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ABSTRACT

The behavior of outflows resulting from channels cutting through broad continents and emptying into wedgelike
oceans, or channels cutting in wedgelike continents and emptying into broad oceans, is examined analytically.
The model is nonlinear and inviscid, and the vertical structure is approximated by two layers; the upper layer
is active and the lower is passive.

Examination of the governing equations shows that, since outflows are externally driven (by gravity and mass
flux), there exists an “outflow length scale” in the open ocean. This length scale (/) is given by [g’Hb/fUs]"?,
where b is half the emptying channel width, g’ the “reduced gravity,” H the channel depth, f the Coriolis
parameter, and U, the flow speed within the channel. Solutions are constructed using this new length scale and
a power series expansion.

It is found that, due to the earth’s rotation, an outflow can be deflected toward one of the coasts or bifurcate
into two branches, depending on the basin geometry. When the outflow results from a channel cutting through
a broad continent and emptying into a wedgelike ocean, there are two possibilities. If the wedge opening is less
than 90°, the outflow deflects to the right (looking downstream); if the wedge opening is larger than 90°, the
‘outflow deflects to the left. In contrast, when the channel is cutting through a deltalike continent and emptying
into a broad ocean, the outflow bifurcates. If the angle between the two walls bounding the ocean is less than
270°, the outflow splits into a narrow band that flows to the right and a broad current that veers to the left and
penetrates into the ocean interior as an isolated ocean. A mirrored picture is established when the angle between
the walls is larger than 270°.

Possible application of this theory to the two outflow modes observed near the Tsugaru Strait is mentioned.

1. Introduction
a. General description

The way that mediterranean seas and rivers empty
into the ocean is an important and difficult problem.
Its importance stems from the fact that it affects the
distribution of salinity and nutrients up to very large
distances [~O(1000 km)] away from the source. The
difficulty in modeling and analyzing its behavior is a
consequence of the inherent nonlinearity that results
from the relative small length scale (imposed by the
feeding channel) and the relatively high speeds.

Outflows spread in a variety of oceanic basins; many
correspond to wedgelike oceans or continents that re-
semble a delta. Consider the following situation as an
idealized formulation of the problem. A uniform
channel whose width is 2b is connected to an oceanic
basin bounded by two walls (Fig. 1). The angle between
the basin walls and the x-axis («) can take values larger
than 90° so that the continent (through which the
channel cuts) can have the shape of a delta (A). In the
ocean, the model has two layers, a shallow (active) up-
per layer and a deep (passive) lower layer. It is inviscid
and nondiffusive, and the motions are driven solely by
the flow in the channel. Namely, the effects of wind
and coastal currents are not taken into account so the
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basin would have been stagnant had the channel not
been feeding fluid into it.

b. Background

Although the above problem has never been consid-
ered directly, there have been a number of related in-
vestigations. Takano (1954, 1955) was the first to in-
vestigate the spreading of a river in an oceanic basin.
His basin occupied half of the plane and the motions
were frictionally dominated. Consequently, the river
plume deflects to the right in the Northern Hemisphere.
Paul and Lick (1974) studied numerically the river dis-
charge into a lake with a preexisting circulation, and
Whitehead et al. (1974) examined the “hydraulic con-
trol” exerted by a strait. Beardsley and Hart (1978)
have looked at the way that estuarine flow interacts
with the continental shelf; Kawasaki and Sugimoto
(1984) have examined, with the aid of a laboratory
model, the behavior of buoyancy-driven outflows in
rectangular basins.

Other investigations related to the problem posed
above are those of Nof (1978a,b), who considered the
effect of a sudden widening in a channel, and the tran-
sient analyses of Whitehead and Miller (1979), Stern
(1980), Stern et al. (1982), and Griffith and Hopfinger
(1983), all of whom considered river outflows bounded
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F1G. 1. Schematic diagram of the model under study. The wedge [top view (a)] and delta [top view (b)] correspond
to the various basins into which outflows debouch. The free surface displacement 5 is measured upward from the
undisturbed depth at the origin [i.e., 7(0, 0) = 0]. H is the undisturbed depth at x = 0, 2b is the channel width.

by a front (i.e., a surfacing interface). The latter group
of investigations differs from the case considered in
this study because, in an infinitely wide ocean, the
presence of a front tends to confine all motions to the
vicinity of the right wall. Another closely related work
is that of Nof (1981), who considered the dynamics of

equatorial outflows and the way that rivers empty into
(equatorial) wedgelike basins. The present study is es-
sentially an extension of Nof (1981) to midlatitude
outflows and to basins that are far broader than wedge-
like seas. The techniques used in this paper are similar
to those discussed by Nof (1981), and there is some






