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ON THE HYDRAULICS OF AN OPEN CHANNEL FLOW
IN COMPLEX CROSS SECTION (5)

By Hirotake Imamoro, Taisuke Ismicak: and Yasunori MurtoH

Synopsis

In a compound open channel the flow velocity on the flood plain and it in the
main channel are different, and a mixing zone exists between the two flows. It is
necessary to clarify the flow structure in this region for investigating the interaction
between main channel and flood plain flows. In this paper it is the objectives to
clarify the fluid mixing in this region and compare the mixing with it in the 2-D
mixing layer by using the flow visualization results on the water surface and in a
cross section of the flow. The analogy between the fluid mixing in a compound
open channel and it in the 2-D mixing layer has been recognized from the results.
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Table1l. Hydraulic conditions

Case Slope Discharge Channel Water Flood-plain  Reynolds Froude
width depth  width height number number

No. I Q(/sec) B(cem) H(em) blem) h(em) Re Fr
1 1/ 800 1.35 39.0 4.0 12.0 2.0 3630 0.16
2 1/1000 24.50 100.0 9.3 40.0 6.0 22300 0.47
3 1/1000 0.92 40.0 2.5 12.0 2.0 1750 0.36
4 1/1000 1.45 40.0 3.0 12.0 2.0 2690 0.37
5 1/1000 3.03 40.0 4.0 12.0 2.0 5410 0.43
6 1/1000 5.45 39.0 5.0 12.0 2.0 9350 0.51
7 1/ 800 2.42 39.0 3.0 12.0 2.1 5380 0.58
8 1/ 800 3.35 39.0 3.5 12.0 2.1 7290 0.61
9 1/ 800 4.21 39.0 4.0 12.0 2.1 8950 0.61
10 1/ 800 5.32 39.0 4.5 12.0 2.1 11060 0.63
11 1/ 800 6.25 39.0 5.0 12.0 2.1 12720 0.63
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Photo. 1. Example photograph of time lines in a cross section of a flow by
the hydrogen bubble method.
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Pattern-A Pattern-B Pattern~-C Pattern-D

i
i

Fig.1. Four patterns of time line at the boundary between main channel and
flood plain in a cross section of a flow, and percentage of each pattern
by the hydrogen bubble method.

Case 2

main channel flood plain

Photo. 2. A pair of photographs of a flow on the water surface by
Cameron’s parallax method.
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Case 2
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Fig. 2. Instantaneous distribution of streamwise velocity on the water surface
by Cameron’s parallax method.

Case 2

flood plain

T

main channel

Photo. 3. Vortexes on the water surface in the mixing zone by a camera
moving at the same speed of the mean velocity in the zone.
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Case 9
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Fig.3. Lateral distribution of velocity in the mixing zone, compared with
Goertler's solution for the 2-D mixing layer.
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Fig.4. Probability distribution of the vortex spacing in the 2-D mixing layer
after Brown and Roshko®, Takaki and Kovasznay® and Bernal®.
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Fig. 5. Probability distribution of the vortex spacing in the mixing zone of a

compound open channel flow: ——, log-normal distribution,
normal distribution.
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Fig. 6. Probability distribution of time-intervals of two mixing patterns: —,
log-normal distribution, ----, normal distribution.

.._8_



AR HIE < KEE - TR R A O KB ic oW T (5) 395

(Dag~Dap)/%ap (Dp-Dp) /oy,
Fig.7. Probability distribution of duration of two mixing patterns: —, log-
normal distribution, ----, normal distribution.
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Fig. 8. Lateral distribution of velocity in the mixing zone with Goertler’'s
solution for the 2-D mixing layer.
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Fig.9. The width of the mixing zone, L,, and the distance between the center
of the zone and the flood plain’s edge, Lo.
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main channel flood plain
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Fig. 10. Lateral distribution of velocity and calculated distribution in the
mixing zone by Eq.(7) and Eq.(12).
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