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Experimental study on hydraulic characteristics and root stone loss in

a triple spur dike area based on VDMS technology
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(1. Research Center for Port, Channel and Ocean Development, North China University of Water Resources and Electric Power,
Zhengzhou 450046, China; 2. Henan Branch of China South-to-North Water Diversion Middle Route Co. , Ltd. , Zhengzhou

450016, China; 3. Yellow River Conservancy Technical University, Kaifeng 475004, China)
Abstract: Taking the common control and regulation structures (triple spur dikes) of the Yellow River as the
research object, a generalized physical model (including the root stones) with a scale of 1:30 is established based
on the similarity theory, and VDMS (velocity distribution measuring system) flow field monitoring technology is
adopted to conduct experimental research on the hydrodynamic characteristics of the spur dike area and the root
stone loss. Ten different working conditions with different inflow angles and different inflow Froude numbers Fr

are studied. The flow field streamlines, flow velocity distribution, stability and movement characteristics of the
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root stones in the spur dike area are collected and analyzed, and the vertical flow velocity distribution at the
upstream convex point, downstream convex point of the spur dike head, and the flow-facing surface of the spur
dike, as well as the critical conditions of the water flow when the root stones are lost, are obtained. When a
large water surge with a Fr approaching 0.7 occurs, the surface flow velocity at the spur dike head is 3.5-6.0
m/s, the flow velocity in the downstream convex point vortex area is 3.0—-4.0 m/s, the flow velocity in the
reflux area of the flow-facing surface of the spur dike is 1.2-2.5 m/s, and the length of the reflux area between
the spur dikes is about 2/3 of the length of the spur dike. When the flow velocity in the root stone area exceeds
the threshold of 3.6 m/s, some root stones begin to lose stability. The root stones at the downstream convex
point are lost the most, and most of the lost root stones remain in the area about 30—50 m downstream of the
spur dike head. The underwater stability of the tetrahedral root stones is better than that of ordinary root stones.
The upstream convex point of the spur dike should be the key area that requires focused monitoring and
protection. The research results deepen the understanding of the flow field and the root stone loss characteristics

in the spur dike area, and can provide technical support for the study of the flow field structure and root stone

loss patterns in the spur dike area.
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Fig.2 Cross-sectional view of the spur dike

1.2 MRF*E

BT Rl K G is B 4 A % G A ) AR
AU G 5 s T WURE 18] 09 7K Ui 32 3l 20 A 2 OF e 32 B
TR 2P E T B, AR ST K iz B A
LEE e, S AL =BT IR K RS AR A i oK g
A5 003K 36 At 9 B A T 0L 8 U AR S S 1 T Ul T
(] 149 A B 52 el LR 5 SR 0O A0 A T Hb SR R T3 IX
VL L AS S 3 AT, A SR BT VDMS (veloci-
ty distribution measuring system ) i 3¢ [ i 37 5% i 1
AR T T X 4 0 7 e 1k
1.3 RiHpENEESREAR

1) ¥ 3 3 285 5 B 5 0 D 34

VDMS J& 5 T 805 58 5 R0 B D R
(particle tracking velocimetry, PTV) #ff & 1) K i [l
2 TH U [7] 25 W0 B AR G0, 0 R D B R TR ) 3

1 THUFEFE(EM : mm)
Fig.1 Layout plan of the spur dike(unit:mm)

(32 BlRL - 1 L B LA 2 2 Mt (R 45 22 (8] 1 R ] [
B, 28 T A5 380 3l B AR DG R UL 3, 35 A T
X, —X, . AX

W T AmTa
s SR K S Bl 3R, IR R K I 5 XX
43 50 R BRLAS R R (4 0 4R O 47 R — g g
TEA B ) % A AEL 5 20 A ¢, 49 391 SR 5 A X 7 1 B
Z s AX A I R] Az KL F 2o it RS K B

2)VDMS ¥ 37 Wl 42 R

VDMSHRERE SEAMAGH N . KRE
R 45 3 2R S AR LR A i S K T R BB R B
MG, 5 b 3R G K T BT i % . VDMS
I FH T K 1 2% 18O A 0 S B A fE A8 PR OKG
i 1t A5 380 U0 DX 38K PN 19 90 3 3 B 43 A L O AR 45 T
T 3 3 A7 LA B B A B 22 AN a0 U R e AR Ak

(1)

RERKLT
BT

B3 BANTRHETFHESNRS

Fig.3 Motion state of a single tracer particle



1402 R R 2= (T M)

59 %

oE R L I R G AE R ALK T ) TR A IR 5 Y
T W A A B A B T R Y N R
R an & 4 B 7, B v 2 CCD (charge-coupled de-
vice) by BT F B S 1T

2 THIXOK AR Bt

2.1 YEHEBLEITS5HIME
DAL R
Ay i R Bl B AR AR AR SO A TR IR R 57

FEMLIN X _EJ7 38 CCDIREML b s P 1 B
KIGFREAR LIRS R A IS 2 R 4130%~50%
¥
FEI B X3 I 2 L i 2 7 T, et T X
A TR B RLT RT3 P 249K T T AR AR 10%~30%

]
HRAECCDIFAGHL MR 5 7K P 5 B AR %L,
HIL8~24M VDMS#EE R Gt 4 EI G R &

[

[ FIFIVDMS %5 ab B fE R iyl i |

i
| Sy BRI BB ORI )|
i

VDMS R4t IR A FEAE i 2 i 3
R4 5 SR 2 32 90 2 55 o W T 9 3 A

4 VDMS 7B ARRE
Fig.4 Process of VDMS flow field monitoring technology

TEARIAEN . 254 7 R ALK L B0 R
Hiy | HE K R A B BOLAT B R AL S 30.00, oAl 3
B L R W R A, = 207, B 5.48; i it L
R2q= A", M4 929505 BER LR A, = A%, B 3.11;
FiAE R A=A, B 30.00,

2) T WAL 35 AR

AR A (B B TR B TH BEIE ) L BT I K U R
B 2 A B0 R T A 5T X 42, E BE 3 m B KA
PO ST T UREAE AR ASE Y o S TR AR T A A R
3ok R b A AR A I 3003k p TR TED AR B9 S A5
LR, QA 5 T SR 2 R ORE LSk (1 22 A R
E o KRR RY 1T 15 R A, DA DR T R Ui A%
(N O 70 G A 15%° i s S 1 O B i 1 ik
5T IARFE— & 1Y by, — M il 7 50°~70"Z
[a], 4n & 6 s o

SR T AR B K R T 300 Y R A IR A AR A A
FEmh R B AR L PRI B TR T B A, B
1~2 cm, BEAVIEK RS0 i K RS K R 58D K
UL A R G, SR K I AT AR AR R
KR G K T8 AR 2 B K R BR R GG 5 T R
FH B R I 15 1T (electromagnetic flowmeter, EMF ) 5
il o ASEHY T A A A 7 TR

(a) TEfRLE (b) B EHEZE S 1Y
5 TR G54
Fig.5 Structure of the head of the spur dike
UM
B o EBRTHI Bl
) D

6 iR 06 K 1B A BY X 3 4 41

Fig.6 Top view of the test flume model area

2.2 THI#EE VDMSHiZit5&sr

TN A 25 AR A U T AR A L R
FH VDMS i 37 Wi i 28 G % T 300X 3 3 0t 47 W ) mf
DI W3R B2 X345 Rl 7 05 8. o AR 6 T I3 K
FE AR R IR0 9 R BRI R S 4 5 CCD
FEAZHLTE M o R T 00 S W00 X3l 5 K, A% Sk A

TR X 1 T7 4.0 mAb , TR I 7E 7K R A1 BE I 28 5
5.0 m EEH K 1.6 m BYHTAL, #5400 JT 1R R 1Y 4= 5t
P B AR ML 22 R AR T AL AN 1.5 m &b, £ HE A
TAls T X IE BJ5 o B 5 8 =5 Y [ o it
KT 169 m 3 EL K 7 1] 3 m, R TR T
[0 3L DX A W 4 i 0K



%9 1 XU, 4 T VDMS BR 0 =19 T 811K A ) e KA 7 A 2 IR e 5 1403

RV VDMS 24t

= r— g

K l Retis.) |

l 5k =TT

it By | p oo HEH

5 x| |x | L |

Wi ' |F lL b W X8, JI
Py Y i 4— = S B A [ —

Ao X il Rk Kbeer FEi

J— =1 I F— FXNRkit
— ] BREM —TuC

B7 BRBEFEEGFEEINE
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Table 1 Flow conditions for model tests
T Q,/(m’s™ ) ¢q,/(m%s™) H,/m Fr
1 0.30 0.25
2 0.25 0.32
0.19 13.87
3 0.16 0.63
4 0.14 0.77
5 0.24 0.33
6 0.18 13.14 0.20 0.53
7 0.16 0.69
8 0.40 0.13
9 0.16 11.68 0.35 0.16
10 0.20 0.38
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Fig.12 Measured model flow velocity distribution in the flow field of the main spur dike area
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Table 2 Distribution of flow velocity at different sec-

tions in the upstream area of of spur dikes ( Fr=0.53)
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Table 3 Distribution of flow velocity at different sec-

tions in the upstream area of of spur dikes ( Fr=0.69)

W0 A A W/ (mes 1) i/ L PR A o W/ (mes™ ) TH A/
m (h/H) Al A2 A3 A4 A5 (mes ) o (hJH) Al A2 A3 Ad A5 (mes™!)
0 315 310 311 310 3.19 3.13 0 4.09  4.02  4.00 4.02 3.9 4.02
1-1 0.4 259  2.59 243 252 262 2.55 -1 04 416 413 410 411 401 4.10
0.8 1.08 1.08 1.10 110 1.08 1.09 0.8 1.35  1.38  1.35 1.31 131 1.34
0 283 2.83 275 285 285 2.82 0 3.46 3.88 392 378 3.78 3.76
22 04 248 248 258 255 255 2.53 22 04 3.57  3.67 3.53 3.53 3.46 3.55
0.8 115  1.15 1.8 115 1.15 1.16 0.8 1.28 128 124 124 1.21 1.25
0 240 233 245 245 248 2.42 0 346 339 3.5 346 343 3.45

33 0.4 2.13 220 218 218 2.20 2.18
0.8 1.38 140 1.30 1.18 1.18 1.29

33 0.4 3.11 325 318 3.18 3.36 3.22
0.8 1.52 1.52 1,52 1.35 145 1.47
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