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Role of avalanche transport in competing
drift wave and interchange turbulence

Philippe GHENDRIH, Guilhem DIF-PRADALIER, Olivier PANICO,

Yanick SARAZIN, Hugo Bufferand, Guido CIRAOLO, Peter DONNEL,

Nicolas FEDORCZAK, Xavier GARBET, Virginie GRANDGIRARD,
Pascale HENNEQUIN, Eric SERRE, Patrick TAMAIN

Abstract. We complete the 2D 2-fields turbulence model previously used with an interchange-
like instability by slightly modifying the parallel loss terms to drive drift wave instabilities. We
ability driven by temperature fluctuntions of the sheath losses is identical to
performed and used to select control

show that the
that of the drift wave turbulence. The linear analy
parameters that yield identical maximum growth for the interchange alone and drift wave
alone instability. Combining the two instabilities doubles the maximum growth rate. The non-
linear simulations are used to analyse the SOL width The simulations allow one to identify a
low field side SOL region where interchange and drift wave are unstable and a high field side
SOL region where only the drift wave is unstable. The SOL profiles appear exponential in the
region close to the source but depart from a simple exponential falloff in the far SOL. The
low field side SOL width is found to be larger in the interchange alone case, slightly smaller
when both instabilities are present and finally narrower when only the drift waves. For the high
field side SOL, without interchange, the drift wave SOL width is observed to be identical to
that on the low field side and larger than that when both instabilities at play. The Sherwood
dimensionless parameter, ratio of convective particle flux divided by the diffusive particle flux,
is used to compare the efficiency of turbulent transport. The profiles of the Sherwood parameter
for time and fux surface averaged transport indicate that turbulent transport is dominant close
to the separatrix but is less effective towards the far SOL. The Sherwood parameter evolution.
determined with the Aux-surface averaged transport, indicates that outward avalanche transport
with corrugations governs the case with interchange only. When combining the two instabilities,
anche transport is less pronounced and inward avalanche transport is observed,

outward av:
reducing the overall turbulent transport efficiency. The avalanche transport with drift waves
only compared to interchange only is found to be inhibited.

2 fields:

density n / vorticity W
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Thermal energy / vorticity

2D slab
radial x, poloidal y

+2ls

Q[H‘FB[Q.%:I ?.pg

1

a,n'-fé[u_m

|- D.¥in=s.- w1,

PR x
Fobe] —u VIW = V)

Buoyancy effect for W (small for n) = g term
Parallel loss terms: linearised

Ltff!‘.q‘.=+ [G},??] - DJ_VZ n
‘Iﬂ o

i

an +

Sp—0nn + 0,0

BW + gdyn + [«;‘;.W] — v VAW = —5yn + g0
Dispersion relation (linearised & Fourier space)
ik 5 Tg
wr Py gl e aoid Damping: 4n=DF+on  As=vi+ 55
- . (7 + An) (v + Ap) — BuBs =0 Coupling: TR i
'ro—ik—ﬁgﬁﬂc Kd = —%_,'@+k—2'"1 © By =z£:yL—n—rrr. o =—l013— 75
3
20 X
X 1.0x10 BC Ag
210”7 1
15
] o L& — 1l
E % HE — Yow(C)
< 10 1 L& =
3 z32
5 -2
3
73)(10 T T T TTTTT T T T TTTTT
2 2 el 2 4 68
5 10 15 20 10'5 107 10'3
Ko / Kein g&c
3
200° What value for k,?
25 K Maximum of y(k,k,) k, > 5
_ 20
e g = =
§ 155 Interchange: g #0,5,=6,#0,5,=5,=0
T Drift wave: g=0,6,=0,=5,=G,=C#0
0.5
s 0.0

9 8 7

6 -5
log(C)

nexp(-x/2)
—-1/1=0.018

14
&3
6
z 1
Cﬂ 7
2
0.1
&7
61

I I I

0 64 128 192 256
x=(r-a)/po

SOL profile, exponential fall-off (?)
High field and Low field side
SOL width = e-folding length

nDW

0.1

7
/
/
/
] 1
6 y
57 Y/
o
34 nexp(-x/1)
1%
7 —--0011
---- 0.018
— -0.029
I I I
0 64 128 192 256
x=(r-a)/po

A > Aot >> Apw
Competing instability mechanisms
Competing convective/diffusive
Sherwood number

6
Sherwood number 026x10
(Nusselt for particles):
T i 0.24
Sh = —turk .
Taig g
Lyigr = (—DLV.n) 0.22
Flur‘b = <Tl'UE'?>
average =y (flux surface) 0.20
average =y &t
0.26)(106

| = avalanches
| = corrugations

| + DW: less avalanches & 025
DW: even less

Same ballistic velocity:
=5 Px G

0.24

100
w
E
n
ol
50 2.
el
EY
0
64 128 192 256
x=(r-a) / po
200
100 @
n
Pl
0 5
<
el
-100 %
-200
64 128 192 256
x=(r-a) / po

-

0.08 —-—O— Dwl- 1/ -
- -0.08
0.06 4 —— pw P
0.04 1/ !
< ---- 0.013 ==t
T 002 i
> |
0.00 = -—-—-—-
-0.02 | L — — - =1
! %
-0.04 — £l — - 0019
T T T
0 64 128 192 256
x=(r-a)/po
—O— Shpy
—7= Sh,

Sh

6
0.26x10

0.24

6
0.26x10

0.24

64

64

128

128

192

192 256

x=(r-a)/ po

200

100

o

WPy g am g

200

100

-100

-200

=ys

=ys

Py am g



