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Abstract - In open channel flows, the influences of sediment transport on overlying flow characteristics are not well 
understood. In particular, it is not clear how the non-cohesive sediment loads and overlying flows interacts and influences each 
other. In order to clarify the issue, two sets of experiments were carried out. One is to investigate the flow turbulence level over 
a rough impermeable bed without bed-load transport and another one in presence of bed-load transport. An Acoustic Doppler 
velocimeter (ADV) was used to measure the velocity in flows. The experimental results for bed-load transport over the rough 
impermeable bed reveals an excessive damping in Reynolds shear stress (RSS) distributions compared to that of flows without 
bed-load transport. Also, the experimental results shows that the bed-load transport significantly reduces turbulent kinetic 
energy dissipation rate in the near-bed flow zone which attributed to the damping in Reynolds shear stress (RSS) distributions 
in comparison to flow conditions of without bed-load transport and diminishes monotonically away from the bed surface. 
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I. INTRODUCTION 
 
Since several decades, significant progress has been 
made towards understanding the hydrodynamics of 
alluvial rivers. In fact, many studies can be found in 
the literature focusing the influence of overlying flow 
on sediment bed and experimental works to represent 
the effects of sediment transport on overlying flow 
characteristics are limited. In particular, the response 
of bed-load transport on turbulence levels in the flow 
received a great attention in recent years. As the prime 
focus of the present study is to investigate the 
influence of sediment mobility on the turbulent shear 
stress, quantification of bed-load transport are not 
included here. Many researchers (Gust and Southard 
1983; Wang and Larsen 1994; Best et al. 1997; Song 
et al. 1998; Calomino et al. 2004; Gaudio et al. 2011 
and Dey et al. 2012) reported that the bed-load 
transport causes an increase in flow resistance and 
near-bed velocity gradient. The increase in flow 
resistance generation is associated with the bed-load 
transport. Moreover, it is observed that the flows with 
bed-load transport increases the roughness length by a 
factor of 5 as compared to its counterpart those 
without bed-load transport. On the contrary, some 
other (Pitlick, 1992) showed a negligible effect of 
bed-load transport on flow resistance over a plane 
gravel-bed. The influence of bed-load transport on the 
flow characteristics was also investigated by Best et al. 
(1997) and the experimental results showed an 
increase in the near-wall velocity gradient and shear 
velocity than those without bed load. Song et al. 
(1998) studied the influence of bed-load movement on 
flow friction factor and the flow friction factor was 
reported greater than that in flows without bed –load 
transport. No doubt, the researchers have taken 
attempts to describe the issue but there remains more 
scope to explore the near-bed turbulence 

characteristics in association with the Prandtle mixing 
length and Taylor microscale to establish the issue 
experimentally on mobile-beds. 
 
II. EXPERIMENTAL PROCEDURE 
 
All the experiments were conducted in a 15 m long, 
0.91 m wide and 0.71 m deep horizontal flume. At the 
test section, the sidewalls of the flume were made of 
3.5 m long transparent glasses to facilitate the visual 
observation of the flow. At the inlet section, there was 
a concrete stilling basin through which water entered 
into the flume. The stilling basin consisted of one 
perforated baffle wall and two vertical steel screens 
covering the full cross-section for damping the flow 
disturbances. A desirable normal flow depth over the 
bed was obtained by an adjustable tailgate located at 
the downstream end of the flume. The water was lifted 
from the underground reservoir to the constant head 
reservoir by pumps. The flow rate was monitored 
using a calibrated V-notch weir fitted at the inlet tank 
and controlled by an inlet valve. 

d50 = 2.5 
mm; S = 
0.25% 

Without Bed-load With Bed-load 

Flow 1 Flow 2 Flow 1 Flow 2 

h [m] 0.10 0.15 0.10 0.15 
U [m/s] 0.767 0.851 0.767 0.851 

Sh [103] 26.0 17.3 26.0 17.3 
R [10-5] 3.1 5.1 3.1 5.1 

F 0.77 0.70 0.77 0.70 
gs 

[kg/(ms)] 
– – 210-3 710-3 

u*s [m/s] 0.054 0.066 0.054 0.066 
u* [m/s] 0.057 0.059 0.051 0.053 
Table 1. Experimental data: h is the flow depth, U the mean 

velocity, Sh the relative submergence, R the flow Reynolds number, 
F the flow Froude number, gs the bed-load transport rate per unit 

width, u*s the shear velocity obtained from slope, u* the shear 
velocity obtained from RSS. 
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For the experiments on bed-load transport, the 
sediments were required to feed at the far upstream 
end of the test section of bed. Uniform sediment 
feeding rate was provided by a hopper. Near the 
downstream end of the flume, a sediment collector 
was used to collect the sediments. Uniformly graded 
sediment with median diameter of d50 = 2.0 mm was 
used for the experiments to study the flow over a 
mobile-bed under uniform flow conditions (Table 1). 
A stream wise bed-slope, S = 0.25%, was used. Each 
test consisted of two runs, the first one for without bed 
load transport and the second one for bed-load 
transport, and both tests were run under a uniform 
flow condition. The rough immobile-bed was 
prepared by gluing sediments uniformly on the flume 
bottom (Fig.1). Then, a desirable normal flow depth 
over the bed was obtained by controlling the flow 
depth by an adjustable tailgate located at the 
downstream end of the flume. A Vernier point gauge 
with a precision of 0.1 mm was used to check the 
flow depth at different points. Sediment transport 
occurred as bed-load with rates not less than the flow 
sediment transport capacity, maintaining a dynamic 
equilibrium condition. To achieve dynamic 
equilibrium conditions, the sediment transport rate 
was initially quantified by collecting the transported 
sediments in a downstream sediment collector. Having 
known the sediment transport rate, the sediment feeder 
was operated to feed the sediment at the same rate of 
sediment transport. In this way, during the tests neither 
deposition nor erosion in bed was observed. After 
finalising the desirable flow conditions (sediments 
rolling over the bed), the velocity measurements were 
undertaken by the Vectrino along the vertical line at 
the mid cross-section of the flume. 
 

 
Fig.1 Photograph of the flume showing sediment glued on the 

flume bed 

 
A 5 cm downlooking acoustic Doppler probe (ADV), 
named Vectrino, manufactured by Nortek was used to 
capture the instantaneous velocity components. It is a 
high-resolution acoustic velocimeter used to measure 
the three-dimensional velocity in a wide variety of 

applications from the laboratory to the field. It 
functioned with an acoustic frequency of 10 MHz and 
having a sampling rate of 100 Hz. The sampling rate 
could be magnified up to 200 Hz, but it was observed 
that the sampling rate of 100 Hz produced least noise 
in the signals. The sampling volume was cylindrical 
that had 6 mm diameter and 1 – 4 mm adjustable 
height. The acoustic sensor comprises of one 
transmitting transducer and four receiving 
transducers. Addition of a fourth receiver improves 
turbulence measurements and provides redundancy. 
As the measuring location was 5 cm below the probe, 
there was no significant influence of the Vectrino 
probe on the measured data. Vectrino also had 
provision to adjust transmit length 0.3 to 2.4 mm. In 
the present study the value of transmit length was 
adjusted to 0.3 mm near the boundary and 1.8 mm in 
away-bed flow zone. The effect of increasing transmit 
length was to increase signal to noise ratio. Reduced 
transmit length was used near boundary to reduce 
sampling volume. The processing module performed 
the digital signal processing required to measure the 
Doppler shifts. A real-time display of the data in 
graphical and tabular forms was provided by the data 
acquisition software. There was no requirement of 
seeding to the flow during the experiments, as the 
signal-noise ratio (SNR) was maintained equal to or 
above 15 due to the existence of ambient particles in 
the flow. However, the measured Vectrino data were 
filtered with a spike removal algorithm based on the 
acceleration thresholding method (Goring and Nikora, 
2002). 
 
III. RESULTS AND DISCUSSION 
 
From the distribution of vertical flux of dimensionless 
Reynolds shear stress, τnorm it is noticed that, in the 
flow-layer (z/h > 0.1), the data plots for both without 
bed-lad and with bed-load transport are well in 
agreement with  the gravity line for the free surface 
flows with a zero-pressure gradient whereas in the 
inner-layer  (z/h < 0.1), the τnorm(z/h) distributions 
reveals a damping (Fig. 2a and 2b). This is due to the 
formation of a roughness sub-layer from which 
form-induced stress originates (Sarkar and Dey, 2010) 
and very much common for rough beds. It is pertinent 
to mention that the shear velocity, u*s is consistently 
greater than u* obtained from τnorm(z/h) distributions 
for all the test runs. This corroborate the influence of 
bed-load transport on to the RSS-distributions over the 
whole flow depth, as u* = 0.5

0
( )

z
u w


   (denoted by 

u*). This decrease of u* cause reduction in turbulence 
level and an excessive damping in flows under 
bed-load transport conditions in comparison with that 
in without bed load transport. This also attributed to 
the fact that, the particles motion results a reduction in 
flow velocity relative the particle velocity to drag 
them. 
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Fig.2 Vertical distributions of dimensionless RSS, τnorm( ẑ ) for 

(a) Flow 1 (b) Flow 2 

 
The turbulent energy dissipation rate () was 
computed by plotting spectra Suu(kw) = (0.5u /)Fuu(f) 
as a function of kw = (2/ u )f from the despiked 
instantaneous velocity data. The inertial subranges in 
bed-load and without bed-load are satisfactorily 
characterized by Kolmogorov “–5/3 scaling-law”. The 
turbulent energy dissipation rate is computed at two 
verticals (near-bed flow region and above 16.25 mm 
above the bed surface). The average value of  in 
near-bed region for bed-load transports run are 
significantly found lesser with respect to without 
bed-load conditions (Fig.3a and 3b). The value of  at 
16.25 mm above the bed surface is almost equal for 
both the case and diminishes gradually away from the 
bed and. During bed-load transport, the reduced value 
of  in the near bed flow region is attributed to the 
influence of sediment mobility and attributed to the 
damping in Reynolds shear stress distributions. 
 
 
 

 

 
Fig.3 Assessment of turbulent dissipation rate  for (a) near-bed 
flow region, z/h = 0.01 and, (b) Away the bed surface, z/h = 0.1 

 
IV. CONCLUSIONS 
 
The influence of noncohesieve bed-load sediment 
transport on Reynolds shear stress distributions and 
the turbulent energy dissipation rate has been studied 
experimentally and compared with those in without 
bed-load transport conditions. An acoustic Doppler 
velocimeter (Vectrino probe) was used to capture 
three-dimensional velocity components over mobile 
sediment-beds. Analysis of experimental data revealed 
the significant changes in the aforesaid flow 
characteristics due to the sediment mobility on the 
bed-surface. From the experimental results following 
conclusions can be drawn. 
The analysis of RSS distributions in mobile-bed 
streams reveals a decreased turbulence level with 
respect to without bed-load conditions and attributed 
to near-bed damping in RSS distributions. The 
influence of bed-load on the TKE-energy dissipation 
rate is noticeable, reducing the TKE-energy 
dissipation magnitude in the near-bed flow zone. 
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