the prediction of bottom pressure coefficients
of tunnel lift gate of dams[ J]. Journal of the Institution of
Engineers( India) ; Series A,2018,99(4) :741-749.

[13] X5 AR E 230, 4. 3K OGP i Y i g i i 1]
RAEA IS B 52 ()], Al TR 22412, 2019, 35 (12) -
142-149. ( Liu Fang, Gu Xinyu, Li Wensheng, et al.
Structural optimization of emergency plate gate for closure
in moving water[ J |. Transactions of the Chinese Society of
Agricultural Engineering, 2019, 35 (12) ; 142-149. (in
Chinese) )

[14] HEFE, Ihsate, A, 4 s il LK 5 & L0 T 1
BT TR T[] KRR B e, 2024,
44 (5):74-79. ( Xiao Zhigiao, Sun Jiahua, Sheng Jun.
Analysis of vibration characteristics of planar vertical-lift
gate with large aspect ratio in middle hole of Jinhui Harbor
South Gate[ J]. Advances in Science and Technology of
Water Resources,2024,44(5) :74-79. (in Chinese) )

[15] Wang Yanzhao, Xu Guobin, Liu Zhicheng, et al.
Experimental study on the slip-stick vibration of plane gate
[J]. Water,2024,16(6) :912.

[16] FAE A, -1 i 1] P 140 3l B %t 45 48 0 52w f4 BF 52
[DJ. Kt KA, 2022,

[17] Amorim J C C,De Andrade J L. Numerical analysis of the

KA Kb A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn -85 -



gates [ C 1//
Waterpower’ 99 : Hydro’ s Future: Technology , Markets,

hydraulic downpull on vertical lift

and Policy. Las Vegas: American Society of Civil

Engineers,1999:1-9.

[18] Kim D G. Numerical analysis of free flow past a sluice gate

[J]. KSCE Journal of Civil Engineering, 2007, 11(2):
127-132.

[19] Kostecki S W. Numerical analysis of hydrodynamic forces

due to flow instability at lift gate[ J]. Archives of Civil and
Mechanical Engineering,2011,11(4) ;:943-961.

[20] Ma Chao, Sheng Chuanming, Lian Jijian, et al. Failure

analysis of a leaf gate jammed in closing process [ J ].

Engineering Failure Analysis,2020,110.:104391.

(21] VTR P ] e P ok A rh ek i 2K 3 7K ) e A i fE

BHUEFE[ D). B RWIEE TR, 2022.

[22] #Bbe b, BEie I i, 458 PR I 1] PAT I e R A e Wt 2

BEBAUBETE[T]. KB 5K E fE,2023,9(1) : 14-
18. ( Shao Yuanyuan, Xue Haipeng, Xue Zheng, et al.
Numerical simulation of flow pattern in the process of
bulkhead gate closing [ J ].
Storage ,2023,9( 1) :14-18. (in Chinese) )

Hydropower and Pumped

(23] maasfls, S22 I A, 55 Bk &5 AR L R K il

T IR R A S S T R AT T () ] K BRI K TR
24,2024 ,35(6) : 139-148. ( Gao Zhiwei, Feng Huihui,
Xie Lisheng, et al. Dynamic characteristics of fluid-
structure coupling of emergency gate-gate slot in pumped
storage power stations[ J]. Journal of Water Resources and

Water Engineering,2024,35(6) :139-148. (in Chinese) )

[24] Aydin I, Telci I T, Dundar O. Prediction of downpull on

closing high head gates [ J ]. Journal of Hydraulic
Research,2006,44(6) :822-831.

[25] Uysal M A. Prediction of downpull on high head gates

using computational fluid dynamics[ D ]. Ankara; Middle
East Technical University,2014.

[26] X7, XA W AR T, 56, R RRSIE P-4 i 171K

TP B BT[] AR FI K e B4 2 B8, 2017, 37
(5) :46-50. ( Liu Fang, Zhao Mengli, Leng Dongsheng, et
al. Numerical simulation of hydraulic characteristics of
plain gate with different types of bottom edges [ J].
Advances in Science and Technology of Water Resources,

2017,37(5) :46-50. (in Chinese) )

[27] Koken M, Aydin I, Sahin A. Application of computational

fluid dynamics to predict hydrodynamic downpull on high
head gates[ J ]. Engineering Computations,2017,34(4) .
1191-1203.

[28] Wang Yanzhao, Xu Guobin, Liu Fang. Holding force and

vertical vibration of emergency gate in the closing process:
physical and numerical modelling[ J]. Applied Sciences,
2021,11(18) :8440.

(29] &y i, 2R3k, X Db ZAS. A JE Il 170 H O O sl 4 A F 5

(I KA K o B} 4 39k Jig | 2025, 45 (1) : 32-38. ( Meng
Wanshang, Li Lin, Zhao Shuaijie. Research on flow

- 86 - ARAY K AR 2026,46(4)

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

characteristics of trapezoidal sluice gate discharge [ J].
Advances in Science and Technology of Water Resources,
2025,45(1) :32-38. (in Chinese) )

ALY SRk X7, 45 ROKOK PR AR IR K 36 2
IKHEAT 32 JIBRTE [T ]. KA %4, 2016, 47 (12) - 1548-
1557. (Sheng Chuanming, Lian Jijian,Liu Fang,et al. Force
analysis on water barrier curtain for released flow with low
temperature from deep reservoirs[ J ]. Journal of Hydraulic
Engineering,2016,47(12) :1548-1557. (in Chinese) )
TR, BT, 228, 45 3 BE K PR AE AL I U A
RIRFTERIR[T]. P IR KA 240, 2014,44(5) < 95-
100. ( Wang Shujie, Sheng Chuanming, Yuan Peng, et al.
A study on turbulence models of horizontal axis tidal
current turbines [ J ]. Periodical of Ocean University of
China,2014,44(5) :95-100. (in Chinese) )

Ma Chao, Sheng Chuanming, Lian Jijian, et al.
Solidification sludge as a scour countermeasure in ocean
engineering| J ]. Ocean Engineering,2022,244.110423.

B &IV IR Y VSTV RE 0 L kiRl 83
[T7. 757k de, 2012 (3% Tl 1). 224-228. ( Zeng
Wenying, Liu Wanping. Renovation of slide blocks of
emergency gate at power intake, Wan’ an Hydropower
Plant[ J ]. Northwest Hydropower, 2012 ( S1) ; 224-228.
(in Chinese) )

ZEDURE, WA, TS-T0A T B AEARMROK HL T 3kt il 2 3
TAEM TS SRR 1] . AP e 47,1998(2) «2-
5. (Li Guimou, Xie Baonan. Application and prototype
observation of TS-70A slide tracks in service gates of
spillway tunnels at Zhelin Hydropower Station[ J]. Central
China Electric Power,1998(2) :2-5. (in Chinese) )

5 DL, 2B AR, 2 DIk, I 1] SR T T8 AT 5 O R
[J]. 7 PEsK MK B, 1997 (1) :23-26. ( Xiang Dinghan,
Li Xinfu, Li Guimou. Study progress of steel sluice gate
bearing slidingway [ J |]. Guangxi Water Resources &
Hydropower Engineering, 1997 (1) :23-26. (in Chinese) )
SRELI]. TR IR TTRS 171 0 JBE 458 28 50 AR 000 ol 2R
SHT[I]. K J1 % 8, 1987 (8) : 35-40. ( Zhang Liming.
Analysis of prototype observation results on friction
coefficients for opening force of hydraulic gates[ J]. Water
Power, 1987(8) :35-40. (in Chinese) )

B2k JEE SRR I A ] 1T e s [ ] kA i
& B, 2001, 21 (6): 44-46. ( Gu Yuncheng. Friction
characteristics and safe operation of gates [ J]. Water
Conservancy Construction and Management,2001,21(6) :
44-46. (in Chinese) )

FAEA AR T 1R DA T4 3y AR R U B 5
[T R~z ( FARBHERR) ,2024,52(5) :37-44.
( Wang Yanzhao, Xu Guobin. Experimental study on
physical model of slip-stick vibration of plane gate[]J].
Journal of Hohai University ( Natural Sciences) ,2024,52
(5) :37-44. (in Chinese) )

(W H3H:2025-04-05 Sk . droFl)

Tel:025 - 83786335 E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



