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Abstract Based on the equations of momentum and continuity, a general three-dimensional transport model for
suspended sediment by waves and currents is developed by respectively decomposing the instantaneous velocities and
concentrations into three different time-scale components. The model is composed of two submodels. One is a three-di-
mensional flow field submodel including the influence of waves, and the other is a three-dimensional diffusion submodel
for suspended sediment due to waves and currents. The purpose of this study is to provide a theoretical model for further

investigating sediment transport by waves and currents in estuarial and coastal areas.
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It is a general phenomenon that the interaction occurs among waves, currents and sediments in
estuarial and coastal areas. So the sediment transport due to. the combined waves and currents has at-
tracted more and more attention. So far, a two-dimensional model for sediment transport by waves and
currents has been widely applied[l"s] . In order to describe the three-dimensional character of sedi-

(9] to simulate the trans-

ment transport, a quasi-three-dimensional model was used by Cao and Wang
port of suspended sediment and the evolution of bed level. Ding et al. (10] derived a three-dimensional
diffusion equation which clearly reflects the influence of waves and currents on suspended sediment.

[11~13) gimulated 3-D sediment transport using mixed diffusion coefficients in-

And some investigators
cluding the influence of waves. But they did not consider the effect of waves on flow field, which is an

important factor in flow model, for it is more obvious in shallow-water areas of estuary and coast/

This paper gives the three-dimensional equations of flow field affected by waves, and then de-
rives a more general three-dimensional diffusion equation of suspended sediment by waves and cur-
rents. These equations might be very helpful and reasonable because both the waves and currents are

taken into account at the same time.
1 Three-dimensional current field equations influenced by waves

Ignoring molecular viscous terms, the three-dimensional basic equations for homogeneous and in-

compressible fluid may be expressed as

* Project supported by the National Natural Science Foundation of China (Grant No. 49776279 and 49825161) .



266 PROGRESS IN NATURAL SCIENCE Vol. 11

dJu Jdv Jdw

—+—+— =0, (1
dx dy 9z
du Ju® dw  duw 1 3dp
—+ T+ T+ -fo=-——, (2)
dt dx dy dz o 9x
dv  Juy v’ Juw 1 dp
t— +— +— +fu=-——, (3)
3t dx dy dz e Iy
dw Juw Jvw Iw? 1 3dp
—+—— +— +—— =-— T - g, (4)
at  Ix dy dz e 9z

in which f is the Coriolis parameter. To introduce the influence of waves on current field, the velocity
field can be decomposed into

u=U+u,+u,

=Va+o,+0, (5)
=W+ w, +w,

where V= (U, V, W) is a large-scale background velocity field (such as tidal currents, river
flow), v, = (u,, v,, w,) the wave particle velocity field and v’ = (u', v', w') the turbulent
fluctuation velocity field. Substituting Eq.(5) into Egs.(1) ~ (4), then implementing time average
over a wave period , we can obtain the following equations after a lengthy manipulation:
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where U= U+ a,, V=V +4,, W= W+ i,, denoting the sum of large-scale background currents
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and wave-induced currents. We assume that the variation of the averaged wave and turbulence situa-

tion over a wave period is much smaller in the horizontal direction than in the vertical direction when

Eq.(9) is derived. Especially, if wave particle velocity is periodic, meaning that @, = 4, = @, =0,

then Eqgs. (6) ~ (9) may be rewritten as
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In the shallow water area, it may be assumed that d_ < | - ; ek So Eq. (13) can be simpli-
t z
fied into
3 9 1 9p
2 12
—wl, + —w’=-——"—-g. (14)
dz dz P 3z g
Integrating Eq. (14) over depth yields
b= pog(y-2)-pwh-puw’ (15)

Substituting Eq. (15) into Eqs.(11) and (12), we get three-dimensional equations of current

field including the wave influence as follows:
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77
where M,, =~ (u}, - w3), M, = M, =-up,, M, =~ uw,, M, =- v,w, and M, =
T2 2 2 T
- (v% - w?%) are the momentum flux by waves; R, = - (u'* - w'?), R, = R, =-u'v, R,
=-uw, R, =-v'w and R, = - (v'? = w'?) are Reynolds stresses by turbulent fluctuation .

In general, parameterizing the Reynolds stresses, the three-dimensional shallow water current field e-
quations influenced by waves can be finally written as
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where A,, A, and A, are eddy viscosity coefficients.

The boundary conditions of kinematics at sea surface and bottom have the forms of
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S TVt ey FETEY
(20)
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Making use of three-dimensional wave solutions and determining eddy viscosity coefficients rea-
sonably, we can get three-dimensional current field solution including wave influence from Eqs. (10)
and (18) ~ (20). If the background currents are tidal currents, and the influence of waves on cur-
rents is neglected, then v, =0 in Eq.(5), which means that the momentum flux induced by wave is

zero, then Eqs. (18) and (19) become the well-known three-dimensional tidal current equations
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2 Diffusion equation of suspended sediment by waves and currents

Based on the law of mass conservation, a three-dimensional diffusion equation of suspended sed-
iment can be obtained easily

dc Jduc Jdvc Jdwe Jw,c
—t+ T+ +— = , (23)
at Ix dy dz dz

where ¢ is suspended sediment concentration, and w, the settling velocity of sediment particle. Like
velocity field, the suspended sediment concentration field can be divided into three components corre-

sponding to the background velocity, waves and turbulence, respectively,
c=C+ecy+c. (24)

Substituting Eqs. (5) and (24) into Eq. (23), then taking time average over a wave period, we can
get a general three-dimensional diffusion equation of suspended sediment due to waves and currents as

ac a3auc a3avec awec 9wl
— + + + -
at dx ay 3z dz

aTRz aTRy aTRz arwx arwy arwz
= + + + + + ) (25)
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where C=C +¢,, U, V and W are three-dimensional current field velocities with waves influence

taken into account, 7g, = — u'c'y Tpy = = V¢’ Th = — W'y Ty = = (UyCy = Uy Cy)s Tyy =

- (e, - vy¢,) and 7,, = - (wyc,, — w,c,) denote suspended sediment diffusion by turbulent

fluctuation and waves, respectively.

Suppose that wave particle velocity and wave-induced sediment diffusion are periodic, and the

parameterization of turbulent diffusion term and wave diffusion term can be represented as

ac aC ac (26)
- ecx ’ - e4: R = e¢:z D)
TRy TRy y 3y TR: 9z
ac ac ac
Twz = Cuwx . o Twy = ew;y Ty Ty T Eyr - (27)
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Substituting Eqs. (26) and (27) into Eq. (25) yields a three-dimensional diffusion equation of sus-

pended sediment by waves and currents,
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where €, =€, + €,,, €, =€, + &, and g, =€, + €, denote the mixed diffusion coefficients by the
combined action of turbulent fluctuation and waves, U, V and W represent a three-dimensional cur-
rent field which may be determined by Eqs. (10), (18) ~ (20) . Ding et al. [10] gave a similar three-
dimensional diffusion equation of suspended sediment by waves and currents, in which the background
current field is expressed by V = (U, V, 0). The present paper develops a more general diffusion e-
quation by taking V = (U, V, W). Obviously, if the influence of waves on sediment diffusion is not
considered, Eq. (28) can be simplified into a well-known three-dimensional diffusion equation relat-
ing only to currents,
ac aUC avCe aWC Jo,C

3_t+3x+3y+3z_ dz

3 acy a acy @ ac
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in which the velocity field may be determined by Equations (10) and (20) ~ (22).

3 Conclusion

The present paper derives a three-dimensional current equation considering the influence of
waves and a more general three-dimensional diffusion equation of suspended sediment combining the
action of waves and currents in virtue of the law of the conservation of momentum and mass. These
equations may be used to investigate three-dimensional characteristics of current field and concentra-
tion field, and to study the sediment transport by waves and currents. By the way, the diffusion
Eq. (28) in this paper is also suitable for studying other diffusion processes by waves and currents,
such as salinity, etc. In addition, it is not difficult to derive a three-dimensional baroclinic current
model considering the influence of waves using the method given in this paper. But let it be noted that
the present paper only develops a theoretical model; great efforts have to be made to forward practical
application. Now the studies on how to calculate the momentum flux by waves, and how to determine

the parameters in the model are in progress. Some results will be given in another paper.
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