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Inhomogeneous helicity effect in the solar angular-momentum transport
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Coupled with mean absolute vorticity €2, (rotation and mean relative vorticity), inhomogeneous turbulent helicity
is expected to contribute to the generation of global flow structure against the linear and angular momentum mixing
due to turbulent or eddy viscosity. This inhomogeneous helicity effect was originally derived in Yokoi & Yoshizawa
(1993) [1], and recently has been validated by direct numerical simulations (DNSs) of rotating helical turbulence
[2].
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Turbulence effect enters the mean-vorticity equation through the turbulent vortexmotive force (u’ X w') [u':
velocity fluctuation, w’(= V x u’): vorticity fluctuation], which is the vorticity counterpart of the electromo-
tive force (u’ x b’) (b’: magnetic fluctuation) in the mean magnetic-field induction. The mean velocity induc-
tion 0U is proportional to the vortexmotive force. According to the theoretical result [1,2], it is expressed as
U = —vrV x Q. — nr(V2H)Q,, where 7t is the transport coefficient, H = (u’ - w’) the turbulent helicity,
and €2, the mean absolute vorticity. The first term corresponds to the enhanced diffusion due to turbulent viscosity
vr. The second term expresses the large-scale flow generation due to inhomogeneous helicity.

Since helicity is self-generated in rotating stratified turbulence [3], an inhomogeneous helicity distribution is ex-
pected to exist in the solar convection zone. A rising flow with expansion near the surface of the Sun generates
a strongly negative helicity there [4]. This spatial distribution of helicity would lead to a positive Laplacian of
turbulent helicity (V2H > 0) in the subsurface layer of the Sun. In the combination with the large-scale vorticity
associated with the meridional circulation, the inhomogeneous helicity effect works for accelerating the mean ve-
locity in the azimuthal direction. The relevance of this inhomogeneous helicity effect in the solar convection zone
is discussed further.
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