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Abstract

A plane solution of an entanglement equation, as an extension of a well known rectilinear co-
rotating vortex pair, is obtained. The entanglement equation is derived from the Biot-Savart
equation describing the dynamics of a co-rotating vortex pair based on the concept of the lo-
calized induction approximation (LIA, for short). Configurations of a coplanar vortex pair are
revealed by the analytical solution and are drawn by estimating numerically an integral in-
cluded in analytical solution. The plane structures of the vortex pair depend on an intervortex
separation at boundary.
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2 Entanglement equation with a cylindrical coordinate
system

2.1 Entanglement equation
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2.2 Kida’s method and two vortex filaments
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3 Coplanar solutions of two vortex filaments

3.1 Governing equation and a solution in a long wave limit
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3.2 Approximate solution for A~1
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4 Discussion

4.1 Configuration of a plane vortex pair in a long wave approximation
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4.2 Configuration of a plane vortex pair for A~l1

Fig. 6 (a) IZX (41) 2L Bk DORERT, ZITHHHEOLD Q=1 L L1, KK (18)
FREANCARNTARITAR L LB L THA, A7 A—Fi2 A=101,1.1 LT 14 LEILEHE, 7]
WMRHLLT 2=0 KB BEARMBE dr/de =0, dz/dé = 1, rip; = 1.01 EBVTNS, ZZ
WK rini 12 2=0 128175 r OfE (REER) Thod, REHEORERIIFig. 6(b) (CREH
THY K4l & A=1.01 KFE—BHLTVBILRRTERNS, £, A DESEVRED
BMENRKELRDIFLUMRNOERB VRS RBZLLREVALLTH S,

4.3 Intervortex separation at boundary
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5 Conclusion
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FIG. 1 Definition of geometrical FIG. 2 Left: Plane curve of vortex filaments
parameters S0and ¢ for A=1.4. Right: Rough sketch of the effect of

self-induction. The circle with dot indicates the
direction of self-induction out of the paper. The

circle with cross indicates the direction into the

paper.
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FIG. 3 Dependences of (2) I'max and (b) FIG. 4 2D configurations of a vortex
pair plotted for A=1.371, 1.4 and 1.5.

I’min on the parameter A.
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Fig. 5 Comparison of vortex configurations
obtained by solving Eq. (26) numerically
(broken lines) and by numerical integration
of Eq. (39) (solid curves) for (a) 4=1.4 and
(b) A=1.37.

Fig. 7 Dependences of 7" min and I Cmin
on the parameter A. The solid curve
indicates the values of 2 min for A.The

broken one indicates I Cmin.
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Fig. 6 (a) Coplanar vortex filaments
described by Egq. (49). (b) Comparison of
the analytical solution (solid curve) and
numerical ones (broken curves) for the
conditions A4=1.01, 1.1 and 14 with
I mini=1.01. The numerical curve with
A=1.01 overlaps with the analytical curve.

@) ()

Fig.8 2D configurations of a vortex pair
plotted for the conditions (a) I ini=0.999
and (b) rini=1.01 at A=1.4 and 2=0.The
broken lines

filaments for Iini=1.

indicate = rectilinear



