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Abstract: This study investigates the effects of sediment on the flow characteristics such as velocity distribution, fric-

tion velocity, turbulent intensities, Reynolds stress, etc. Particle tracking velocimetry (PTV) is used to measure the ver-

tical flow field. Results show that flow over the high bed-load concentration region has larger values of mean velocity

and friction velocity and smaller values of turbulence intensities, compared to those for flow over the low bed-load

concentration region.
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1. INTRODUCTION

Coherent structures in open channel flows can
be classified into two categories: bursting phe-
nomena and large scale vortical motion. The
bursting phenomena occur very near the wall
(y* =yu, /v<50) and produce the streaky
structures. The streaky structures can be easily
visualized by putting sand on the channel bed.
The sand particles are accumulated along the
low-speed streaks. Two kinds of secondary cur-
rents are included in the large scale vortical mo-
tions. The secondary currents of the first kind
occur at river bends. The secondary currents of
the second kind occur at the straight channel and
are driven by turbulence. The secondary cur-

rents produce cells in the cross section and ac-
cumulate the sand on the bed in the region
where upward currents exist.

Interaction of flow and sediment transported
by the flow has been controversial topic. Al-
though many attempts (Vanoni, 1953; Bennett
and Bridge, 1995; Umeyama and Gerritsen,
1992; Kulick et al., 1994; Muste and Patel,
1992) were made to quantify the effects of
sediment on the flow characteristics, no accept-
able theory has been developed yet. Sometimes
similar researches showed contradictory results.
This may be attributable to the difficulty of dis-
tinguishing the flow characteristics from sedi-
ment movement and  defining appropriate fric-
tion velocity which is used for nondimensioni-
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zation.

In this study, therefore, friction velocity and
turbulent characteristics were investigated for an
open channel flow with bed load only. Flow
characteristics were measured using PTV, which
is capable of distinguishing the flow characteris-

tics from those of sediment.
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2. EXPERIMENTS

Principle of PTV

This study employed PTV to measure the
flow characteristics. Compared to PIV, PTV has
a merit of directly measuring particle velocities.
Fig.1 shows the conceptual diagram of the PTV
system used in this study. PTV measures the
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Fig. 1. Conceptual diagram of the PTV system
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Fig. 2. Synchronization process of video
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flow velocity by analyzing the images recorded
using video camera. PTV system consists of
laser source, video camera and recorder, and
synchronization system. The laser used in this
study is 2W argon-ion laser. An AOM (acoustic
optical modulator) is used to synchronize the
exposure interval of laser light with the video
recorder. The AOM deflects the laser light using
the ultra sonic wave. The video camera used in
this study is standard NTSC type which takes 30
frames per second. Each frame consists of odd
field and even field. The laser illuminates the
flow field at the even field of frame n and the
odd field of frame n + 1, as seen in Fig.2, using
an AOM. Since the two images produce one
flow velocity field, this system can measure the
flow field with the frequency of 15 Hz.

The images obtained are analyzed by follow-
ing the procedure shown in Fig. 3. Detail pro-
cedures are described in Muste et al.(1998).

Experimental procedure

The experiments were carried out using the
circulating open-channel which is located at
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Iowa Institute of Hydraulic Research (IIHR).
The channel is 30 m long and 0.91 m wide. Pre-
liminary experiments showed that the channel
bed is divided into 2 categories; high and low
sediment concentration regions. Therefore, the
measurement was taken to represent both re-
gions. Attempts were made to measure the flow
field over high-speed and low-speed streaks.
Since, however, the streak spacings are too nar-
row and the streak patterns changed quickly
from time to time, it was impossible to measure
flow field over the streaks with this experimen-
tal set up. Instead, it was determined to measure
flow characteristics over the high and low bed
load concentration region.

Fig. 4 shows the experimental set up. The
mirror is installed on the traverse so that the
laser light can illuminate the desired section. For
each case of experiment, two kinds of images
were taken: plan-view images without laser light
and side-view images. The side-view images
were taken with laser light in order to get verti-
cal velocity field. The plan-view images were
used to analyze the low-speed streak spacing.
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Fig. 5. Streaky structures marked by the sand

The experiment began with making uniform ages for clear water, sediments were added into
flow without sediment. The flow uniformity was the flow, and images were taken. Special atten-
checked using 8 manometers installed along the tion was made, through the experiment, to

channel with 305 cm spacing. After taking im- maintain the flow uniformity
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3. RESULTS

Fig. 5 shows the streaky structures formed on
the bed. The high-speed and low-speed streaky
structures are clearly shown clearly. The streaks
marked by the accumulated sand represent the
low-speed region, and the high-speed streaks are
located between the low-speed streaks. Al-
though low-speed streaks appear at random in
space and interact with the neighboring streaks,
the statistical average of the instantaneous span
wise spacing A is known to have constant
value of A7 = Adusv = 100 irrespective of
Reynolds and Froude numbers (Nezu and Na-
kagawa, 1993). This is also proved in this study
where the average A" is about 92.

The velocity profiles were measured at loca-
tions chosen to represent the high- and low-
bed-load concentration regions. Fig. 6 shows,

0.70
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velocity profiles above high- and low- concen-
tration regions. This graph was obtained from
2-minute image (3600 frames, 1800 instantane-
ous velocity fields).

The friction velocity for each location was
determined using velocity defect law.

- 1
Ut Ly Zj )
U, K \h
where u . is the maximum velocity of the

point, u, is the friction velocity, and & is the

Karman constant.

Fig. 7 shows the velocity distribution based
on the velocity defect law. In this figure the ve-
locities were normalized by the friction velocity
at the corresponding locations. The velocity
distribution of the measured data show good

agreement with the velocity defect law, Eq. (1).
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(U-Umax)/U*

0.2

Rel

03 04 OB 06 070

ative Depth, Y/D

8 0.

Fig. 7. Velocity distribution with velocity defect law



140

Table 1. Characteristics of velocity distribution.

Low C. 0.598
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0.0287

0.662

High C. 0.575

0.633 0.0225

The friction velocities measured at low- and
high-concentration regions are 0.598 m/s and
0.575 mv/s, respectively. The average of these
two measurements is 0.587 m/s, which is close
to the friction velocity calculated using the
channel slope, ,, = .[gRS =0.025Im/s-

The characteristics of velocity distribution are
summarized in Table 1.

As shown in Table 1, all the characteristics,
including average velocity, maximum velocity
and shear velocity of the low-concentration re-

gion are higher than those of the high concentra-
tion region.

In addition to the mean flow characteristics
such as mean velocity profile and friction veloc-
ity, some turbulence characteristics are also in-
vestigated in this study. Fig. 8 and Fig. 9 show
the longitudinal- and vertical-turbulence inten-
sity and Reynolds stress, respectively. In each
figure, the distributions of the turbulence inten-
sity for smooth wall measured by Nakagawa et
al. (1975) are also presented for comparison

Turb. Intensity, U’
o

Depth

(a) Longitudinal turbulence intensity \/u—’2 / .

3tg

—.—-‘.“_\_'—_““—\_—

1F —

Turh. Intensity, ¥'
(8]

jm]
d o
l..igi'i!i.lﬂﬁiiﬂl.ni.‘

- LowC:
[w] High C.
Eq.[3I

R

o 1% TT

oE o]

D epth

(b) Vertical turbulence intensity /m‘

Fig. 8. Turbulence intensity distribution
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with solid lines. The equations for these solid
lines are as follows;

T

“ - 2.30exp(— ZJ 2

U, h

2

Y —127 exp(— Z) 3)

U h

ulvl y

SAA | 4)

ul h (

In Fig. 8 and Fig. 9, the measured turbulent
characteristics show a bit large scattering. The
measured data show a bit large scattering and
systematic disagreement with the above equa-
tions. The scattering in Reynolds stress seems to
be caused by the insufficient number of data or
inadequate measuring frequency. According to
Nezu and Nakagawa (1993), the sampling fre-
quency for turbulent characteristics should be
chosen so as to satisfy the condition f> f in
order to eliminate data aliasing, where the
maximum response frequency, £ ~50u/xh -
Since Joae ©80 in this study, the adequate

sampling frequency would be 160 Hz. It means
that this problem can be fixed either by taking

images for longer period or by putting more
seeding into the flow with high speed camera.

4. CONCLUSIONS

This study investigated the effect of sediment,
transported as bed load, on the flow characteris-
tics. The sediment was transported as bed load
only without suspended load. The amount of
sediment added to the flow was limited not to
make sediment deposition on the channel bed.
Flow characteristics were measured in the high
and low bed-load concentration regions.

The conclusions obtained from the study are
as follows;

(1) The flow over the high-speed streak has
higher value of mean velocity, maximum
velocity and friction velocity, compared to
those of low-speed streak, along which
sediment particles are accumulated.

(2) Turbulence intensities of flow over the mo-
ving sediment obtained in this study show
higher values than the universal relations for
smooth walls. Turbulence intensities for
high concentration region have higher values
than those for low concentration region, par-
ticularly near the bed.
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(3) To improve the accuracy of turbulence char-
acteristics, it is useful to take images for
longer period or to put more seeding into the
flow with high-speed camera.
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