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Abstract

Predict of sediment particles movement is importaater, that can be help engineers to control fitructures,
dams reservoirs, irrigation systems and etc. Sificplion and sufficient sensible resolute caseddtect one
dimensional (1-D) approach for simulation of seditéransports. In this study we tried to simulat® 1
phenomena of sediment transport with explicit anglicit schemes in equilibrium conditions. In ordersolve
government equations used finite volume methodpling scheme. Finally the model has been verifigd
Laboratory research and the results are generattgd well in with the measurements.

Keywords. Sediment transport, 1-D model, Finite volume mdthginematic wave model,
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1. Introduction

Sediment transport is one of the complicated phemamn nature that influence in human

life continuously. In previous years, scientistedrto understand and predict this phenomen,
so they introduced various empirical relations [@tal., 1966; Langbein and Leopold, 1968;

Soni, 1981a; Wathen and Hoey, 1998; Lisle et 89,71 2001], but most of the time the result

of this relations were not satisfactory. In recgaars by developing in computer science,
researchers able to compute more complicated prgbfast, so they interested to developed
different numerical methods in order to predictfland sediment movement.

The continuity equations of water and sediment ba&nsolved by different methods,
approaches and schemes. In this study, Finite Velivhathod with Kinematic Wave Model
approaches has been used. Moreover Lax and upwireine has been selected. The most
important advantage of Finite Volume Method isalslity to conservative of quantities such
as mass, momentum, energy, and species in soliost of investigators tried to solve
sediment transport equations by finite differennd &nite element methods. Fuladipanah et
al (2010) developed one dimensional implicit findéference method for calculating flow
and suspended load. Seo et al (2009) selected #fetment method by applied the Galerkin
Method in order to determined suspended sedimansort in rivers. Fang et al.(2008) for
discretisation of the sediment transport equatiossd the Preissmann implicit four-point
Finite Difference Method. In their solutions, flosediment transport and change of bed in
rivers and channels can be predicted. Tayfur amiji5(2006) solved de Saint Venant
equations by Kinematic Wave Model that describegl ¢frolution and movement of bed
profiles in alluvial channels under the equilibrivconditions. They used explicit finite
difference method in order to discretised relatidhaquier (1998) solved de Saint Venant
equations by finite difference method with secondeo Godunov-type explicit scheme. De



Vries (1965) used explicit finite difference schemeesimulations of water and bed level
changes in one dimension. Wu and Wang (2008) sobreztdimensional explicit finite-

volume model for sediment transport with transigodvs over movable beds.In addition to
conventional methods, in recent years, new metlavdsused. Kaya and Tayfur (2011)
suggested a method that can be predict sedimenemavs with differential quadrature
method by using Kinematic Wave Model.

2. Governing Equations

A general view of wide rectangular alluvial channéth both layers is given in figure 1. The
one dimensional equations for equilibrium sedimiahsport processes in unsteady flow
conditions can be expressed as follow

Continuity equation for water is
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Continuity equation for sediment is
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Where h’ is the flow height I{), ‘u’ is the velocity of flow I/T), ‘c’ is the volumetric
concentration of sediment in suspensidi/(®), ‘p’ is the porosity of sediment in bed
level(L*/L®), ‘z’ is the movable bed layer elevatidg,(‘ q,,’ is the lateral water fluxL(T),
‘g, is the sediment flux in the movable bed lay&f (T ), ' q.’ is the lateral sediment flux

(LT), * p.’ is the sediment mass density(/ L*).

In laboratory flume of Dokuz Eylul University thstudies carried out there is no influence of
lateral sediment or flow, say;,,’ and ‘g’ are equal to zero. It must be attention thatetame
five unknown in relations (1) and (2) (h, u, c,andg,,). So other three equations must be

used to solve the set of relations above. Instdatthial equation can be used momentum
equation. Because of simplification in kinematicveamodel can be considered frictional
slope as a bed slope. By using Manning or Chezgtems can be written as

So= Sf €))
e
u—nR S (4)

u=CJ/RS (5)

where’S;’is the bed slope, S, is the friction slope, h’ is Manning coefficient, R is

hydraulic radius and C is Chezy coefficient.
The forth equation obtains from volumetric concatitn of sediments transported by water
flow (c¢) (Ching and Cheng, 1964, de Vries, 1965; Lai, 1%9anese, 1994)
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c=ouH (6)

whered , n and ¢ depends to water flow and sediment characterisiinc¢his research we
used Velikanov [1954] relations

(7)

wheren =3 and { =-1. With paying attention to equations (6) and (7 ¢ obtain the
value of d as below

5= (8)

Where ‘v, ’ is the average fall velocity of sediment partsclg/T) and '« is the coefficient

of sediment transport capacity. Ching and Chen&41®y considering field measurements
suggested the amount of * as (k = 0.756x 10%).
As a fifth equation can be used sediment flux i@ thovable bed layerg(,). In order to

compute the value of sediment flux researchersqs®eg different kind of empirical relations.
This study employed the equation of Engelund ardi$oe(1976):

qbs:18'7 k/A g@o t*_r*cr 3/2 )(9

Where ‘D’ is the bed material size where 50% of the mattasidiner in mm,’A’ is the
relative specific gravity and, 7.’ and ‘r., 'are the dimensionless shear stress and

dimensionless critical bed shear stresses. The @imwiurelative specific gravity can be
computed by

A==V
y

(10)

Where ‘y,’ and ‘' are the specific weights of sediment and wated amlue of
dimensionless shear stress can be computed by

U*Z

I, =
g.A.ds

(11)

Whereds is the diameter of sediment particle that can beqsioof mixture of sediment

particles and™ is shear velocity that defined as

T

u = (-2 =
0

g.h§ (12)

Where ‘7, is the shear stressp” is the density of water,§’ is the gravity accelerationh®
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is the flow depth andS,’ is the bed slope and. They suggested value @takibed shear
stress ag., =0.05.
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Fig 1. Schematic representation of two layer system

3. Numerical method

The finite volume method is a method for representand evaluating partial differential
equations in the form of algebraic equations [LedM&e®002; Toro, 1999].
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Fig. 2. lllustration of finite volume method in one dimemsal

Figure 2 shows a one dimensional finite volume on&twin this method, channel’s length is
discreted into N parts and the center of each feagns a grid point (P). The minuscules (
andw) refers to face of control volume for polit The value of (P) can be considered as our
unknowns like depth of water (h) or velocity (V).

In order to solve governing equations by finiteurok method the following notation can be
used.

W +F, - $=0 (13)
WhereW = {h(l— )+ pz} e = {hu(l— c)} s= {O}
hc+(1- p)z huc+ g, 0

By consider the integration of equation (12) carséen that
ot QW t+At
jcv j = dtdv=- jcv j dt dv+ j j Sdt d\ (14)

By assumption that the values &f ‘is govern to the whole of control volume, the leéind
side of equation (14) can be written as

J'D‘m—dt}dv (W, - W)A V (15)

In this equation the letters with superscrib@dréfers to value at time ‘thut values at time
‘t+At’ don't have superscripted. With substitute equat{d5) into equation (18) and with
integration of F 'order to location &) equation (15) can be rearranged as follows:

W, -W)AV=-( A FE- A F)At A A\ (16)
Where'A’ is the face area of the control volum@yV ' is the volume of control volume. The

amount of control volume can be determined by pcbdiiface area of the control volume to
width of the control volume AAX).
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According to selected method of solution, valuesrnowns can be used at tinté 6r time
‘“t+At’. The general form of unknown with respect to weigg parameter 8’ between 0
and 1 can be written as below:

t+At

|T:j W, dt=[8W, +(1-)W, |A | (17)
t
Where
g 0 1/2 1
I WAL l(w FWe)at W At
2 p p

By taking into account of equation (16) can be rdam equation (15) as follow.
W, -W)aV=6[~( R, P~ R, P )ad+@-0)-( AR~ A RA{+ 24 (18)

Note that by selecting@’ as zeros the known values at old time level are used; this
scheme called as explicit method. Whéh Selected in the range of zero and ofe@<1)
the values of unknown at the new time level areduske resulting schemes are called
implicit method. The extreme case &1 is termed fully implicit method and the name of
scheme that usefl=1/2 is Crank-Nicolson scheme.

In this study explicit and fully implicit scheme svdbeen employed. Moreover, in order to

solve the finite volume method, Upwind and Lax suobéhas been used. Explain of them can
be found in below. The main idea of upwind schesthat the value of calculated nodg’*

at a cell is taken to be equal to the value atuipstream node. Because of considering the
effect of flux direction, the result of this scherisesatisfactory. Imagine of upwind scheme

can be found in figure 3.

R o %
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Fig. 3. Upwind scheme
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It is suggested in use of Lax scheme that averalyes of neighbor pointes instead of point p
can be used in values old time level.

g=2 1 (19)

By considering upwind scheme and by using fully lisipmethod can be rewrite equation
(18) as below

W, -W)AV=[-( A. F- A.F)A{+ 2 A\ (20)

The final form of continuity equations of water aseldiment for Kinematic wave model in
equilibrium condition with some simplification ameanipulation and by employed of upwind
and Lax schemes can be written as follow.

3.1.Explicit

Continuity equation of water is

ahp—maF,gS+ Paz+ 50

sl=-K.a+ maff’ - Pa23;75“+((< Me ps)- ((HR LTS WE)%— (n(H”zﬂNf))
Continuity equation of sediment is

mah®+(1- p.az + <= 0

so=-ma’ - (- paZ s B (ol iy fut o yy

hO +h0 _hOW +h0p
2

+(%.qbé’e .gb$,)

3.2.Fully implicit

Continuity equation of water is

ah, ~ma f* + Pa;+« 2Ty (2T (6229~ (029 w0
sl=-H.a+ ma( h’V)15 F?a—zﬁ’

Continuity equation of sediment is

mafit+(1p)ags (0L Yy oty BN E08T G0y BT ) f0ST 08 yg

s2=-m a(—hE ZhN Y4-(1-p ).a—.4 5 A

Where'm=3.a>, n=da*and ‘a= i_f\
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4. Boundary and initial conditions

Flow regimes may be either subcritical or supdoaif or mixed in the channel flow. If
subcritical flow occurs, only flow discharge shoddd imposed in inlet, and if supercritical
flow occurs, both flow discharge and water levedidd be specified. In the outlet, if the flow
is subcritical, the value of water level should geen, and if the flow is supercritical, no
boundary condition is needed. Boundary conditioas $ediment discharge are always
specified at the inlet. In the case of non-unif@ediment transport, the size composition of
inflowing sediment should be provided too (Wu andriyy 2008).

In laboratory flume used in this study, the filstele meter is fixed bed and after that movable
bed with sediment particles started. In the infetleannel value of flow rate and velocity of
flow was measured. In addition, in the length cdruimel depth of water was measured.

5. Laboratory flume
In this research a rectangular channel with 18.@&mgth and 80 cm width was used. The

slope of channel was 0.005 from horizontal. Theegainview of flume that used in study is
given in Figure (5.a and b).

Fig 5a. View of flu

6. Model tests

In this research kinematic wave model was testedwy different hydrographs. These
hydrographs can be found in figures below. Befaggim to pass the hydrographs a smooth
surface of sediments in vertical and stream-wisection was made. The elevation of this bed
level measured in longitude and latitude directibmes. One dimensional initial bed profile
was given at Figure 7. The developed models catebermined depth and velocity of flow
and bed load changes depending to time. The cosgpabetween results of experimental
study and models prediction was given in figuren8 & for Hydrograph 1.

Comparison between the results of experimentaltla@eshumerical studies at various distance
form upstream of channel (x=5, 8, 11 and 15m) giwvefigure 8. It must be noted that the
results of the study depends to the selected erapisediment flux, explain of initial and
boundary conditions, the selected friction slopd #re sediment properties that influence in
sediment particles movement. With consider theiagpklations and parameters differences
of experimental and numerical results for bed dlena are reasonable (Figure 9).

40



Q(l/s) Hydrograph-1
100 ~

80 -
60 -
40 -
20 - Time(s)

0 I I I I I I I
600 700 800 900 1000 1100 1200 1300

Q(l/s) Hydrograph-2
80 -

60
40

20
Time(s)

0 I I I I
600 700 800 900 1000

Fig. 6. Inflow hydrographs
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Fig.7. Initial bed profile
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Fig. 8b. Experimental and numerical results for flow deptlx+8m and Hydrograph 1
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Fig. 8d. Experimental and numerical results for flow deptlx+15m and Hydrograph 1
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Fig. 9. Comparison of experimental and numerical resultdéal profile in Hydrograph 1

For the hydrograph 2, experimental and numericallte was given in figure 10 and 11.
Calculated flow depths for Hydrograph 2 are seefrigure 10. The numerical results are
compatible to experimental results at x=5, 8, 18 4dm (Figure 10). In the compared
between experimental and numerical results for blevations, the differences are the
satisfactory degree (Figure 11).
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Fig. 10c. Comparison of flow depth for hydrograph 2 in x=11m
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Fig. 11. Comparison of experimental and numerical resolt®éd profile in Hydrograph 2
7. Conclusions

In the modeling of one dimensional flow and seditrteamsport, in this study, the Kinematic
Wave Model was used. The evolution and movemebedfprofiles can be described by the
kinematic wave theory employing a functional reatbetween sediment transport rate and
sediment concentration (Tayfur and Singh 2006).tRemumerical solution, one dimensional
finite-volume models has been developed to simuthte transported of sediment over
movable beds. In the models explicit and impligpeximations was used. These models
can simulate flow, sediment transport and bed let@nge in equilibrium conditions. The
models were tested by two different hydrograph® fEsults of models were satisfactory.
Finally, tests in field cases are needed to enh#meeeliability of the established model. In
the future studies, we will try to develop modelshwess simplifications like dynamic wave
model. Moreover, the investigation of the influermdehe sediment and flow parameters and
empirical relations can be useful.
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