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* Closing the loop of shearing and Reynolds work |coliisional Nonlinear
flow damping iﬂ"’ RESS grflow damping

SUPPRESS * ’DRIVE

Inhomoge- Drift wave
neity turbulence

DRIVE

Prey — Drift waves, <N>

2 B i i _ Ao, 9

Predator — Zonal flow, |¢,|2

(N
gt—|¢qlz= [< >1|¢| Yl 8,1 ~rull4, 118,
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Provocation: Staircase and Nonlocality

(with G. Dif-Pradalier,et.al.) —
<= UCSD = K3

Analogy with geophysics: the ‘E x B staircase’

' "ExB staircase
of shear flows

=

o
T

Q=—nx(r)VT = | Q= —/fc(r,r’)VT(r’)dr”

Turbulence drive: RiL,

o

e 'E x B staircase’ width = kernel width A

oo 120 140

Normalised radius: r/p, e coherent, persistent, jet-like pattern

) . m the ‘E x B staircase’
Atmosphetic Jets -

e staircase NOT related to low order rationals!

A Dif-Pradalier, Phys Rev E. 2010
Trd MY Fllow ~ong .
Guilhem D1F-PRADALIER APS-DPP meeting, Atlanta, Nov. 2009
NERE i, o =< UCSD
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The point:
2
— fitt O=- J dr'e(r,r\VT(r')  «(r,r") ~ ]

—— 5 — — some range in exponent
(r—r)y +A

- NB. -

— A>>A, i.e. A~ Avalanche scale >> A ~correlation scale

— Staircase ‘steps’ separated by A! — stochastic avalanches produce
quasi-regular flow pattern!?

* The notion of a staircase is not new — especially in systems with natural periodicity (i.e. NL wave

breaking...)

*  What IS new is the connection to stochastic avalanches, independent of geometry
— What is process of self-organization linking avalanche scale to zonal pattern step?
i.e. How extend predator-prey feedback model to encompass both avalanche

and zonal flow staircase? Self-consistency is crucial!
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* Recovering the ‘dual cascade’:
) o . = Analogous — forward potential
— Prey — <N>~<Q> = induced diffusion to high k.
enstrophy cascade; PV transport
[ = growth of n=0, m=0 Z.F. by turbulent Reynolds work
~ Predator — |¢, [*~ <VE2,9> _
= Analogous — inverse energy cascade
__SystemStatus
T  sue Dofow Flgw (@, = 0) Flow (@ £ 0)
. _ -1
* Mean Field Predator-Prey Model N @it wave N usws\ eyt
, oLy turbulence level) — o+ Awea
(PD et al 94, DI H 05) V2 (mean square 0 5_ A:;w y:AAwyd;x:lI
X flow) . s -_, l & 02
6 o) 2 Drive/excitation Linear growth Linear growth Linear growth
EN = }/N —aV°N —-AwN mechanism Nonlinear
damping
a of flow
ey V2 — aN V2 -y de =7 )V2 Regulation/inhibition Self-interaction Random shearing, Random shearing,
a[ mechanism of turbulence self-interaction self-interaction
5 _ —1 _ =1
Branching ratio % 0 Lt Aoyin Y~ Sona Awydal
Y Y taxya—
N s ) n A A /] f PN h'\
IRexo el V\,ad{,z_{ L O ‘U) Threshold (without noise) y > 0 Y > Awyga~! ¥ > Aoyo!
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_Feedback Loops 11

Early simple simulations confirmed several aspects of modulational predator-prey dynamics
- (L. Charlton et.al.‘94)

. 102
0.0010 0.0015

— e Time(F5)
Shear flow grows above critical point
10-1 r o T T y
102
<(ﬁ/n0)2>1/2
T —— L ® NUMERICAL
109 —— Eq. (39)
-~=- Eq. (38)
104 a L L L L
10-7 10-5 103 10-1
Al
‘With Flow’ and ‘No Flow'. Generic picture of fluctuation scale
Scalings of ((7 / ny)” ) appear. Role of damping evident reduction with flow shear

NEREEE . o < UCSD
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_Progress 11 : B-plane MHD (with S.M. Tobias, D.W. Hughes)

Model

* Thin layer of shallow magneto fluid, i.e. solar tachocline

* B-plane MHD ~ 2D MHD + B-offset i.e. solar tachocline

!

o,V? $+V§x2-VV3P—WV4 = f50, ¢+B@VA+VA><Z VV24+

- g A

8, A+ Vgx3-Vd= B@¢+77VA B’O:Bofc

* Linear waves: Rossby — Alfven «? + of llj—; —k2V? =0 (R Hide)

* c¢f P.D,, et al; Tachocline volume, CUP (2007)
S. Tobias, et al: ApJ (2007)

NFERIEC, » <= UCSD



__Progress 11, cont’d

Observation re: What happens?

 Turbulence — stretch field — < >>> B ie. <
(alaZeldovich)

B*)/B; ~

» Cascades : - forward or inverse?

* PV transport: 90 _ —.f dA(vg) —> net change in charge content
dt due PV/polarization charge flux

Now 22— IdA[<§§>—<§r§,>]=— [a40,{5.5,)~ (8.5 )|— Reynods

PV flux current along tilted lines Mo —>  vanishes for
Bleyes Alfvenized state

NERE L 2 < UCSD
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_ProgressIl,contd

+ = zonal flow state

= . <> = no zonal flow stat
Control Parameters for B enter Z.F. dynamics ate

100F ~ '
WOhm’s law regulates Z.F. 10-1f ZF observed 9
T0 2§ g
* Recall n 10—8%
~ o 10_4 B
= (7) vs (5°) R S
_ B2 - R2 . 2 : 17 10-6 ::[-
<B > B,R, — origin of By /7 scaling ! o o - -
0
* Further study — differentiate between : No ZF observed

— cross phase in (¥7) and O.R. vs J.C.M
— orientation: B||V vs B1V
— spectral evolution

EREEE L 2 = UCSD
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The Oscillating Flow Layer Widens Radially (Frequency

Decreases) - Steady Flow after Final H-Mode Transition

A weak ExB flow layer
exists in L-mode
(L-mode shear layer)

L-Mode| I-phase
Oscillation

H-mode

At the I-phase tfransition,
the ExB flow becomes
more negative first near

then propagates inward

The flow becomes
steady at the final H-
mode transition (after
one final fransient)

DIII-D

NATIONAL FUSION FACILITY
nnnnnnnnn

TSOL - | — B +9 km/s
227 RNEE AR ALy
lCore

- 140426
13265 1275 1285 1295
Time (ms)

NFRI:

32

L. Schmitz TTF11, PR
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During the I-phase, the Mean Shear <, >

Increases with Time and Eventually Dominates

— L-Mode |-Phase > H-Mode
n 6 T ST
=] [ . E
.g al b A
:é = B E 5
== ;
4 £
ExB Flow from = ok
° = 3
DBS (includes ZF) = :
i E . H - I
N o ] = -4F ' .
Diamagnetic = Of v
component E Lt 3
of ExB flow = > ' 3
(from ion = 95 : .
ressure Profile o :
P ) = 35§ ;
R~2.265m = e ;
2 25F
= F
DiI-D 579270 1280 1290

Time (msec)

s L.Schmitz TTF11, PRL 72




Feedback Loops I1I -

* VPcoupling 4s=cnv_qs —a,V’e—aVie  €=DWenergy

y, drive &V, Ve = ZF shear
Vo OV =b—ZE— by 2k
V) Cu iy

& g N = V<P> = pressure gradient

\ O N==ceN=c,N+0 :
= (VP TN T TQEY TG V = dN? (radial force balance

* Simplest example of 2 predator + 1 prey problem (E. Kim, PD., 2003)

i.e. prey sustains predators

o ]- usual feedback
predators limit prey

Multiple predators
now: {2 predators ( ZF, V<P) ) compete are possible

V<P, as both drive and predator

* Relevance: LH transition, ITB

— Builds on insights from Itoh’s, Hinton
— ZF = triggers

| W » A\

—_— Al H S |
V< 7—="10CKINg 1N

N&RI 18




Feedback Loops III, cont’d

M Ckg-’ Qg ~
Dotted - V.

/ -'l-f\a n?nhl..c/\
b~ (2 v b ‘)

Dashed - V<P)

—~ e RYenty
—ewhayeThed e H

. X~
* Observations:

— ZF’s trigger transition, V<P> and <V lock it in

— Period of dithering, pulsations .... during ZF, V<P, oscillation as Q 1
— Phase between &, V-, V<P) varies as Q increases
= VP> < ZF interaction = effect on wave form

- P
T @R[ ende)-
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