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An Experimental Study on Tip Velocity and Downstream Recirculation
Zone of Single Groyne Conditions
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Kang, Joon Gu / Yeo, Hong Koo / Kim, Sung Jung

Abstract

Recently, the concern of groynes that provide us with various ecological environment and
improvement of scenary near river as well as hydraulic improvement has greatly increased for
naturalized river and ecological river restoration. However there is no adequate design guidelines in
Korea. Furthermore there is lack of research for installation of groynes in Korea. Thus, in this study,
we have conducted hydraulic modeling test for kinds of groyne and changes of permeability and made
a study of the analysis for installation factor of groyne.

Experimental conditions were the fixed bed model for flow pattern of groyne tip and separation length
about changes of groyne length and permeability. The Experiments were conducted to measure velocity
and drift angle at groyne tip. The main study has measured the groyne tip velocity for a factor of scour
and drift angle for velocity increase at center of channel. We have suggested the equation about groyne
tip velocity rate(tip velocity/ approach velocity) and area rate(groyne area/ flow area). And In
recirculation zone of groyne downstream, To study the basic data of groyne about installation interval
has analyzed the change of separation length and incidence angle. We have suggested the equation about
separation length rate(separation length/ groyne length), changes of permeability and installation angle.
keywords : groyne, recirculation zone, separation length, tip velocity
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Fig. 4. Velocily measurement for ADV
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Fig. 8. Background reduction image of flow Fig. 9. Velocity vector field for LSPIV method
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Table 1. Experimental result of single groynes

S e
)| A k| e | g e | seas | SERE r |
L) | a () | POS | vun/s) | () | egtmis) |7 T ) B )

1 0.30 45 0 0.25 0.15 0.30 2.90 1.20 9.67 0.21 5.91
2 0.30 60 0 0.25 0.15] - 0.32 3.40 1.28 11.33 0.21 5.04
3 0.30 75 0 0.25 0.15 0.33 3.65 1.32 12.17 0.21 4.70
4 0.30 105 0 0.23 0.15 0.32 3.80 1.39 12.67 0.19 4.51
5 0.30 120 0 0.23 0.15 0.29 3.50 1.26 11.67 0.19 4.90
6 0.30 135 0 0.23 0.15 0.27 2.60 1.17 8.67 0.19 6.58
7 0.30 45 0 0.30 0.15 0.40 2.90 1.33 9.67 0.25 5.91
8 0.30 60 0 0.30 0.15 0.43 3.60 1.43 12.00 0.25 4.76
9 0.30 75 0 0.30 0.15 0.44 3.60 1.47 12.00 0.25 4.76
10 0.30 105 0 0.30 0.15 0.45 4.20 1.50 14.00 0.25 4.09
" 0.30 120 0 0.30 0.15 0.43 4.10 1.43 13.67 0.25 4.18
12 0.30 135 0 0.30 0.15 0.41 3.20 1.37 10.67 0.25 5.36
13 0.30 45 0 0.40 0.15 0.49 3.00 1.28 10.00 0.33 5.71
14 0.30 60 0 0.40 0.15 0.52 3.60 1.30 12.00 0.33 4.76
15 0.30 75 0 0.40 0.15 0.55 3.80 1.38 12.67 0.33 4.51
16 0.30 105 0 0.40 0.15 0.55 4.00 1.38 13.33 0.33 4.29
17 0.30 120 0 0.40 0.15 0.53 3.90 1.33 13.00 0.33 4.40
18 0.30 135 0 0.40 0.15 0.51 3.00 1.28 10.00 0.33 5.71
19 0.20 90 0 0.25 0.15 0.31 2.35 1.24 11.75 0.21 4.86
20 0.20 90 20 0.25 0.15 0.31 1.83 1.23 9.15 0.21 6.24
21 0.20 90 40 0.25 0.15 0.30 1.20 1.19 6.00 0.21 9.46
22 0.20 90 60 0.25 0.15 0.29 0.57 1.14 2.85 0.21 19.33
23 0.20 90 80 0.25 0.15 0.28 0.20 1.10 1.00 0.21 45.00
24 0.30 30 0 0.25 0.15 0.35 3.60 1.39 12.00 0.21 4.76
25 0.30 90 20 0.25 0.15 0.33 2.80 1.33 9.33 0.21 6.12
26 0.30 90 40 0.25 0.15 0.32 1.27 0.21

27 0.30 90 60 0.25 0.15 0.30 0.95 1.19 3.15 0.21 17.61
28 0.30 90 80 0.25 0.15 0.28 0.48 1.13 1.59 0.21 32.17
29 0.40 90 0 0.25 0.15 0.39 4.90 1.55 12.25 0.21 4.67
30 0.40 90 20 0.25 0.15 0.34 3.70 1.36 9.25 0.21 6.17
31 0.40 90 40 0.25 0.15 0.32 1.28 0.21

32 0.40 90 60 0.25 0.15 0.29 1.00 1.17 2.50 0.21 21.80
33 0.40 90 80 0.25 0.15 0.27 0.64 1.08 1.60 0.21 32.01
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34 0.50 90 0 0.25 0.15 0.42 6.20 1.69 12.40 0.21 4.61
35 0.50 90 20 0.25 0.15 0.36 4.70 1.45 9.40 0.21 6.07
36 0.50 90 40 0.25 0.15 0.33 1.31 0.21
37 0.50 90 60 0.25 0.15 0.29 1.17 0.21
38 0.50 90 80 0.25 0.15 0.27 1.07 0.21
39 0.20 90 0 0.30 0.15 0.35 2.29 1.16 11.47 0.25 4.98
40 0.20 90 20 0.30 0.15 0.35 1.85 1.15 9.25 0.25 6.17
41 0.20 90 40 0.30 0.15 0.33 1.26 1.10 6.30 0.25 9.02
42 0.20 90 60 0.30 0.15 0.32 0.61 1.06 3.05 0.25 18.15
43 0.20 90 80 0.30 0.15 0.31 0.20 1.03 1.00 0.25 45.00
44 0.30 90 0 0.30 0.15 0.39 3.51 1.31 11.70 0.25 4.89
45 0.30 90 20 0.30 0.15 0.36 2.70 1.21 9.00 0.25 6.34
46 0.30 90 40 0.30 0.15 0.35 1.67 1.17 5.58 0.25 10.16
47 0.30 90 60 0.30 0.15 0.33 0.97 1.10 3.23 0.25 17.20
48 0.30 90 80 0.30 0.15 0.32 0.46 1.05 1.53 0.25 33.17
49 0.40 90 0 0.30 0.15 0.43 4.90 1.42 12.25 0.25 4.67
50 0.40 90 20 0.30 0.15 0.39 3.60 1.30 9.00 0.25 6.34
51 0.40 90 40 0.30 0.15 0.36 1.79 1.21 4.48 0.25 12.58
52 0.40 90 60 0.30 0.15 0.33 1.52 1.11 3.81 0.25 14.71
53 0.40 90 80 0.30 0.15 0.31 0.72 1.04 1.80 0.25 29.05
54 0.50 90 0 0.30 0.15 0.47 6.00 1.57 12.00 0.25 4.76
55 0.50 90 20 0.30 0.15 0.42 4.80 1.41 9.60 0.25 5.95
56 0.50 90 40 0.30 0.15 0.38 1.25 0.25
57 0.50 90 60 0.30 0.15 0.34 1.12 0.25
58 0.50 90 80 0.30 0.15 0.31 1.04 0.25
59 0.20 90 0 0.40 0.15 0.50 2.40 1.25 12.00 0.33 4.76
60 0.20 90 20 0.40 0.15 0.48 2.10 1.20 10.50 0.33 5.44
61 0.20 90 40 0.40 0.15] 0.46 1.15 0.33
62 0.20 90 60 0.40 0.15 0.46 1.15 0.33
63 0.20 90 80 0.40 0.15 0.44 1.09 0.33
64 0.30 90 0 0.40 0.15 0.56 3.60 1.39 12.00 0.33 4.76
65 0.30 90 20 0.40 0.15 0.51 2.90 1.27 9.67 0.33 5.90
66 0.30 90 40 0.40 0.15 0.48 1.20 0.33
67 0.30 90 60 0.40 0.15 0.46 1.16 0.33
68 0.30 90 80 0.40 0.15 0.45 1.12 0.33
69 0.40 90 0 0.40 0.15 0.61 5.00 1.52 12.50 0.33 4.57
70 0.40 90 20 0.40 0.15 0.54 4.10 1.35 10.25 0.33 5.57
71 0.40 90 40 0.40 0.15 0.50 1.25 0.33
72 0.40 90 60 0.40 0.15 0.48 1.20 0.33
73 0.40 90 80 0.40 0.15 0.45 1.12 0.33
74 0.50 90 0 0.40 0.15 0.66 6.25 1.64 12.50 0.33 4.57
75 0.50 90 20 0.40 0.15 0.58 5.00 1.45 10.00 0.33 5.71
76 0.50 20 40 0.40 0.15 0.52 1.29 0.33
77 0.50 90 60 0.40 0.15 0.47 1.18 0.33
78 0.50 90 80 0.40 0.15 0.44 1.09 0.33
79 0.40 90 0 0.47 0.24 0.72 4.80 1.54 12.00 0.31 4.76
80 0.40 90 0 0.37 0.19 0.55 4.75 1.49 11.88 0.27 4.81
81 0.40 90 0 0.41 0.21 0.62 4.80 1.51 12.00 0.29 4.76
82 0.40 90 0 0.34 0.18 0.50 4.70 1.468 11.75 0.26 4.86
83 0.50 90 0 0.46 0.17 0.92 6.20 1.99 12.40 0.36 4.61
84 0.50 90 0 0.33 0.19 0.57 6.15 1.72 12.30 0.24 4.65
85 0.50 90 0 0.35 0.20 0.62 6.15 1.77 12.30 0.25 4.65
86 0.50 90 0 0.43 0.22 0.72 6.12 1.67 12.24 0.30 4.67
87 0.50 90 0 0.47 0.24 0.82 5.90 1.75 11.80 0.31 4.84
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Table 2. Experimental equation of tip velocity
Experiment Equation
Vyi/Vapy = 1. 76X A" +1.015
vy, Experiment Equation " L -
A (AHE ) =A,/(4—4,)(002< 4 <035)
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Fig. 14. Separation length of single groynes of permeability rate
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Table 2. Experiment equation of separation length

Experiment Equations
L' =12 616X K X K} Fy00523
(L =1/1)
K,=—0.0116xXX+1
K, #4& As
(0% < X(Permeability) <80%)
K, =0.00587XX+0.471 (234l 45°~90°)
K, = 0.00556 XX+ 1.5 (8fakAl 90°~135°)
K, 24237 A
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