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SHEAR DIFFUSION FROM AN INSTANTANEOUS
POINT-SOURCE IN EKMAN DRIFT CURRENT
FIELD OF SEA SURFACE LAYER*

Zhang Fagao

(Institute of Oceanology, Academia Sinica)

Abstract

Since the early fifties, a large number of dye release experiments have been made on
the sea, and many new diffusion phenomena revealed. Of these new phenomena some
characteristics have been explained, but most of them have not yet. In this article, a
preliminary account was given to the passive shear diffusion from an instantaneous
point-source in the surface Ekman drift current field of a vast and deep sea.

To begin with the general advection diffusion equation, suppose the diffusion is
passive, using a left-handed Cartesian coordinate system, the origin of which is on the
mean surface, the positive direction of Z downwards, and the local wind is uniform,
blowing along the Y-axis, we may define our problem as follows:

O +Ve_7§zcos (—71 — 1z>§£+ Ve~%zsin (i—-iZ)@-
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@m0 = 2C5(2)5(y)5(2),
S:’ dx S:’ dy 5: pdz = C,

where @ is the concentration of the material released; D the Ekman friction depth; C,

*  Contribution No. 569 from the Ingtitute of Oceanology, Academia Sinica.
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the total of the material released. K, M, N, and V are assumed constant.
Sinee Z/D is small in surface layer, we may expand the velocity in Taylor series

about Z = 0, take the first order approximation, u == -l__— =0, va=TU <1 -2 % p- ),
2

of the series in place of the velocity in equation, put E=z—Ut, n=y—U (1—2%z> t,

Z =17, t =1, and make a function ¢ such that we have ¢ = ¢ when Z =0, then our
problem turns to
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The solution (5) has following characteristics:
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1, The maximum concentration on different level is not the same. On sea surface,

we have
C — 1 »* N
maxg = 15, when - UH:i-<K1;
Prad = Y RMNY s M
__vsop 1w N
Pmaxt = LN K)YAUN »  When 575 i > 1.
2, The distribution of the material is elliptical.

3, Itis elongated along local wind direction.
4, The location of the maximum concentration at different level is P(z,y,2)=

P(Ut, Ut——U%zt, z), therefore the “head” is located on the sea surface and to the down

wind end of the material patch, from head to tail the location of the maximum con-
centration point is down deeper and deeper, the line joining the maximum conecentra-
tion points is parallel to the local wind direction.

5, The leading part of the pateh hag higher concentration than the trailing part
of 1t.

6, Observations showed that the maximum eoneentration is not just on the front line
of the pateh, but a little behind, Okubo (1971) have pointed out that this front is well
defined but it is not inordinately sharp since longitudinal diffusion softened it. From
our solution, it can be thought that, besides what Okubo have told, above mentioned
phenomenon 1s also due to that the maximum concentration points at different level
are not in a vertical line, but the more deeper the level, the more backward the maxi-
mum conecentration is. Thus the rear portion of the maximum concentration on upper
level overlaps the front portion of the deeper one.

All things above are satisfactory when compared with observations of dye experi-
ments on the sea quoted by Okubo (1971).
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