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On the interaction between a surface wave and a
basic current in the sea II'”

Akira MaTsusuima **, Akira Tomizuka™*, Masao Koca™* and Nobuyuki Goro™*

Abstract: Present authors study the effect of viscosity on a non-linear interaction between a
basic lateral shear flow and a neutral surface wave (or a short wave) progressing on the surface
of the sea in the direction parallel to the basic flow (the direction of which is taken as a y-
coordinate).

The following results are obtained.
(i) For a wave progressing with a non-zero angular wave vector in a basic non-shear flow,
or with a zero angular vector in a basic shear flow, there exist two groups of waves.

One group is named as a quasi outer gravity wave mode and the other named as a viscous
outer gravity mode in the present paper and each group does not interact with its own basic
flow. A quasi outer gravity wave is almost not influenced by viscosity, and therefore even in
a viscous fluid behaves almost same as a gravity wave inviscid and non—basic flow. On the
otherhand, a viscous outer gravity wave appears due to the existance of viscosity and may
progress in a positive or negative x—direction with decreasing the amplitude, spatially.

(ii) For a wave progressing with a non-zero angular wave vector in a basic shear flow, there
also exist two groups of waves corresponding to a quasi and viscous outer gravity wave mode.

Waves corresponding to a quasi outer gravity wave mode consist of two kinds of waves
and are influenced only by the interaction. If ak,/2>0 (where a, k, and Q are a shear, the y
—component of angular wave vector, and a Doppler angular frequency, respectively), one kind
may progress in a positive x—direction with increasing amplitude and the other in a negative x
—direction with decreasing amplitude and vice versa.

Waves corresponding to a viscous outer gravity wave mode are basically the same as vis-

cous outer gravity waves mentioned in (i) and the effect of the interaction is furthermore
added to the results obtained in (i). As a result there appears a new possibility that the ampli-
tude of a wave may increase in some case.
(ii) In the special case where a damping factor showing the vertical structure of a wave m is
almost equal to k,, there exist three kinds of waves influenced by both the interaction and vis-
cosity, if 1Q1°<<va®,’ where 2, v and a are Doppler angular frequency, the coefficient of
kinematic viscosity and a shear, respectively. For example, if ak, >0, one of three kinds may
progress in a positive x—direction keeping the amplitude constant and the rest in a negative di-
rection with either increasing or decreasing amplitude.
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(x—coordinate normal to the basic flow on the
sea surface)
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(y-coordinate parallel to the basic flow on the
sea surface)

z c EEETHELMEICES
(z-coordinate directed upward)
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(damping factor showing the structure in the
z—direction of a surface wave)
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(angular wave number in the y-direction)

w : ORI
(angular wave frequency)
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(basic flow. V,; constant component)

a : BARF O shear

(a shear of basic flow)

M=k

Q Q=w—kV

v EREHEEREL
(the coefficient of kinematic viscosity)

u i OBE DTSy
(x—component of the velocity following a
wave)
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(y—component of the velocity following a
wave)
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(z—component of the velocity following a
wave)
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(pressure following a wave)

0 RIKDOEE
(density of the fluid)
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(phase velocity in the y—-direction of a wave)
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