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STEADY WIND-DRIVEN CURRENT IN A COASTAL SEA
WITH FINITE DEPTH*

Zhang Qinghua

(Institute of Oceanology, Academia Sinica)

ABSTRACT

In this article, a steady wind-driven current in a coastal sea with constant depth

and a straight bound is studied.

It is assumed that the variation of velocity along sea coast was neglected, but the
sea surface slope (or the pressure gradient) in the same direction remained. In
order to get a solution for the problem an odd function type continuation was made,
then the problem was changed into one in which the z-direction of the dimension was
infinite. The solution of the problem was obtained by Fourier transform. Since the
sea surface slope could satisfy a simple algebraic eguation in the image space, the
problem was, therefore, reduced to getting the inverse Fourier transform for a few func-
tions. By generalizing function concept and techniques, the expression of the sea sur-
face slope (eq. 23, 24) and that of the current velocity (eq. 32) were obtained. Further-
more, numerical computation for & == 1, 2 was carried out (where k is the sea depth mea-
sured by Ekman friction depth D,) and many kinds of charts were drawn. Among
them are streamline charts on (z, z) plane under the longshore or offshore wind con-
ditions (Fig. 2—5), distribution charts of the longshore current (Fig. 6—9),
vertical structure charts of the horizontal current at different distances from . the

* Contribution No. 609 from the Institute of Oceanology Academia Sinica,
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coast (Fig. 10—13) and the distribution charts of upwelling (Fig. 14, 15).

The solutions mentioned above demonstrate that, when the wind is offshore, the
upwelling is concentrated in a narrow area 0.4 times Da(D., the horizontal friction
width) ; the average velocity of it is 1.00 m/day when h =1, 144 m/day when h =2,
‘When the wind is longshore, the upwelling is concentrated in an area 0.6 times Dy,
the average velocity within 0.4D, area is 1.08 m/day when h=1, 2.55m/day when h=2.
At deeper depth of the sea, upwelling was closer to the coast and narrower. Upwelling
was stronger when the wind was longshore. The surface slope in x-direction (i.e.

direction of offshore) was not the same under different wind conditions : %C- = %’L—Q e~
A z

where — @ =41, (see eq. 23) when a uniform wind was blowing offshore; .Z_C < -}%
1e. the surface slope was negligible when the wind was longshore. But at the same
‘time it was necessary to keep a constant longshore surface slope: In order to balance
the transverse (offshore) mass transport by Ekman drift current a constant longshore

surface slope is required. The expression of this slope is —Z—rz,o the. order of magnitude

.of whieh is 107" (ie. 1m/10000 km), where p was defined by eq. (22). In fact p =1
‘when A 7> 2, it has just the same result as (arvine (1971) obtained for deep sea
(h >» 1). Thus it may be stated that this work was a step forward from those of Hidaka
{1954) and Garvine (1971).



