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Consider the Ion and Electron Momentum equations in the
Drift Model: Gyrokinetic Model:

Here,
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Consider the ion momentum equation in theDrift Model:

(EB)

Note:HM &CC agree
with EB in limit ∇T=0.

Also, HM argue
underlined terms can
sometime be dropped



2
*

2

*

/

i

di e

i

SP i di

V B p enB

V J en B p enB

V V V

V V V

⊥

≡ ×∇

≡ − ×∇

≡ −

≡ −

� �

� � �

� � �

� � �

The 2 forms in(EB) lead to 2 equivalent expressions of the
ion momentum equation in theDrift Model:
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B.

• HM uses formB. and neglect
some underlined terms
involving heat flux,
• SPapproximate

And in formB
and use a slightly modified
form for the viscous terms.
These approximations neglect
terms higher order in their
ordering parameterδ
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Equivalent expressions of the electron equation:

• HM use formC.
• SPuse formB. This is consistent with their
substitution in the momentum equation:

This approximation is equivalent to neglecting
the (higher order)polarization drift, since:

It also removes thewhistler wavefrom the
equations.
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Alternate form in terms of the generalized
vorticity (the curl of the canonical momentum):

Note that if we define: TheHM form of
the electron and ion momentum equations become:



2-fluid zero-pressure dispersion relation for HM equations:

the Hall modified fast wave (+) and shear Alfven wave (-) are given by:
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This form conserves energy, but needs an expression for Π:∇Vi

Continuity and energy equations:



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
i. Identification of toroidal effects
ii. 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
iii. Nonlinear island coupling

C. Integrated Effects
1. Sawtooth trigger for NTM
2. Mechanisms for onset of disruptions



Summary and recommendations:

• Belova paper demonstratesequivalence of the 2-forms of the
gyroviscous cancellationallowing formulation either in terms of
guiding center velocityV or ion velocityVi

• Nature of approximation inneglecting gradient termsin ion-
momentum equation (HM) should be clarified
• SPneglect of higher-order polarization drift terms(V* → Vdi)
removes Hall term in Ohm’s law and hence remove whistler
waves. Effect on applications should be clarified.
• Energy conservationis an outstanding problem since there is
no agreed upon expression forΠ:∇V
• Needconservative expression for∇•Π including gradients
and curvature terms in B: (for both GV andNe andNi parts)
• CEMM goalshould be to develop and document “standard”
sets of equations: compare and contrast


