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Measurement of Velocity—Lag of Suspended-Sediment Particles
in Turbulent Open-Channel Flows
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Abstract

To describe the behavior of suspended-sediment particles in turbulent open—channel flows, the
advection-diffusion equation or its simplified form has been used. Though this equation was derived upon
several assumptions, only a few studies tried to evaluate the limit of the assumptions. The reason is that it
is very difficult to measure turbulence in open-chamnel flows and to discriminate the velocities of water and
sediment particles. The present study aims to measure the velocity profiles of water and sediment particles in
open—channel flows by using PTV (Particle Tracking Velocimetry), a kind of PIV (Particle Image
Velocimetry). The measured results showed that sediment particles moved slower than water tracers did in
the outer region. In the present study, the amount of velocity-lag reached about 5 % of the mean flow
velocity and the position of the maximum velocity-lag was y/h=0.05 (y" =30~ 50). The main cause of
the velocity-lag of sediment particles seems that the sediment particles have larger density than water has.
On the other hand, in the viscous sublayer, sediment particle has a larger velocity than water tracers. The
reason of the inversion of velocity-lag may be due to the no-sleep condition of water at the solid boundaries.

keywords : PTV (Particle Tracking Velocimetry), sediment-laden flow, velocity-lag, velocity profile,
turbulent flow
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Fig. 1. Layout of the experiment flume

Table 1. Characteristics of the experiments

Cw1 NS1 NS2 NS3
rHns clear water water, sand water, sand water, sand
width (m) 0.15 015 0.15 0.15
depth (m) 0.021 0.021 0.021 0.021
hydraulic slope 0.0113 0.0113 0.0113 0.0113
condition temp. (°C) 22~23 23 22 23~24
hyd. radius (m) 0.016 0.016 0.016 0.016
Reynolds no. 17,670 17,650 17,420 17,340
specific gravity - 2.65 2.65 2.65
sediment size (mm) - 0.21~0.25 0.21~0.25 0.21~0.25
properties fall vel.(m/s) - 0.024 0.024 0.024
conc. (x10°%) 0.00 0.46 0.92 1.62
no. of image pairs analyzed 1,742 3,493 5,826 5,828
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(@) First image {b) Second image
Fig. 2. Sample images of sediment-laden flow

Fig. 3. A sample velocity vector field
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Fig. 4. Layout of grid cells for statistical analysis of velocity fields

Table 2. Characteristics of flow and sediment by using PTV

runs Cw1 NS1 NS2 NS3
slope of vel. profile 0.1043 0.1044 0.1083 0.1129
friction sy 0.042 0.042 0.043 0.043

velocity

(/) sy 0.042 0.042 0.042 0.042
Karman const., k 0.402 0.402 0.380 0.374
integral const., B 550 540 454 3.92
mean vel. U, 0.839 0.813 0.796 0.793
(m/s) . - 0.786 0.758 0.753
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