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RWM Energy Principle — Kinetic Effects

(Haney and Freidberg, PoF-B, 1989)
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RWM Energy Principle — Kinetic Effects

""IFF Tw — — % (Haney and Freidberg, PoF-B, 1989)
b
ﬁaE--T . = 51’1‘?‘:’ +5-H; iy (Hu, Betti, and Manickam, PoP, 2005)
(KT SWop+oW g
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RWM Energy Principle — Kinetic Effects

""IFF Tw — — % (Haney and Freidberg, PoF-B, 1989)
b
ﬁaE--T . = E-H( E"‘:’ +5-H; iy (Hu, Betti, and Manickam, PoP, 2005)
(KT SWop+oW g

PEST J L Hu/Betti code
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RWM Energy Principle — Kinetic Effects

oW

TETyw = — ST (Haney and Freidberg, PoF-B, 1989)
b
""Ir“E" TT_J'.‘ — 551;5({:?‘:’ +55}I$ X (Hu, Betti, and Manickam, PoP, 2005)
| b TOWE

PEST J L Hu/Betti code

SWoe W+ [SWic |2+ Re(Wic ) (SW oo +-5Wp)
SWodW o+ [0W 5c [Z+Re(0W ¢ ) (0W, +o W)

_________________________________________________________________________________________________________________________________________________________|]
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Outline

® |ntroduction
The Hu/Betti code
Results: stability diagrams

Kinetic theory predicts near-marginal stability for experimental equilibria just
before RWM instability.

® Collisionality
Kinetic theory predicts decrease in stability with increased collisionality.
® Rotation

Experimental rotation profiles are near marginal. Larger or smaller rotation is
farther from marginal.

Unlike simpler “critical” rotation theories, kinetic theory allows for a more complex
relationship between plasma rotation and RWM stability — one that may be able to
explain experimental results.
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The Hu/Betti code calculates cSWK

® Effects included:

Trapped lons

Trapped Electrons
—Frapped-HotParticles

Circulating lons

Alfven Layers
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The Hu/Betti code calculates cSWK

® Effects included:

Trapped lons

Trapped Electrons
—Frapped-HotParticles

Circulating lons

Alfven Layers

T'Irm ':I'rii-':lt- _—

ria pq Ik
SWE = / A (2 T — § : / dA (—)

. 0 (1 + T ) \f — BD.- Max 2

oo | A 3
] .l'—|_ [ ——— | _I_-'I I , B
:x:[ |iw*“l~ ( E)w*T “E w] &5/2075 2
¥

(wp) + lwp, — iveg + wg — w

<(2_BBD;IB)[ {El]_(BﬂfB) [T‘EJ_J>

(Hu, Betti, and Manickam, PoP, 2006)

2
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Our implementation gives similar answers to Hu’s

- 10x10™
12} '
|
8 —
10} Lo _
lg=2 =
08} : & 6-
| —
0.6 f : = .
I =2
04l [d(OWy)|/dY : 5
I 5
0.2 ;
' 5 e M
0f . . L . I | I I |
0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Y/ (a) Y,

Hu Berkery

(DII-D shot 125701)
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Stability diagrams: contours of constant Re(vﬁgw)

W o W+ |0W g 2+ Re(dW i ) (SW o +6W7)
IWLWy+ [0 Wk [P+ Re(dW g ) (W, +0W)

Re (”}“Kﬂu ) = —
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Stability diagrams: contours of constant Re(vﬁgw)

SW oo, SWiy+ | 5W g |2+ Re (W i ) (W e +-5 W)
W0 Wyt |0W i |2+ Re(0W g ) (0Wr +0Wp)

Re (”}“Kﬂu ) = —

vie = 0: [Re(6Wi) + 2(6Wi + W) + [Im(sWi)* = [2(6Wp — 6Wao)]”
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Stability diagrams: contours of constant Re(v@w}

W oo SWy+|6W ke |24+ Re (Wi ) (§W oo +06 W)
511 BOWh+[dW i |2+ Re(dWi ) (0W, +0W)

RE(TH Tw) = —

vie = 0: [Re(6Wi) + 2(6Wi + W) + [Im(sWi)* = [2(6Wp — 6Wao)]”
6.0 '

121083 1

4.5 ]

& 307

1.5}

00L7 .
0.0

1.0
Tlme (s)
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Stability diagrams: contours of constant Re(vﬁzw)

Re (,-w . ) W oW [dW 24+ Re(Wg ) (W o +0W3)
CUTK W) = = W, oWyt oW i |2+ Re(dW i ) (oW, +0W)

vie = 0: [Re(6Wi) + 2(6Wi + W) + [Im(sWi)* = [2(6Wp — 6Wao)]”

6.0

SO NSTX 121083 @ 0.475 s

4.5_ .
| | W = —2.00 x 1072
1 oW, =7.42 x 1073

& 3.0

1.5}

o0l 1 L
0.0 0.5 1.0
Time (s)
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Stability diagrams: contours of constant Re(vﬁzw)

Re (”}“Kﬂu ) = —

W o W+ |0W g 2+ Re(dW i ) (SW o +6W7)

IWLWy+ [0 Wk [P+ Re(dW g ) (W, +0W)

vie = 0: [Re(6Wi) + 2(6Wi + W) + [Im(sWi)* = [2(6Wp — 6Wao)]”

o.l0 T

0.05-

-0.05 -

2

NSTX 121083 @ 0.475 s

IWo = —2.09 x 1072
OWp =7.42 x 103
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TK =
)
r

0.10]

0.05-

-0.05 -

Stability diagrams: contours of constant Re(vﬁgw)

W o W+ |0W g 2+ Re(dW i ) (SW o +6W7)

Re(YKTw) = = 517,67, 115Wc [T+ Re(0Wc) (0W 107V

0: [Re(6Wi) + L(6Ws + 6Woo)]” + [Im(6Wi)] = [2(6Ws — 6Woo)]”

2

NSTX 121083 @ 0.475 s

SWa = —2.09 x 102
Wy = 7.42 x 102
Re(6Wp) = 1.58 x 102
Im(6Wy) = 1.57 x 1072
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Stability results are all near marginal

010 T T T 0.10[
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Stability results are all near marginal

010 T T 0.10 ==
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Stability results are all near marginal
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Collisionality
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Simple model: collisions increase stability

[{\i’_jﬂ{ﬁ};:jj;—fiﬂl{ﬁ)+{1—ffjhlj]—mn’}]

X (9S4 1+md)=1—(md)>. (Fitzpatrick, PoP, 2002)
“dissipation parameter” AR

® Fitzpatrick simple model 05T

Collisions increase stability because

they increase dissipation of mode 2 [ e Nowall ]
\ P 0 [ stability limit |
energy.
~0.5 reasing v. -
Error—field -
Fesornance )
_1 L L 1 L 1
0 i 1.5
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Kinetic model: collisions decrease stability

; }_{_ < — _— (Hu, Betti, and Manickam, PoP, 2006)

collision frequency (note:
inclusion here is “ad hoc”)

® Fitzpatrick simple model

Collisions increase stability because
they increase dissipation of mode
energy.

® Kinetic model

Collisions decrease stability because
they reduce kinetic stabilization
effects.
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Collisionality should decrease 6WK: test with Ze_ff

,[5 TI}{ ™5 - _ —— (Hu, Betti, and Manickam, PoP, 2006)

/ 3.0 -

collision frequency (note:
inclusion here is “ad hoc”) 25

® Fitzpatrick simple model 2.0 -

Collisions increase stability because

they increase dissipation of mode N
energy. o
® Kinetic model
Collisions decrease stability because 05
they reduce kinetic stabilization
effects. 00 ' ' ' '
0.0 0.2 0.4 0.6 0.8 1.0

PP,
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As expected, colisionality decreases stability

Q10 T T T T T T T T 3.0 4
i 25
0.05
I 20—
2
5 0.00 N 15
5
i 1.0 =t
-0.05
I 05
o100 o] 00 , , | |
-0.10 -0.05 0.00 0.05 0.10 0.0 0.2 0.4 0.6 0.8 1.0
Re(oWy) i
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As expected, colisionality decreases stability
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Re(5Wy)
121083
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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As expected, colisionality decreases stability
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Rotation
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Simple model: rotation increases stability

[(9=10)+ v, (7=12p) + (1= k) (1= md)]

md)=1—(md)>.

Perfect wall

toroidal plasma rotation stability limit

® Fitzpatrick simple model 05T

Plasma rotation increases stability

and for a given B thereis a R g

“critical” rotation above which the
plasma is stable.

-0.5

Error—field -

resonance

(Fitzpatrick, PoP, 2002)

increasing Q,,

stability limit |

_10 -

0.5 1 1.6
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Kinetic model: rotation/stability relationship is complex

A& 3
- Ld**n.‘r—l—{!;—ajw*j"/—l—wg—w
{5 TI }-{ ™ - T = (Hu, Betti, and Manickam, PoP, 2006)
QLLJD;—I—ELLJ Ve TWE —W

E x B frequency

® Fitzpatrick simple model

Plasma rotation increases stability
and for a given B thereis a
“critical” rotation above which the
plasma is stable.

® Kinetic model

Plasma rotation increases or
decreases stability and a “critica
rotation is not defined?

I”
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Kinetic model: rotation/stability relationship is complex

(] [

L“‘*P&""‘{é_

)w*gij—m

(Hu, Betti, and Manickam, PoP, 2006)

oW

(wp)+lw

E x B frequency

® Fitzpatrick simple model
Plasma rotation increases stability

and for a given B thereis a
“critical” rotation above which the

plasma is stable.

® Kinetic model

Plasma rotation increases or
decreases stability and a “critica
rotation is not defined?

I”

Vet +WE —W
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Rotation profiles just before instability

40 : : : : : : : : 300
I ] — 121083 @ 0.475 s
121083 @ 04768 | —— 128717 @ 0.520 s
—— 128855 @ 0.595 s
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30 128855 @ 0.596 s
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0 | | . ' . 0
100 125 150 0.0 0.2 0.4 0.6 0.8 1.0
R (cm) Y,

Convert to Hu/Betti code form
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior

010 = T T T 250
: — A
! —
200 5
i Al S
0.05 ! E
I B—-
8
=150 — H
©
% 0.00 = - - - 128856

[m]
G 100 —

-0.05
. 50 <
o000 7 L 0 , , : |
-0.10  -0.05 0.00 0.05 0.10 00 02 04 06 08 1.0
Re(3W,) s

128856

. Berkery — Kinetic Stabilization




Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Using test rotation profiles shows the behavior
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Conclusions

® Kinetic Stabilization

Analysis of multiple NSTX discharges from just before RWM instability is observed
predicts near-marginal mode growth rates.

® Collisionality
The predicted effect of collisionality is as expected from the kinetic equation.
® Rotation

Increasing or decreasing the rotation in the calculation drives the prediction farther
from the marginal point in either the stable or unstable direction.

I”

Unlike simpler “critical” rotation theories, kinetic theory allows for a more complex
relationship between plasma rotation and RWM stability.
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Which components lead to stability/instability?
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Which components lead to stability/instability?
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Which components lead to stability/instability?
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Which components lead to stability/instability?
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PEST symmetry setting makes a difference
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PEST symmetry setting makes a difference
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Experimental profile errors can make a big difference
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Experimental profile errors can make a big difference
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Previous ITER results also showed complex stabilization
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Ranges of stability — more complex than simple model
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Ranges of stability — more complex than simple model
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Changes to the code

® Changes to coding

Changed from IMSL library integration to NAG library integration so it can run on
PPPL computers.

Removed all hard-wired numbers - put in input files.

Automatic removal of rational surfaces and calculation of Alfven layer
contributions.

Surface magnetic field doesn’t have to be monotonic from Bmin to Bmax.
etc...
® Changes to physics
In(A) # constant
Zegr # 1
No small-aspect ratio assumption for k-€.
Automatically finds smallest mode frequency w that doesn’t give integration error.
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What about a shot that doesn’t go unstable?
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What about a shot that doesn’t go unstable?
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This actually comes closer
to instability than the case
of 128863, which was
observed to go unstable, so
certainly the code is not
perfect.
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Sontag’s results
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Figure 7, £2_; variation with ion collisionality for similar Alfven
frequency profiles. Increased collisionality correlates with

lower 2.
rit (Sontag et al, NF, 2007)
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