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Introduction

e Tearing mode instability in two-fluid MHD model
» Drift tearing instability

e lon FLR effects on tearing mode instability
[B. Coppi, Phys. Fluids 7, 1501 (1964)]

e Gyroviscosity is added to two-fluid MHD

e Rotation of magnetic islands due to diamagnetic drifts in fusion
plasmas was observed.

» Contributions of heat flux cannot be neglected at low collisionality
* Parallel heat fluxes are included in gyroviscosity

» Formulation for linear stability analysis

 We derive eigenmode equations for tearing instability in slab
geometry including effects of parallel heat flux in the gyroviscous
tensor.



Formulation for TMI in two-fluid model

* Fluid moment equations for collisionless magnetized plasmas
[).J. Ramos, Phys. Plasmas 12, 052102, 112301 (2005), 15, 082106 (2008)]

Equation of continuity: 2—?+V-(nv) =0,

Equation of motion: min(g—\t/+V-VVj=jXB—Z|:Vpsi+B-V( psnB psLj:|_V-Higv,

s=i,e

IT¥: ion gyroviscosity

: 1. i
Generalized Ohm’'s law: E+vxB= n—e{J xB {Vpﬂ +B -V[ Py = % P ﬂ} +7j,

Faraday’s law: ‘98_'?+VXE 0,

Ampere’s law: tej=V xB,

Electron mass has been neglected.



- Gyroviscosity (Finite Larmor radius effect)
Non-uniform magnetic field, anisotropic pressure and heat flux are
taken into account. 5

VI =S (V1)

N=1

- Pressure
Equations for anisotropic pressure for ions:
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- Perpendicular (diamagnetic) heat flux: ¢, =4, +a,, (s = i,e)
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- lon perpendicular heat fluxes

Uis. =ele>{ pzu v( ‘;} P ( pilln_ Pu),ﬁ 2M g (b~ V)V + m.qnbxm}

2 |
i, = e_Bb x [ pilv(%j +2mq, (b- V)v}

- Parallel heat flux: %4 = s T 4ory (3 =5 6)
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- Equations for ion parallel heat fluxes

dg, 3p, Pi 3Py ) 3R
—0 GV -V 3dg [ (b- V)V ]+l V( n“] m, hL.{V( 2nj_ n K}

+3qul-(b><oo)+S—B=0,

2m,
dg, + 20,V v+l Pu b. V( puj_ pu(pin - p“)(b-V)InB+ihL {V( puj_i_
dt m, n m.n m, 2n
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o=Vxv, k=(b-V)b



e Assumptions for simplification

— MHD ordering
V~Vy, Vy~0Vy, 01 p, =P,
only first order diamagnetic terms are taken into account

— Closure condition for fourth rank moments

e Fourth rank moments are approximated with products of
pressures.

— Isotropic electron pressure

e Equation for isotropic electron pressure is derived from electron

heat flux equation.
ux equati B-V(pe/n):

« Simplification of gyroviscous force
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Parallel heat fluxes are included in V-1




| 2m,
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Linear eigenmode equations

— Equilibrium
 Static, slab equilibrium
v, =0, Boz[O,BOy(X),BOZ(X)] N,

e Constant electron temperature
T, = const.

* Isotropic equilibrium ion pressure

pIHO le_O p|0( )’ qu||O - qiT”o = O
e Finite-beta equilibrium

dl 1

dx 2/10(82 +Bz) Po® peo}:

— Linearization _
f, = fl(X)eXpI:—I(a)t - ky)]



- Normalization
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- Eigenmode equations
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(4,,4)=(0,00 = Single - fluid MHD
-(1,0) = HallMHD
~(1L1) = FLR two-fluid MHD

4,=0 = adiabatic ion pressure

=1 = ionpressure with parallel heat flux
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e Finite beta equilibrium

po(x)=eB{L+,[1+ tanh (x/ L, ) |}

po (X)=(1-7) B{1+&,[1+ tanh(x/ L) ]!
n,(x)=n {1+gn[1+tanh(x/Ln)]}

By, (X) = &g/1+ BB, tanh(x/ L)

By, (X) = \/(1+,B B2 B2, (X)~| po(x (x)]
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e MHD, incompressible
o (Vj, — K™y, ) + k| By, BY, —(B, +K*By, ) By, | =0
(a)+i K jB —i—L_ B! +kB,v,, =0
MLV, HoLV,,
.

Boundary condition: Vi (*1)=B,(£1)=0

e Numerical solution
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Summary

» Formulation for linear stability analysis
We have derived eigenmode equations for tearing instability in
slab geometry including effects of parallel heat flux in the
gyroviscous tensor.

» The eigenmode equation will be solved numerically.



