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Outline

e Two-fluid MHD
* Time-implicit method — a stability theorem

« NIMROD-2F implementation and
dispersion tests

 FRC application
e Conclusions
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Single/Two-Fluid “MHD” (1F/2F)
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Can Rewrite Hall Term
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1F—2F Plasma Features

e Waves (uniform, unbounded plasma)
— Whistler
— Kinetic Alfven
— Low frequency electrostatic

e Drift waves
e * stabilization of MHD modes
e Electron-lon decoupling

University of Colorado at Boulder

Center for Integrated Plasma Studies

http://cips.colorado.edu/



Physics of HMHD

« Full (warm 2 fluid) W=’
dispersion relation has 3 ' —Aw*+Bw—-C=0
waves (cub_u:) A=kf+(1+,3)k2+H2kﬁk2
e This was given by - P
Stringer (1963) and is B =kik (1+2:5 +BHk )
also discussed by C=B)> ki
Swanson
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Modest Parameters Give Extreme
Stiffness
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Modest Parameters Give
Extreme Stiffness
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Extension of 1F Method to 2F
Challenging

e 1F of form
B=B(u)u=u(B)=

n+l n n+l h
Bn+1 _ Bn — AtB(u 2+u j,un-i-l _un — Atu(B 2+ B j —

Bn+1/2_Bn_1/2:AtB(un),L(unH_un):Atu(Bn+1/2)
e 2F is not!
e Challenge is to obtain method for low
dissipation

— Real frequency physical modes should give real
frequency numerical modes
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A Useful Stability Theorem

 To simulate low dissipation cases, need
“spectral fidelity”

— If physical system has only real frequency
modes, numerical system will have only real
frequency modes (or controlled damping would
also work)

* One case of sufficient conditions
Un+1 . Un
At
U"*° is linear combination of "', y",y"",..., centered at

U=F(U,V)= - F(y",D)

o >1/2, D 1s difference operator > :iD 1s Hermitian

ol
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Some Possible Schemes

n+l n
v =Y (1) = 72 -1 =i S
n+1 n n+l n—1
Un+1/z:/1U U +(1_/1)3U IU :(2L):>

liaont(3—A)+4]72>+(2iant —4)Z +iaAt(1-A)=0

Both have vanishing damping for low frequencies. 1L has
no damping for high frequencies as well, while 2L gives
strongest damping when A =% (|Z] = 1/3).
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Using NIMROD Machine for This
Form

o Use Predictor/Corrector method

* Advance all equations (slave) except momentum (master)
with trial u*~u**!

* Error in momentum gives correction
* Linear operator from linearizing change in slave variables
in change in u

« P/C required because not possible to incorporate exact
linear change of slave variables
— VV # V2 (use compact stencil for 2" order operator)
— Slave equations contain operator inversion
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Some Numerical Detalls

e Care In integration by parts because of
different BC

» Correct BC is torequire only u, =0
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Waves In a Box Tests
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History for KAW Calculation
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Profile for KAW Calculation
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NIMROD Initialized with FRC

Equilibrium
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