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§26. Energy Partition between Fluctuations
and Zonal Flows

Itoh, K.,
Hallatschek, K. (IPP), Itoh, S.-I. (Kyusyu Univ.),
Diamond, P.H. (UCSD), Toda, S.

In this study, the higher-order corrections by zonal
flow on the zonal flow drive are renormalized, and the
driving term at an arbitrary magnitude of zonal flow
vorticity is derived [1]. Based on the nonlinear form
of the zonal flow growth rate, the steady state solution
is obtained. In the collisionless limit, the turbulence
level is shown to vanish while the zonal flow remains
at finite amplitude, when instability is weak. The
critical condition for the onset of drift wave turbulence
in the presence of zonal flow is derived. The
turbulent transport, including the zonal flow effects, is
obtained. =~ The partition ratio of fluctuating field
energy among the drift wave turbulence and zonal flow
is also obtained. A comparison with DNS [2] is also
made.

The model dynamical system for the drift wave

action N, N, = (1 + kipg)zla)'klZ, and the zonal flow

velocity V, are introduced as
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where U is the vorticity of the zonal flow U = oV /or .
By expansion with respect to the vorticity of the zonal
flow as ]'V\ = ]’\;(l) Ag) Ag) h A(") is th

s Ny =N} + N7+ N7 -+ -, where N7 1sthe
n-th order term of U

, the evolution equation for the zonal flow is rewritten
as
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By use of the higher order kinetics for the drift wave
packets in the zonal flow field, we have
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result of the quasilinear theory, ¢, is the wavenumber
of zonal flow, Aw, is the decorrelation rate of drift

waves, ['=max ((ub, qrvgr) , W, is the bouncing
frequency od drift wave packet, Vg, = v;;/e is the

collisional damping rate, H is a numerical coefficient,
and w; is the turbulent shear viscosity for the flow

along the field line and ¢ is the safety factor.

This result gives the partition of energy
between the microscopic fluctuations and zonal flows.
The other limit of interest is the collisionless limit,
vdaml/qZD —0. In this case, the fluctuation
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amplitude (I) vanishes at a critical vorticity of zonal

flow,
uv=U,,
where
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and V, is the diamagnetic velocity. (See [I] for

details.) The analytic theory in this wrok and the
result of direct numerical simulation is compared in

Fig.1. Satisfactory agreement is obtained.
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Fig.1 Comparison of the relations ¥ i(U) for the

steady state of ITG mode. Zonal flow vorticity is
measured in a unit of Vyp7 ! and thermal conductivity
is in vthipIZL;l. Theory (solid line) and DNS data
(dots) quoted from [2].

References

[1] Itoh, K., K. Hallatschek, S.-I. Itoh, P.H. Diamond
and S. Toda,Phys. Plasmas Vol. 12 (2005) 062303

[2] K. Hallatschek: Phys. Rev. Lett. 93 (2004) 065001.

201


https://core.ac.uk/display/72816791?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1



