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A NUMERICAL SIMULATION OF MORPHOLOGICAL
PROCESSES FOR A NAVIGATION CHANNEL

NGUYEN VAN DIEP and DANG HUU CHUNG
Instituie of Mechanics, NOCNST of Vietnam

SUMMARY. The finite difference method was applied to simulate the morphological processes
for a navigation channel. Mathematical equations were based on the SUTRENCH and PROFILE
models proposed by L. C. van Rijn. The difficulties of treatment for bed houndary conditions were
overcame flexibly by using the interpolation functions with high accuracy. The results obtained

showed that the simulation is very suitabie and able to be applied to practice problems.

1. INTRODUCTION

The morphological process is a popular phenomenon happening in rivers, estuaries and coastal
regions, especially in environments with a predominant suspended load. According to Ida Bro-
ker Hedegaard et al. [2] that is the interaction between hydrodynamic conditions and bed level
© evolution. This problem has been interesting several scientists in the world. Up to now there are
many mathematical models for this [7], but the model in which the turbulence of flow is taken
into account, may be more suitable. Knowledge on this process is really necessary because several
studies in practice are required, such as harbour project, in which the rate of sedimentation in the
navigation channel may be one of the most important economic aspects, and can be the parameter
that finally decides the optimal location of the harbour.

2. MATHEMATICAL MODEL

Using the assumptions of the gnasi-steady fow, the longitudinal diffusion term being neglec-
ted in comparision with the vertical diffusion term and the one of unsteady concentration be-
ing relatively small in relation to the others, the system of equations describing sediment flow
perpendicular to channel axis are as follows [5-6]

u=Ayw,In{z/20) + up (1 — AthIn(h/20}) (20" - n°") (2.1)
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in which u, w are the time-averaged fluid velocities in z, z direction, respectively, z), the bed level
with respect to horizontal datum, z height above bed (2 = z + 2.} , u, flow velocity at water
surface (2 = h), zo zero-velocity level {z, = 0.03k,), k, effective roughness height, h water depth,
b the width of the flow, 5 = (% — 2,)/(h = z,), 4,,r dimensionless variables to determine, ¢ the
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time-averaged sediment velune concentration, w, the particle fall velocity, £, the sediment mixing
coefficient, ¢ the time, p the porosity of bed material, and s,, s, the cross section-integrated
suspended load and bed load transports, respectively. The suspended load transport is defined as

zi+h
s, =1 [ ucdz {2.5)

zp+a

“in which a is the reference level; and the bed load transport is determined by a stochastic function
proposed by van Rijn [5-6]:
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where D, is the dimensionless diameter of particle, dsy and dgp the particle diameters of bed
material, C’ the Chezy coefficient related to grains, A the relative density, v the kinematic viscosity
coefficient, o' the standard deviation of bed-shear stress (after van Rijn o' = 0.47, =~ with T,ﬂ_lj is

effective bed-shear stress at z = 0), ;hT the time-averaged bed-shear stress, m, ., and 7, o the
instantaneous critical bed-shear stress in and against Aow direction, respectively, 7' the mean
critical bed shear stress at a horizontal bed according to Shields, ¢ the angle of internal friction,
o the bed slope angle, and @ is the depth-averaged fluid velocity in z direction.

The formula {2.1) was cbtained by L.C. van Rijn on the base of Coles’ result (1965} for
determination of Lthe velacity profile in nonuniform flow. As it depends on three unknown variables
A1, r,uy,, 5o three more equations are needed to close the systemn of equations. They are

h

Q:b[udz (2.7)
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with
n.s .
_ g ) l]l{h/Z(}]: = Q o
Uhe = T, U= C = 18log(12h/k,)
oy = 0.28 + 0.1t tanh (6{dh/dz) — 0.15)

arg = 0.235 + 0.065 tanh (17(dA/dz — 0.035))
az = 0.1tanh (10db/dz)

in which eq.{2.7) is the continuity equation, eq.{2.8} r parameter equation established by using the
equilibrium mid-depth velocity of logarithmic distribution in eq.{2.1), eq.(2.9) the water surface
velocity equation, wu;,,. the surface velocity for equilibrinm flow, u the crossection-averaged flow
velocity, €' the Chezy coefficient, @,,a; and @y the empirical coefficients, g the acceleration of
gravity, and & the constant of Von Karman.

In the case of consideration the sediment mixing coefficient, ,, is approximately equal to the

fluld mixing ceeflicient, ef, that is used usually from parabolic-constant distribution

Efman — €fanax (1 - 22/}1)2 . for % < 0.5
€7 = 5 {2.10)
Ef max; for E > 0.5
with
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dz ( h (&rmaz,e = €5, )~ dz exp dz)
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-1 +ln(h/2{))

where ;1,050 1s the maximum fluid mixing coeflicient for equilibrium conditions, w. . the equi-
librium bed-shear velocity, and w4y and oy the empirical coefficients

3. INITIAL AND BOUNDARY CONDITIONS

In general the following conditions are required

2.z, i]h:n = fi(z).,.Q = f2(t),
u[:c,z,t”x:;) = fa(z,t), c{x,z,t)‘mzu = fy(z,¢t),
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wiete, =0 atz=2z,+h
dz
5 .
— E_..—E =FE,. atz=z,4+a (3.1)
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in which f; (+ = 1,2,3,4) are known functions, ¥, . is the equilibrium upwards diffusive sediment
flux established by van Rijn as follows [6] :
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4, NUMERICAL PROCEDURE AND RESULTS

The mathematical model was applied to simulate numerically the morphological processes
for an experiment flume. The numerical solution was obtained by using Runge Kutta Method
for equations determining uy, £/, max, then difference method with Crank Nilcolson and Spline’s
interpolation for diffusion equation [1], and Lax scheme for bed deformation.

At the inflow boundary the equilibrium sediment concentration profiles and the logarithmic
distribution velocity were used as the boundary conditions {1, 4, 6}

RN =
(E: 2) for ~ < 0.5
- Z h—a
C_“_ = K i (4.1)
ae a F Z
exp(—4Z(= — Z>o.
<h—a) exp( 4Z(h 0.5)), for P 5

in which Z = w,/(fku.) = suspension parameter, the equilibrium concentration at the reference
level, ¢, 15 determined according to experiment formula proposed by Van Rijn

dgo T'® (UU2 - (us.cr)2 9“'5 .
Cap = 0.015713273, T = (u*‘cr]‘,—z———, 1.1:’* = _C”—U, (42)

where u, . Is the critical bed shear velocity according to Shields, and corresponding velocity profile

g0-® _
U = E—Ln[z/zo)u (4.3)
Input data
water depth at inlet z = 0 hy = 0.39m
mean current velocity at inlet z = 0 Uy = 0.51m/s
ratic of sediment and fluid mixing coefficient A =1
particle diameters of bed material den = 160um
d.gg) = 200pm
particle fall velocity of suspended sediment  w, = 0.013m/s
effective bed roughness k, = 0.025m
sediment density pe = 2650kg/m®
fluid density p = 1000kg/m?
angle of repose of bed material ' ¢ = 35"
porosity of bed material =04
constant of Von Karman k=04
reference level a = 0.0125m

Some resulis of computation were iHustrated in the figures 1 - 7. Fig.1 and Fig. 2 present
the field of velocity after 5 and 10 hours, Fig.3 - Fig 6 present the concentration distributions’
at z = Gm corresponding to different tine. Tt is seen- that suspended sediment concentration is
approximately equal to zerc upwards the surface. Finally, the prediction of bed deformation due
to deposition in turr after 5, 9 and 15 hours in compariston with the initial form was presented in
Fig. 7.

4. CONCLUSION

The computional results showed that the mathematical model is posible to apply to the
practice. However, because of the stability and the accuracy of solution, the time and space
steps chosen is quite small. Therefore the computing process is rather slow. It takes 2.5 minutes
per a computional step for AT286, 1 minute for AT386 DX and 15 seconds for AT486 DX to predict
the deformation of bed after 3 minutes.
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Fig. 1. Velocity field affter 5 hours
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Fig. 3. Suspended concentration distribution
at £ = Bm affter 1 hour
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Fig. 5 Suspended concentration distribution
at £ = 6m affter 16 hour
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Fig. 2. Velocity field after 10 hours
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Fi;g. 7. Bed levels affter 0, 5, 9 and 15 hours
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MO PHONG SO QUA TRINH BIEN DANG
"POI VG MOT KENH GIAO THONG

Phuong phép sai phin hiry han di dwec st dung. d& mé phdng 8 qud trinh dia hinh déi
vl mét kénh giao théng. Cdc phwong trinh todn hoc md td qud trinh ndy dwa trén cic méd hinh
SUTRENCH va PROFILE do L. C. van Rijn d& nghi. Nhirng khé khidn do xir ly ditu kién bién
ddng di dwee khide phuc nhe s dung phuwong phip néi suy Spline véi 49 chinh xdc can. Cac ket
qué nhin dwoc ching té ring sw mé phdng rit phi hop va ¢4 thé 4p dung d& gidi quy&t cic bai
todn trong thwe té,
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