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Numerical simulation of unsteady flow influence on local scouring of spur dikes
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Abstract: Spur dikes are widely used as regulating structures in inland waterway regulation projects, but their
damage phenomenon is very common. Natural water flow is basically unsteady, and different unsteady conditions
have different impacts on local scour around spur dikes. The RNGk-¢ turbulence model and VOF (volume of fluid)
model in FLOW-3D are used to study the effect of unsteady water flow on local scour around spur dikes. The results
show that increasing flow variability increases the length and width of the scour hole and the maximum scour depth
at the head of the dam, and will also causes the scour width to reach the critical width more quickly. The number of
flood peaks affects the formation process of the maximum depth of the scour hole, and the later the flood peak
appears, the smaller the development rate of the maximum scour depth. The length and area of the scour hole are not
significantly related to the number of flood peaks, but the greater the number of flood peaks, the faster the scour hole
width will reach the ecritical value. The longer the duration of the flood, the slower the rate of increase of the
maximum depth of the scour hole, which eventually reaches the critical value. The longer the flood duration, the
larger the length and area of the washout pit, and the later the width of the washout pit reaches the critical value.

The research results can provide technical support for maintaining the stability of spur dikes during flooding.

Keywords: unsteady flow; spur dike; local scouring; numerical simulation

K B 2024-07-02
+HEME: BRELHLITXA D (2023YFB2604700) ; J~ EA 1IR3 £ & 5 A 45 B (4 AA23023009)
fERE ST Wk (1982—), %, W, #ak, W3, LT @AB oAl T4,



% 5m e A, F. AR T IR R S AL .81 -

TE TR, JK R AR PF 2 S BOMAR R T
BORRY B EE R, T IR 5K A 4T, A nl skt
ot 2 I BUKER RN, RARTIR R 2 M AR E I,
JIT LA 5 K 0 = 6T T 200 Jey 35 o il 552 o i
WAL e A R A KR e B A T
UL B AR T IR 3 7K U Kk 3 30 8 23 A1 B 52 Wi
it 121 SR P = 4 250 B0 R BT G X 0
ML, A T L AR AE 2 /N, WS BR
RIEEE (1R Ah, fEm s e fA e T+
WA R B S5 R RNG ke T AR AL,
VOF ( volume of fluid) i) 5 64T I Hi 2 10T A48 15,
X TSR #0025 B e ) TR A T U
Rl A A5 ) S A KR R f AR AL 1 6 AT 5 R AR
W AR S RBAEAT, T W) S B SR PR
Pandey et al. "'BFGE 1T 400 Bl v il 398 2 %) 52 e 4]
EQURUD I PeR N (Y RO R DN 5N = PN
MR EE | KA, Lietal ' Pengetal. !
ST 1S LU 5 R PR AR e 4549 RNG k-¢ i
TUBRLHEAT T 34 F SR BRAE T B ST VT AR
BT IS FBK R 25 A R, 75 S Bl 3003k 3T 3 1) 34
K, WKL, IELIRIER . BT80N 3
M| 0 S 451 B8 B) 2 PR 2 IGE 38 A5 0 T 300K Ot 4 A
(FEAHE Ak, TR RS 3155%)
(1 A AMIE T BUIR BEAT 25 5 10 3 s X i A 45 B
FAHMAEIREE AR T, 15 205 30 oo b T B2
P A5 51 Bt e P N T 3 O, 38 3k vk e i e
JEIBHIR/)N ; BhsE SR A R L R SR AR
K TR 3 AR AR DAy e A T v 0 g W e 2 o
oL ISR 3 2 R v e X AN R T
Y 7K 28 SRR PR AT X Lo B, 45 i ol 370 19
TR /K U 25 3l 5 10 28 52 S 1 R /N Y
By WS TS S B 0 X o T R
SRR, BRIk el g3 FELE 2 AR
AL K J] 30 X8 R 7 T B el % R 4 3
PERT; RECT™ R S0 B K B3 B i = 4E 7K
R E A T MEAL A 1 RAE R AR i
IKARTE E R B

Zi b, BUA RIS 2 AR K B E &R
Xof T JR FR b RS2 R, K AR TE E SRR TR AFSE
IAETEIY . A SCGEAREE R RN 3 MR,
PABIFEAN [ 9 30 2 A2 M, A2 SRRk K Fe 52 P i) e
TN R R R0, BIE S SR S T A TR Y
B R —E R AR S E

1 KiRIEIEE SR
1.1 K g AR iR

TR K g e 722 R R i T 0 I o 5 R o T Y L
{8, XHCIE E 3 F sl 1978—2007 4F N EE4E 4 it
KA TG, USRI AR R %A
FEE B, 30 7K SCAR Y Ui 1 28 IR A3 LK 1,
ek K e B A2 R 0 8 R O R A 1~ T
MAFIFEE N &, B KA E R 3.0, 4.5
fe6.0,

£ 1 ~HHh 1978—2007 E£iRETNE

Tab.1 Flow variation range of Cuntan Station
from 1978 to 2007

BRI R CEMER A AR INEBREAR BR%

1~2 2 769 66. 82
2~3 1072 25.87
3~4 258 6.23
4-~5 37 0.89
5~6 6 0.14
6~7 2 0. 05

1.2 LR

et Tk 1978—2007 4 P AEAF HY B A it i
VB, S4BT MERY 30 AN K SCARE BB TT LA
FIERAE IS HBLCEE 1~ 6 JERIN, 3 wtigk
B b H 29k 50% , iR A R AR 1
b, EERRERE L, 2, 3AEAARUGRR AR
1.3 BE/KIFLEm A

Gt F MR 30 AN 7K SCAFE B Pk I A SL B[]
PR R RIETK R 5~10 d, Hk R 0~5 d Al
10~15 d, ZREHE, BEAKIR K RRE 0 E
IIEAER 10, 15 120 d, LABH AR B0 DU o sk
TR, G K R S e ] 35 5 o0 3 4S8 4 Bk
540, 810, 1080 s,



.82 . K iz L A2

2025 %

2 EENEITRIGIE
2.1 BUsBRUKRERT

iz FLOW-3D #37.K 30.0 m, $£2.0 m, /&
1.0 m BYECARRADKRE it o BT Bl TR T
WA JOE A S EL, 45 A 0K R SL s R,

7.5

.
7
o
N
N
10.0
10.0

a) A

ARG R EPRT 0, SR BT L, i
BRI RR 1:40, BUA T IGAK B RE 1:1.5,
TR 122, W B 1:2.5, T WE
10.0 cm, K 50.0 em, BEHFIE LA 1, 25T
ML 2, =HEEERILIE 2,

50.0

|
l

1:25

75.0 |

b) A

1 THHEE (R4: cm)
Fig.1 Spur dike section (unit: cm)

F2 KBITR

Tab.2 Experimental conditions
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Fig.2 Spur dike 3D model
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Fig.3 Verification of selected flow process
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under different peak flow frequencies
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