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Interchange mode

Growth rate:



Toroidal device

Unstable when:

p1>Dp2 > p3



Transverse field stabilization




Motivation

Behaviour at marginal stability for ideal interchange modes is
important in:

» Tokamaks,
Reversed Field Pinches,

Stellarators,

v

v

> etc...

Understanding the tradeoff between the deviation from marginality
and residual convection is useful for B-field coil design in
stellarators.
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Amplitude dependent stability
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Numerical marginal conditions amplitude test

Linearly stable
AB/B. =~ 0.04%

Small amplitude
ap =101

Linearly stable
AB/B. ~ 0.04%

Large amplitude

ap = 1072
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Numerical simulation result?

Stable runs are marked with a blue circle and unstable runs with a
red 'x’. The theoretical boundary is shown as the line ag /b.
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Rippled boundary problem

pp > 0 and By constant

0
-1
a

y<



Reduced equations in 2D

Complete, nonlinear set:

8t1/} = {wa SO}
2V x p(0ti + {p, 0}) = {, Viv} + g0yp

Where, in general, p = p(¢)) and

{f,h} = 0pfOyh — Oy fO,h.



“Simple-minded” linear calculation

Boundary condition:

At z = +a — d cos(ky)
Oyt = —6 ksin(ky)0,¢

Quasistatic equilibrium:
Y = Boz + ¢
(BEV + 9p0)0yt = —Bo{dh, Vid}
To lowest order in d/a:

4By
cos(kga)

1/; = cos(kyx) cos(ky)
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Boundary induced amplification
Critical condition:
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Amplification scaling:

ke — Ak,

b/ Be ~ Akiy ke < 1

r =

By=B.+band k

To lowest order in b/B:

B, cos(kzx) cos(ky)
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Core penetration

Dirac delta gradient:
po(x) = ppad(z)
Solution:

J=B ka cosh(kx) — §/<a a? sinh(k|z|)
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Global amplification
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Nonlinear scaling and expansion

Previous scaling:
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Expand v in e:
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First order

Equation:
B (Vi + k1)dyw1 =0
8yw1|x:ia =0
Solution:
0/a ke
P = [A + b//gck:ch] cos(k.x) cos(ky)

Where A is the plasma response.
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Second order

Equation:

BZ(VE + k1)t = —Be{b1, Vin}

=0
8y¢2|ac::ta =0
Solution:
1 ke §la ke 17 .
=——|A 75 D¢ 2 c
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Third order

Equation:

BZ(V3 + k1)0ybs + 2BcbVA Oyth1 = —Be ({01, V3 2}
+{tp2, Vi¢n})
Oy3|,_y, = —6Bcksin(ky)

Secular term:

3 = Bcgac sin(k.x) cos(ky)
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Time evolution

Time dependence:

A = A(t) where 740; ~ €

keep5 “small”
Result:
1. 12 -3 25 1 13
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Normalized with k., B., and V4. equal to 1.



Boundary induced nonlinear instability?
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Summary and conclusions
In marginally stable interchange mode systems boundary
perturbations...

1. ...are amplified: .
o< /b
2. ...induce nonlinear instability.

Therefore, marginal system is highly sensitive to boundary
perturbations:
Oc X b3/2

Future work
Energy principle generalization:

» W with nonlinear effects
» 0W with boundary perturbations

Realistic geometry (shear, curvature, etc)



