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Design parameters analysis of hydraulic automatic flap gate//JIANG Lei' , ZHANG Qinghua' , ZHAI Xingtao' , SONG
Tongguang” , WANG Xiuxia’( 1. Water Conservancy and Civil Engineering Colleges ,Shandong Agricultural University, Taian
271018, China; 2. Penglai Water Supply Corporation ,Penglai 265600, China)

Abstract: Based on the basic principle of hydraulic statics, the force balance equation of a hydraulic automatic flap gate
was developed to study design parameters of the gate, including the shaft height, the angle, and the gravity of bottom
fitting. The results show that the height from the gate shaft to gate bottom is a third of the depth of water in the front of the
gate. When the gate is homogeneous, the gravity of fitting should be one half of that of the gate to maintain the balance of
the gate. The gate angle has no effect on the overturning of the gate, but has a large effect on the load of the gate as the gate
retains water.

Key words: hydraulic automatic flap gate; the force balance equation; overturning moment; coefficient of shaft height

2013 41 H
Jan. 2013

K3 A A A ] i B K 0 e T B ) o
AT A ST R AR —Fr i e, 5 A
[ 1D B A o] 1 i 3 B, s Al 5, A LA
JPfE, TRy, I HoE A PR B R,
FEF/INITIE BRI 2 K Ty E R B T 7
[ N ANE 2 A B B DD s, FR A 20 122 50
ARARTHIRBT TS RIS, 9198 2 2 e ) B AR 0 1]
iy SIS AN L IRy LT
AU 20 4 80 ALK B T EFFIRER ARIE T
TP Ky A BRI 1 Rk AR XK
J1 E PRI TR AS E MEREAT T B B AR
JRZW AT IR BEE K AR M BUE
UM T K D R e PR AR o ) S e
KIA T FE R 3R AR g A 1
TR BRARIRI DA ek 2R 0 SR A6 ST T 20
{alNRISEIPIP P RS E S DN NEE AL

FE G KA 25 PEAT AL BHIF £ 351 (201201022)

O T KTy A RIAR T O, KO H
PETIARI 1R 32 7K 3 25 A B IR T T A0 4% BEA ) H s
S, T S HE TRKSF-Z 5 1 B A ( fai Bl A )
XF )52 HAA — 5 RSN AR S Sk g A 4%
TR T[] 52 )~ 7 A, 8 T 10 il sy 8 oD A
SRR B SR SR T T A

1 HmENESEENEITE

1.1 itEEHE

FE AR M S R b R I T B AR 2 o
W15 UK AAHRT A, Z W AT [T R 5l
S 2 Hh LA B I ) JPS — o R AL BRI D 1 B
TEREVHAE 1 5 TE 53 0 sk 228 el 1T A JRE D K
RN T S DRI, [ B
152 IfES A 1 R,
1.2 HAAEITE

PO A AL HE e LR M AR D T ] i 7K Sk

VEF WAy ¥4 45 (1987—) Lo, INAIE PR Bl 50 4, 2N KR T2 A 545 H0FT . E-mail - jianglei8171647@ 163. com
WAFVER IR (1960—) , 55 INARIHE N 8%, FENF K TRER 5EMPIR . E-mail: 2gh@ sdau. edu. cn

KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn <77 -



_ z v .
‘ dllg3
1]
-~ P2 y gl i ds
g il ]
- N N
= P S < SCH
i i
w2 Gl
(@) 7KK IR (b) 7K S ACLAFFE ST
1T

1 @zhrEE
J£ 77 K EE I3 VI S B T 1R
a. KR I T 1, sl
YERFER ] ERKSEKIES Pl

P, = ) paah*(2 - a) (1)
Softp KK IR s AT AT b R K
Vo BRI R o=, BB 8
. KT IE I RSB DL BE o, 3BT
HEET

3 -«
e, = ah6 3 (2)
TKPIK )RR BT 6 M,

2h3 3 _
My, =Pe, =lw<6—a) (3)

b. KT S S AP B LU AR
CEa LT N oo N WK 2 1 S L A N
FERh A LoKTE Sy g, KA d, 1

_pgah’(l —a)
L tanf (4)
ah
L= 2tan6 (5)
.0 Sy TR (IR TSI 2R 90°) o A il
PAFIKE T g, MAHR J1RE d, M
_pga’l’
&2 7 2tan6 (6)
2ah
2 = 3tanf (7)

JKEE R B 36 M, N
’h’'(3 -«
M, =g,d, + g,d, :W (8)
c. IR ECAE = ) X e b A oA g ) 1]
A — 0 1 e 2RI RE B T8 ) 1T A2 2 T %o 2
8 3R I 3 L 2% e {EL DAL 5 s TR A 110 e
FIEERERL/N Rl T s ) | PRS2 T
T C A P v JBE SR BE XS R sl PRI Il 1) e A
IR AT M,

G,ah
tanf (9)
X6 NMTIBCAEE Ty 5 d, 900 TR T % %
Y I
1.3 @BENETE

{072 ) FE ARl DA AR RO ) T b A7k S0k
F& 3 K Ty B )Y AR I

a. KK IR X e Rl p BT T, R DL
YEFAERT] KK R P, A

My, = Gld4 =

P, = Jpah*(1 - o)’ (10)
IR FE Ay SRR 13 e, o
h — ah
¢ =" (11)
KA 377 1 578 956 My,
Mm=&%=%ﬁ%5ﬂﬁ (12)

b. JKH SR EE R ROE 5. R DL B
FEIF] KT gy KRB VS dy N
} - 2<t1anea> (13)
_h - oah
37 3tanf
JKEE 7 B 156 M, h
MQz = g3d, 2% (15)
c. [ TH S X F AT 5 M,
G,(1 = 2a)h
2tanf
K. G, NWITE ) ds R TE X 1

2 ®IHSHSHN

AT K 3 A RAR E TTAE b — 2 15 L
IR Ee AN W ez R Y S E B W
BSOS T 1] 0 52 ), JH e e ) 2 s B
DIt e B R A o A BT 50T
2.1 ENEHEEFR

H b3 [ 4 AR ] I A S e A A
SR NSRS Ty

My + My, + My, =My + My, + M, (17)

(14)

M, = G,ds = (16)

o Peh’(3 - @) ergazh”(32 —a) | Gioh
6 6tan-6 tan6
pgh’(1 —a)’ +pgh3(l - a)’ N G,h(1 - 2a)
6 6tan’6 2tanf
(18)

2.2 RS E RE A ER R
W] T BC A BT R b 0 5 e 1) R X e

- 78 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



WA SRR B M, =M, i (18) T4
pga’h’(3 —a)  pga’h’(3 —a) _

6 6tan’0
pgh’(1 - @)’  pgh’(l - a)’ (19)
6 6tan’6
g Ga-D(1+ L )=0 (20)
tan~ @

a. a0 (20) o7 A1 T AE AR BRSF- 55 N a=
1/3, B0 R 11 4% b B2 1 P %) 86 0 TR RS 7K IR B 1/3
BF, TR0 1 T 32 A 00 6 5 M ) AR A > I i
TR GRB AT R T TI0E, 07T A Sl BB, S 0 K AR T
i) I TRLES B 1A TR KRS

b. X a<1/3 B}, o*(3-a)<(1-a)’, 1= (19)
AT RITE W) A K R 55 T W) 11 4% K s B B VR FHAE D ]
BT RN AR A TR T B 15 2
R/ INT IR T T — 2 1Y v BE BF, ) 158 s ) 2
18], LB I D4 7K v BEAR 01T BB T 42

c. Ba>1/30f,a°(3-a)>(1-a)’, lHz(19)
AL HILE AR K R A5 T ) 144 7K 8 B B, VR R AE il ]
B R T DA R TR K, RAT S ]
TR 3K T I K IR A BRI 1] F Sl g
2.3 ®EIMER A A ER R

a. B 1 &R (8)(9)(15) (16) Al %, fl | I
RHAXTKE ST AT E S R T R R 7 AR BT
052 3 5 AR 3 I/ INES A R i, A ) 1] 4 K 1 4
TR IBRE A R T RN, 2 0=90° (W] 1T ELST)
I, N E

b. SRR XHE AR 1] L i
i B ARE 0 /N R H R (18 ) AT 1 Ak
AL R W] 1] 32 S R TG R R 8 BH IR T R K 5
B 5 AR TE G
2.4 @EEEHSH

B a=1/3, =0 (18) 115 G, =26, , BRIl [ JHE
S GG ) T BC A R IR T TR R 12,

3 & ¢

a. [ 4R IR ] T b B T RS A o A Tl
HIZKIRE 173,

b. TEM BB RHE LT AERE 8 1 1
AP T BC AR N R T T8 10 172,

c. AT MEARHAXTIR T A 2 & JC 5w, (575 W
TS BT X W) 7] 52 T3 A B R s e, 7 e T ARk
FAAE /NS VAR R ] A K E o e A R S
SIS LT CF 2 NG UL T IS s A E E et L i )
iR AREI /N, DL 90 fie R FEAH

KA Kb A& 2013,33(1)  Tel:025 - 83786335

SE W

[ 1] ZF05R, AEA RS EASoK T A i 5L
W[J]. W52k #,2011(2) :8-10. (LI Lirong, ZHOU
Chunsheng, LIANG Dong, et al. Domestic and foreign
hydraulic automatic gate research [ J]. Inner Mongolia
Water Resources,2011(2) :8-10. (in Chinese) )

(2] 78 K uli K J1 A 42 B0 ) 1) 36 i 3008 i
(3] K17k R HE J& , 2000,20 (2) :59-61. (FANG
Zijie. Bilian hydropower hydraulic automatic flap gate for
spillway design [ J]. Advances in Science and Technology
of Water Resources,2000,20(2) ;:59-61. (in Chinese) )

[ 3 ] Bnate. K Jy L EsBip e 11T 8k A [ 1] KAk
L BlF R R ,2003,23(1) ; 5-7. (HOU Shihua. Hydraulic
automatic flap gate the gate type development overview

[J]. Advances in Science and Technology of Water
Resources ,2003,23(1) ; 5-7. (in Chinese) )

[ 4] mfde. K A= BIA R TR BT[], R IE AR R

$,2011,39 (4):126. ( GAO Junlong. The hydraulic
automatic flap gate applications [ J]. Heilongjiang Science
and Technology of Water Conservancy,2011,39(4) :126.
(in Chinese) )

[ 5] graksd, 2—F. Ky A AR TR BB E L]
JKF % 4%, 1997, 28 (11): 56-64. ( LIAN Jijian, LI
Yiping. Research on mechanism of large amplitude self-
excited vibration of hydro-automatic flap gate[J]. Journal
of Hydraulic Engineering, 1997, 28 ( 11) . 56-64. (in
Chinese) )

[ 6] JAZIH. KTy A BRI 1T RIS S5 0T FE [T ]. K
KHL 22 H), 2007, 26 (6); 73-76. ( ZHOU Jingyuan.
Research and application of hydraulic automatic flap gate
[J]. Journal of Hydraulic Engineering,2007,26(6) ; 73-
76. (in Chinese) )

[ 7] W B, 2=, oK 0 W0 5 P B AR R 1) S B
KA T A XA [T]. T ARAKF KA, 2002
(5) :5-6. (XTAO Duanlong, LI Guorui. Maximum moment
of total water pressure on the hydraulic opening and
closing the flap gate turning formula derivation [ J].
Guangdong Water Resources and Hydropower,2002 (5) .
5-6. (in Chinese) )

[ 8 ] skEE, i 25wl 55 7K ) Bl ] 1] O ik 2R 500 3t
BeF 5 [J]. K J1 k44, 2010, 29 (5) £ 220-225.
( ZHANG Yuexia, FENG Yu, LI Kefeng, et al.
Experimental study on the discharge coefficient of
hydraulic flap gate [ J]. Journal of Hydroelectric
Engineering,2010,29(5) :220- 225. (in Chinese) )

[9] RIEZE ZFEE, THA. WP I X 2RI R K )
F IR I T2 AT [0 ], v s KR K R
2011 (1) 136-138. ( WU Peijun, LI Yujan, WANG
Yuansheng. Research on the effect of sediment pressure on
hydraulic automatic control flap gate in sandy rivers [ J].
China Rural Water and Hydropower,2011(1) . 136-138.
(in Chinese) )

[10] 5KZE Sk g A4 AR ] 1T B F [ 7). KR
$,2010(6) :51-52. (ZHANG Jun. On the selection of
hydraulic automatic flap gate[ J . Zhejiang Hydrotechnics,
2010(6) :51-52. (in Chinese) )

(USRS H 1.2012 -04 - 16 ik JEZ0H)

E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn - 79 -



