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Abstract

We investigate the fractional mobility
and entrainment probability of nonuniform
sand/gravel sediment. The results reveal that
the relation between fractional mobility and
dimensionless effective shear stress is well
approximated by the cumulative lognormal
distribution, with its mean and standard
deviation linearly decreasing with sand
content for the range < 0.34. The results also
reveal that for smaller values of
dimensionless shear stress (< 0.25), the
entrainment probability increases with the
turbulence intensity, whereas for larger
values of dimensionless shear stress (> 0.25),
the entrainment probability decreases with
the increase of turbulence intensity. For
dimensionless shear stress = 0.25, the
entrainment probabilities corresponding to
different turbulence intensities consistently
remain at 0.3.
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1. Introduction

The condition of partial transport is
important for modeling the process involving
grain sorting or size-selective transport, such
as bed armoring, selective deposition, and
flushing of fine sediment from gravel
riverbeds (Wu, 2000; Wu and Chou, 2003b).
A stochastic partial transport model has been
developed (Wu and Yang, 2004). The
fractional ~ mobility and  entrainment
probability are two important parameters of
the model. In this study we investigate the
effect of sand content on fractional mobility.
The effect of turbulence intensity on
entrainment probability is also investigated.

2. Experimental Study

The experimental study was conducted
in a 40 cm by 12 m tilting flume located at
Hydrotech Research Institute, National
Taiwan University. A Hitachi KP-F100C
10-bit digital CCD camera was used to
record the entrainment and transport of
surface particles. Details of the experiments
can be found in Wu and Yang (2004).

3. Results and Discussion
3.1 Effect of Sand Content on Fractional
Mobility

The proposed stochastic partial transport
model was used to evaluate the fractional
mobility of sediment mixtures containing



various proportions of sand. A total of 8 data
sets were analyzed, including our data with
f, =0.3, BOMC data with f, =0.06 ~0.34,

field data from East Fork River with
f¢ =059 and Goodwin Creek with

fo =0.34 (see Table 1).

Table 1. Mean, standard deviation, and R?

values of best-fit lognormal
distributions
Data Sand Content, Mean, Std. Dev., R
fs LN OLN
JO6 0.06 0.0429 0.0152 0.91
J14 0.15 0.0376 0.0130 0.91
J21 0.21 0.0330 0.0112 0.84
J27 0.27 0.0300 0.0095 0.88
BOMC 0.34 0.0255 0.0072 0.87
C-1~C-7 0.30 0.0287 0.0082 0.89
Goodwin Creek 0.34 0.0269 0.0089 0.99
East Fork River 0.59 0.0263 0.0076 0.89

The calculated Y;

. values for each data

set along with their best-fit lognormal curve
are demonstrated in Fig. 1, with the mean

U, » standard deviation o, , and R’

values of the cumulative lognormal
distributions of all analyzed data sets listed in
Table 1. Variations of f, and oy with

fs are shown in Fig. 2, where the decreasing
trends of f4\ and o, are apparent for
the 0.06< f <0.34

implications are acquired from such results.
First, the reduction of g4, with f

indicates that the value of & corresponding

range Two

S

to the same level of Y. is smaller for the

higher f_ value, indicating that sands act to

serve as a lubricant in the sediment mixture.
The existence of fine-grained sand in the
gravel/sand mixture is favorable to the
mobilization of sediment grains. Second, the

decrease of o, with f, implies that the
of &

mobility is narrower for the greater fg. In

range corresponding to partial

other words, for the lower sand content, the
condition of partial transport exists over a
wider range of flows. In summary, in the
presence of more sand grains, the smaller
value of f4, and the narrower band of &

for partial mobility make the condition of full
transport easier to achieve, which coincides
with the observations that full transport is
dominant in most sand-bed rivers. The results
also indicate that sand content has a direct
influence on grain mobility within a narrow
range of f.
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Fig. 1. Relation between fractional mobility
and dimensionless effective shear
stress
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Fig. 2. Variations of 4, and o0y with

sand content fg



3.2 Effect of Turbulent
Entrainment Probability

Intensity on

The effect of turbulence intensity on
entrainment probability is shown in Fig. 3,
where opposite trends of variation for the
smaller and larger values of & are
demonstrated. For the smaller dimensionless
shear stresses (6 <~ 0.25), the entrainment
probability increases with the turbulence
intensity |,; however, for larger values of

6 (6>~0.25), the entrainment probability
decreases with the increase of |, . For
smaller values of &, the corresponding mean
approaching velocities are lower, the greater
turbulence intensity (i.e., the greater
deviation from the mean approaching
velocity) indicates that a larger proportion of
fluctuating velocities will exceed the lifting
threshold. Thus, the entrainment probability
increases with the turbulence intensity.
However, for larger values of &, the
corresponding mean approaching velocities
are higher, the greater intensity of turbulence
means that a larger proportion of fluctuating
velocities will be lower than the lifting
threshold. As such, the entrainment
probability decreases with the increase of
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turbulence intensity. The results also indicate
that at @=0.25 , the entrainment
probabilities are consistently ~ ~0.3
irrespective of the turbulence intensity. In
summary, for smaller values of &, the
greater turbulence intensity is favorable for
the lifting of sediment particles, whereas for
larger values of &, the greater turbulence
intensity results in the lower probability of
entrainment.
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Fig. 3. Variations of entrainment probability with dimensionless shear
stress for different values of turbulence intensity
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