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Parallel momentum transport by drift wave turbulence with hydrodynamic
helicity
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Flows along the magnetic field are ubiquitous in
nature and laboratory plasmas. In particular, parallel
flows play important role in magnetic fusion, by
stabilizing harmful MHD and/or regulating
transport. Recent experiments report generation of
intrinsic flows, which are likely to be linked to
momentum transport by turbulent fluctuation[1].
More recently, the reversal of parallel flows is
reported from basic experiments[2]. In these
experiments, simultaneous measurements of
parallel flow profile and momentum flux clearly
indicate the role of turbulent momentum transport
to cause the flow reversal.

In order to understand its generation mechanism,
several theory has been developed to model parallel
momentum  transport. One mechanism for
generating parallel flows is via a residual stress - a
component of the momentum flux that remains
finite as parallel flow shear and parallel flow goes
to zero[3]. It is formulated that the residual stress
arises as a consequence of parallel momentum
transport by drift wave turbulence.

In this work, we discuss the relation of parallel
momentum of waves and helicity of the underlying
fluctuation. Here we define the helicity for drift
wave turbulence by

h =(Gv,), (1

with g = (ng/ng) — p2V2 (e@/T,). Note that the
helicity and the wave momentum is related with
one another, since

h~k, (1 + pSkD)|@i|?/wi~kNi,  (2)

where Ny is the action density of drift waves. The
evolution of the helicity is calculated by using the
Hasegawa-Wakatani equation with parallel flow
coupling[4] and is given by

at(qﬁzz + ar(ﬁrqﬁz) = _(ﬁrq)(vz), - (ﬁrﬁz)(q)’ -
c2 (B9 —(qV,,). (3)

Here we followed the standard notation. Based on
the helicity balance, the role of spreading of
fluctuation helicity (the second term in the lefthand
side) in driving parallel momentum transport is
discussed. The parallel momentum transport via the
spreading of fluctuation helicity is complementary
to the parallel momentum transport by drift waves.
The former corresponds to the parallel momentum
transport by the nonlinear radial propagation of
turbulence, while the latter corresponds to that by
wave propagation. The calculation of the flux of
fluctuation helicity is on-going, by using the
two-scale direct interaction approximation[5].
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