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INTRODUCTION

This paper deals with sediment -laden
jet and plume in horizontal cross flow. The
smoke discharge from an industrial chimney is
a typical example of pollutants released as
buoyant jets. Buoyant jets are an integral
part of many waste disposal systems including
diffuser outfalls,smoke stacks etc.The objec-
tive of this study is to develop a mathemati-
cal model of a buoyant plume caused by sedim-
ent particles. ¥hen particles are discharged
vertically into flow at the water surface,
their behavior may be similar to that of neg-
ative buoyant plume in flow,since the sedime-
nt laden part of the fluid is heavier than
the ambient one. In addition to this motion,
the plume will be pulled down due to the set-
tling of the particles. This is the unique
point ofthe sediment laden plume.

~ The aim of this work is to investigate
the effect of fall velocity on buoyant plume
in a cross flow.The case is treated where the
fall velocity of the particles is not so high
compared with the uniform flow. Our intention
is a brief and simple description of the phe-
nomena. Assuming the similarity profiles of
both for flow velocity and sediment concentr-
ation, the variations of plume properties
along the plume axis are discussed.

BASIC EQUATIONS
1t is assumed that the flow is steady,

fully turbulent and fluid properties are con-
stant. Using the boundary layer approximation
and Boussinesq approximation,we have,
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Fig.1. Definition sketch

in which s is the trajectory of the maximum
velocity, r is the radial coordinate taken
from the s - axis.( Fig.1). u and v are velo-
cities in the s-and r direction respectively.
The densities of sediment particles and that
of ambient water are denoted by and
respectively. is the fall velocity of sed-
iment particles.Overbars in Egs. 2 - 3 denote
the average with respect to time.Substituting
Egs. 7-12 in Egs. 1-6 we obtain Egs. 13-16.
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5 By integrating the Egs. 13-18, we obtain the
R=-ds/dd ® behavior of sediment - laden negative buoyant
plume.To get numerical solutions,the ordinary
(6 finite difference method was used.
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EXPERTMENTAL FACILITY

To examine the validity of the the-
oretical investigation, the experiment was
performed in a 0.5m wide, 1.5m deep and 5.0m
long circulating tank, in which the flow vel-
ocity was set uniform. The suspension of a
given concentration was released vertically
downward into flow through a nozzle.The sedi-
ment particles were seive sized and whose
fall velocity is 1.28 cm/s. The flow velocity
was measured with electromegnatic flow veloc-
ity meter and the sediment concentration was
obtained by siphoning.At the begining of each
run of the experiment, photographs were taken
to get the trajectory of the plume. Then the
cross sectional distribution of both the
velocity and sediment concentration were
measured at several points along the plume
trajectory. The experimental conditions are
summarized in Fig.2.

RUN NO 1 NO 2 NO 3

Co(%) 4.89 8.41 9.64

o

=(cn/s)| 3.48 3.53 3.90

wlcn) 151,92 | 66.23 | 70.73

Fac (-) | 0.06 0.01 0.04

w. (- | 0.36 | 0.36 0.32

Fig. 2 .Experimental Condition

Z=1.0 ’ . No2 No.3
RUNNo.l -~} 7 -4
s e i
SIERE T
AN T
S Y PralE
0.1 S [
- . 1 7=
=0.1 Fig.3. PLuae trajectory z= 1.0

EXPERIMENTAL RESULTS

The experimental results are plotted
in Figs. 3 - B together with theoretical pre-
dictions. Fig.7 shows the normalised distri-
butien of flow velocity and sediment concent-
ration. For the velocity profile, the upper
part of this distribution is not represented
by the Gaussian distribution.Except this part
the experimental results are well predicted
by the assumed distribution function, so that
it can be said that the assumption of simila-
rity profile is checked within our experi-
mental conditions. However the condition of
similiraty will not hold when %35 becomes
large.From Figs.3-7 it can be coneluded that
the numerical model is useful for a simple
description of the sediment - laden jet and
plume in flow when wo is small.
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Fig.5. Growth of plume width
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Fig.6. Decay of sediment concentration
1.2 —r T 1.2 hs T T
R @ Xeg.7 E £ © ele9.r
1.0 e % e xewe M0 Cm o, . cicie
E048' ‘ g B X«2%.7 £ Q.B M 'i. ° clezs.7
= o Xe3F o 'ﬂ o o cicay
So.6f EA Sos a 1
) 0 - ¢
0.4 s % 0.4 ¢ R
ot a °, . 4
Q.2f  LoP @ . 0.2 Y B 1
"o AR j
0.0 + 0.0
-5 -4 -3 -2 -1 0 + 2 -4 -3 -2 -1 0 1 2 3

/b ria

Fig.7. Similarity profile of velocity and
sediment concentration
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