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∂tu = −1

ρ
∇P − (u · ∇)u +

1

ρ
(∇× b)× b + ν∆u

∂tb = (b · ∇)u − (u · ∇)b + η∆b
∇ · u = 0 and ∇ · b = 0

Hm(t) =

∫
V
dx a(x , t) · b(x , t)→ inverse cascade

Hk(t) =

∫
V
dx u(x , t) · ω(x , t)→ dynamo action (e.g. α-effect)
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Helical Fourier decomposition

(∂t +��νk2)ûk =− FT
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[
∇
(
P +

|u|2

2

)]
+

∑
k+p+q=0

(
−(ip × ûp)∗ × û∗
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Minimal triadic interaction
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Minimal triadic interaction

inertial Lorentz symmetrised magnetic

4 possibilities for (sk , sp, sq) : (+,+,+), (−,+,+), (+,−,+), (+,+,−)
4 possibilities for (sk , σp, σq)
2 possibilities for σk .

Navier-Stokes: F. Waleffe PoF A, 4, 350-363 (1992)
homochiral system: Lessinnes et al., Theor. Comput. Fluid Dyn. 23, 439450 (2009)
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Kinematic dynamo

inertial Lorentz symmetrised magnetic

4 possibilities for (sk , sp, sq) : (+,+,+), (−,+,+), (+,−,+), (+,+,−)
4 possibilities for (σk , sp, σq)
2 possibilities for σk .

Navier-Stokes: F. Waleffe PoF A, 4, 350-363 (1992)
homochiral system: Lessinnes et al., Theor. Comput. Fluid Dyn. 23, 439450 (2009)
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Large-scale dynamo: DNS - laminar flow (Reλ = 15)

Magnetic field
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Inverse cascade of magnetic helicity

inertial Lorentz symmetrised magnetic

4 possibilities for (sk , sp, sq) : (+,+,+), (−,+,+), (+,−,+), (+,+,−)
4 possibilities for (σk , σp, sq)
2 possibilities for σk .

Navier-Stokes: F. Waleffe PoF A, 4, 350-363 (1992)
homochiral system: Lessinnes et al., Theor. Comput. Fluid Dyn. 23, 439450 (2009)
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Inverse cascade of magnetic helicity: DNS (Reλ = 140)

Magnetic field
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Conclusions

The triadic systems give qualitatively correct descriptions of the dynamics.

1 STF-like dynamo on the triad level:

α-like triadic dynamo is the dominant large-scale instability.
‘anti-α’ triadic dynamo is the dominant small-scale instability.

2 The α-like triadic dynamo becomes more dominant with larger scale
separation.

3 Inverse cascade of magnetic helicity is most efficient if Hk and Hm are
of the same sign.
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Thank you

M. Linkmann, G. Sahoo, M. McKay, A. Berera, L. Biferale, ApJ (in press), arXiv:1609.01781

M. Linkmann, A. Berera, M. McKay, J. Jäger, JFM 791, 61-96 (2016)
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Stability analysis

Large wavenumber (small-scale) equilibria:

U
sp0
p0 and B

sp0
p0 with k < q < p0

Small wavenumber (large-scale) perturbations:
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Stability analysis of single-type equilibria
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sk∗
k = g sk

sp0 sq
(spp0 − sqq) U

sp0
p0 ũ
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Large-scale dynamo: DNS - turbulent flow (Reλ = 140)

Magnetic field
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