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ABSTRACT

The mutual interaction of two isolated lenslike eddies is examined with the aid of a laboratory experiment
on a rotating table. The isolated anticyclonic eddies are formed by withdrawing two cylinders containing a
mixture of Freon (with a density of 1.53 gm cm™), and silicone oil (with a density of 0.853 gm ¢cm™). The
cylinders are embedded in water, and the collapse of the mixture forces two identical lenslike eddies (with an
anticyclonic circulation) on the bottom of the tank. Initially, the lenslike eddies are completely separated from
each other so that one vortex does not “know” about the presence of the other.

Due to small bottom friction, the vortices spin down slowly so that after some time their edges meet and
they touch each other, forming a “figure 8” structure. After this happens there is a rapid (i.e., within 20 revolutions)
interleaving of the two eddies. Arms are extended from one vortex to the other and the vortices become one
unit consisting of two main lenses. As the interaction continues, the two lenses become less distinct and, ultimately,
a single lenslike vortex is formed.

A total of about 20 experiments were performed and all showed that merging takes place after the eddies
touch each other. Experiments with vortices whose densities are not identical were also performed and these
also resulted in vortices that merged. The experiments suggest that the potential vorticity of the eddies is altered
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during their interaction and that no external source of energy is needed for the merging.

1. Introduction

Recently, attention has been drawn to the interac-
tions of isolated eddies (e.g., Mied and Lindemann,
1984); this interest stems from the recognition that en-
counters between eddies may frequently occur in the
ocean and other environments. McWilliams and Za-
busky (1982), and McWilliams (1983) have addressed
the collisions of modons, Overman and Zabusky (1982)
have focused on the interaction of single vortices on a
nonrotating plane (f = 0), and Gill and Griffiths (1981)
and Nof (1986) have focused on the merging of strongly
nonlinear eddies on an f'plane.

The theory of Nof (1986) provides a possible expla-
nation for the merging of two lenslike eddies such as
those discussed by Cresswell (1982) and Cresswell and
Legekis (1986). The essence of the theory is that when
two lenslike eddies are forced to touch each other (and
thereby form a “figure 8” structure), tentacles are ex-
tended from one vortex to another and merging takes
place. During the proposed merging process potential
vorticity is not conserved,; it is altered via the action of
shock waves (i.e., depth discontinuities or “bores” in
an inviscid fluid). Such an alteration is necessary be-
cause the total energy of an inviscid zero potential vor-
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ticity lens embedded in an infinitely deep fluid is xf*/%/
192g’ [where f'is the Coriolis parameter, / the radius
of the eddy and g’ is the “reduced gravity,” g(Ap/p)]
whereas the volume of each lens is xf2/*/16g". This
implies that if potential vorticity is conserved, then the
final energy of the merged vortex would be V2 times
the sum of the individual energies. Hence, potential
vorticity must be altered if there is no external energy
source. Nof (1986) estimates that the merging time is
approximately given by, (¢¥2f)~' where ¢ is the distance
that each vortex is initially “pushed” into the other.

Because of the impossibility of describing the com-
plete time-dependent problem analytically, Nof’s
(1986) study left a number of important questions un-
answered. First, one would like to have additional sup-
port for the suggestion that two lenslike eddies which
touch each other must merge. Secondly, there is the
question of potential vorticity alteration. Namely, one
would like to know whether the change is, indeed, tak-
ing place. Thirdly, the mechanism implies that no ex-
ternal source of energy is needed provided that the ed-
dies have somehow been brought into contact. In other
words, it has been argued that lens-like eddies have a
natural tendency to merge. As in the first issue, it is
desirable to look for additional evidence for this sug-
gestion.

Since numerical models cannot handle fronts (i.e.,
the intersection of the interface with the surface or bot-






