Status, Plans, and Issues in 2-Fluid dri
MHD Equations

S. C. Jardin, W.Park, L.Sugiyama

CEMM Meeting
Sunday, Oct 28
SEAVIEW C
Long Beach Hyatt

ft-



Important References

L. E. Sugiyama and W. ParkA nonlinear two-fluid model for
toroidal plasmas”, Phys. Plasmas4644-4658 (2000)

E.V. Belova “Nonlinear %roviscous force in a collisionless
plasma”’, PPPL-3569, 2001, Phys. Plasmas, 2001

R.D. Hazeltine and J.D. MeissShear-Alfven Dynamics of
Toroidally Confined Plasmas”, Physics Repdrsl 1-164
(1985) “Plasma Confinement”, Addison-Wesley, 1992

Z. Chang and J.D. Callef\Generalized gyroviscous force and
Its effect on the momentum balance equation”, Phys. Fluids B
1766-1771 (1992)

A.l. Smolyakoy “Gyroviscous forces in a collisionless plasma with
temperature gradients”, Can. J. Phy6. 321-331 (1998)

L. C. Steinhauer and A. IshigéRelaxation of a two-species magnetofluid
?féjg%g)pllcatlon to finitg3 flowing plasmas”, Phys. Plasm&s2609-2622




Consider the lon and Electron Momentum equations in the

Drift Model: (Hwm, sP) Gyrokinetic Model:eB)
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Consider the ion momentum equation in theft Model:
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The 2 forms In(EB) lead to 2 equivalent expressions of the
lon momentum equation in tHerift Model:
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Equivalent expressions of the electron equation:
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Alternate form in terms of the generalized
vorticity (the curl of the canonical momentum):

Note that if we define; B' = D><(A+%\7) ThéiM form of
the electron and ion momentum equations become:
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OxB=0P=V=0
2-fluid zero-pressure dispersion relation for HM equations:
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the Hall modified fast wave (+) and shear Alfven wave (-) are given by:
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o/ V,? for Fast Wave with (V,/Q*=0)
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f/ V2 for Hall modified Fast Wave with (V,%/Q?=0.04)
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o/ V,? for Alfven Wave with (V,/Q*=0)
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o’/ V2 for Hall modified Alfven Wave with (V,*/Q’=,04)
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Continuity and energy equations:
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Two-fluid CEMM Activity:

A. m=1 mode
1. Cylinder (SP, RN)

I.  Testbed for comparison of 2 different formulations and
effects of neglected terms

2. Torus
l. Identification of toroidal effects
. Sawtooth mechanism

B. m>1 modes

1. Cylinder (SP)

I.  Testbed for comparison of 2 different formulations and
effects of neglected terms

2. Torus (SP)
I.  Magnetic Island rotation
ii.  Neoclassical tearing
lii. Nonlinear island coupling
C. Integrated Effects
1. Sawtooth trigger for NTM
2. Mechanisms for onset of disruptions



Summary and recommendations:

 Belova paper demonstrategquivalence of the 2-forms of the
gyroviscous cancellatioallowing formulation either in terms of
guiding center velocity or ion velocity,

 Nature of approximation ineglecting gradient terma ion-
momentum equation (HM) should be clarified

o SPneglect of higher-order polarization drift terr\s. — Vdi?
removes Hall term in Ohm’s law and hence remove whistler
waves. Effect on applications should be clarified.

* Energy conservatiois an outstanding problem since there is
no agreed upon expression forllV

* Needconservative expression far[1 including gradients
and curvature terms in B: (for both GV ahl andN, parts)

« CEMM goalshould be to develop and document “standard”
sets of equations: compare and contrast



