Analysis of Kelvin-Helmholtz-like Instabilities in Strongly Rotating Tokamak Plasmas
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Rotation-driven Mode Parametric Dependencies VENUS-MHD Benchmarking

- Neutral beam injection can drive significant toroidal rotation Q in ol =i = T —— :
medium-sized spherical tokamaks like MAST-U and NSTX-U. B:m : + T o \

« M = 1 rotation may destabilize a rotation-driven, ideal ) ;:’D_S i::f —
magnetohydrodynamic (MHD) mode with Kelvin-Helmholtz-like > Ag=1 > ;n:{;_S i pP(nip(©) \\ an
features. i Ag=1

 The driving and damping mechanisms of this mode in the presence i \
of large rotation shear have been studied [1] [2]. Several key |
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driving mechanisms are linked to the dynamic pressure:
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 In this work, the mode physics in the presence of strong density ] | =
gradients is investigated analytically for sonically (M = 1) rotating T S

0.4 1

plasmas. This is an extension of the methodology in [1].
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« Density gradients across the long wavelength modes are simulated
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o o | 2 » Stepped p, P growth rate y for different mode number (m,n), field - Stepped Q and p, P growth rates calculated analytically and using
by approximating p(r) as a Heaviside step function. f~¢“ and Ag~¢ line bending (Ag), and thermal pressure (4) values. the full MHD flow code VENUS-MHD [3].
IS assumed. _ .
* Aq=Aq/e, B =p/€ « Using VENUS-MHD will allow for the simulation of more realistic

« Asymptotically expanding the
g N ymp Y &P ? equilibria and parameter dependences (like shaping) in future.

growth rate y for large rotation

« The main drive for the KH-like mode in the presence of strong p

p, P step AE

(Q = e,0,) reveals the parametric

[

dependencies of the mode. - -
 The expanded y agrees well with . - -

the full dispersion relation. e oz da a5 o5 1o

plr), P(r), T(r)
E(n

gradients originates from the change in dynamic pressure. This
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: agrees with the findings in [1] for strong Q gradients.

o] 5 = y/(Bo/\/uoRS) « The KH-like mode is driven for T' > 0, p’ < 0 and p’' < 0.
« It is additionally more strongly rotation-driven when density
* Asymptotically expanded y for an gradients are present in the plasma. Density gradients may be
centrifugal effects + equilibrium with stepped p, P: N more important in driving the mode.
infernal-type drive 2803 —m [1 P ] o « Agreement between the analytical theory and VENUS-MHD
P2 = f(P)i[;(;)o) Q% + oo Pol _ 5 |92 - T simulations is variable and calls for further study.
field line bending compressibility N j: %,1)0.5
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