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An implicit method for M3D

 In the current version of M3D, only
compressional Alfven waves are advanced

implicitly. Thus, the time step size Is
limited by CFL condition due to shear
Alfven waves.

* \We have recently developed an implicit
method which iIs valid for the full resistive
MHD equations.




In (R, Z,y) coordinates

2.1 Decompose v into (u, x,v,), we have

v=RVuxVp+V, y+ VP

2.2 Decompose B into (¢, 1), we have

1
B=Vy xVyp+ ETJ_F + RolV

2.3 F equation

72 1 _E rr = N df L E - r
ViF = RI, withF = E‘?@’I_ RDBHQ—l%—EL
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Implicit operator for shear Alfven waves

d

d—T = RoB - V(c/d) + other terms
dc 9 .
- = eR°B - Vw + other terms

Thus implicit equation for w can be written as

w" ™ — (At)2B - V(R?/d)B - Vu"t!' = RHS



Implicit operator for V,

vyt — (At)*(1/d)RB, - VRB, - VV;*' = RHS



Main Results

* Initial results are very encouraging !

 Full MHD equations can be advanced
stably for time step well over the shear
Alfven CFL limit at zero resistivity and
viscosity (for both linear and nonlinear

runs).



Discussions and Future Plan

 Implicit method is necessary for high-
resolution computation,

 The implicit method In this work is only
partial. But it can serve an effective pre-
conditioner for full implicit method;

o Future work will consider full linear and
nonlinear implicit method such Newton-
Krylov (JFNK) method.
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