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A Reduced Medel for the MRI: Derivation and Simulation 12
5 04 .//
:
/ S

Figure 1. The evolution of V/(X) for & = -1, fl=-2/38,71=17=11¢4=1and
§ = ¢ = 0.1, Kinematic growth in the early phase is followed by saturation.

id)
5
4
3
£
4
1
[
N
02 48 810 02 46 810
W n

Figure 2. Comparison with single-mode theory, (a) The wavenumber nmpas
of the fastest growing mode, (b) its growth rate Ay.., (c¢) the resulting shear
rate V., and (d) stream function amplitude at the midpoint [Wol,,. =
maxgcz< N, ¢ | Who(Le /2. 2 taturatea)|, 85 functions of ij for = =2/3F, V=1uva=1
and 7 — =100, —10, - 1 (dashed-dot, dashed, solid). The numerical results with
dinmonds, asterisks and crosses representing & = —100,-10,- 1, respectively, are
superposed on the analytical predictions of Knobloch & Julien 17]. The choice of
the computational domain to be an exact multiple of the fastest growing wavelength
ensures that the wavenumber is the analytically calenlated nypq..

S

Reduced Model for the MRI: Derivation and Simulation 13

Figure 3. The evolution of V*(X) with stress-free bonndary conditions when & = -1,
1=-2/35,7=10=1Lva=1land F=e=01

Figure 5. The s-average of v}y (solid) and ¢, (dashed) in Agure 4. The quantities
Uiy and bY) have zero mean in the 2 direction.
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f A Reduced Model for the MRI: Derivation and Simulation 15
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Figure 6. Asymptotie predictions for (a) the ber Nynqz 0f the fastost growing Figure 8. Evolution ¢ from an initial Gaussian profile in o with & = -1, {1 = —2/37,

mode, (b) its growth rate Apas, (¢} the resulting shear rate Vinar and (d) stream f=1,7=lLva=1l,andd=¢=0.1

function amplitude at the midpoint (Wol,,,, = maxec:<x, L [¥ho(Le/2, 2, taaturated) s
as functions of 7 for 0= -2/36, ¥ = 1, va = L and & = ~100, =10, -1 (dashed-dot,
dashed, solid) with superposed numerical results (squares, diamonds, asterisks). The
choice of the computational domain to ba an exact multiple of the fastest growing
wavelength ensures that wavenumber is the analytically calculated nynae.

Figure 7. Root-mean-square v, as o ﬁmrflnn of 7 for integer values from 7 = 1

{ BSt CUEVE fi= (hi St e i Y= /38 F =10 = - . . ¢

\ih»_wc:i i)\uiw) to ij = 10 (highest curve) with © 2/35, 7 Lo=1,v4=1and Figure 9. Evolition of ¢go starting from small amplitude random initial conditions
=0.1. with#=-1,0=-2/33.7=1,7=1va=1 and § = ¢ = 0.1
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Figure 10. The value of V'(X) for each of the sumra_Lcd states begun wil.h val‘yrinvg
vertical box length Lz, where n = 27/Lz. The solid line represents f,lm single mode
theory from [11], while the asterisks denote mumerical results taken after the ﬁm\" has
mars;!ued to the box-filling wavelingth (L) starting from a random small amplitude

a P=0= 14 = =¢=0.1.
perturbation, The parametersare @ =1, = —1.5, 7 =7 =1,va landd = ¢
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Figure 11. Reynolds and magnetic Reynolds stresses in (20) for V/(X). The values
of VI(X), — 3.;.(.“!:.‘ T, Tt /0 ave represented by crosses, diamonds and asterisks,
X), = . %

respectively. Here i varies from 1 te 10 while 7 = —1, {2 = —2/33 F = 1, va = 1, and
d=e=0.1

Summary

#® Simple scaling suffices to characterize one-parameter family of self

consistent equilibrated states

& Strong modification of background shear the feeds the MRI

& Equilibration utimately determined by ohmic + viscous dissipation
® Comparison with Shearing Sheet simulations (BH 1991, HGB 95, Sano

et al.98)

» With resistive effects included and viscosity excluded unable to reach

saturation. Theory indicates viscosity plays an equally important role.

). Our theory indicates that the MRI saturates

and flow speed is O(1) but independent of v 4. This is consistent with

onset being independent of B,,,.

$ MRl speed ~ vy ~ O(1

+ Simulation show tendency to solid body rotation and increased

wavelength of MRI. This is also consistent with theory.

B publs: Phys. Fluids 17, 094106 (2005); EAS Publications Series, 21 (2006); J. Math. Phys. 48,

065405 (2007).
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