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ABSTRACT

This paper supplements an earlier article, by Nof and Olson, on the nonlinear flow through broad gaps. In
that paper, the steady inviscid transport through a gap located on the left-hand side of a boundary current has
been computed. When the gap is located on the right-hand side, instead of the left-hand side, the Nof and Olson
solution breaks down because of a singularity at the upstream edge of the gap. The singularity is associated with
an infinitely negative pressure resulting from the fact that particles make a “U” turn as they pass through the
gap. The present study focuses on these special singular cases.

To avoid the singularity, the use of the integrated moment of momentum is adopted because with an appropriate
choice of a coordinate system, the contribution of the unknown force (associated with the singularity) to the
integrated torque vanishes. This enables one to construct analytical solutions which give the transport through
the gap as well as the force associated with the singularity. It is found that a separated current (i.e., a current
bounded by a surfacing interface) is always sucked in its entirety into the gap no matter how wide the gap. As
in the Nof and Olson study, this result is valid for broad gaps (i.e., gaps whose width is of the order of the
deformation radius). For very broad gaps (i.e., much larger than the deformation radius), a perturbation scheme
provides an approximate solution which is independent of that derived by the integrated moment of momentum
technique. This solution also shows that a separated current is completely sucked into the gap. In view of these
solutions, it is concluded that a separated boundary current flowing along a wall with a series of gaps is always
sucked into the first gap that it encounters.

Application of this theory to the Unimak Pass, which connects the Gulf of Alaska with the Bering Sea, is
considered. Using historical data, it is shown that the locations and positions of the currents located near and
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at the Pass agree with the model predictions.

1. Introduction

Recently, attention has been drawn to the flow
through passages that, unlike many sea straits, do not
have a channel-like structure. Instead, their geometry
resembles a gap separating two thin walls so that the
fluid spends very little time as it flows from one basin
to another (Nof and Olson, 1983, hereafter NO; Tou-
lany and Garrett, 1984).

The steady solutions of NO provide a method for
computing the pressure-induced transport through gaps
whose width is comparable to the deformation radius.’
They left, however, a number of important questions
unanswered. In particular, one wonders why the NO
solution breaks down for passages that are located on
the right-hand side of the approaching current. This is
an important question because the NO model, as it
stands now, is not applicable for passages such as the
Unimak Pass which is situated to the right of the
southwestward flowing current in the Gulf of Alaska
(Fig. 1). The purpose of this study is to find the solution
for currents associated with such passages and to further

! By “comparable” we mean that the gap width can be, say, one
third of the deformation radius or twice the deformation radius.
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investigate the question of why the NO solution fails
for gaps located on the right-hand side.

Although an attempt has been made to make this
paper self-contained, frequent references to NO are
made and the reader who is interested in the detailed
development is advised to look at NO before reading
the present paper. The reader who, on the other hand,
is merely interested in the results can go directly to the
summary.

Consider the following situation as an idealized for-
mulation of our probiem (see Fig. 2). Two unbounded
basins are separated by an infinitely long wall which
contains a gap. The two parts of the wall represent the
land masses separating the Gulf of Alaska from the
Bering Sea. The wall on the left represents the Aleutian
Islands west of the Unimak Pass and the wall on the
right represents the Alaska Peninsula. It will become
clear later that the fact that the Aleutian Islands chain
contains more than one gap will not affect our general
results. This may seem, at first, to be unnatural but it
is a direct result of the condition that the flow through
broad gaps is independent of their width.

The inner basin (Gulf of Alaska) contains two layers
of which only the upper is active; the outer basin (Ber-
ing Sea) contains, initially, a single motionless layer.
Later on, two layers will be present in both basins.






