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I. Overview

* Motivation : Previous studies have shown the resistive
pressure-gradient-driven turbulence (RPGDT) is a likely
cause of observed turbulent fluctuations and anomalous
transport in magnetically confined plasmas.

More recent study of RPGDT found a true saturation
criterion and predicted significantly larger pressure
diffusivity over simple rnixing-length estimate.

* Purpose of this work : In this study, we investigate
vvavenumber spectrum for more detailed characteristics
of this driven turbulence and consider an electromagnetic
model with elctron temperature evolution to study the
effect of magnetic fluctuations on thermal transport.

* Review of Previous Work : The followings are a brief
review of main results from previous work.

[ Ref. : B.A. Carreras, L Garcia and P.H. Diamond,
Phys. Fluids, 30, 1388(1987)"]



NONLINEAR ANALYTICAL MODEL
I Tret/tans WorK

Starting point: Electrostatic model reduces to two
equations

dt rdOdr '

To derive the renormalized response equations, we start
from

m

where ky = ???/r, kz = n/R0, and fc|| = mBox/(RoqLq)

The nonlinear diffusivities are
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NONLINEAR RESISTIVE
INTERCHANGE CALCULATIONS

Main results :
i) The numerical calculations agree well
with the analytical results
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ii) Mixing length results scale with p like the
results of the nonlinear calculation but the
value is lower by about a factor of 8
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IL Study of Wavenumber Spectrum

* Theoretical Study : Renormalized Two-Point Theory.
From previous work of RPGDT ; /See. previous p«

Two-point Correlation functions (Quadratic Quantities)

U > : Kinefrc

, <Up>
Time-Evolution of Two-point correlations
Vorticity-Vorticity Correlation (Enstrophy-like)

•& C < K s*i$ > + <; a v.: f > 1

Pressure-Pressure Correlation (Energy-like)
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* Renormalized Theory & Predictions :

• Renormalization of Triplets in Relative Coordinate.

=> Using weak-coupling closure with directly

beated driven solutions and ensemble average.

• Renormalized Two-point Correlation Evolution Eq.

Pressure-Pressure Correlation
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Vorticity-Vorticit/ Correlation
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Spatial Structure of Renormalized Triplets
Asymptotic limits in x. show very different evolution
characteristics of < 00 > and<pp> correlations.
We are mainly interested in awavenumber spectrum
of energy-like correlation function.
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For < UU > - evolution, the spatially inhomogeneous
characteristics of triplets in x.~ 0 and consevation
properties of nonlinearity in x_> 1 show :
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M J f

dw*fi*n. Cnte,^ J Je
Ts *UhU 77t fys



For steady-state spectrum of the energy-like two-point
functions, it is needed to invert evolution operator
by Green's function method on it's moments.

<pp>. =

C

* Theoretical Predictions
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Numerical Study : Using Initial Value code ' KITE'.

Cases Presented :

# of.

Spectrixwi
C Well after-

At saturation,

= /0

i-o x/o -z

44O

taKevL t = 0.034-^-0.03fe

ov'cr

0.00Q0 0.0125 0.0250 0.0375 0.0500

t
0.0000 0.0125 0.0250 0.0375 0.050'

t



Energy in Modes
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m - wavenumber spectrum :
( summed over n-number)

At radial position r = 0.523 (near Q_=3/2),
energy-like two-point correlation <pp> exhibits,
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m - wavenumber spectrum :

At radial position r = 0.523 (near q=3/2),
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• m - wavenumber spectrum

At radial position r = 0.511 (q
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m - wavenumber spectrum (radially integrated)
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m - wavenumber spectrum (radially integrated):
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, EM - Model with Te Evolution
'• Basic Equations : Extended version of reduced set of

resistive MHD equations with temperature evolution

in cylindrical geometry (r, 9, £ ).

a t u = - v ± . v ± u - V | , J C V 2 u £ ( v r v
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c and U = Vj.. ( V±O)

S = xR / % with TR = jLi0 a2 / n(0)

T H = R / V A

Here, the couplings between *F and Te are kept minimally,

because of computational constraints. It will be nessesary

to keep symmetry-breaking terms for self-consistent

evolution of EM - turbulence.

l n this study, we investigate the effect of magnetic

fluctuations on thermal transport due to RPGDT.



* Nonlinear Theory :

Emphasis is on p~1 V| j (%|[p V||Te) - nonlinearity.
Weak coupling closure.
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* Drjven - Mode Solution & Renormalization :
With g-mode parity and nonlinear source terms,

• Jit*// /v^

w r+U

1/

j,

>Ov̂ f & , Adrt , £>T

oei of •**' ... T 7

vl

J

Tuverse

1



Renormalized Eq. & Saturation :

Because of electrostatic characteristic of RPGDT,
all nonlinear terms except heat flux term QH and
fluid - flux interaction terms (¥, J^ terms ) have
similar effect and interpretation as ES case(CGD).

, tint -. NT* ^ l ? P r - 4 ( \re

• Saturation Condition

Fluid - Flux Interaction Terms : U7% , N
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For Vr and n , same as ES case. (CGD paper)
By using steady-state condition, Te, $ and J^ can
be related.



• Fluid Form of Heat Diffusivitydue to Parallel Heat
Conduction of Electron with o.
: Using saturation condition,

Q, =

! Subscr ipt- "t denotes fer»ns W
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Xj
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IV, Discussion & Summary

Spectrum Study

In order to study difference between kinetic energy
wavenumber spectrum < 6 0 > and internal energy
wavenumber spectrum < p p >, it is needed to invert
Vx

2-operator in driven potential. It is expected to
give small effect on spectrum shape, in general.

However, this will allow us better evaluation of the
source function (so spectrum-integrated diffusivity),
and saturation condition in terms of spectrum balance.

Parallel wavenumber (k||) spectrum of RPGDT is
also studied by correlation technique, because of
radially localized mode structure and symmetric form
w.r.t. rational surface, averaged wavenumber is
found to be order of (1 /qR).

EM - Model Study

• Numerical study of this model is in progress to
check analytic theory predictions.

The inclusion of symmetry breaking terms is also
considered to reach the goal of self-consistently
evolving electromagnetic turbulence and its effect
on thermal transport.


