
Surface and subsurface 
dynamics of two vortex patches

M.A. Sokolovskiy(a,b), J. Verron(c), and X. Carton(d)

(a) Institute of Water Problems of RAS; Moscow, 
Russia

(b) P.P. Shirshov Institute of Oceanology of RAS; 
Moscow, Russia 

(c) Laboratoire de Glaciologie et Géophysique de
l’Environnement, CNRS/UJF, Grenoble, France 

(d) Laboratoire de Physique des Océans, UBO, 
Brest, France







Classical problem:  interaction of two identical vortices



Geophysical problem:  interaction of two identical vortices 
of upper layer in two-layer rotating fluid



CDM-modeling of   interaction of two cyclones
of upper layer in two-layer rotating fluid: diagrams of states

Diagrams in the rectangular domain of plane (γ, R) of possible states of two circular vortices of upper
layer with the specified values of the upper-layer thickness: M (merger) - a state, when after the merging
of the vortex patches and a short intermediate stage of the thin vortex-line formation, there remains one
compact vortex of larger scale. MT (merger/triplet) - merging of vortex patches, and the subsequent
formation of a triplet composed of a large central vortex and two peripheral smaller like signed vortices.
DMT (double merger/triplet) - the first stage of the evolution is similar to that of MT but later, a new
vortex merger occurs leading to the birth of a new triplet. MNS (merger/non-symmetric separation) - a
merging, followed by separation into unequal vortex patches. MSS (merger/symmetric separation) - the
division is symmetrical, i.e. after a temporary merging, two identical vortex patches are formed again.
NM (no merger) - vortex patches, pulsating, rotate around a common center of vorticity without merging.
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CDM-modeling of   interaction of two cyclones
of upper layer in two-layer rotating fluid: diagrams of states

Diagrams in the rectangular domain of plane (γ, R) of possible states of two circular vortices of upper
layer with the specified values of the upper-layer thickness: M (merger) - a state, when after the merging
of the vortex patches and a short intermediate stage of the thin vortex-line formation, there remains one
compact vortex of larger scale. MT (merger/triplet) - merging of vortex patches, and the subsequent
formation of a triplet composed of a large central vortex and two peripheral smaller like signed vortices.
DMT (double merger/triplet) - the first stage of the evolution is similar to that of MT but later, a new
vortex merger occurs leading to the birth of a new triplet. MNS (merger/non-symmetric separation) - a
merging, followed by separation into unequal vortex patches. MSS (merger/symmetric separation) - the
division is symmetrical, i.e. after a temporary merging, two identical vortex patches are formed again.
NM (no merger) - vortex patches, pulsating, rotate around a common center of vorticity without merging.
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CDM-modeling of   interaction of two cyclones
of upper layer in two-layer rotating fluid: diagrams of states

Diagrams in the rectangular domain of plane (γ, R) of possible states of two circular vortices of upper
layer with the specified values of the upper-layer thickness: M (merger) - a state, when after the merging
of the vortex patches and a short intermediate stage of the thin vortex-line formation, there remains one
compact vortex of larger scale. MT (merger/triplet) - merging of vortex patches, and the subsequent
formation of a triplet composed of a large central vortex and two peripheral smaller like signed vortices.
DMT (double merger/triplet) - the first stage of the evolution is similar to that of MT but later, a new
vortex merger occurs leading to the birth of a new triplet. MNS (merger/non-symmetric separation) - a
merging, followed by separation into unequal vortex patches. MSS (merger/symmetric separation) - the
division is symmetrical, i.e. after a temporary merging, two identical vortex patches are formed again.
NM (no merger) - vortex patches, pulsating, rotate around a common center of vorticity without merging.
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CDM-modeling of   interaction of two cyclones
of upper layer in two-layer rotating fluid: diagrams of states

Diagrams in the rectangular domain of plane (γ, R) of possible states of two circular vortices of upper
layer with the specified values of the upper-layer thickness: M (merger) - a state, when after the merging
of the vortex patches and a short intermediate stage of the thin vortex-line formation, there remains one
compact vortex of larger scale. MT (merger/triplet) - merging of vortex patches, and the subsequent
formation of a triplet composed of a large central vortex and two peripheral smaller like signed vortices.
DMT (double merger/triplet) - the first stage of the evolution is similar to that of MT but later, a new
vortex merger occurs leading to the birth of a new triplet. MNS (merger/non-symmetric separation) - a
merging, followed by separation into unequal vortex patches. MSS (merger/symmetric separation) - the
division is symmetrical, i.e. after a temporary merging, two identical vortex patches are formed again.
NM (no merger) - vortex patches, pulsating, rotate around a common center of vorticity without merging.



h1=0.02, R=1.12, γ=2.5 
(M-type)
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CDM-modeling of   interaction of two cyclones
of upper layer in two-layer rotating fluid: diagrams of states

Diagrams in the rectangular domain of plane (γ, R) of possible states of two circular vortices of upper
layer with the specified values of the upper-layer thickness: M (merger) - a state, when after the merging
of the vortex patches and a short intermediate stage of the thin vortex-line formation, there remains one
compact vortex of larger scale. MT (merger/triplet) - merging of vortex patches, and the subsequent
formation of a triplet composed of a large central vortex and two peripheral smaller like signed vortices.
DMT (double merger/triplet) - the first stage of the evolution is similar to that of MT but later, a new
vortex merger occurs leading to the birth of a new triplet. MNS (merger/non-symmetric separation) - a
merging, followed by separation into unequal vortex patches. MSS (merger/symmetric separation) - the
division is symmetrical, i.e. after a temporary merging, two identical vortex patches are formed again.
NM (no merger) - vortex patches, pulsating, rotate around a common center of vorticity without merging.



h1=0.02, R=1.22: 
(a) γ=2.4,  (b) γ=2.5,  (c) γ=2.6 

(MT/DMT/MT-types)
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CDM-modeling of   interaction of two cyclones
of upper layer in two-layer rotating fluid: diagrams of states

Diagrams in the rectangular domain of plane (γ, R) of possible states of two circular vortices of upper
layer with the specified values of the upper-layer thickness: M (merger) - a state, when after the merging
of the vortex patches and a short intermediate stage of the thin vortex-line formation, there remains one
compact vortex of larger scale. MT (merger/triplet) - merging of vortex patches, and the subsequent
formation of a triplet composed of a large central vortex and two peripheral smaller like signed vortices.
DMT (double merger/triplet) - the first stage of the evolution is similar to that of MT but later, a new
vortex merger occurs leading to the birth of a new triplet. MNS (merger/non-symmetric separation) - a
merging, followed by separation into unequal vortex patches. MSS (merger/symmetric separation) - the
division is symmetrical, i.e. after a temporary merging, two identical vortex patches are formed again.
NM (no merger) - vortex patches, pulsating, rotate around a common center of vorticity without merging.



γ=4.2, h1=0.1: 
(a) R=1.46,  (b) R=1.34



Case (a): 
evolution of vortex patches

S2=0.257,  S3=0.325
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Case (b): 
evolution of vortex patches

S2=0.346,  S3=0.172



t=0



t=2



t=4



t=6



t=8



t=10



t=12



t=14



t=16



t=18



t=20



t=22



t=24



t=26



t=28



t=30



t=32



t=34



t=36



t=38



t=40



t=42



t=44



t=46



t=48



t=50



t=52



t=54



t=56



t=58



t=60



t=62



t=64



t=66



t=68



t=70



t=72



t=74



t=76



t=78



t=80



t=82



t=84



t=86



t=88



t=90



t=92



t=94



t=96



t=98



t=100



t=102



t=104



t=106



t=108



t=110



t=112



t=114



t=116



t=118



t=120



t=122



t=124



t=126



t=128



t=130



From above: the trajectories of centers of one of the peripheral vortices belonging to the
triplet of the upper layer. Bellow: distances rc as functions of time. Panels (a) and (b)
correspond to cases 1 and 2, respectively. The red lines represent the trajectories of these
centers in the time interval before re-merging, and the green lines are their trajectories after
the second separation. Everywhere, a circle marker corresponds to beginning point of the
motion, and square marker to its end point.



Summary
1. The boundary between the domains of stability and coalescing of two

identical top-layer circular vortices is a non-monotonous function of the
stratification parameter.

2. Reduction the upper layer thickness contributes to the expansion of the
stability domain (there is allowed an abnormally close relative position of the
vortex-patch centers when they behave as point vortices).

3. The coalescing area has a complex structure. The general trend is as follows:
when the distance between the vortex centers being decreasing, there takes
place the transition between states merger/symmetric separation --
merger/non-symmetric separation -- merger/triplet – merger takes place.

4. The process of the vortex-patch merging creates an intensive mixing of water
masses located inside the vortices.

5. A sub-domain of parameters is found within the area merger/triplet which
stimulate a new movement subtype: a double merger/triplet, when the triplet
of the first evolution phase is unstable, and an intermediate phase of vortex-
patch triplet merging takes place; then there follows the secondary
separation into three parts (double merger/triplet). The latter structure
represents a quasi-periodic steady state.



PS
The question to pioneers* of this problem:

Is possible to obtain experimentally the stable 
triplet vortex structures as a result of interaction 

of two identical circular vortex columns of upper layer 
in two-layer rotating fluid?

____________________________________________________
* Ross Griffiths, Emil Hopfinger



Thank you very much!


