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Background : Peeling-ballooning model for ELMs

» Peeling-ballooning model for ELMs
v' ELM crash is triggered by linear
peeling-ballooning instability;
v’ Criterion for ELM crash:

Vpp >0
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What is the impact of KBM turbulence
on ELM crashes?

—=>The role of pedestal turbulence in ELM crash

—=>The characteristics of KBM turbulence at the
pedestal



BOUT++: A framework for nonlinear twofluid and gyrofluid simulations

® Different twofluid and gyrofluid models are developed under BOUT++
framework for ELM simulations

Twofluid Gyrofluid (FLR effect) Physics
3-field 1+0 Peeling-ballooning
w,P, A (Nig, Ne, 4y) mode
4-field 2+0 + Acoustic wave

(@, P, A, V) (Mg, e, Ay, V)
6-field 3+1 + Thermal transport
(@,n;, Ay, V), T;, Te) (Mg, e, Ay, Vi Ty, Ty, Te)

Landau damping
Numerical A ) | I\!onllne.ar ITG/KBM
Toroidal resonance simulations at pedestal
method

Zonal flow closure I
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2.P-B turbulence and ELM crashes



Simulation model and equilibrium
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Initial perturbation: single mode and multiple modes

Linear growth rate Initial toroidal spectrum
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Single mode: ELM crash | | Multiple modes: P-B turbulence
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Different perturbation patterns (1/5 of the torus)
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® Single mode: Filamentary structure is generated by linear instability;
® Multiple modes: Linear mode structure is interrupted by nonlinear mode
interaction and no filamentary structure appears 10



The growth time

® The growth time of a instability

A oc exp(st)

» How long can a mode grow?
» Linear theory presumes t — o or long enough
> But, the growth time is determined nonlinearly

® To extract the free energy from the background pressure gradient, pressure
and potential perturbation need to stay in favorable phase
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Phase coherence time (PCT, 7.): the length of time duration for

the growing phase .



The phase coherence time is limited by nonlinear mode interaction
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ELMs can be controlled by reducing phase coherence time
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* ELMs are determined by the product of y(n)t.(n);
* Reducing the phase coherence time can limit the growth of instability;
* Experimental methods: Shear flow; Collisionality; Plasma shape;

* Different turbulence lead to different phase coherence time and,
thus different ELMs = KBM turbulence
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3.3+1 gyrofluid model for KBM simulations

14



lon equations®

di, = N, ed 1 ed 1. . -
oy BV, OB” [V V ]V -n (1+ S V3o, — N (2+2VL)Ia)d - T—Ia)d(p”i+ p.)=0
55 "; o A Definitions:
. ne ;N ~ neo 7 &
1 +LV"(D+HV”_”__O[V§.VA]VTJ_I+ ath S - (1+77I+ v? jla)* Tl
i i i i i 0 1 1 _
pJ_ 1 VQZEbXVCD,VEI =EbXVA‘
L L v 1@ |V InB+—iw; 4PU; 42 —| @y | vsPeU,; FO — -
m_ 2m, 0 T (©,A) =T " (4, ANV =V~ V5 -V
dpy; Gy 3Rl Sl ~ ~ V. —b.V g =L
+BV, Ly gy, T [v V, | VT, +2(@,; +Pod, v, InB =0V =
dt 'B B
ed @ ~ 9~ T
-n,T,(L+7, + 2V )io. — T +n,T, (4+2Vl)|a)d T +Hlay (1, +1,,.)=0 iw. = —° bxVn,-V
o 0 eBn,
dPy | nes Qi res Pl 1fee ~ P
—=4 BV, =5 +BV,—; +—[VLV¢]'VPM O[V V; ]Vu”I i 1T bXVB-V+bXK-V
dt B 2 9T 5 6B B

I
(@)

-~ nOTO{1+%@i +17, (1+%@i +@iﬂia)*?r£)

0

322  Soyi €0 LT o
0

lon Landau damping

- ik T - ik, [~ R .
G =—n0\/§v Bt q, =-n, Ev _II(TLi +§Vi®] ,FLR effe.ct.

th th .
T |k”| 7 K| Padé approximation
Toroidal closure e 1
|, | 0 1+b/2
iy (6, +1 ) =10, (7P + P, —4T,n, —2i— - vlT”+v2T) T b 2
|d | 0 1+b ’ PiVi
ia)d(ﬁ_,||+i_,i) Ia)d(p||+5pj_ —2i P val +v,T,) To-Ti~1
d

*P. Snyder thesis



Electron equations
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Basic comparison with 6-field for constant temperature

0.30 _I T TTTTTT | I'TTTTTTTT | FTTTTTTTT | IF'TTTTTTT I_
0.25 |~ * Landau damping has stronger impact in
- GLF-KBM code, while toroidal closure
0.20 - has much weaker effect. This is
5 015 , STH: THxE different with GLF-ITG simulation.
= . C Py E .
= - %5‘ 1 * Comparable linear growth rate between
- ====GLF w\o LD, w\o TC | . o .
0.10 ~ ~<GLF, with LD, wio TC [] QLF anql TF in peeling-ballooning mode
I >-5-<¢GLF, with LD, with TC | simulation
0.05 — [<[=]=TF 6-field, w\o LD . fon :
i SETF 6.field. with LD |- Similar ballooning structure
OOO NN | I Y | I T Y I | Lot d 1]
0 10 20 30 40
t(r,)
TTFefield p=20 TGLF n=20
. with Landau damping———_ with Landau damping———
y & e with Toroidal glosure s ]
g / <> . ] E / # g\
Benchmark with global : / — L E / W
{ . ‘ \ ] \.\. 9.\
gyrokinetic code is needed. . | \ R E | [ \ ¥\
o l . : [ ] " l I e |1
\ /) 7/ \ /) &)
\.\ s // '0 , ] \\ \-_’// " . .
\\‘\\ ) ‘ { \\\“ s




Setup for a scan
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4.Summary
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* Once pedestal becomes linearly unstable, the
self-generated turbulence appears at first;

* ELMis triggered when the fast growing mode
becomes dominant for enough time period;

* Filamentary structure can be different from the
most unstable mode due to nonlinear mode
interaction;

 ELM crash is determined by the nonlinear
threshold y > y;

* A 3+1 gyrofluid model for KBM simulations is
developed under BOUT++ framework;



