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Figure 1 (Color online) Isosurfaces of |w| = 40 of initial linked vortex tubes. The isosurfaces are color-coded by the helicity density. Some vortex
lines are integrated on the surfaces. (a) S12, (b) S13,(c) S14, (d) D12, (e) D13, (f) D14.
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Figure 2 (Color online) Temporal evolution of the total energy in the
direct numerical simulation of six vortex links.
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Figure 3 (Color online) Temporal evolution of the mean dissipation
rate in the direct numerical simulation of six vortex links.
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Figure 4 (Color online) Temporal evolution of the helicity in the direct
numerical simulation of six vortex links.
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upper to bottom rows). All the isosurfaces are color-coded by the helicity density. The isocontour values of |w]| are 40, 35, 30, 25 at ¢ = 1, 2, 3, and 4,

respectively.
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Figure 6 (Color online) Isosurfaces of |w|=40 in the temporal evolution of D >, D; 3, and Dj 4 (from left to right columns) at r=0.2, 0.4, 0.6, and 1.2
(from upper to bottom rows). All the isosurfaces are color-coded by the helicity density.
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Evolution and helicity analysis of linked vortex tubes
in viscous flows
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We report the evolution of linked vortex tubes in incompressible viscous flow using the direct numerical simulation. The
initial linked vortex tube consists of two deformed vortex rings. The helicity of the constructed vortex tube satisfies an
analytical expression depending on the parametric equation of central vortex axis. Thus the linked vortex tubes can be used
for further helicity analysis. We find that if vorticity of the two vortex rings has the same chirality, the evolution of linked
and knotted torus vortex tubes has similar vortex dynamics. In contrast, for the opposite initial chirality, the vortex rings
can have intensive reconnection after a short time due to the large vorticity gradient between the rings, resulting in rapid
scale cascade towards a turbulent-like flow state.
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