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SECONDARY FLOW IN A STRAIGHT OPEN CHANNEL

By Hirotake Imamoto, Taisuke ISHIGAKI and Koji SHIONO

Synopsis

It is well known that the secondary flow can be observed in a straight open channel, however, it is
elusive to be detected because of its small magnitude and unstableness. The secondary flow is investi-
gated experimentally or numerically by many researchers. In this paper vortex motions induced by the
secondary flow are classified on the basis of its cause; velocity gap, flow boundary and bed-generated
turbulence, and discussed by using the results of 3-D LDA measurements, flow visualization in a trans-
verse cross section and an algebraic stress model (Naot-Rodi model). It is found that there are some
difference between the time-mean secondary flow obtained by LDA and N-R model and the instan-
teneous secondary flow by the flow visualization.
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Table 1. Hydraulic conditions

Case  Slope Discharge = Channel Water Flood plain Reynolds  Froude
width depth width hieght number  number
No. I Q(1/sec) B(cm) H(cm) b(em) h(cm) Re Fr
R1 1/1400 2.06 20.0 4.0 - - 7700 0.48
R2 1/1100 1.20 12.0 4.0 - - 5800 0.52
R3 1/1200 0.33 4.0 4.0 - - 2900 0.57
R4 1/800 1.56 39.0 4.1 - - 2900 0.17
Cl 1/800 3.65 40.0 4.0 20.0 2.1 8010 0.57
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Fig. 1. Secondary flow vectors obtained by LDA measurement and algebraic stress models in
rectangular open channels.
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Case-R4 (B/H=10)

Photo. 1. 3-D structure in a transverse cross section of flow visualized by the hydrogen bubble
method in a rectanguler channel of B/H=10.

(a) veloclty N-R model (B/H=10)
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(b) secondary flow vector:

(c) logitudinal component of vorticity
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Fig. 2. Distributions of the streamwise mean velocity, U, the secondary flow
vectors, (v, w), and the longitudinal component of vorticity, & calculated
by Naot-Rodi model for the same hydraulic condition of Photo. 1.
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Fig. 3. Secondary flow vectors near the corner obtained by LDA measurements and N-R model.
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LDA measurement Case-R1(B/l=5)
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Fig. 4. Secondary flow patterns near the comer.
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Fig. 5. Pass lines of neutral buoyant tracers in a transverse cross section.
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Fig. 6. Distribution of flow cells observed in 35 photographs

as shown in Fig. 5.
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main channel flood plain
Photo. 2. 3-D structure in a transverse cross section of flow visualized by the hydrogen bubble

method in a compound open channel.
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Fig. 7. 2-D and 3-D fluid mixing in a compound open channel.
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Fig. 8. Secondary flow caused by flow boundary in a compound open channel obtained by LDA
measurement and N-R model.
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