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Fig. 1 Arrangement of step-shaped spur dike and velocity measuring points (unit; cm)

R Q=190 L/s, Bl IWimE /KR H,=0.35 m, ViR A8 KEES], KA SCM60 AU
W W RRA ST 17 AT, SR Vectrino /NG 30 EASCUIN | 647 B 7 AW T (CS1~CS7) , T
WL AL T CS3, Bl CS1~CS2 Wrim i T WAl 4351k 75 F1 25 em, T ilF CS4~ CST WrimEE T HIZ 73
25, 50, 100 F1 150 cm, 45 Wi s o6 B 5 10 ¥4 3% 11 2R A2k, 2R B B 20 om (T BE 3f 28 1 1 BE 24
5 cm) ; P RAE IR IRIE RN 4~31 cm, M SR 4.5 om, Hoh—20 T 3T A T 28 A B 4 N, H
RATELATE 7 AW RAE S TREAGE T 77 4 em AL,

BRI KIR T 0155502 9 2 PR H = MAIE M, iR EE252 04515170 14 4754075 58, T 31
DI T3 AR 21K 2 em , LA X A% 1 KB T V8 25 8 em,
1.2.2 RAEEGE  SEEEAKREZEM  rPRATA 0 3 S9N K LI T S0, B UE 25 SR UL IE] 2, (&1 R A A o R
FHUSFRIE S « 50 T W EE b, Z LA AXTVE R B, PAAR R R Y MK A7 2 5 R T T KA 2, Z L
AN AT, S5 5 o, T U i Ze 37 ) Pl K T 2R T s, 28 30 Ri s B e KA, U5 /K T 4 el T R, it
JE 518 BTV, a/b, = 15 A FEALRRERE 5 R A MK 1 R AR AL BEAR— B, T WG E (b, = 0) K A7 2%
P2 TR, 2T AT SZ R KA SR R o T IS K Y 8, K i i L, BB AR . NRIERKL
WF RS K LR SR & KA AR # 2

1.06 1.06 1.06
1.04 1.04 1.04
& 102k 9 e 1.02 e 102
51,00 ! 100 5100
o T oo T o Szl o S

0.98F 315 0981 — J15qH — e

0'96—20—15—10—5 0 5 10 15 20 0'96—20—15—10—5 0 5 10 15 20 0'96—20—15—10 -5 0 5 10 15 20
x/b, x/b, x/b,
(a) 2= NI (b) H %l (c) A3

B2 AKALERIE

Fig. 2 Verification of water level
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Fig. 4 Vertical distribution verification of longitudinal velocity
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Fig. 5 Partition of backflow region
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Tab. 1 Calculation condition of flow mathematical model

T Q/(L-s™h) Hy/cm £ & U2 Fr TH Q/(L-sh) Hy/cm £ £, W, Fr
1 190 35 0.20 0.20 0.43 0.147 14 190 35 0.40 0.20 0.14 0. 147
2 190 35 0.30 0.20 0.43 0.147 15 190 35 0.40 0.20 0.23 0. 147
3 190 35 0.40 0.20 0.43 0.147 16 190 35 0.40 0.20 0.34 0. 147
4 190 35 0.50 0.20 0.43 0.147 17 190 35 0.40 0.20 0.57 0. 147
5 190 35 0.60 0.20 0.43 0.147 18 190 35 0.40 0.20 0.71 0. 147
6 190 35 0.70  0.20 0.43 0.147 19 190 35 0.40 0.20 0.86 0. 147
7 190 35 0.80 0.20 0.43 0.147 20 190 15 0.40 0.20 1.00 0.522
8 190 35 0.40 0.05 0.43 0.147 21 190 20 0.40 0.20 0.75 0.339
9 190 35 0.40 0.10 0.43 0.147 22 190 25 0.40 0.20 0.60 0.243
10 190 35 0.40 0.15 0.43 0.147 23 190 30 0.40 0.20 0.50 0. 185
11 190 35 0.40 0.25 0.43 0.147 24 190 40 0.40 0.20 0.38 0. 120
12 190 35 0.40 0.30 0.43 0.147 25 190 50 0.40 0.20 0.30 0. 086
13 190 35 0.40 0.35 0.43 0.147
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Fig. 6 Change of backflow region length with influencing factors
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Fig. 7 Change of backflow region width with influencing factors
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Fig. 8 Change of positive velocity region width and negative velocity region width with influencing factors
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Fig. 9 Change of backflow curve shape with influencing factors
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Fig. 10 Change of circumfluence flow with influencing factors
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Analysis on law of backflow around step-shaped spur dike

ZHONG Liang"?, SUN Jianyun’, LIU Junjie’, ZHOU Xinjing’
(1. National Engineering Research Center for Inland Waterway Regulation, Chongqing Jiaotong University,
Chongging 400074, China; 2. Key Laboratory of Hydraulic and Waterway FEngineering of the Minisiry of
Education, Chongqing Jiaotong University, Chongqing — 400074, China; 3. Chongqing Information and
Communication Consulting and Design Institute Co. , Lid. , Chongqing 400041, China)

Abstract; Step-shaped spur dike is widely used in the waterway regulation, and the law governing the backflow is
closely related with the problems such as ship navigation, siltation of dam field ( deposition between two groins) and
embankment stability, but few studies are conducted in this field. In this research, the influence of spur’s geometric
scale and inflow condition on the backflow is studied by using a three dimensional mathematical model of water flow.
The results show that; (DThe backflow region length increases with the increasing of the relative length &, and
relative height ¢, of the first stage spur dike and the relative length &, of the second stage spur dike, and it
increases first and then decreases with the Froude number Fr; @ The backflow region width changes relatively
obviously with &, , &, and ¢, , and changes little with Fr overall; (3The width ratio curve of the positive velocity
region and the negative velocity region is overall convex, and the negative flow width is relatively large, which can
be 2.5 times the width of the positive velocity region near the spur dike; @The shape of backflow curve is related to
&,, &,and ¢, , and &, and ¢, mainly affect the length, while ¢, affects the overall shape; (3The circumfluence flow
is less than 10% of the discharge, and its distribution curve is asymmetric, with slow change in the flow increasing

area and relatively severe change in the flow decreasing area.

Key words: step-shaped spur dike; size of backflow region; backflow curve; backflow discharge



