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ABSTRACT

A nonlinear one-layer model is considered in order to describe the way that water with a relative vorticity
intrudes into an otherwise stagnant channel. The channel has a uniform depth (D) and width (L) and the fluid
is taken to be inviscid. The intruding fiuid is separated from the (initially stagnant) water in the channel by a
free dividing streamline that corresponds to a “vorticity front.” This front intersects the channel wall (at the
head of the intrusion) and extends backwards upstream. As the fluid with relative vorticity is intruding into the
channel, the fluid with no relative vorticity (i.., the fluid present in the channel prior to the intrusion) escapes
in the opposite direction. This flow compensates for the fluid displaced by the advancing intrusion. Solutions
for steadily propagating intrusions are obtained analytically by equating the flow-force ahead of and behind the
intrusion. Namely, steady state solutions correspond to a balance between the forward momentum flux and
the form drag exerted on the intrusion by the escaping fluid. The nature of the intersection of the front with
the wall is analyzed by methods similar to those employed by Stokes for analyzing the maximum steepness of
surface gravity waves,

It is found that the vorticity in the intruding fluid “controls” the amount of fluid that flows through the
channel. When the vorticity ($) of the intruding fluid is uniform, the width of the intrusion is always 2/3 of the
channel width and the net volume flux of the intruding fluid is (2/27)¢DL2, In the presence of weak dissipation,
the channel can can transfer an amount less than (2/27){DL?, but, under no circumstances can the channel
transfer an amount larger than that. The maximum volume flux is much smaller than the flux associated with
the so-called hydraulic control {~O{(gD)”2DL}}, which corresponds to the flux of an intrusion without any
relative vorticity. When { ~ O(f), the ratio between the maximum flux allowed by the vorticity control to the
flux allowed by the hydraulic control is equivalent to about 1/10 of the ratio between the channel width and
the barotropic deformation radius. Hence, for midlatitude channels, the vorticity control may limit the flux zo
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a few percent of that associated with the hydraulic control,
Possible application of this theory to various oceanic sitvations is mentioned.

1. Introduction
a. General description

When fluid with relative vorticity intrudes into a
barotropic channel, it is pressed by the ambient fluid
against one of the channel walls, Because of the excess
pressure behind, it propagates along the wall and forms
a “nose” at the leading edge. As the nose advances, the
ambient fluid escapes to compensate for the intruding
mass. The speed at which the leading edge advances,
and the associated mass flux through the channel is
the focus of our study.

b. Background

The way that geographical constrictions affect the
flow in the ocean has been studied by many investi-
gators. Much attention has been devoted to the so-
called “hydraulic control” and its application to sea
straits (e.g., Stern 1972, Whitehead et al. 1974, Gill
1977, Sambuco and Whitehead 1976, Stern 1974, Armi
1986, Armi and Farmer 1986, Farmer and Armi 1986,
Pratt 1986, 1984, 1983, Borenas and Landberg 1986).
The basic idea behind these studies is that the maxi-
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mum flux through many straits is “controlled” in a

. similar way to the flow through a weir in a nonrotating

flow.! The latter is associated with a Froude number
(U?%/gD, where U is the speed, g the gravitational ac-
celeration, and D is the depth) of unity, i.e., there is a
stationary gravity wave at the constriction. In view of
this, the mass transport associated with a hydraulically
controlled flow is (gD)2DL, where L is the width of
the constriction.

Recently, another kind of “control’ has been found
(Garrett and Toulany 1982, Garrett 1983, Garrett and
Majaess 1984, Toulany and Garrett 1984). It is called
““geostrophic control” and, as in the hydraulic control
case, is associated with the flow through a channel con-
necting two neighboring basins. The essence of this
control is that the sea-level difference across a strait
cannot be larger than the sea-level difference between
the connected basins. The channel mass flux associated

! For many years, the nonrotating problem has been the subject
of investigation by hydraulic engineers and, consequently, it received
the name *“hydraulic control,” Traditionally, the application of this
idea to large scale rotating flows in the ocean has also been called
“hydraulic control” even though the word hydraulic is usually as-
sociated with smaller-scale manmade structures.






