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Fig. 2 Schematic diagram of layout of water level observation sections and points
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Fig. 4 Water level changes of measured points under different flume slopes

FET 3O 00, URGHR B T 2K B, HO%E
JKFESE LT HUM K . AU, K A Wi 4 TF46
BUAFRR A N Bk, KRS O —3%0~—2%0ff, 7K
PEAEIRTIAT 6 A Bk AR AL, SRR B LT el 4

TR B A —1%0~1%ol, 7K A3 F A1 45, 78 W T 8 Ak, [
FEREETHE I, 2SR 3%, JKA F I8 If
4 —H FREZWIE 11, 3158 B B A KRS 3R Y T
UG BROK A I AR SB T T

68 HEPERLA /2019 4 /56 43 4 /4 3 1)



e IRkE REPOATS

22 T TFTHBREIFESIN
N PIV AR, XA i X434 300 5K ]
18, SRV, MERZXIRMTAE . B S AR
ERERE, THUR WK AEIRES 0.10 m ARR/KE-5IHE i
P, TP X Y B R R RS A
MBS AT VA, T TR R AR, KR

T T WURAE X BOA 2 ok, 3 T U 7K T 2 4%
WCTE, F AR B AE R A PR AR SRR B 5 1 R 3
TE F L B VIR SR By s R, USRI T
R BRI, € 168 S BE A AR AL, AELE IR P
P R EE | SR AR A BT AN [A] o

2 KA AN TR T 30 b et 1o WL 1
TSR (A T W T I A 1—11 4,

—~3%o ‘ ~2%o0 —~1%o
-100
£ =200
£
>~
=300
-400
1 — - . kl i I' -
100 200 300 400 100 200 400 100 200 300 400
X/mm X/mm X/mm
0 1%o 3%o
-100 -100 ~100
. —200 | —200F
£ 200 £ é
£ g =
= = >~
=300 -300 -300
—400 —400 400
Ye— —— 1 1 L- 1 1 1
100 200 300 400 100 200 300 400 100 200 300 400
X/mm X/mm X/mm

Fls THURWeRE KA ISHE 0.10 m b 7K ¥ 1 it i 47 ]

Fig. 5 Flow velocity fields in the horizontal plane with 0.10 m distance from the flume bottom at downstream of the spur dike

under different flume slopes
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Tab.2 Flow velocity at traverse observation points along the midline of spur dike under different flume slopes

SO T/ (m/s)
—3%o —~2%o —1%o 0 1% 3%o
1 0.201 0.204 0.203 0.201 0.197 0.194
2 0.197 0.195 0.194 0.192 0.187 0.186
3 0.194 0.190 0.189 0.187 0.181 0.181
4 0.194 0.188 0.186 0.184 0.180 0.178
5 0.195 0.188 0.187 0.183 0.183 0.177
6 0.200 0.190 0.188 0.184 0.184 0.178
7 0.202 0.193 0.188 0.187 0.187 0.179
8 0.199 0.196 0.189 0.189 0.188 0.182
9 0.200 0.199 0.194 0.191 0.190 0.186
10 0.204 0.202 0.200 0.194 0.192 0.190
11 0.207 0.205 0.204 0.198 0.193 0.190
it T A (E 0.199 0.195 0.193 0.190 0.187 0.184
R 0.207 0.205 0.204 0.201 0.197 0.194

Marine Sciences / Vol. 43, No. 3/2019

69



e IRkE REPOATS

i 3). R AT LA, BER KSR RS, Wi
PR W N o 2T I AR R T
IR Y T DX B2, Rtk 2s 1) T 06k e %, T
L0 B4 303/ T T3 M e

# 3 AR [ RS BGE T4 R,
AT A, Bl AR SR R38R, Tieihs i 1
(L85 T U0 BERE BB, B oSS T
IR BEES AACER o SRR R —3%0 1 %ol T
HUL S T I AR, KRR D 0 Ak e
L i 5T IR B B D R 2 K R 3 S —29%0
—1%0 1 1%ofbF, i 0 i3 55 T A B B A1, 01
Je B D3 DX R 5 T A R R T 2R SOk Y
BEHLRFE o

[\ DX AP R AR B 4.42, ZRAGIERR 3.96~
5.10, ZEAREHHR . PR PRI SE1E D 1.30, 722

R3I FRKEHEMNEERELEITER

FEAE IR 1.25~1.35, A0t FElAse/IN o KA B R —3 %ol
B XK B, h 25.48 om, KRS EE R—1%0k, [A]
WX KR RE, M 19.80 cm. /KL EE R—3%0H1 0 I,
I IX FE B fe B, N 6.73 cmy KA IR BE F—1%oi, (7]
WX TEE N, M 6.25 em. TR, [RIFIX B F5E
JE AR A5 KR 3 B () AR AN AFE R R B e &R, (HE
TS AT AT — > S8l NP HE P8 NP KA e e,
RT3 DX AR B 5 5 B AR AL L — B Ge iR -

R T A3 L XA B 5 B R B AR 3 B AR AL N TR
B C R, SL RN LBRESHEEZH)S
LG Il B2 ) O R th Ze (A&l 6), L/B 5 L/b 3L
R R, HIA:

L/B =(1.5726L/b)—0.9296, (1)

R UEIH, (813 XA B 58 B B AR L B 58 4 e
BRI -

Tab. 3 Statistical results of recirculation region behind the spur dike under different flume slopes
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Fig. 6 The relationship between the ratio of length and
width of recirculation region (L/B) and relative
length of recirculation (L/b)
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Fig. 7 Contours of turbulent intensity downstream of the spur dike under different flume slopes
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Tab. 4 Statistical results of velocity at observation points in the region near the dike head under different flume slopes

W /(<107 m/s)

pRLSURIIYSY —3%o —2%o ~1%o 0 1%o 3%o
o @ ®® o o e o @ 6 v o B’ v 2 6 O ©
1 16 22 67 12 31 74 16 36 81 13 35 79 14 36 82 15 36 78
2 04 30 78 32 52 95 31 55 102 3.6 57 101 39 61 103 39 59 938
3 1.5 47 100 58 79 121 65 9.1 134 60 82 126 67 89 127 6.1 8.1 12.0
4 40 79 131 92 11.1 149 102 129 163 92 114 151 9.5 11.8 152 85 109 14.6
5 9.5 13.1 16.8 12.7 149 17.6 142 16.4 185 122 150 17.6 12.8 149 17.2 11.4 138 165
FHEIWE 34 62 109 64 84 123 7.1 95 133 65 88 127 68 9.1 127 63 85 12.1
ST X 6.8 9.1 10.0 9.3 9.5 9.0

e OMERIEILEET 0.3 om Jid; QLB ISKLEER 0.8 cm Hid; QCEBHISLEE 1.5 cm k.
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Abstract: This study investigated the flow structures in the near-field of an emerged spur dike under different hy-
draulic gradients by laboratory experiments using ultrasonic wave and PIV technical methods for measuring the
water level and velocity, respectively. Experimental results showed that with the decrease in the hydraulic gradient,
at the head of the dike, the area of the strong turbulence intensity gradually spread toward the main stream and up-
stream. At the downstream of the dike, the lowest point of the hydraulic gradient dropped gradually downward, and
the vortex center was close to the wall of the dike side. There was no obvious relationship between the change in the
length and width of the recirculation zone and the change in the hydraulic gradient; however, a highly linear rela-
tionship was observed between the velocity in the region near the dike head and the length and width of the recir-
culation zone. These research achievements reveal the mechanism of the regulative action of the dike to the flow
structure under different hydraulic gradients. At the same time, these findings could clearly explain the difference in
the length of the recirculation zone obtained by measurements of previous researchers and further provide a scien-

tific basis for designing the spur dike and planning the river shoreline.
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