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MRI saturation is well-studied in simulation.
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The MRI evolves in stages.
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The MRI evolves in stages. .
weakly nonlinear
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The MRI evolves in stages. .
weakly nonlinear
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We analyze a thin-gap Taylor Couette setup.
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We solve the non-ideal, incompressible
MRI equations.

momentum
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We solve the non-ideal, iIncompressible
MRI equations.

momentum
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Kinematic
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constraints resistivity
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We solve the non-ideal, iIncompressible
MRI equations.
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We work Iin terms of stream and flux functions.



We work Iin terms of stream and flux functions.
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We work Iin terms of stream and flux functions.
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We work Iin terms of stream and flux functions.
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We work Iin terms of stream and flux functions.
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Weakly nonlinear analysis explores
behavior at the margin of instability.

RmM = Rm¢

e’L

kz+ot

\4




Weakly nonlinear analysis explores

behavior at the margin of instability. Fired Rm
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Tune the most unstable mode just over the
threshold of instability.




Tune the most unstable mode just over the small
threshold of instability. parameter




Multiscale analysis tracks the evolution of fast
and slow variables.

0 slow Z 10

i «ﬂﬂwm; HIMMM»

0 fast z 100




We choose an ansatz state vector form.

V =a(Z,T)V (z)e*




We choose an ansatz state vector form.

X dependence
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The tluid guantities are expanded
INn a perturbation series.

V =€eVy +¢“Vy +¢ Vg + ...



Dedalus Iis a general-purpose spectral code.

dedalus-project.org

Fourier Z - Burns+, in prep.
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Spectrally solve the most unstable mode
of the linear MRI.
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We solve each term in the expanded equations

at each order.
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The result is an amplitude equation
for the most unstable mode.
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The result is an amplitude equation
for the most unstable mode.

diffusion term

!
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1 1

nonlinear term linear growth



The result is an amplitude equation
for the most unstable mode.

diffusion term

!
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nonlinear term linear growth



Finally, we obtain the saturation structure of
each fluid quantity at each order.

V =€eVy +¢“Vy +¢ Vg + ...



First order velocity perturbations
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Second order velocity perturbations
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First and second order velocity perturbations Uy
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First order magnetic field perturbations By
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Second order magnetic field perturbations
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First and second order magnetic field perturbations By
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Future work

explore parameter space
relax thin gap approximation

comparison to experiment
helical MRI

PPPL MRI experiment




Conclusions

* \We derive a robust analytical framework for solving
MRI systems up to second order perturbations.

 We use the spectral code Dedalus to solve the
radial components of our equations.

* Preliminary results suggest a shear-related
saturation mechanism.




