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ABSTRACT

The interaction of two isolated lens-like eddies is examined with the aid of an inviscid nonlinear model. The
barotropic layer in which the lenses are embedded is infinitely deep so that there is no interaction between the
eddies unless their edges touch each other. It is assumed that the latter is brought about by a mean flow which
relaxes after pushing the eddies against each other and forming a “figure 8” structure.

Using qualitative arguments (based on continuity and conservation of energy along the eddies’ edge) it is
shown that, once a “figure 8" shape is established, intrusions along the eddies’ peripheries are generated. These
intrusions resemble “arms” or “tentacles” and their structure gives the impression that one vortex is “hugging”
the other. As time goes on the tentacles become longer and longer and, ultimately, the eddies are entirely
converted into very long spiral-like tentacles. These spiraled tentacles are adjacent to each other so that the final
result is a single vortex containing the fluid of the two parent eddies. It is speculated that the above process
leads to the actual merging of lens-like eddies in the ocean.

Because of the inherent nonlinearity and the fact that the problem is three-dimensional (x, y, ), the complete
details of the above process cannot be described analytically. Therefore, one cannot prove in a rigorous manner
that the above process is the only possible merging mechanism. It is, however, possible to rigorously show
analytically and experimentally that the intrusions and tentacles are inevitable. For this purpose, one of the
interacting eddies is conceptually replaced by a solid cylinder. Initially, the cylinder drifts toward the eddy;
subsequently, it is pushed slightly into the eddy and is then held fixed. The subsequent events are examined in
a rigorous mathematical and experimental manner.

It is found that as the cylinder is forced into the eddy, a band of eddy water starts enveloping the cylinder in
the clockwise direction. This tentacle continues to intrude along the cylinder parameter until it ultimately
reattaches itself to the eddy, forming a “padlock” flow. Simpie laboratory experiments on a rotating table clearly
demonstrate that a “padlock” flow is indeed established when a lens is interacting with a solid cylinder. Using
the details of this process it is argued that, in the actual eddy—eddy interaction case, intrusions must be established
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and that, consequently, merging of the two eddies is inevitable.

1. Introduction

Isolated lens-like eddies are common in many parts
of the ocean; they usually result from meandering cur-
rents which close upon themselves and pinch-off (e.g.,
see The Ring Group 1981; Lai and Richardson 1977,
Cheney 1977). Their abundance in the ocean and the,
almost permanent, presence of mean currents suggest
that collisions of lenses are probably a fairly common
occurrence. The processes associated with such colli-
sions and the resulting encounters are the focus of the
present study.

a. Background

So far, there has been only one set of observations
of a direct eddy-eddy interaction (Cresswell 1982;
Cresswell and Legeckis 1986). In this case, two anti-
cyclonic lens-like eddies have collided in the vicinity
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of the East Australian Current. Initially, they moved
around each other but within a period of about 20 days
they have completely merged (Fig. 1). These obser-
vations have generated the interest of Gill and Griffiths
(1981) who, in a short communication, have pointed
out that if two inviscid eddies with zero potential vor-
ticity are forced to merge and conserve their potential
vorticity and mass during the merging, then the final
vortex would have energy that is larger than the sum
of the individual energies.

Consequently, it is concluded that, in order for mass-
conserving merging to occur, either energy must be
supplied from an outside source, or that potential vor-
ticity is not conserved. The experiments of Nof and
Simon (1987) have demonstrated that lenses merge
without an external source of energy so that their po-
tential vorticity must somehow be altered.

For additional studies on eddies interaction the
reader is referred to Mied and Lindemann (1984),
McWilliams (1983), McWilliams and Zabusky (1982),
Overman and Zabusky (1982), Melander et al. (1987),
and Christiansen and Zabusky (1973). While being
informative, the latter investigations are not directly






