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SUSPENDED SEDIMENT CONCENTRATION DISTRIBUTION
' IN AN ALLUVIAL CHANNEL FLOW

DANG HUU CHUNG
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SUMMARY. In this paper a numerical solution for the problem on suspended sediment
concentration distribution in an alluvial channel flow has been computed on the base of
PROFILE model proposed by L. C. Van Rijn for the case of uniform flow. Although, in the
present cage, mathematical model is quite simple, but it is exact enough to apply to somme
problems in practice. The aim of the paper is that the auther would like to use the finite
difference method for the same problem. The input data was used from experiment flume.
The result showed that the concentration distribution fast decreased along the channel and
concentration gradients became very small at the sections situated far enough from the
upstream. Besides, a computing programme with the ability of graphic expression was
established. '

§1. INTRODUCTION

The computation of vertical distribution of suspended sediment in a fiow is one of the problems
relating ‘to sedimentation and morphological processes. It really plays important role in many

problems in practice, specially, in dealing with the deposit at estuaries as well as the management

of the quality water. Nowadays, it is interesting many scientists in the world. The mathematical
model consists of hydrodynamics equat.ibns for velocity field and the sediment diffusion-convection
equation. The overview of this we can find in many papers (such as [3]). In this paper; however,
only a special case of steady uniform flow was studied. In point of view of economics it is fully
reasonable to study such 'a problem. In fact, the errors in input data measurement are too big,
according to L. C. Van Rijn it’s about 25% [4]. Therefore in some cases we can consider the
problem with a simpler model.

In the following the implicit finite difference methed will be applied to compute the vertical
distribution of suspended sediment concentration in a steady uniform flow. The input data is used
from experiment flume by Wang an Ribberink [5].

§2. BASIC EQUATIONS AND BOUNDARY CONDITIONS [6]

The equation of motion for a steady uniform flow is relatively simple and is represented by a
resistance formula. Here we should repeat its formation briefly. From the equlhbrlum of forces in
z-direction along the channel axis it follows that

r. = pgS(h —2) (2.1)

where 7, is the shear stress, h the water depth, p the water density, z the distance from the bed,
g the a.ccelera.blon of grav1ty, 5 the bed slope
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From Reynolds’ eqliations the shear stress at height 2 in steady uniform flow can be represent.

as follows
du —_—
T, = pi— — pu'w' (2.
dz

where v is kinematic vis.cosity, u', w' velocity fluctuations
Using equations (2.1} and (2 2) and neglecting the viscous shear stress in the sublayer pi

the following relation when z =0

- = — (2.

" By definition of 7, and using the mixing length concept proposed by Prandtl in equation (2.:
they obtain the equation
du U,
—_—= — (2.4
dz  kz
in which u, is the bed shear velocity, k£ the constant of Von Karman
Integrating equation (2.4) and using Chezy-formula give the velocity distribution over the fu
depth for smoot and rough flows
0.5
g - ‘
= —=ULnlz/zy)0 2.8
=l (
in which @ is the cross-section averaged velocity, z; zero-velocity level and ' Chezy coeflicien

They are determined by the formulae

29 = 0.033k,

12h, -
)

where k, is the sffective bottom roughness
For the steady state condition,small longitudinal diffusion terms and constant settling velocit
ythe sediment diffusion-convection equation has the simple form as follows

dc dc o] de
3z 5; - é;(&,w{:;) =0 ‘ . (2,6‘
in which ¢ is the volume concentration of suspended sediment, w, the settling velocity of particles
g, sediment mixing coeflicient

We also can find this case in the other works,such as Hjelmfelt and Lenau [1], and Jobson and
Sayre [2]. Howsever, the mixing coefficient £, and the boundary ¢ondition at the bed were used
from the other formulae. Up to now there are many different formulae to determine them. In the
present paper we use the parabolic-constant sediment mixing coefficient through that for fluid, «/,
proposed by Coleman and Kerssens [5] as follows '

£, = Fey (2.7)
in which
| 2
Ej'mu;c - 6.fnr!.(.l.a: (1 e f) 3 fOI' % < 0.5
Ef =‘ .
Ermaz = 0.25ku kb, for 5 > 05

@ -proportional factor and ¢ turbulence damping factor
In the case of equilibrium concentration profile, we easily obtain from equation (2.6)

Ce = Cge EXP (—f ?dz) (2.8)
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in which cge 18 the equilibrium concentration at the reference level, the subscript “c” denotes the

equilibrium flow
Integrating equation (2.8) with the assumption of small sediment concentration (¢ = 1) gives

the equilibrium concentration distribution as follows :

h - zZ
(E'h z> . for — < 0.5
- d
Lo ¢ (2.9)

Z .
Cae a z
— ) . — ——0.
(h — a) exp( 4Z(h 5)),  for

R

= lw

in which Z = w/(fku.) = suspension parameter ‘
In order that the problem is solved completely, the value of c,. is required. According to

experiment formula proposed by Van Rijn [5}
dgo T8

Cae = 0.015 =2 T

(2.10)

with
D, = dSD(Ag/,ﬂ)l/S’ A=Pe—?f
(’-h cr}

0.5 .
;g ' 4h
L' = 18log ——
* C, ¥ Og dQO

'. ‘js the dimensionless diameter of particle, A the relative density, p, the density of sedi-
e effectlve bed shear velocity reiated to the grains, «, t.he critical bed shear velomty

eiﬁqent .
Here we'll use the following boundary conditions for sediment dlffusmn convection equation

' ‘At the inflow boundary: - :
) The equilibrium concentration, c., may be used: as an the 1nﬂow boundary condition but in

et.__.}ug‘her accuracy, data from measurements is often suggested

c(m,z)L:O = f(2) |  (21)

where f(z} Is the given function of sediment concentration
At the bed boundary:

8c
=0 . 2.
az z=a ( 12)
it means that the upward sediment flux doesn’t occur.
At surface boundary:
de
Wt ey =10 . (2‘13)

dz

Besides, in order to compute in the concrete case the hydraulics conditions are necessary.

§3. CONCRETEIAPPLICATION

- 'I:he implicit finite difference method has been used for the suspended sediment flow in an
experiment flume carried out by Wang and Ribberink. The input data is as follows [35]
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Hydraunlic condition o
The flume was divided into three sections,an inflow section with a rigid bottom, a test sectio

with a bottom madeup of perforated plates and an outflow section with a rigid bottom. The te:
section had a bottam slope of 0.001. The discharge was 0.061m%/s. The water depth was 0.215y
Due to sediment particles of different sizes, therefore the characteristic diameter and fall velocit
of particles are dsg = 95um and w, 5o, respectively.
- Boundary. conditions and input data
The boundary conditions (2.11}, (2.12} and (2.13) were used. The input data is:

mean current velocity 4 =0.56m/s
width ' b=05m
effective bottom roughness ‘ ky = 0.0025m
ratio of sediment and fluid mixing coefficient =1 .
finid density _ p = 1000kg/m?®
sediment density . ps = 2650kg/m*
Constant of Von Karman k=04
reference level a = 0.00216m
characteristic diameters dgo = 95um

. dgo = lOEum
characteristic fall velocity w, 50 = 0.0065m/s

§4. RESULT OF COMPUTATION AND DISCUSSION

The domain of computation was divided into 200 sections along z axis with longitudinal grid
size dz = 0.1m and vertical grid consists of 30 points. The results showed thit bed concentration
fast decreased along the channel axis and the curve representing concentration distribution became
more sloping towards the downstream, and this completely agrees with physical sense. The depth
averaged concentration decreased from 0.140389 at z == O down 0.0026 at z == 20m and fully
vanished at z = 24m, The fignres from Fig. 1 to Fig. 4 showed suspended sedinment concentration
distributions at positions z = 1m, z = 2m, £ = 4.5m and z = 8m, respectively.
Acknowledgement. This publication is completed with financial support from the National Basic
Research Program in Natural Sciences. The author would like to thank Prof, Df. Nguyen Van
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A flume data by Wang and Ribberink [5], computed
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SU’ PHAN BO NONG EDO BUN CAT LO LUNG TRONG KENH
CHIU ANH HU’O’NG PHU SA

Trong bii bde d3 tim 1od glfu 88 cho bai todn phin b3 ndng 45 bun ¢4t lo limg trong kénh hé
¢6 mang phil sa trén co sé mé hink' todn hoc “Profile model” do L. C. Van Rijn 42 nghl. M3c da
mé hinh todn hoc tu'o'ng d6i dom giin nhung cung dd 6 chinh xdc ¢4 thé 4p dung cho mét s& bai
toin trong thu‘c t&€ khi dong chiy & trang thii dn dinh. Bai todn dwoc gili bing phrong phap sal
phin hiru han, S48 Hgn dwoc st dung tir k€t qua thi nghiém trén mdng cho trude. Két qud tinh
todn chimg td ring sw phin b8 ndng 45 gidm nhanh doc theo kénh vi gradient nbng 46 tré nén
rit bé & tiét dizn dd xa thwong lwu. Ngodi ra da xiy dwng dwoc bé chwong trinh tfnh todn cho
phép thé hién kit qué tinh tosn bing &b thi.
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