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What happens if orientation of rotation axis is varied?
‘

◮ Precession- rotational motion of
spin axis of rotating body

◮ E.g. earth’s precession period
= 26000 years

◮ Weak Precession sustains turb.
(Malkus ′68, Goto et. al. ′07):

0 < Γ ≪ 1 Rλ ≡ u′L/ν ≫ 1

◮ Geophysical applications:
Γ ∼ O(10−7)

Ωs

Ωp

Poincaré number Γ ≡ Ωp/Ωs



Equations

◮ Preliminary exploratory study!

◮ Co-ordinate system with angular velocity Ω ≡ Ω(t):

∂u

∂t
+u · ∇u+2Ω× u+

d(Ω× r)

dt
=−∇p+ f+ν∆u− γ∆−1u

◮ γ: large scale damping constant; ∆: Laplacian operator

◮ Sub-volumes close to rotation axis: r ≪ L

◮

∣

∣

∣
d(Ω× r)/dt

∣

∣

∣
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◮ Solve:

∂u

∂t
+ u · ∇u+ 2Ω× u = −∇p + f + ν∆u− γ∆−1u
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◮ Pseudo-spectral algorithm, (2π)3 box, Periodic B.C
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◮ I.C (t < 0): Ω = (10, 0, 0), Ro ≡ ǫ/(2KΩ) = 0.0063



Mean kinetic energy (K ), mean dissipation (ǫ)
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◮ Inverse cascade in R1 at late-time

◮ Larger ǫ in R2 =⇒ stronger spectral transfer down-scale



Energy spectrum E (k , t) = CΩ(ǫ(t)Ω)
1/2

k
−2
, kf ≪ k ≪ kΩ
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Spectral Flux

Π(k , t) ≡
d

dt

∫ k

0
Ec(p, t)dp
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◮ R1: Positive flux =⇒ Inverse cascade

◮ R2: Negative flux =⇒ Forward cascade



Large scale structure (iso-contours of
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Conclusions and future work

◮ Varying spin axis by fixed ∆θ at times ∼ τΩ negates rotation
effects
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penalization technique (E.g: Schneider, Comp. & Fluids 2005)
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◮ For more details see Iyer et. al. EPJE 2015

(available on http://arxiv.org/abs/1511.06159)

http://arxiv.org/abs/1511.06159
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