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Flood control safety analysis of Xiaolangdi Dam Ogee Spillway Tunnel based on numerical simulation//ZHANG
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Laboratory of Yellow River Sediment Research, MWR, Yellow River Institute of Hydraulic Research, Zhengzhou 450003,
China; 2. College of Water Resources and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
3. Jinzhong University, Jinzhong 030600, China; 4. Zhangqiu Yellow River Bureaw, Jinan 250200, China; 5. Polytechnic
Institute , Taiyuan University of Technology, Xiaoyi 032300, China)

Abstract: Based on numerical simulation, the flood control safety of the No. 2 ogee spillway tunnel on the left bank of the
Xiaolangdi Hydropower Station was analyzed from the aspects of discharge capacity, cross-sectional velocity, tunnel space,
piezometric head, cavitation number and jet flow induced scouring. The simulated results were compared with a 1 : 40
physical model experiment. Meanwhile, corresponding measures were proposed to solve the common safety problems during
the operation of the ogee spillway tunnel. The results show that the simulated results are basically consistent with the
experimental results, which indicates that it is feasible to use numerical simulation to analyze the flood control safety for the
ogee spillway tunnel.

Key words: spillway tunnel; ogee type; flood control safety; numerical simulation; Xiaolangdi Hydropower Station

B/ K L 20 B A 3 26 e dhi kX
TR, 7E PR Bk R T 22 4205 T & 456 Al AR
AIPEFT, S i e 46 Sk it i 4 i B8 0 5 %
AR AT AT AT FE B S, B/ INIR K FL v
Jedf Sk UL & T U LR, K Sk VR 22K
TE I K O I R A2 DG T AR R [ b
HARA e SO HE R BIF 5 107 1] PN = 3 R0 g 00
AR YK g2 RO R TR R AR, i TR
S0 ek B A 4 B0 AN AT AR, O MR
{EASTLL R TR ARG A R B A0 A £

A WO R M S BE AR ok
(| N NN O S - = R 72
FERIR R H Sk 2 R B A ik 1) B AT A T
S FHE AR R E %D R RNG k-e i A
Xt K Sk LR 25 S AT O B R A A
Ak 2 T X T 4 S 2 R IR R 9 BE O B 4 vk
PEATHOE A, J RS RN S SR 4 AR
ek X e ek S 7] 1715 P A 7K o ()RR T 7
i, LR R F A 3G Sk 2 it 7K Rk ) 5k
AL H B,

R TUH ; E AR TR (2016 YFC0402404 ) 5 [EIZK 1 SRR 273542 (51109155) 5 LLPY 48 H A7 5E 42 (2015011067 )
YEE A KA S (1989—) 55 WE-LAFSE A, 2N F A ) 2 B ARHUAT 5T . E-mail : zhangchunjintyut@ 163. com
HAEVEE NI (1960—) , 53, H4% , RTINS IK TK S W58, E-mail ; sunxihuan@ tyut. edu. cn

- 68 - KA K A ,2019,39(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



ALV B/ INR K Bt 70 17 2 5 ek U
PR A 1), SR FH T FH Fluent 12. 0 SR 5 8%
HEARBLZEAE T e A6k ML TR M RE 7 | DB T
T TOUR R A 7K Sk (23 AR R PR o] 25 e a2
FrBit e ot . [RI B T e Sk AUk A7 7
(14 2 2 ] B ik DR i

1 IR ELAIE

Py BRI D TE AR G I E AR AU B
FROA 1 =40, 100 B 3 B B b gk Uit B ok F A BILBE
BHIAE ., R LRI, iK% S rhil Bk
HIKVERV I HHE BAR I, 45 A FraE i AN R
WD PR 7% mUAL 38 XA A 4 DT b U, 75 2]
i Bt P A AR R EDREAR N 12,5 mm, Ji e
RGO ArHIE R, HE D B 3 R A E 9 A
FEsmil s, i S BUFRAR 1. 0 em ARG & 36 5k
Wi, PR B RAR A A E 8 AN RSR IS, TR
B BOSCE 6 AN WE I, A9 R AR K
oo KT SW40 B H 32 oK A7 T B I K T 5 A
1.S300-A FUfeH 485 030 s 2 {SC0  dAt Af

2 HEtEil

2.1 FEGT

Je 6 S IR A7 T /MR JES 7K R sk 22 5 LU
MR SR AR A e p 2 T B I B B e Pk B
R, W 1 TR, i BOEOK TEET gk
BErimi i 13.6 mx9. 83 m ( 5& x5 ) W2 4 9. 0 mx
7.2 m, T0UAR 5 M0 5% 31 Lk 174 #8115 05 7
/364y /4=1)  JEMEFE N 490 m, {7 B B IR AF
Br BHEBE . OB K B 3 B R, KR 261 m,
WP oA 7. 0 mx9. 0 m B3R T3 24, HEJE 0 #f oy 130°,

561.84 ¢

541.72 ¢

BT BURMGEAE y=+2/260 , BIEBE N 12 2, K
BB R 30 m, SR B R 1 2 100, BRIRBAKEE R
30m, EXFRATE , BRIKSCIR A2 0 40 m, JIEARGE A
y="/240+x/100, Pk £ S 25°, kIR T0HB = 7 Ky
468.39m, N IFET R N BR A Bl IR, KB 150 m,
BEHE KA R 535. 55 m A IE KA K 538. 35 m,
2.2 JL{iRE

K HH Pro/E 5.0 a7 e 46 3k I 14 L
s Ay, UM AR AL fy b iK% OB T S B Pk
TLBE Sl B 2 A%, K BE R 540 m, B K R IR AR
FIFEA 490 m, MU B = FE A 450 m, B IEAK R
M54 D0-037 & D0-007, 31 BHES K D0O-007
% D0+029, B BehES o D0+029 % D0+290, #k
WECHES N DO+290 & DO +320, ik Bk 5 N
D0+320 & D0+470,

RNG k—e i 53 Y AT 5 - by Ak SR I | v T A8
RIS iR B R KR sh i,
PEPE RNG k—e T ARBIHEATITA . SR A PISO 5392
FARm S st R R 4 ek 2Rk 0ok A, OF:
BB A AN b R 70 FE 3 3UR A PRESTO #%
AT, Zhim 78 i sl e 7 R A AR HCR
TR I B2l XUk =X 25 1, 7 94 Iy ) TR ] — B il
WA, BFRIPKH 1x107° ~1x107s,

¥k S R K T 2R BE B ) & AR AR AL KT
LRI AL X TR RS BE R AR S, A SR
VOF KRS T R T g dess fhin) i,
G A Singhal 25 fE AN 2RI i A0 B J1 2R 7
T 5 SO P ARSFE 7 R HE A5
2.3 MERS

KH ICEM CFD 17.0 #4447 RAs Sl 4, R
T RS R SCR R TR R AR 3 A, B

2512.64
y=x%/260
S
490.00¢ ([ 7 i H1:100 =
\% Y=x240+x/100 \j{\:
s [T T T T T T T T T T T T T T T [ et
Liine2
D0-007  D0+029 DO+069  D0+099 DO+149 D0+199 D0+249 D0+290  D0+320
(a) HImAE
C T
B TTTTTIOT T T T T T T T T I T TTTT171] IE
(h) P&

B 1

KA K A ,2019,39(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn

it R A B IR T ( B m)

© 69 -



TEAK e T B B B kil B T B B AR AN RN
K HHE /N B AR 28548 Ak 10 T AR DA i 225, i L T 7K e
T B AR TR, SR FH A8 B 435 4 £ 7 T R ) A
Tng 8 I DA TG S P A B T T, 2 AR RS T
384 JTH, A% F5CEE 0T T T T T 2 9 B R e T 22
At BT ) 505 B R TACH A% BT AR
oA 384 J7 AT AL AR JC SPGB TR S
2.4 BREH

AR R TR R ) #E F i R R 4 R A
HERFIE KDL H T T = A0 B K E B SRR
AUE#EO RS, R B R B BB R A, Bk
T BRI R B L FER R AR i B, BETRER
MG & i A G BE T IX 3R FH A o BE T R R
PR AT K E S R T BRI Bk U B R B
Z 8] )3 e W T SR FH Interface i 5, 7T SE P N A
[R) 3 S s ) SE s se e 5 R

3 HEFRAERIESNA

3.1 ttiREEN

3 g 12 e Sk AR AR T R A O 4
o TSR BE R AL 0 R AR A M R
Bom' ARk K

m=—Y (1)
AB./2gH,

K. Q AU A F B 435 A R B 1R 58
B H, O TAEMIT K Sk s S g

2 Sy i R BUEAUE 5 I B XS T, A 2
A WA AU {E 5 50 (AR — B, AH X IR 25 8
0.34% . L UEPE X IR B K ALY, m=0. 6106, 1%

(ELW 2 TSIt 1 R 45, 3R W ) ik £ 2 K 3
B bR
0.617
HAUE
0.615 . o REE
Ed L
&)% 0.613
@ 0.611
0.609
0.607 1 1 1 Il J
520 524 528 532 536 540
IKEE 7K A3t /m

B2 FERBEMES KRB EL
3.2 WERESERIE
Kl 3 Sl oK i HUE S E X e,
P 3 AT BB 5 a0 {3 AR — 0, AR 22 R
i 1.09% 5 FARTE RO I RIERT, i R IR BE i
IR KRN 5 TR e R AT B & AR i, 51K
Tt e B B, AR AR B S ety 23 Sk A AR, TR

BUKUL, KGR ; BRI BOR FH Sy A A {45
WA R, K RIS

— RAE e IRYR(E e TR AR
502
494
£ 486
%é 478
470
462 |
20 50 120 190 260 330
5DOWERE B /m
(a) BWIHHKAL
502
494
£ 486
i% 478
470
462 |
20 50 120 190 260 330
5 DOMERE B /m

(b) BAZHARAL
B3 ik EELELE SR E

K 4 Sy Jedt sk B S B K Bosg i i as .
MIET 4 BT Jedh Sk B 55 1R B K B H AR i 25
Fi, A BTG TS B 42 S B e 5 kS i 2 25
i, SEOR R AR 2 AR HE AR AR, B B UK
L, M B KBt A8 o PRI S E bi K A

R BB N i 52 2080 R Ve g fon
342 266 19.0

‘ 114 38
Tl A (mes-))  e—
380 304 228 152 7.6 0

486
482
478

474F

E/m

0 18 2'4 3'2 40 ix
5DOMEHE B /m

(a) Bt

E/m

0 18 211 3|2 40 48
DO /m
(b) Bk AL
B4 ZHRLRSAGKERIBHLRS
SIRISL T8y i T (I IS L R N T s
AR, s o 6. 3m, FeJE R 7.0m, MIES Af
LR E BOKAL B TR BOKAL, B BORA &4
Bl AR TATIE 4B SOK I, KO T . RME B
im s/, BR B, REOKMEAL; TR
B AR v R A2 8 T2 A AR B 0 J1E
X RAE 138K, SRR A, s T, FELE

- 70 - KA K A ,2019,39(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



324 252 18.0 10.8 3.6
THIAI LI/ (s ) m—
36.0 28.8 216 144

O i

DO+029  D0+069 D0+099  DO+149 DO0+199  D0+249
(a) Btk AL

SRE ™

D0+029  DO0+069 DO0+099 DO0+149 DO0+199  DO0+249
(b) BN
B5 AEHESHERESHT=E
W B, T AR F IR AR A R ek /) o 452 DX ek 467 T

o L, Y BK A BEAESS T 5 5 T I 3 3 0 A7
PRI R T I AT T R T A AT A
FUA R (45 30 BE P BT U A AR b B
AZ, SRS RE S FRAC, A, A
AL 75 %5 P82 A2 5 e 5 AR TR, T ToL 4% s
AME TR 25% , 7T 3k i 7K G #E TR P TR 1 B
WA RIS G5 W 3 T00 A s
T 30% , Ut B R IR B T H A B

Bl 6 b Al 42 it R AL AUL(E 5 i e {E AT LG, DA
Kl 6 AT BHME 5 A — B, AR HR ZE A
it 5. 84% ; BT IR ARGD LR R B AN AU i )2
DASINL 5 04 D SR A 7 0 5 v il ke A 3 43 A 43 A
2 B4y, BN L AR i BRSNS X, R
FLZEAMIGE A 0. 99 5 F- 438k, Ml 5, &
HRBFEEE 0.2 ~0.3m, HFREIPFGR X 7 H
— 3, T ER L PR R R AR R H R R E

o DRI, Y T 50 A A7 A6 B I 1) 58 A8 s sl 45 05, ELIE
— HRHME
6 6
E4 £ 4
i )
i 5 = ,
0 19 338 0 19 38
iiE/ (m-s) iE/ (m-s)
D0+029 D0+069

AR AR 24 0. 2 m
3.3 MEEKLE=LE
2 AU FIWHIR A A A 28 A 2s Tl FE 2R 4R

FRP S ARES RA N
H
P, +v|10.33 - —| - P,
K = ( 900) (2)
uo
7 2

A, MWy AR T P, M AT
JE58 P, RFIZERER  H o S e, ARPE R AZE94
JE5E 7K 20°C I AR AZE SR (Kk ) 4 0. 238 4 m,,
B 7 5K 8 43l I A8 /K Sk 5 25 A B A
BB SR BAE XS L, SEPR TR, 25 BN T
0.3 B IR kA ws ez il Y2 eEfE 0.1 ~
0.3 ZI[H), A0 5 25 Ak n) i
M@7ﬂ@$ﬂ%@ﬂﬁ5ﬁ%ﬁg$~ﬁ,
FHXT IR ZE AN IS 4. 62% 5 TR AF B Al il 72
K S A= 4 T2 48, S EOE EE R
SRS, TR AT B E S B AR BBV, 5% X B
TS, W IR S B0 A B (B R S R
ﬁ R IR TR AT B AT A, AR It AR o) BE T 1Y)
VAR 5 BRI B s 5N 285 ) et 45 it A4 ZE A8 g 1
Fﬁfﬁ%ﬁﬁ&k@wﬁLﬁwr K THE
M T RBP4 2 A I AR A B0 11
T D I AR AR R s 3G R B oI B T Ui R R AR
K, M B AN (145 SO T i XU
5 SR AR, Iz T AR /N 5 DR RO R iR i
R A, SBURA™ E R 5B, A
%%Nﬁ%&?ﬁ%ﬁf&ﬁﬁmw1m?E%&

(a) &ﬂ‘?f@kﬁ

6
E 4 E 4
i i
i ) i
0 19 338 19 38
i/ (m-s) {Ju_J_/(m .s71)
DO0+029 DO0+069

) JEE A T A 2 R e A, (o AR R A e B AT B I
. iiﬁ%‘fé
6
E 4
=
1E 5
19 38 0 19 338
{;u.JE/(m s71) iiE/ (m-s)
D0+099 D0+149
6
E 4 E 4
) #
iz o 7 5
19 38 0 19 38
{JlLJE/(m .s71) iiE/ (m-s1)
D0+099 DO0+149

(b) AR
El6 AREHESHH&REEBESXEEXLL

KA K A ,2019,39(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 71 -



— HPUE e R
35.2
£ 200
’L,f 4.8
i -104
§—25.6
—40.8 1 1 1 1 J
20 50 120 190 260 330
5 DOMEIE B /m
(a) WK AL
33.1
_\i 192
753
ﬁ%?ﬂ -86
2—22.5
-36.4 1 ! ] 1 |
20 50 120 190 260 330
S5 DOVER B /m

(b) BEZHEIRAL
B7 MEEKLEESIKEENITLL

— B e R
1.78
1.44
# 110
=
& 076
0.42
0.08 | 1 1 ! 1 J
20 50 120 190 260 330
5D0oHIEE /m
(a) Bt KAE
1.64 e
1.33
% 1.02
74 071
0.40
0.09 1 1 1 1 J
20 50 120 190 260 330
5DOMEHE R /m

(b) BeAZitK AL

8 THHRMESKKEEAR L
SNEEFEAL R RE , S BOR MBS IF IR AR, I AE A B
T RS M o I 90 A B R b 2 Js i i
A , il Ay BORAR I A K e S R
3.4 ARl

1 NP RAEIE SR A e, W1

AT AP 5 a3 R R AR — B, AR R 25 1 i
0. 73% 5 o1 T sz B 5 PR ICBE B e , A5 Bk i e
P FRPRE 4,

x1 PRHEEBESKEEXL

FRIEAK ] FEAUE/m RIR(E/m AR/ %
L RELY S A 86. 37 85.91 0.54
FEAZ K AL 97.38 96. 74 0. 66

Rt I T A B Ay Y DR Ml S5 O, 45 G o

U IE 256 0 2] TR v ST R R, rhbT
AR RN

- 72 - ARA K A ,2019,39(6)

=249 7 - 22) sinB
w

v, /1 -0.175¢co18 0.75h,

(3)
Ao e, R YTIREE s h, RS B R IEKIR ;. B R
IKE BN A5 R ksl R, B 1.5 ~ 2.0
v, AR AT WK IRNAE ; 0 A 0] R AWK 7K 77 H
FE 5 q AP B ORI A ST
P9 SRy oK & B BE AR5 B SR (i X H
NEL 9 AT AUAE 5 00 (A — B, AR 251
Mt 3.95% PR B LS A IE A O 5E, R BUK
e BTSN i FHRA S PR KR K E T
RNH S AERT, ZE B, 51
IKEFEKE T ) B RN/, T BOK & WS 1) ZMi
YA R A

— B

+ X5 1E

24.6

E 221
196
]

o 17.1
¥ 146

12.1¢

309 332 355 378 401 424
5 DO B /m
(a) &Itk AL

25.1 Lesee
£ 225
@ 19.9
jf; 173
¥ 147
121 L 1 1 1 1 ]
313 337 361 385 409 433
5 DOAERE 2 /m

(b) Btz
B9 KkEREEEBESREERMTE
AR K T ) BRI AR ) |, 7K TR

HELE M 2.0 h, T Al PR TR E BT Ry
DRBE Al B BRI R, 3R 2 g TR AR
(H 5 E XS L, AFR 2 A B 5 A (E A
— B AXHRE AN T 1. 81% 3 X M TR EE A5 2
IO 7 e BN F 2 VR 6 X 7 3 L AR B T
T St O PR YO A Ao B L

x2 MREEBESKEEXL

HRAE K 7 FEHUE/m RIS {E/m AR/ %
BTk K A7 17.97 17. 65 1.81
Bz U K AL 26. 08 25. 84 0.93

4 ZESFW

4.1 Z£FTM
o6 S PR Bl LA AR DL 28 4 ) i, 1 4%
BEAAL IR BE AL T TRAIE A 2 25% |, i i IH

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



T AR, 5 | JIe) T TR 95 347 R AN SN AL 5 1
U] JEC AR & A= 28 Ak 23 o, 3 1S P T vk = 3 1T
ST s RO BE TR AE B30 JIVE R R XA 38Kk,
5 DX I TR 3 RS Al & A S A s il ROIRBE
TR AR R v TR B 8 3 28 T Wi oo U 30 3 5 JF AR
B RE AR, 5 RS Tt A o) D SR8, 3 1 iR A AN
T M 25 A I 42 T S0 e J3E oA R R 30 L A T 0
PR XT3 Ll AR 2 vl S5 48 2 VR
4.2 FRR¥EHE

AR e s R A gy = R R s s il
V7 B A BT U DX 3 5 R I T v R ke A B P R
A IR IR AR s X o & A s A s il X BR FH e i i
JEEVRBE AR B TR LW A S HE A BOR B
VBT 5 X e ) LA P SR AT [ B e L AT
haE
5 & B

ASCLAE /IR K Ll 2 5 e 4 Sk 0 IR
VERBIESEXT B, 2R BB AR AU T 4 Sk >t 8t 51
1 7Bt b, W 2R T e 46 S 20k Bt 47
TE 75 L 22 4 ) R RAT it A9F 98 2 AR R
BRI ST T 46k S Bt K g e vl 47, ol o 4 )5
Jetr Sk Bt itk RE 77 5 22 A AR e VPR AL B 3t
2%,

S Xk

(1] Uil &, SRmbai. kR A TR B AU A Y — 2 5 (A
WALI] KB 2k g S R < A 45,2004, 19 (BT 1)
942-947. ( SHA Haifei, WU Shiqiang. 3D numerical
simulation of spillway tunnel flow [ J]. Chinese Journal of
Hydrodynamics, 2004, 19 ( Supl ). 942-947. ( in
Chinese) )

[ 2] 5K, 20, FhPa . B e kR 7K 7 4k 1 — 4

BErl 505 [ 1], K IR E B Be iR, 2016, 33

(1) : 54-60. (ZHANG Chunjin, LI Yongye,SUN Xihuan.

Two-dimensional numerical simulation and experimental

research of hydraulic characteristics in spillway tunnel

with free water surface [ J]. Journal of Yangtze River

Scientific Research Institute, 2016,33 (1) : 54-60. (in

Chinese) )

FRZESRAR X 2 A5 R AU IR 2 K I A BIF 5

JE& K AR 53 M [ 1] KM 5442, 2006, 41 (10) 1193~

1198. ( GUO Jun, ZHANG Dong, LIU Zhiping, et al.

Achievements on hydraulic problems in large spillway

[3

[

tunnel with a high head and large discharge flow and its
risk analysis [ J]. Journal of Hydraulic Engineering,2006,
41(10): 1193-1198. (in Chinese) )

[ 4] W%, TR MG R E IR 2 OK Rk

BB T ] BDUR 24 (TR ,2014,47(5)
615-620. ( HU Tao, WANG Junxing, DU Shaolei.
Numerical simulation of hydraulic characteristics of
aerators in spillway tunnel with large discharge [ J].
Engineering Journal of Wuhan University,2014,47 (5) ;
615-620. (in Chinese) )

[ 5] tRES, TIEE, XI5, 45, Jedh 3k M K 07 Re i i 4
EREU [T ], TR 2 B BE 4k, 2015, 32 (1) ; 84-87.
(XU Guobin, ZHANG Huanjing, LIU Fang, et al.
Numerical simulation on hydraulic characteristic of high
head ogee spillway tunnel [ J]. Journal of Yangtze River
Scientific Research Institute, 2015,32 (1) 84-87. (in

Chinese) )
[ 6] Mrmmde, s fat, Eh Ml , 5. /NS 7K i sl i e i) ) B3 400 (B

BT ]. HEREBLA TR 5241, 2017,35 (6) - 488494
(CHEN Ruihua, YANG Jijian, MA Lin, et al. Numerical
simulation of tunnel of Xiaowan Hydropower Station [ J].
Journal of Drainage and Irrigation Machinery Engineering,
2017,35(6) . 488-494. (iin Chinese) )

[ 7] 5B, AR, R—4L, % IR S oi% 35 BOK R R
0 = 4E B A M [ 0], K3 Ty 2 BE 5 S5 0 . A B,
2008, 19 (3): 261-268. ( ZHANG Hongwei, ZHANG
Dong, WU Yihong,et al. Numerical study on the hydraulic
characteristics of water flow in the anti-arc of spillway
tunnel [ J]. Chinese Journal of Hydrodynamics, 2008, 19
(3):261-268. (in Chinese) )

[ 8 ] R, 5K, X2, 4. W R A E& I A0K
FEPE S R B KA 5T [ 0], K 0 K 2 4, 2009, 28
(3): 126-131. ( FAN Ling, ZHANG Hongwei, LIU
Zhiping, et al. Numerical study on hydraulic characteristic
of free surface flow in spillway tunnel with different
configuration [ J ]. Journal of Hydroelectric Engineering,
2009,28(3) : 126-131. (in Chinese) )

[ 9] Z5/0hmn, XSk e, MR A el 1] I i ok
BUABHUBTR[T]. ARHT,2017,39(6) : 90-93. (SU
Xiaoli, LIU Hansheng, FAN Xiaodan. Study on numerical
simulation of water hammer in the opening process of
working gate of spillway tunnel [ J]. Yellow River,2017,
39(6) : 90-93. (in Chinese) )

(107 FZERE, A= 4pnt b, 45 2Pk P Jie it Tk B 7K
FEVERTSE[ ). K J) R L2741, 2013,32(3) « 101-107.
(NAN Junhu, NIU Zhengming, HONG Di, et al. Study on
hydraulic characteristics of horizontal spiral flow in the
Gongboxia discharge tunnel [ J]. Journal of Hydroelectric
Engineering,2013,32(3) . 101-107. (in Chinese) )

(11 ] ARG, B xs 45, i H AL i K S L — 4k
BUABLL T ] AKHMK iU B 3E R, 2017,37 (2) - 33-
36. (FU Shifeng, ZHENG Yuan, LTIANG Xiaoling, et al.
Three-dimensional numerical simulation of H-type straight-
blade tidal turbine [ J].
Technology of Water Resources,2017,37(2) : 33-36. (in

Advances in Science and

KA K A ,2019,39(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 73 -



[12

[13

[14

[15

[16

[17

[18

- 74 .

Chinese) )

1 L, RIS XS, 45 B0 K i B R F X
Ty BGRPE S oy B [T ], TR 272 4l (A AR BR i)
2018,46 (4) :360-365. ( YANG Fan, CHEN Shijie, LIU
Chao,et al. Analysis on the unsteady pressure and velocity
in the inlet region of outlet conduit of a tubular pumping
system [ J |. Journal of Hohai University ( Natural
Sciences) ,2018,46(4) :360-365. (in Chinese) )

IRAEAR X BR, EE2, 45. 2ol 0 0 1o i T S A
PG VTR TR TR [ T ] . T 2 4 ( F AR
W) ,2017,45(5) :398-405. (XU Cundong, LIU Luyao,

[

WANG Guoxia, et al. Flow simulation of front inflows in
the straight-edge forebay of pumpingstation and preventive
measures of sediment deposition [ J ]. Journal of Hohai
University ( Natural Sciences),2017,45 (5) :398-405.
(in Chinese) )

T B, R X, A B N B AL B R B K T B
SO BRAEL 3 A [0 ] 0o R e 4 ( A AR BRFRD)
2018,46 (6):551-557. ( YANG Fan, GAO Hui, LIU
Chao,et al. Numerical analysis of the effect of rotational
speed on the hydraulic parameters for flow conduits of
shaft extension tubular pumping system [ J |. Journal of
Hohai University ( Natural Sciences) ,2018,46(6) :551-
557. (in Chinese) )

1 SRR ANPUAR, 20N, A5 SRR HEAS N AR I 7K

TR PEEUERA S UL T]. Rl T2 %4, 2018, 34

(1) :53-62. (ZHANG Chunjin,SUN Xihuan, LI Yongye,

et al. Numerical simulation and verification of hydraulic

characteristics of internal flow field in spiral flow generator

[J]. Transactions of the Chinese Society of Agricultural

Engineering,2018 ,34(1) : 53-62. (in Chinese) )

XH7 A, R AR T, 4 A RRGIE 2 P 9 1K

IR BB [ )], KR K HU R 3k i, 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) )

Y, EARAE MAR 45 0 R A% RUBERS JR ol it 1
BEERE T [ )], K F ¥R, 2016,47 (2) : 139-
149. (ZI Dan,WANG Fujun,TAO Ran,et al. Research for

[

impacts of boundary layer grid scale on flow field
simulation results in pumping station [ J]. Journal of
Hydraulic Engineering, 2016, 47 (2). 139-149. (in
Chinese) )

] SRR ANPUR, 20N, A5 L IETRE S X fay Bk
BRIk R R RS [T ], A0lk T R
2, 2018, 34 (18): 299-307. ( ZHANG Chunjin, SUN
Xihuan, LI Yongye, et al. Effect of fluid-structure

interaction on internal flow field characteristics of tube-

contained raw material pipeline hydraulic transportation

KA A A 2019,39(6)

(19]

(20]

[J]. Transactions of the Chinese Society of Agricultural
Engineering,2018 ,34(18) : 299-307. (in Chinese) )
SRUk A SR A SCIR AR R HE IR AL T R EUA R S
O RE ST IR [ 0], KK H Rk i 52 2018 ,38
(3): 1-7. (LIAN Jijian, SANG Linhan, GOU Wenjuan,
et al. Effects of flaring gate piers with different shape
parameters on discharge capacity of surface spillway in a
high arch dam[ J]. Advances in Science and Technology of
Water Resources,2018,38(3) : 1-7. (in Chinese) )
LN BRI SR I TIT i K R o T S L A
fEHE [ 7], KK v B £ 3 e, 2018, 38 (2) ¢ 77-83.
(FENG Jiangang, QIAN Xiangdong, ZHANG Rui. Flow
patterns and rectification measures in forebays of urban
water pumping station [ J]. Advances in Science and
Technology of Water Resources,2018,38(2) : 77-83. (in
Chinese) )

(Micks B 12018 00 - 28 gk M)

(E#% 30 )

[22]

(23]

ERARTE i, w3 O A R O VR AR B4 1K 6 T
FELI]. KB B, 2015, 31 (5) 2 53-57. ( ZHAO
Dongliang, HAN Mei, YU Guoliang. Experimental study on
effectiveness of floating vegetation on wave dissipater[ J].
Water Resources Protection, 2015, 31 (5):53-57. (in
Chinese) )

BB S RN A A LA T B3R )R
AR IR R SRS )] I AR, 2018,37 (1) 1 104-
112. ( JIANG Changbo, FENG Lu, CHEN Jie, et al.

Experimental study on the effect of coastal vegetation on

local scour around a vertical breakwater subjected to
solitary wave[ J]. Maring Science Bulletin,2018,37(1) :
104-112. (in Chinese) )

(ki H191:2018 -09 - 26

Gl TRAE)

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



