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ABSTRACT

A two-layer analytical model of cold- and warm-core rings has been constructed to explore steady interactions
of isolated eddies with horizontally sheared flows around and below the eddies. Steady inviscid solutions to the
quasi-geostrophic equations are found by assuming that the environmentaf shear is weak compared to the ring’s
shear.

It is found that such interactions lead to elliptical rings; in contrast to our expectations, the eccentricity of the
rings is caused solely by the lower layer shear and is independent of the surrounding upper shear. Namely, when
there is no shear in the lower layer, the ring’s shape is circular, even though there may exist a surrounding upper
shear. When the Row inside the ring rotates in the same direction as the lower shear, the elliptical ring is aligned
along the lower layer flow, On the other hand, when the flow inside the ring rotates in the opposite direction
to that of the lower shear, the elliptical ring is aligned across the lower-layer flow.

Surprisingly, when the surrounding upper flow shear rotates in the opposite direction to that of the flow below
the ring, a chain of weak vortices is generated outside the ring in the upper layer. This chain of vortices is a
result of trapped planetary waves. When the surrounding upper flow and the lower layer flow rotate in the same
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sense, there are no such ambient vortices. Instead, U-turned flows on both sides of the ring are established.
Possible applications of this theory to both warm- and cold-core rings are mentioned.

1. Introduction

When a circular (warm- or cold-core) ring is placed
in a sheared flow, distortions in its shape are generated
due to the distorted pressure fields. Such a situation is
created when an environmental shear is suddenly im-
posed on a circular ring that is initially embedded in
a resting ocean or when, during its formation, the ring
is injected into a flow field with preexisting shear. Our
aim in this paper is to compute the ring’s distortions
and the influence of the ring on the surrounding fluid.
As described below, variations of this classical problem
have been addressed by various investigators during
the past decade.

The general computations are quite difficult because
of two aspects. First, the position of the ring’s edge is
unknown and must be determined as a part of the so-
lution (Figs. 1 and 2). Namely, the matching of the
ring flow to the external flow must be done along a
free separating streamline whose position and shape
are not known a priori. Second, the interactions of the
ring and its surroundings are essentially nonlinear, We
shall see that, despite these aspects, it is possible to
isolate some steady solutions. To derive these solutions
we shall linearize the governing equations using a per-
turbation scheme in ¢, the ratio of the exterior shear
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to the ring’s shear. Specifically, we shall focus on quasi-
geostrophic flows with a weak shear both underneath
and around the eddies. :

a. Previous investigations

For a general review of isolated eddies studies the
reader is referred to Flierl (1987). Distortions in cir-
cular eddies due to stability and other time-dependent
processes were addressed by Spence and Legeckis
(1981), Mied and Lindemann (1983), Cushman-
Roisin et al. (1985), Cushman-Roisin (1986, 1987),
Young (1986), Send (1986), McCalpin (1987), and
Melander et al. (1987). Distortions that are more di-
rectly related to our present investigation—those re-
sulting from the interaction between eddies and envi-
ronmental shears—are listed in Table 1. While those
studies are informative, they do not specifically address
the problem where a ring is affected by both an upper
and lower shear which is considered in our study.

b. Methods

Our mathematical treatment includes the following
steps. First, the Bernoulli equation and potential vor-
ticity equation are derived by specifying the ring’s po-
tential vorticity and the upper upstream shear. Second,
the full Bernoulli equation and the potential vorticity
equation are scaled and simplified by a perturbation
scheme in ¢ which represents both the ratio of the en-
vironmental shear to the ring’s shear and the ring’s






