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Density-variance effects

Density variance
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Simplest linear expressions for the density and internal-energy fluctuations

Magnetoclinicity: 
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Turbulent dilatation
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Irrespective of the sign of dilatation, the electromotive 
force is generated in the direction of B x ∇ρ

Turbulent electromotive force
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Fundamental equations

Mass

Momentum

Magnetic field

Internal energy

Transports in strongly compressible 
magnetohydrodynamic turbulence
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Mean-field equations
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f = F + f 0, F = hfi

Means and fluctuations
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Fast and slow variables
Slow variables X and T change only when x and t change much.

Response function

Correlation function
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Direct-interaction approximation

Multiple-scale analysis

Theoretical framework

Higher-order vertex parts



Statistical assumptions on the lowest-order (basic) fields
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with solenoidal and dilatational projection operators
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Results

Transport coefficients

hu0 ⇥ b0i =� (� + ⇣)r⇥B+ ↵B� (r⇣)⇥B+ �r⇥U

� �⇢r⇢⇥B� �QrQ⇥B� �D
DU

Dt
⇥B

<latexit sha1_base64="w+qufVawH563sEaMIRd8aAWJq2I="></latexit><latexit sha1_base64="w+qufVawH563sEaMIRd8aAWJq2I="></latexit><latexit sha1_base64="w+qufVawH563sEaMIRd8aAWJq2I="></latexit><latexit sha1_base64="d1/JFHzsk+xC1FsWBz5Ul3iAhHY="></latexit>

�⇢ =
1

3
(�s � 1)2

Q

⇢

Z
dk k2

Z ⌧

�1
d⌧1

Z ⌧1

�1
d⌧2

Z ⌧2

�1
d⌧3

⇥GuC(k; ⌧, ⌧1)Gq(k; ⌧, ⌧2)Gb(k; ⌧, ⌧3)QuC(k; ⌧2, ⌧3),
<latexit sha1_base64="+0ecdd5hRG14ZRMp5WguKmFzla8="></latexit><latexit sha1_base64="+0ecdd5hRG14ZRMp5WguKmFzla8="></latexit><latexit sha1_base64="+0ecdd5hRG14ZRMp5WguKmFzla8="></latexit><latexit sha1_base64="EjMahO7SRiUK7ZE9FplANL03xzU="></latexit>

“magnetoclinicity”

Turbulent electromotive force
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Turbulence model in terms of density variance
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MHD energy

Residual energy

Residual helicity

Cross helicity

Density variance

Transport coefficients
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Large-scale instability analysis

Unperturbed + Perturbation fields
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Normal mode analysis

Dispersion relation
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Density modulation
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Turbulent energy

Turbulent cross helicity

Density variance

Turbulent residual helicity
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Self-consistent model (closure)



Summary
• Magnetoclinicity: Dynamo in strong compressibility

• Transports in strongly compressible MHD turbulence

• Large-scale instability

• Turbulence modelling based on analytical theory
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