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Superelevation and Bed Variation Due to Attack Angle of
Submerged Vanes in Curved Channel

ABSTRACT

Since the centrifugal force acts on the flow in the curved channel, a transverse water surface gradient occurs and the thalweg is biased
toward the outer bank. The submerged vanes may be used to solve various engineering problems of the curved channels. In order to
analyze the influence of an attack angle and the distance between the vane arrays on the river bed variation and the superelevation in
a bend, movable bed hydraulic experiments were conducted in a 90°curved rectangular channel of a small-size gravel bed. Installing
the submerged vanes in the bend increases the maximum scour depth. But if vanes are installed in a uniform obtuse angle, the scour
depth may be reduced. If the flow rate in the channel bend with vanes equals to the channel forming discharge, the location of the
maximum scour depth moved to the downstream and the superelevation increased. However if the flow rate is smaller than that, the
location of the maximum scour depth moved upstream and the superelevation decreased. The channel bed change and the
superelevation due to the installation of the submerged vanes have been dependent on the interaction of the attack angle, the flow rate,
and the distance between the arrays.
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N1 None 183.0 1/150 33
Without vanes
N2 None 163.7 1/300 33
0 <1 Vi N1 28 15~30 5~20 1.5 166.1 N1 33
' V2 N1 28 15~30 160~175 1.5 162.0 NI 33
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' V5 N2 28 15~30 160~175 3 163.6 N2 33
V6 N2 28 15~30 160 3 163.8 N2 33
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Table 2. Plane Arrangement and Attack Angle of Vanes Along a Line in Case of Acute Angle (in N1)

) Distance between vanes
Channel Angle in bend (°) 0(°) Remarks
G L, (m)
. 0 0 20 1st vane
Straight
30 0.84 20
0 30 0.84 20
9 25 0.70 20
18 23 0.64 15
25 20 0.57 15
31 15 0.42 10
37 15 0.42 10
Curved
43 15 0.42 10
49 15 0.42 5 Impingement center
57 20 0.56 10
65 23 0.64 15
75 25 0.69 20
85 30 0.84 20
Straight 30 0.84 20 15" vane
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Fig. 4. Thalweg Profile After N1 and N2 Experiments
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Table 3. Experimental Results

Max. scour depth Superelevation (mm) Increasement
No. (Z/Qs ) (:;) (m‘;s) £, dy max L 1™ 2om d,max | Rateof 1%
(m) (m) (Location, m) (Location, m) (mm) |superelevation
N1 183.0 0.194 0.66 0.48 0.462 13.30 18 (12.16) 16 (11.01)
N2 163.7 0.181 0.63 0.47 0.587 16.63 11 (14.52) 9 (12.76)
0 <1 V1 166.1 0.179 0.64 0.48 0.428 13.95 16 (12.76) 15 (14.52) 34 -0.111
" V2 | 1620 | 0.180 | 063 | 047 | 0411 | 1437 16 (11.03) 15 (12.76) 51 0.111
V3 163.6 0.181 0.63 0.47 0.549 13.38 14 (12.76) 10 (14.52) 38 0.273
Q-1 V4 164.5 0.175 0.64 0.49 0.531 12.77 19 (15.10) 16 (13.91) 56 0.727
" V5 | 163.6 | 0.197 | 057 | 041 | 0544 | 14.10 21 (12.76) 20 (13.95) 43 0.909
A 163.8 | 0.191 | 0.59 | 043 0.591 14.49 18 (15.10) 17 (13.95) -4 0.636

Fig. 5. Photos After Experiments (V1,V2)
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Table 4. Plane Arrangement and Attack Angle of Vanes Along a Line in Case of Acute Angle (in N2)

Channel Angle in bend (°) Centralline of | Distance between vanes 70 Remarks
channel (m) G, L, (m) V5 )

Straight 8.23 0 0 160 160 1¥ vane
9.07 30 0.84 160 160
1 9.91 30 0.84 160 160
11 10.60 30 0.84 160 160
21 11.29 30 0.84 160 160
31 12.23 30 0.84 160 160
41 12.72 30 0.84 160 160
Curved 51 13.48 30 0.84 160 160
59 14.04 25 0.70 165 160
66 14.51 20 0.56 165 160

71 14.90 15 0.42 170 160 Start of impingement
76 15.23 15 0.42 170 160
81 15.57 15 0.42 170 160
86 15.95 15 0.42 175 160 Impingement center
Straight 16.35 15 0.42 170 160 15" vane
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