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ABSTRACT

An analytical-numerical model of mass transport velocity in a
turbulent boundary layer under wave-current combination is presented.
The model 1is used to predict the Eulerian mass transport velocity
obtained from the authers' experimental results.

I FORMULATION OF THE PROBLEM

The following boundary layer equation is used with the assumption
that the free stream outside the boundary layer is composed of a
steady uniform current(uc.) combined with an oscillatory flow(U«).
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When the horizontal velocity in the boundary layer is expanded,
the first term u. gives the primary steady component and the
oscillatory component u:r is of the order ¢.

U = U + €Wt + €2U2 + vvvennennnn. (2)

The perturbed equations are given as follows, on assuming a
linearly time-invariant eddy viscosity, i.e. T/p = kKu-wcZ 3u/9z.

e® . 0 = - -%rggﬂ+ —%ixu,wozggl (3)
el —%%1+ uc-%gl —*%*%%255‘%§1d5 = %%5+ -%—3352%1 (4)
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where £ = 2(0wz/ku+wc ) 2, U-uwe = maximum combined friction velocity

We further assume that uc 1s much smaller than the wave celerity.
Then, the second and third terms on the left-hand side of Eq. (4) can
be neglected.

The oscillatory component in the free stream is expressed as Us =
eUe (x)e - 7vt ., Solutions of Eqs. (3) and (4) are obtalned for the
boundary conditions(u: = 0 at z = zo, and %u./9z = 0 at z = D; wm =
0at £ = & and wi = Uc, & =) as follows.

 Ues z _ (z - Z)
Ue T KUrwe {1in zo D ! (6)
_ -iw = +
u1 = Uc(1l - F)e t, F = Kert + iKei (7

If time-averaged, Eq. (5) is reduced to
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Substitution of the real part of u: and some manipulations lead to

2%:}&83%? = Us g%% {|F1 2 _F - F* +“%2F"' (£2-£,2) 4+ 1|F'lg }

- 1FFF g, (9)

where F is the Kelvin function in Eq. (7). Supercripts # and mean

the complex conjugate and the derivation with respect to ¢

For a numerical solution, u: is expressed as Re{(l/m)G(E)U;an/ax}
and Eq. (9) is reduced to

B - emiFy » 6 F - iR, (10)

Equation (10) is numerically solved by the Runge-Kutta method, to
satisfy the boundary condition(uz = 0, £ = &)

II RESULTS o.no

= Gkg D= 0.350 m, H = 0.04-0,20 w
. - ([ T = 1.3 sec, Uc = 0.0707 w/s
For a progressive wave 7 = 3 20 =0 231
(H/2)el tkx-wit) " on  the water of = ‘\\\
constant depth, D, the free stream -
velocity 1s 0.50 1 Re
- _Ho -
U« = 2¢inn(kd§ ‘** 7Y (11)
and u2 is given by 0. 70 {
— 2 107? 107! H/L 10°
B = 4STaRS{RDImIG(O)) (12)

Flg. 1 Iw{G(£)}
A comparison of the present theory and
the theory of Longuet-Higgins(1953) is shown
in Fig. 1, for the velocity at the outer edge
of boundary layer. The present theor gives
uz variable with ¢ or with H/L which was
observed in experiments by Bijker et al.
(1974), while the L.H. theory gives a cons- =
tant 3/4 1ndependent of £. The computed Aal oo
results also suggest that the difference from . R
the L.H. theory can be expressed in terms of (I
a Reynolds number defined with the water
particle amplituide at the bottom and U..
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Fig. 2 Bed conflgulation

Hydraulic experiments were carried out on
a rough bed shown in Fig. 2. Fig. 3 compares z(nnﬂ
the vertical distribution of mass transport
velocity. The present theory(PRE) seems to 10°
slightly improve in the very neighborhood of
the bottom. None of the theories, however, o
can predict the negative velocity near the 2
bottom, which might be generated under a lof
stronf effect of vortices ejected from crests ]

a

of triangular roughnesses. 10H
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Fig. 3 Eulerian mass transport

veloclty

971



