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Plasma profile and turbulence
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" Transport is dominated by turbulence
In order to control the plasma profiles,
we have to understand
how the turbulence profile is determined.



How is the turbulence profile is
determined?

interaction with sheared flows & turbulence propagation
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‘How does the turbulence interact with sheared flow:
‘How does the turbulence propagate?
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How is the turbulence profile is
determined?

turbulence propagation & interaction with sheared flows

density- temperature
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How the turbulence interacts
with sheared flows

Where in the shear flows is the turbulence suppresse
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How the turbulence propagates

AvalanCheDiamond, PoP ‘02

Turbulence propagation
due to self-coupling
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How the turbulence propagates

AvalanCheDiamond, PoP ‘02 Turbulence propagation
» - associated with
shear flow

oo Vol Zarzoao, PRL ‘13
0.0 0.5 1.0 1.5 20

" Candy, PRL ‘03

Turbulence spreading §—— Turbulence
== ——-propation
Gurcan, PoP ‘05 P —
2 2 [gh o bwiv] _Garbet, PoP ‘07 & 00
‘ ] g =
; Stable
—

region

-
—
| —
—
| —
—

03 0«

Sugi‘{ta, | PPCF‘ 1 2". Baillilsti;:n pro;;agation "~°rma"ze° or racks ’
o’ Theoretic "l d’erstandms
is necessary



How the turbulence propagates

Turbulence propagation
associated with

shear flow
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Previous model is NOT enough to
explain the observations

Evolution of turb energy Propagation
0 =y, 1 - Ao, (1+a V> + pW') + Do, (1o 1)

Biglari, Itoh, Gurcan,
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Suppression
(interaction with flow)

Although the 2nd order effects of the flow are
considered,
1st order effect (turbulence trapping) is NOT

incliided



Key mechanism: Turbulence trapping
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Purpose of this study

We investigate
the interaction of the turbulence and zonal flow,
focusing on the turbulence trapping
effect.
(typical example of the sheared flow

j> -spatial distribution of suppression
-new mechanism of turb propagation

Before going to the contents of the research,
| will show you a branch of zonal flow we focus on.



Zonal flows in tokamak

There are two kinds of zonal flows in tokamak.10x10"F7
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Zonal flows in tokamak
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Zonal flows in tokamak
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Zonal flows in tokamak

There are two kinds of zonal flows in tokamak. Spatial structure of GAM
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Zonal flows in tokamak

Spatial structure of GAM

r

We investigate
the interaction of the turbulence and GAM,
focusing on the turbulence trapping
effect.
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: compressible flow
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Zonal flows in tokamak

Spatial structure of GAM

r

We investigate
the interaction of the turbulence and GAM,
focusing on the turbulence trapping
effect.

—_-spatial distribution of suppression —
—> -new mechanism of turb propagation



Model in this study
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Spatially homogeneous turb

Spatial distribution of
the turb suppression
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Role of the

flow shear and curvature
on the turbulence profile
is focused on.



Evolution of turb
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Evolution of turb
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Spatiotemporal evolution of
flow & turb
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Spatial relation between flow & turb
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V>0 : turb exclusion
V<0 : turb trapping




Spatial distributions
of the energies of flow & turb

turb
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By the spatial integration,
Predator-Prey model ( Diamond, PPCF ‘05 ) can be deduced



Spatial profile of each effect
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Spatially inhomogeneous turb

Nonlocal turb propagation
by sheared flow
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Situation we consider

Interaction of
energetic particle driven GAM(EGAM) with turb
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—amplitude of EGAM is given
constant in space.
Only turb is solved.
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Evolution of turb spectrum
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Evolution of turb spectrum
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Turb propagation

Propagation speed:
»> . _1
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Turbulence leaks into stable region by EGAM.
The propagation speed is the phase velocity of EG/




Suppression & Enhancement
of turb by EGAM
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Comparison with other mechanisms
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Summary

Novel mechanisms for
spatial distribution of turb suppression &

proPa ation .
. Turb trapping & exclusion appears due to flow curvature.

1. V”>0: turb exclusion — turb suppression

this mechanism is the 1st order:
important for the formation of the transport barrier
(the Reynolds stress 2nd order)

3. V”<0: turb trapping — turb propagation
nonlocal propagation of turb is expected.

4. In future, self-consistent treatment of
the flow, flow shear, flow curvature will be discussed.
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Turbulence trapping
by GAM is studied

We investigate
the interaction of the turbulence and zonal flow,
focusing on the turbulence trapping
effect.

— ‘spaftypicateReMPleco P EReSheHrRd flow

-new mechanism of turb propagation
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