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Effect of parallel heat flux in the ion gyroviscous tensor on tearing instability in
extended magnetohydrodynamic model
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The effect of parallel heat flux in the gyroviscous tensor on the tearing mode instability in the extended
magnetohydrodynamic (MHD) model is investigated. The linear eigenmode equations for the tearing mode
instability including the perturbed parallel heat flux in the gyroviscous tensor are derived from the fluid
moment equations with simplification by taking only first order diamagnetic terms in the MHD ordering

and are numerically solved.

1. Introduction

Finite Larmor radius effects on MHD
instabilities such as the tearing mode instability
have been studied by using two-fluid

magnetohydrodynamic (MHD) models with ion
gyroviscous tensor. However, the conventional

two-fluid models are valid for collisional plasmas.

In the fluid moment equations for low
collisionality plasmas, the parallel heat flux that
arises in the gyroviscous force due to the
non-Maxwellian part of the velocity distribution
function cannot be neglected [1,2]. We
investigate the effect of parallel heat flux in the
gyroviscous tensor on the tearing mode instability
in the extended MHD model. We derive the linear
eigenmode equations for the tearing mode
instability including the perturbed parallel heat
flux in the gyroviscous tensor. The eigenmode
equations are numerically solved.

2. Gyroviscous Force
In order to implement the effects of the parallel
heat flux in the gyroviscous force into the analysis
of the tearing mode instability, we simplify the
gyroviscous force in Ref [2] by taking only the
first-order terms in the MHD ordering,
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The resulting gyrociscous force is written in the
following form,
v =S(vemet)

N=1

v . Hfﬂl ~ —minV” . VV - vxv

+%{v-v—3b-[(b-v)v}}bH
+(B- V)12 bx[3(b- V)v +bxa)

eB’
+ﬁb},
B

—VX{M{(b.v)v

m.
CTT2 A
VI~

v x [%H Y (g,,b) - Vx,
-

+%{V . (qmwb) _3b- [(b V) (giT”b)]} bH

+(B.v){ i bx[g(b.v)(qmb)

-V x

eB’

+bx(V x (qiTHb))} +%b :



V-1I7% ~ ¥V x{B x ﬂ(2q —3q )K
i g2 \ "l iT|

e

Dy =P,

+2 (B-V)v

2m,
(o9 2o i,

19 piH - Db

)

(B-V)v

VI o VLI 0,

3. Liniearized Equations
We consider following equilibrium in the slab
geometry,

Vv, =0,
B, =[0: Boy(x)’BOZ(X)J’
Ny :nO(X).

The equilibrium pressure is isotropic. The
equilibrium satisfies the force balance

&{Z_%(Bw + BOZ)+ Pio + peo} =0

The two-fluid MHD equations are linearized by
assuming the following perturbation,

f, = f,(x)exp[ —i(wt —ky)].
The linearized equations of motion are
_inoa)le = _BOzBl'z - B(,)z Blz

i " ’ ’
_E(BOyle + BOyle)
+ikBOyle - pi'J_l - pe,l
~4(V-1I7),

. . )
—inyov,, =-ikB,,B,, + By B,

ik
_?(Bgy P + Bs., piJ_l)

0
—ikpy, — 4 (V- 117
—inywv,, =ikBy B, + By, By,
ikB, B
_I;;—ygoz( P — pul)
—A (v 1 )lz

We substitute the linearized form of the
gyroviscous force in Sec. 2 into the above equations
of motion. In the linearized form,

(V-1?) =o.
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The effects of the parallel heat flux appear in
(v

We examine the influences of this term on the
tearing mode instability by solving the linear
eigenmode equations numerically.
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