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Study of Hydraulic Bores in Confiuence
Masao ARAKI, Goro TOMIDOKORO, and Shigenori TAKAKI

In order to understand the characteristics of hydraulic bores in the open channel
confluence, model experiments and numerical experiments using the finite element
method have been performed. The relative wave-heights (the ratio of the wave-height
of bores to the total water depth), the confluent angles and the main channel
velocities have been adopted as the affecting parameters on the hydralic bores in
the confluence. The following results are obtained.

Becoming larger the relative wave-heights, for the bores going upstream direction
the wave-height ratios (the ratio of the wave-height to the wave-height of bores in
the sub channel) and the wave-velocity ratios (the ratio of the wave-velocity to
the wave-velocity of bores in the sub channel) become smaller, but for the bores
going downstream direction the wave-heigth ratios become larger and the wave-
velocity ratios smaller to some extent of relative wave-heights, and exceeding this
limit, the tendency is reversed. Becoming larger the main channel velocities,
the wave-height ratios become larger for the bores going upstream direction and
smaller for the bores going downstream direction, but the wave-velocity ratios don’t
change., And becoming larger the confluent angles, the hydralic bores spread more
easily to upstream direction than to downstream direction for the reason that the

separation of flow in the confluence differs respectively,
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Table 1 Experimental results
v | k| 4H, AdH, |4Hy| o1 | ox | o1 | enm | ox | g1 | gx | am
_dH.

(cmy/s)| (cm) | (cm) |hy 4+ 4H, | (cm) | (cm) |(cm/s)(cm/s)l(cm/s)i(cm/s){(cm/s)| (I/s) | (I/s) | (I/s)
3.1 3.0 0.45 1.0 [ 1.7 {102.5} 64.8| 70.6} 93.8 | 88.2| 9.2 3.2 8.0
3.0 4.9 0.58 1.313,21130.4} 67.5| 73.31102.4| 96.8! 19.2, 4.4} 16.4
3.0 6.6 0.65 1.7 1 4.1 |151.6] 68.7| 74.5112.4,106.8] 30.0 5.8 1 23.0

2.9 10.0 0.74 2.2 5.6 (168.6] 74.3| 79.8/132.91127.7} 50.6 8.2 | 37.2
5 6.0 3.0 0.31 1.1 11,5 1107.9) 84.8) 89.71104.7100.0} 9.7 4.7 7.9
6.1 5.0 0.43 1.5 1 3.0 [124.0| 90.1] 94.9|118.4/113.7| 18.6 6.8 | 17.8

6.1 6.8 0.50 2.1 4.4 |148.2) 89.5| 94.7/121.5(116.4| 30.2 9.4 | 26.7
9.1 3.0 0.24 1.1) 1.4 1121,0)100.11104.7,118.4}113.7} 10.9 5.5 8.3
9.1 5.4 0.36 1.8 13.01141.6(104.4]109.0(128.8|124.1| 22.9 9.4 1]19.3

9.1 6.9 0.41 2.4 14,2 (152.3/103.5(108.11133.6/128.9] 31.5 | 12.4 | 28.1
3.1 3.1 0.46 1.111.5(102.5| 59.3| 78.0/100.9] 81.1| 9.5 3.3 7.6
3.2 | 5.0 0.57 1.7 1 2.8 1130.4) 63.0| 81.9|113.4} 93.4|19.6 | 5.4 | 15.9
3.1 6.8 0.65 2.2 1 3.5 (151.6| 63.4| 83.7[125.0{104.2] 30.9| 7.0 | 21.9
3.0 9.8 0.73 2.7 1 5.01158.3] 68.5] 87.7|137.4|117.7| 46.5 9.2 | 34.4
2 6.1 2.8 0.30 1.1 1.11107.9] 75.0| 94.7,113.3; 93.6| 9.1 4.1 6.2
6.1 4.7 0.41 1.8 [ 2.41124,0 77.1} 86.8(126.9(107.2{ 17.5 6.9 15.2
6.0 6.8 0.51 2.4 13,7 1148.2] 76.6| 97.1|126.6]106.1| 30.2 9.2 | 23.4

9.1 3.0 0.24 1.2 (1.2 1121.0} 85.5/104.5(128.8|110.0{ 10.9 5.1 7.7

9.1 5.2 0.35 2.0 1 2.5 {141.6| 90.6(109.6140.31121.5| 22.1 9.1 17.5
9.1 6.8 0.41 2.6 3.5 1152.3] 93.6|112.6{144.2[125.4} 31.1 | 12.2 | 25.2
9.3 2.9 0.23 1.6 | 0.5 [121.0} 66.7|105.11154.7|114.4| 10.5 5.3 3.9
40 9.1 5.4 0.36 2.8 1.8 1141.6| 75.6(114.2]|160.9|120.5} 22.9 | 10.6 | 14.5
9.2 | 7.0 0.42 3.5 8 1152.3| 77.8|116.2|164.6]124.9! 32.0 | 13.6 | 23.0
9.0 9.2 0. 49 4.0 161.0| 80.8{120.3|169.0(128.6| 44.4 | 16.2 | 33.0
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Fig. 4 Inflence of relative wave-height (v = 5cm/sec)
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Fig. 5 Inflence of relative wave-height (v = 20cm/sec)
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Fig. 6 Inflence of relative wave-height (v = 40cm/sec)
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Fig. 8 Expansion of hydraulic bores in the confluence (A, = 3cm, v =5cm/sec)
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Fig. 9 Wave-height distribution of hydralic bores along the
right bank of the main channel (4H, = 5cm)
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Fig. 11 Influence of the main channel velocities (30°)
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Fig, 13 Expansion of hydraulic bores in the confluence (60°)
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