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STUDY ON THE CHARACTERISTICS OF OPEN CHANNEL FLOW
WITH SUSPENDED LOAD (2)

By Hirotake IMAMOTO and Kunio OHTOSHI

Synopsis

The effect of suspended sediment on flow resistance has been one of the most interesting and
complicated problems in fluvial hydraulics. The behavior of sediment-laden flow can not be
understood in detail without sufficient knowledge of the variation of flow resistance. This paper
deals mainly with the resistance characteristics of free surface shear flows over smooth and/or rough
beds with suspended sand particles, comparing with the clear water flow of the same discharge.

Main results obtained through the experimental investigation are as follows; 1) According to
the velocity profile plotted on the semi-log paper, the flow above viscous sublayer is devided into
two regions; one is the lower region corresponding to so called logarithmic-law region and the
other the higher corresponding to the outer region where the velocity profile has steeper slope.
2) When sand particles are suspended, the velocity of a flow over smooth bed is decreased especially
near the bed, while, over rough bed, it is increased especially near the water surface. Therefore,
the velocity gradient becomes larger. 3) The friction factor of sediment-laden flow over smooth
bed increases with increasing in the sediment concentration, while that over rough bed decreases
contrarily. Such property of friction factor is reconfirmed by the relation between the relative
friction factor and the roughness Reynolds number in a constant sediment concentration. 4) Ina
sediment-laden flow, longitudinal sand streaks associated with low speed streaks are found out near
the bed. The histogram of sand streaks is approximately described by the log-normal distribution,
and the mean value of lateral interval of adjacent streaks is about 1.4 times of the water depth.
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Table 1. Theoretical prediction and experimental verification about the variation of some properties of a
flow with suspended solid particles after Hino.
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Table 2. Hydraulic conditions for the experiment.
Run Discharge | Depth  Bed Slope ' Friction|  Reynolds Froude | Roughness| Mean
No . | Velocity Number Number| Height ° Concentration
) Q(fs) | H(cm) I,  iUs(cm]s) R, F, k (cm) Cn (%)
V-1 3.977 2.35 | 1/400 ‘\ 2.40 1.02x 10 0.88 0.0 0
V-2 6.684 343 | 1/475.7 | 266 1.50 x 10 ‘ 0.84 0.0 0
V-3 | 12474 4.74 | 1/400 3.41 3.16x10¢ | 096 0.0 0
V-4 | 12474 258 | 1/50 7.11 3.09%10¢ | 241 0.0 0
V-5 | 6.684 3.39 | 1/4412 | 2.74 1.53% 10¢ 0.85 0.03 0
V-6 | 6832 3.64 | 1/200 4.22 1.54% 10+ 0.79 0.39 0
SS°1 | 6572 | 249 | 1/595 640 | 140x10* | 1.3¢ | 039 | 0.15
1 7.059 2.71 1/200 364 ' 1.58x10¢ . 1.26 0.0 0.02
2 7.059 271 | 1/200 3.64 1.58 % 104 1.26 0.0 0.16
3 7.059 169 | 1/50 5.76 1.58 x 104 2.57 0.0 0.16
4 7.059 2.22 | 1/100 4.66 1.58% 104 1.70 0.0 0.16
5 3.886 1.20 | 1/50 4.85 8.67 x 10 2.37 0.0 0.29
6 8.817 3.23 | 1/200 3.98 1.97 x 104 121 ;00 0.17
1 6.945 | 235 | 1/141.4 | 420 | 1.53x10¢ 1.36 003 | 003
12 6.945 2.55 | 1j141.4 | 4.20 1.53% 10 1.36 0.03 0.22
13 6.945 1.91 | 1/50 6.12 1.5 10¢ 2.10 0.03 | 0.22
21 6.978 291 | 1/84.1 582 | 1.54x 104 .12 039 | 0.16
22 6.978 291 | 1/84.1 5.82 1.54 % 104 1.12 039 0.29
23 6.978 248 | 1/50 6.97 1.54x 104 1.43 0.39 | 0.29
24 6.978 2.73 | 1/70.7 6.15 1.54 104 1.24 039 | 0.29
25 8.835 340 | 1/50 8.16 1.95 x 10¢ L13 039 | 0.30
26 | 5.109 2.03 | 1/50 6.31 1.13x 10¢ 141 | 039 0.39
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Table 3. Classification of multi-layer from Fig. 3-1.
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Fig. 2. Comparison of velocity distribution.

Table 4. Representative equations of velocity distribution,

Investigator Velocity defect law
Prandtl Uy=U__ 1, »
(1930) U, ¢ H
Karman Uy—U I T
(1930) ’{,—/= =~ Ao (1 =VT—3/H) +{T—y/H}
Zagustin Uy—U_ 2 afy_y\Ye
(1969) U, T el (%)
Blasius Uy—U__ U H\UT § 0 p\1?
(1913) o= (CE) T =(3)
Ug—U_ 1 7 (x) Ty
Coles dr e llnd+ 1—cos ™.
(1956) U, £ H' «x ( H)
7(x): free parameter
Uy—U_ 1.668 § 1 PN oy
Willis U, = s {zm o= ( T)-P(-7)}
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Fig. 3. Local mean velocity distribution plotted on the semi-log paper (smooth bed).
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Fig. 4. Local mean velocity distribution plotted on the semi-log paper (rough bed).
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Fig. 8. Relation between f/f; and k* keeping C,, constant.
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Fig. 9. Comparison of the velocity distribution of a clear water flow with that of a sediment-

laden flow.
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Photo. 1.  An example of sand streaks.
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Fig. 12.  Schematic illustration of longitudinal spiral cddy motions.
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Fig. 13. Comparison of suspended scdiment distribution at up-flow region with that

at down-flow region.
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Fig. 14. Existence probability of sand streaks.
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Fig. 17. Existence probability of sand streaks (k=0.39 cmn).
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Fig. 19. Histogram of the interval 1, of adjacent sand streaks (k=0.03 cm).

Table 5. Summary of experimental results.

Run ‘( H ( Ay [ P | JJH ] afhs
Cem) | em) [ fem) | |
1 2.71 3.45 1.42 1.273 0.412
2 2.71 3.46 1.10 1.277 0.318
3 1.69 2.72 0.74 1.609 0.272
4 2.22 3.39 0.98 1.527 0.289
5 1.20 1.82 0.48 1.517 0.264
6 3.23 3.22 1.10 0.997 0.342
T [ 285 | 290 | 112 | 17 038
12 2.55 2.80 0.96 1.098 0.343
13 1.91 2.65 0.71 1.387 0.268
21 2.91 422 1.25 1450 0.296
22 2.91 4.18 1.10 1.436 0.263
23 2.48 4.17 1.14 1.681 0.273
24 2.73 4.00 1.02 1.465 0.255
25 3.40 4.86 1.17 1.429 0.241
26 2.03 3.30 0.84 1.626 0.255
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Fig. 20. Histogram of the interval 1, of adjacent sand streaks (k=0.39 cm).
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Fig. 21. Relation between the mean interval of sand streaks and water depth.
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