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1. Two effects of lithium streams on stability

1. situating an effective conducting shell right at the plasma
boundary

2. affecting resistive wall modes by an axisymmetric m = 1
pattern of a fast flow of conducting media
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1. Two effects of lithium streams on stability (cont.)

e The first effect, the most essential, has its straightforward
analog in the theory of resistive (solid) wall modes (Za-
kharov, Putvinskii, 1987) and has been extensively ana-
lyzed in the literature.

e The second still effect has no direct analogs in existing the-
ory.

Here | present the basic theory of interaction of lithium streams
with free-boundary kink modes.

All new features can be explained based on large aspect ratio
approximation for the circular cross-section plasma.
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2. Streams and the kink modes for g =o

Perturbation of the magnetic field B can be represented as

~ o 1 ~
B~Vy xe,, Bp:;%), Bw:—zp’p7
Y(p,w, p) = %¢%(p)eimw_in9@+7t, p<a (2.1)
V(p,w, @) = S (p)e™ T, p>a

(p,w, @ is a local coordinate system).
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2. Streams and the kink modes for 6 = 0 (cont.)

Stream function ¢ of electric current in the stream

:! |/
[/ 1,

j= Vi x e, = Efew — e, (2.2)
a

is determined by the Ohm’s law
_Vz' X e,
—

vpe, + VoL + (VVie, = (2.3)

Neglecting plasma pressure, p, = 0, resistive wall modes are
described by dispersion relation

5 QA ™ T = i, = Tyt + Rev(W)il,  (2.4)

where
Tres = pooah, Re = ugohVye, v(w)= ‘V/(w)7
o Yalath) — 29)
" vh(a)
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2. Streams and the kink modes for 6 = 0 (cont.)

In Fourier space the eigenvalue problem is

(aA\], = Tresy)Vm = Re% i(m — 2k — Dvops1¥m-ak—1-  (2.6)

Lithium streams add a
stabilizing ANTI-HERMITIAN coupling

into dispersion relation.
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2. Streams and the kink modes for 6 = 0 (cont.)

Stability of a uniform current distribution

Y

Imaginary part of eigenvalues
Uniform current distribution

For 3 harmonic model stabilizing contribution of flow is evident
m(m + 1)(Re)*|v1|*>  m(m — 1)(Re)?|v|?
/ + /
aAm+1 — Tresfy a/Am—l - TT@S’y

= 0.
(2.7)
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2. Streams and the kink modes for 3 # 0 (cont.)

For finite pressure plasmas

(aA;n - Tresr}/)wm :RBZ Z(m — 2k — 1)U2k+1¢m—2k—1
a m (2.8)
+ Eﬁpm — nq(¢m—1 + V1)
Ballooning effect adds a destabilizing HERMITIAN contribu-
tion.

For 3 harmonic model stabilizing contribution of flow is evident

/
Q/Am - Tresfy
2

2
m(m + 1)(Reui]? — a5

aA§n+1 — Tres”Y (2.9)
a’? _ m?
m(m — 1)(Re)*|v1|* — W(m—nlIVﬁg —0

/
aAm— 1 7-7“63’7

the effect is reduced to replacement
2 2

a m
m(m + 1)(Re)*|v1]* = m(m + 1)(Re)*|u|* — R2(m — ng)? i

2112 2. 12 a’? m? 2
m(m — 1)(Re)"|v1|” = m(m — 1)(Re)*|v1|” — B2 (m— ng 2

(2.10)
Again the effect of lithium streams is stabilizing.
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