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Field-observation on filling and emptying valve of the Three Gorges ship lock

in emergency case of closing valve under hydrodynamic load
HU Ya-an YAN Xiu-jun XUE Shu
Nanjing Hydraulic Research Institute Key Laboratory of Navigation Structure Construction Technology
Ministry of Transport, PRC, Nanjing 210029, China)

Abstract: The valve is the key part of filling and emptying system of ship lock. It is significantly affected by
hydrodynamic load during operation which can easily induce cavitation and vibration and threaten the safe operation
of valve. When the filling and emptying valve in the emergency case of closing under hydrodynamic load the water
flow in culvert presents negative water-hammer waves the pressure in front of the valve rises rapidly while the
pressure behind the valve drops sharply and the working condition of the valve deteriorates. In this article through
the field-observation the operation characteristics of the filling and emptying valve of the 4th gate on the north lane
of the Three Gorges ship lock are monitored when it is closed in an emergency including the change of flow rate and
water level of valve well characteristics of valve cavitation flow-induced vibration and hoisting capacity. The
response regularity of the maximum acting head when valve in the emergency case of closing under hydrodynamic
load is analyzed. The result shows that the filling and emptying valve of the Three Gorges ship lock is safe and

reliable under the emergency case of closing.

Keywords: the Three Gorges ship lock; valve; hydrodynamics; field-observation

K BT AR K RGP, s R SEY L
FEAREE m K RAEH T, K2 & MR A=K IR S LN, Kk 113.0 m,
Jimwid, W kA RS G E I A [T TAEKSkik 45.2 m, SRR Z i, @]

i HEY: 2020-04-10
+BHEME . BREEAMLTRFAAD (2016YFC0402007)
EEE M. L E(1955—), B, ¥+, XBASHL, NFRREADKAFHR,



c2. K IE L A2

2021 %

TAETERE B G R MY Y 22 42 5 s Ras s, SCHk
[3-4]10 41 T = Weffis el 1E 71247 T80 T Hp el gk K
T TARRE, AR SCHE S TR SR T T
W] T AR B L 235

MR AR 4 4 is A7 Al SEE 2, H K i)
BERER 2K M, =i ] S B oz 47 H A Bl 7K
KA TAL R r I, — 0B RKOR T, S il
I 1P g () TS AT S P A /K I 1T 95— 2K
JEMTIIFIR AR, DR A D DR 52 it 25 O P

Wi K, TIHKRAL H, R 4 W
F& P BB AR

vi L' dQ
H,=H,~¢ ~————
2g gw dt (0
1
PC L// dQ
*:H /+ 2H _ 7 4+ =
g T /‘l’n n [fz C((2/\/ fw, +a)] gW dt

b Hy o Hyo HY 0B8N KA, B E K
BERUR WAL €, R E, 50 o IR TR AT 1) e
IRRGRS RELG p, FVH, 5350 n B i A
RO L N EKALZE; L Lo TR
IR R B B 5 €, RITBE n I 1
FIBH 2%; Q oKt ; « J9mflal; v s
Wi s s w o ERIE BT p AKRERE; ¢ M
AR L ;o 5 1R P A S R KL
A=) AT, JCig 2 MR — 2R Sk SCH T,

E@H@*%Wﬁﬁ%ﬁ%ﬂﬁﬁ*%ﬁﬁ%@
TSR 1 4TS e 5 (A5 e A B 7 (
W§<m,mﬁmﬁ%mﬁm$ﬁ%ﬁ,%ﬁﬂ

HARBL BT TURET R,
TR0, BhK KM TR Z B4R
AR A 6 m, KRB, ARL=AAFKS
PR M TN, WISk SRR K Sk
BOR, AR BEAE & A R 1T R ) s
T, WiTVR R IBERE, BT T AR ERE TR,

1 Bhkx@AX
Jege i A AR e, b 4 T ESE)E
BT 2 FhIFIT i R b KK SR SR IR T .

1) 55 1 Mk GBI AR . 3. 4 REW]
AIKAE 3 R 128,00 F1 82,92 m, WIHAVE FHK 3k
45.08 m, &7 B JHR 18 04 U 8 B K IR 26. 17 m,
KT (T2 FFRE R 128 ) FFiH 81.6 s &
n=0.64 JFEE(HEMFTRE 3.2 m) B, fTF L
NFITEHES B, WITTEE 7 s 5, Sk
JPSEAT B RO, S DTk (R WAL R Sy
90.4 s, I LA, MY T4 LH A 2 min,
KIET T TAEK L 40.0 m,

2) 55 2 KGRI R 260 R 3, 4 = H)
URKAL A5 134. 95 F1 89. 82 m, #IUA1EFI Kk
45.13 m, &[T BLJRR 3B T000) 4R WE K I 33,07 m,
PRUKALTEIRIEE, K I T T IS 92 s Je SR )7
it B 2B OCH , IR R n=0.86, G
BT TAEK Sk R 38.0 m, AR S0 1 T30 i
IIATR SRR P E R WL 1,

Sg
. 2RI T

£3f

o [ - S y

& 2f ALY SSE R
1
0 60 120 180 240 300 360

i il/s
B1 E2KXEEITESHERXER

ARTCHER 2~4 5 EEAGE 1 FE 2SR T
DU AR

2 HKTERIIHKA
BRIk R R R I 2, 1113k
KR TR K R I 3, 4,

600
500
400
300
200
100
0
-100

Ol s

I 1 I n 1 1 1 1 n 1 1 1
100 200 300
i [E)/s

B2 BWkRFRELER



%148 PWLE, F. DA E L AR TR AL R +3-

140 4
EOITIok g
130 | 3
£ t £
S 120F 28
¥ 3 &
110 F 1
E mATATRE
L e S . S 0
0 50 100 150 200
i} fi/s

B3 @ik HiIES

100 - 4
U THARAL

90 43
£ £
S sof 2@
< &

70 £ 11

T
60 1 1 1 0
0 50 100 150 200

A fil/s
B4 T IFkERLZE

W25 SRR B 27K G 1R 5k i ) = 7K T I 2
BONVRR, TERITARM, i E KA 2 I shRAE,
RPN 0.1 mo BRITTOCHI 2, K RGE0 &
292 500 m’/s, WTTOCHAIHI, KA A2
KRR, K RGN GRS N,
KAEH 550 m'/s, KAETEBIIRITE 13 s &£47,
BT, KRN, KRR VR F AR
KRR

MR, BRI KA P, R KA
EBARIAAKAL 3.5 m 2247 FUIERHET 1IN 2
TR, SRR REERIAARK AL T 11.0 m, fH
RIMPAE, 54 15.0 m KAERIEE, A 3 0]
BT TIE A 56729 100 mm ) 1Y 52k
ZEay [ SN N A S B ) A = 1 0 = B
T RWALBY B O IR 3 B 3002, X 3.3 mm/s, 292K
IEH S BE 33 mm/s [ 1710, 17K 07 B4 4k
gL LTk, /W, TR e R R,

3 B
KI5, 6 23 T3k T80 T4 8 <5 1Y
1] B 2 P P i P2 S A i R AR

600
g 500
o 400
= 300
4T 200

= 100 L ..

0 20 40 50 60 100 120 140 150 160
I [ /s

B 5 RERERRAEEETEL

0.70
0.60 |
_o0s0t
b oodof
£ o}
i
020 |
0.10 TFIE BRI
T T S P YOt
if I /s
Elo MNEBSETNIREL
MR A4 it R A i b 3 0 R RO IR

e RS, TR BT TTERES T
B, TIMEMERIK SRR, S804 < e &
m, ENVE R SRR, B R s R Rk, K
fEA[ 3K 0.60 m'/s, JEIEH IS RM 2 5%,
XM RS A AR R A A

MR AR R, BRG] T ] B
JRETE I B2 Ak, AUAE 60~ 100 s BRI B &
s, T BT THRAT PR AR AR,
It 0.20 m/s, PRI RLID I IR G s e, W
Ty 225 Ak s o A R IR Ak K A 1 St i s A, o R
LE

4 BIEAN SRR T

K7, 8 43 TSR CIR T LU g1 s M1 71 A i
FRIRS IR A R, W TR, Sk oG
IR b3, K TR - 4E R
o, RTTRETR MR EE 1 T SC PA DA T S AT A A2 s
S E R I 1 Y P B B el BT 7 AT AL,
TERMZA, AT, mBRAE, H&/D
JE A 550 KN, i 2% 5 19 T80 B0A 38 T
TRBBLZ ORES, IFHIE A BRI ERE, KK
AR TR R AT IR S A BT ok, {HR H B 5



4. KB L A2 2021 4
Eljl%sz %Ijki{%m ﬁé/]j‘jﬂ:lj *EEE/J 2,131:’ 0.30 ¢
I KIEEZ R 0. 2¢g, 025 —
~ 020F
1400 b :
1200 E 0.15 —
z 1000 S o10f
= 800 ;
g 600 0.05 E—
0 C ! ! | |
= ;gg SIIARE fEL RITER 0 50 100 150 200 250 300
N P PR T I | s i) /s
0 50 100 150 200
s [a)/s N N
B9 F. XINIENEESE
B7 RITBEAHZEHTESL
6 ZEXWIRMI&ERXIERKSL
2 4 NEEON ~ S PNy
) W@ TR IFERIK Sk AH 2 S
1 3
w E P,
2o 2R AH=H, -— (2)
“1g B \\ L P8
SO SR SRR L (2) W, ZERTEk KR,
FiEl/s JERIE K S B KT R, S EBUTT I KA

S8 @ISR MEETLIREL

5 RRXBAENFMN

XA 2 PPk G T 0L, 046 56 I T B
B n=0.64 5 KF n=0.86, KWKk H
40. 0 m J/NE] 38.0 m, 177 AR ] A JER G ) 4 v 1 K
TR, BT CAE SR X B0 WL 235 2R 3k
Wy, TEBITIT)R 92 s R R 23K CBEn, hT
AR EAE T, 7K R G0 AR S K, G
20 s ZEfr ik Bl K, 970 680 m'/s, RS, Ui
BIFURE/DN, 1 n=0.86 JFER2KGK, BATE
W N VA s 1 B w1 T © =1 N A (1 RO B = ) N
8.0 m, I'IEHEJJABERE, DIBITXE n=0.28
FREER TG R A%, HAE 5WK AR, )
IR A, 1] B JER G T B s AR TR
SmAEZ B K0 LIRAE, RS 2
R IR R 2 45

TSR E LK 9, HARETE
R, XA AT I R 2O T, 7R G IR
AR YT R B A X, T AR AL A
XTI AR, TETR R iRy, @<
REIRK, BKMEZAH 0.27 m’ls, XFHHIHII TR
Gl UCERITT TARFHRE B EZEEN,

BT, WS RS BERE, BT AR B R K K 1
K, IFAraesdwIih Kk,

W I TR Fe 0 A o e R B R e T iR T 15 s
KM ¢ F e, BITTS P RIBR A B A, KT
WG CIAITIFBE n, € X K, =AH/H, K305
IR A, Hy NI E K Sk o 78 = e i
(] 1:10 BT 1K Sy B AL th F 58 1T & Fh &R
XTI T K Bl g s 2 R AR s, DU 10, BUR
Ey IS D= B 8 2 N i A i N B ¥ 7 K - ]
B B BB, DT KA BT, TS R )
AR, W T7K 3l ) 4 R B AT T 3
[i] B s B AR [T IsF, BifE JF 1] OR e, 113K
BRI VIG RO R AR R A AR fE R, e A
() T IFAE B T 47 J5 7 B DG HAT, i e Hh B O
BIFRE n=0.2~0.4, BWITLL 7, =1 min, 7, =
1 min# 2 7 P B S5 85 1] 7K 67 AT 34 80.2 m,
BETTRIER KLY m, 7 i JHR 28 T8 A A B 34 s g
LRI AR TE T R 20 m KAE, XA 4.0~6.0 m KA
I, BB ReI AS , 10T AR AZ 1 B KK
AR AN 164, HIL, &ITHRA1.8 1
LA FHCHATIR T BT R L 2GR



%148 PWLE, F. DA E L AR TR AL R +5-

2.0
15 t,=1 min
1.0
¢t =2 min
0.5 v
At=10s
) | 1 )
0 1 2 3 4
t ,/min
a) IRI"] e p]
2.0

05 1 1 1 1
0 0.5 1.0 1.5 2.0
At/min
b) IR T PA ] B s 1]
2.0

t,=1 min
15 H\"LQ—Q

o
1.0 L=ty
At=10s t,=2 min
05 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0
n
c) I IWIHARITE
2.0
1.5
o
1.0 t‘z:l min
At=10's
0.5 L
1 2 3 4 5
¢, /min

d) I e
B 10 RREZNKER TR FEITASHEERE

7 &iE

1) = I I v 7] 8 ) i Sl KOG R, B R

HANFI T (RIS TAEK K5 40.0 m, H G
MR 3K 2 min, BT BE N 4 min), BT
VESAFAR DL BH 84k

2) R RE Y, W SR o 7K A7 AT 2ot 0 4
KAE3.5 m A4y, WEM T MRS TR
IKALARSE M i VR s R WA T T K A SRR
K, BARKALAT R 2R K A LLF 11,0 my o ]
FRAEORAFRL RS s 1T B ER 3 25 A #5555 114k
KmFFR BRI SN, KT BRIk %2 Hh
TR 2 A%, TIHR 8 SR i R 50 4 b 3l i
SOCH T AL, R R, 1A A
i, GRS EA L 0.60 m*/s, XTI T AR
AN A F]

3NVIE =W K RGBT, & Fhshk &
T, BT TREZ i KK Sh i R 0N 1. 64,
BRI 1.8 B4 RBGHATIR 45 Bt 2
SEHRY,

SE A

(1] ®ALE, o E 3, 55 1. =i sk K % ) Bl 1] 7K 30 g 2%
RS, LR B R B MO F RS [R] . M A M
SRR BEERE, 2001.

(2] SkERHL, BAN Y, 27, 45 =i A S IR L 2R 1 K F
SRR R UL B FE (R . B 50 P HUK A B 4
¥ B, 2005.

[3]  WAVEZE, KRBT, v 0. e K Sk i R S IO 0] T5
REBR AR SN ] KRR B B4 5E, 1995(4) -
352-361.

[4] WAL, SKEGEL. =W RIS 5 T (AR B K T R 25
GFE[)] KB, 1998(2) : 3-5.

(ALm#Em KILJRK)

R RIV299,299.239.239.999.939.939.999,999,999,299,999, 299,299,299, 299.299.239.239.939.939.999,239,939,299,932,239, 099,299, 099.299.239.239.939.939.939,939,299,239,939,239,092.239. 299

ZERRN S

ARFEVF AR E 2 AR T OEERR) ) 28 5 A IR A R AU 5 Bl e A BR A =D B R 4E
FINARA R Jbatihe i 215 RER KA RIUEA " LB X2 0% . 24T, (5B M
BT, ATSATRIE & LIRA R EERUE %, T & A8 AR P s e s R R 2 AT R

M TR k=

(KB IARZ) 4n#E3K



