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Il. Coherent vs Random Shearing

t
ko (8) = B (0) 4k, ] Q) U = —20(0)j]
1. Coherent shearing with constant Q (k2  t2)

t
= D f dt'k2(t") o D2t

=% =/  Ty=1DE]

2. Random shearing with 725 (k2 o t)

'.'I'"'J'TI.S

= D/ dt k:g )OCDE?ET?FQ
= TP~ (Tﬂ/}‘.ﬁ'ngfmg)lxz — (T?}/QEff)lfg

o For Q= ... Ta £ 7D
o If TEp-= ‘Q?_ms' Qﬁff = TZFQTWH Drms

e For 7zr > D, Q(t) ~ const — 7p = TA



Shear decorrelation

/ N

Mean E x B flow (Vg) Zonal flow Vg

v | \%(x}
; O
lir)

k, (t)-k DM+t
¢ Mean flow (coherent shearing):

1 apf

(V) = (Vo) = (Vo) — g7

e Zonal flows (random shearing):

O@zr = (Urly) — VOzE



lll. Turbulent transport

[Kim & Diamond '03;'04]

1. Passive scalar field n

(8¢ +u-V)n = DV?n

¢ Quasi-linear analysis with

I} (BDT “90)
=+ V, []:II‘)+H

- v: Given (prescribed) turbulent flow
- U(z,t) = —xf2(t) [mean or zonal flows]

e Solve for fluctuation
= L' 87 Jlyws =)

(8 — 2Q0,)n’ = —v,8,n9 + DV?n/

e Compute (n'?), (n'v,) = —DZE0ng (D7 is the
turbulent diffusivity)

NOTE : Q=0 % M ~vi




Let

1

n'(x,1) = E

[ kit £)eilkalOa+kyy-tks2)
where

¢
En(t) = ko(0) + K, / a1 (t,)
and similarly for v

e Consider (7p,7A) > (7., T0)

o Flux I' = (n'vg) = > [n/(k)||vz(—k)| cosdi

Time scales

e 7. correlation time of zonal flows
e 7. correlation time of turbulent flow v

e — _l _1 : w "
e 7o = 7,0~ : shearing time scale

e 7A.7p: decorrelation time due to coherent and
random shearing



e For mean flow or zonal flow with 7p < 7zF (Qpms ~ )

(n’t:_m} Q0 _ 01 1
%) |74 Q71 | a0 c Q3D 13

e For zonal flow with 7. < 7zr < 7p and Gaussian PDFs:

T 5 TH G R

((nvg)) o 0

TS TiIms

((ﬂ&» TD X Q;ﬂ:'ll--ﬂ Tﬂﬂ';r}w (X Q;?:HD_lﬁ

Note: ((n"))/(n'?) =7p/7a > 1



Conclusions from passive scalar fields

e Flux (T o« Q! or Q1) is weakly reduced

rrs

e Cross phase cosé (x Q271/6) is very weakly
reduced [cf Terry et al '01: T' oc 2%, cosd oc Q7]

e Effect of random shearing of zonal flows
on transport and fluctuation levels depends on
correlation time 77

o ((n"*))zp x TP, E!;?isl:} (n'2) & TAQ™ Y

(0-5/3) is due to LONGER decorrelation time
(tp > 7a) induced by finite 72

e Exact scaling with ) or (,.,,; depends on the
property of given turbulent flow

¢ Limitation of scalar field model: turbulent flow
is arbitrary GIVEN (i.e., No shearing effect on
turbulent flow)

— Scalings of I' and () in a self-consistent model
(Effect of 2 on |v,])?



3. Particle transport in interchange turbulence

[Kim, Diamond, & Hahm '04; Kim '05]

(0 + U0z )n = —v5;0:Ng + DV?n+ 8

where g is effective gravity; S is noise

o U =—x0t)

o wz=V XV

e D=v

e Total noise f =S5 — v,0,Ng + ... (corr. time 7¢)
e Consider (7p,7a) > (71.T0)

Time scales

e 7;: correlation time of total noise f
e o =0"101

rms”*

: shearing time scale

e To.Tp: decorrelation time due to coherent and
random shearing



™D K. TZF TD 2> TZF
Tf < T Tf =>T0 T+ < TQ
((HUI)) 0~ 21In (1A82) 0 "1nQ TDQ:J.II X Q;ﬁq
((n?%)) 1A x Q%3 Q—5/3 o ox Q1.
((v3)) Q-3 Q4 o7 % D
({vg0y)) -2 -2 *hQ

e Strong reduction in the flux due to severe reduction in ((v

 Reduction in cross-phase is very weak (o 271/61n Q)

[Falchetto and Ottaviani, '04]

e Reynolds stress is reduced by shearing

e Significant reduction by random shearing by zonal flows

2

I

)



V. Intermittent Transport | [Kim '05]

Passive scalar field n

1. Coherent structure Uy(y)Z = |U;| cos (pyy + wst)&
[3,«: '+' U ) y]ﬂ P— D?E

= n = ng(zx) + ns(y)

= (RSUE) giUEE De:_ff e qpy/[ - = (Dpy} ]
[Zeldovich '82]

2. Coherent structure (n,,U;) + turbulence +
mean shear flow Uy(z)) = —2€2j

e Turbulence: D — Dy

e Shearing by (2:

Dp x @71, (n,U,) o DpQ—2

= ﬂeff x Q3







V1. Conclusions

e Zonal flows trigger L-H transition while mean
flows maintain H-mode after the transition

e Model dependent reduction in the flux and
turbulence amplitude — Stronger reduction iIn
interchange turbulence due to the suppression of
velocity amplitude

e In all cases, cross phase cosd is very weakly
reduced

e Effect of random shearing of zonal flows
on transport and fluctuation levels depends on
correlation time 7z5

e Random shearing can lead to significant
reduction in interchange turbulence (larger
transport as compared to coherent shearing)

e Significant reduction in intermittent transport



e Determination of 7z and study on transport vs
TZF

e Effects of flow shear on blobs
e Effects of magnetic shear, toroidal geometry
¢ Generation and effects of zonal fields

e PDFs for intermittent transport (Kim et al

'02;’03) = interaction among coherent structures,
PDFs of L-H transition

e Incorporation of spatial information: pedestal,
front propagation



