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EXACT FLID MOMENT EQPUATIONS
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GENERAL GYRoVIS(oUS STRESS

(Deopping +he species index)
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COLLISIONLESS PERPENDICULAR
STRESS -FLUX TENSOR
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"SAFE" SIMPLIFYING ASSUMPTIONS

* NEGLECT COLLISIONAL PERPENDICULAR
viseous TEmNSORS T,

x MEGLECT ELECTRON  MASS

* ASSUME A SINGLE 10NV SPEC/IES
OF UNMIT CHARGE,

# ASSUME QUASINEVTRAL)TY :



TWO-FLUID  EXTENDED-MHD
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REGARDLESS ©OF THE CLOSURE
MODEL, THE ABOVE SYSTEM
POSSESSES AN EXACT EWNERGY
- CONSERVATION LAUU:

RE @ 1S THE TOTAL PLASMA
NERGY FLux:
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FURTHER REDUCED MODELS
A: FAST DYNAMICS ORDERING

Ad: FIMITE (ov LARMOR RADIVS

A2 2ERO 10N LARMOR RADIVS

A28 : SINGLE FLVID
(RESISTIVE-MPUD =LIKE)

A2b : HALL-MRHD=-LIKE

B: SLOW DYNAMICS ORDERING
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A4 : FAST DYNAMICS WITH FINITE
JoN LARMOR RADIVS

THE SYSTEM HAS THE SAME RRM
AS THE GENERAL ONE, ONLY USING

THE FIRST ORDER , FAST DyNAMICS
JoN  GYROVISCOS)TY .
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A23: SINGLE FLUID (RESISTIVE-MHD-L)KE)
% FAST DYNAMICS ORDERING.

* NEGLECT All F)MITE [oN GYRORADIUS,
10N SouND GYROIRADIVS AND N
INERTIAL SkIN DEPTH EFFECTS :
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A2b: HALL-MHD-L)KE
% FAST DyNAMICS ORDERING

# NEGLECT FINMITE |1ON GYRORADIVS , BuT
RETAIN FINITE 0N SDUND GYRORADIVS
AND FINITE I1DN JNERTIAL SKIN DEPTH ;
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SO THIS ORDERING S CONSISTENT
W THE L™MIT d2F CoLd (OWNS,

THE SYSTEM 1S THE SAME AS THE
GENERAL DNE WITHOUT THE 10N
GYRoVISCos| Ty TERMS , BECAUSE

’Wawf”%ﬁ—bo BUT ALL OTHER
TWo- FLU|) EFFECTS ARE KEPT.



BR: SLOowW DYvAMICS DORDERING
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VoW WE HAVE!

= F-L-R 10N GYROVISCOUS EFFECTS
MVST BE RETAINED.

=> FIMTE-d; AND FINITE-$5 HALL
EFFECTS (HENCE WHISTLER AND /R
KAW'S) MvST BE KEPT SINCE
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¥ No CONSISTEWT ARGUMENT KNOWN TO THIS
SPEAKER wHY (Po=Ps)/P SKOULD BF
DRDEREDN SMALL AT (ow CoLl)SIONALI TY
(ExXCEPT FoR SPECIAL SITVATIONS SucH
AS AXISYMMETRIC EPVILIBRIA) .



SECOND ODRDER (EGYROVISCOUS
STRESS IV Slow DYNAMICS

(Dropping  +he species iudex)
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NVEGLECTING (Pi-P.) AND KEEPIN G-
ONLY THE DIAMAGNETIC PART OF
THE ?E‘ﬁ?ﬂ/h:cumz’ HEAT FLUX:
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UNDER THE SLOW DYNAMICS ORDERING;
pTRX AND V3 ARE COMPARABLE =D

=5A) TRE BRAGINSKI FoRm Ko BB 9
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DYNAMICS (IT wAS INDEED DERIVED
FoR FAST DYNAMICS, w~ Vy),

=NB) THE "GYROVISUS CANCEULATION "
IS INCONSERENVNTIAL .



IN THE SLOW-ORD ERED MOMENTUM
EPUATION .

=% THE SCALAR PRESSVRES MuST BE
ACCVRATE wWITHIN O(8Y RELATIVE
To THEIR STATIc PARTS ;
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MW, IN THE ENEREY EPUATIONS :
2, SRR AT,
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=> THE HEAT FLUXES MVST BE
ACCVRATE WITHIN Of5%) RELATIVE
TO Pdm '/Hv g
80 = B Vs [0(8)+0(57)]



SUMMARY OF COMNDITIONS TFoR A
CONSISTENT, SLOW-ORDEREDH MODEL

» HALL TERM &= (FxB-Tpe), ASSOCIATED
WITH FINITE d¢ AND @5, KEPT N
OHM'S LAW,

% |ON GYROVISCSITY INCLUDING AT
LEAST THE GRADIENTS OF THE

O(§PV,;) HEAT FLUXES.
MANY MORE TERMS NEEDED IF
(Pn=Pr)/P CANNDT BE ORDERED SMALL

NO VUSE MAKING THE "GYRovisCouS
CANCE LLATION" EXPLICIT.

% HEAT TFLUXES ACWRATE TO
D(83Pvy:) IN ENERGY EPUATIONS.



