
How does rotation influence heat transfer (𝑁𝑢)

• Rotation-dominated regime

𝑅𝑜 =
𝑈

2Ω𝑑
≪ 1

• Rotation-affected regime

𝑅𝑜 =
𝑈

2Ω𝑑
≤ 𝑂(2)

• Buoyancy-dominated regime 𝑅𝑜 =
𝑈

2Ω𝑑
> 𝑂(2)

𝑅𝑜 ≈ 0.1

𝑅𝑜 ≈ 0.5

𝑅𝑜 = ∞



How to choose the resolution?

• Key ideas

Grid size ≤ smallest dissipation scale

Kolmogorov scale:

Batchelor scale:

Energy-containing range

Inertial subrange

Dissipation range

𝜂𝐾

𝜂𝐵 = 𝜂𝐾𝑃𝑟
−
1
2

𝑃𝑟 ≤ 1: 𝜂𝐾 < 𝜂𝐵

𝑃𝑟 > 1: 𝜂𝐵 < 𝜂𝐾
~10𝜂𝐾



How to estimate 𝜂𝐾 and 𝜂𝐵?

− 𝒖 ∙ ∇2𝒖 = 𝜀𝑈 =
3

1 + 𝜂 + 𝜂2
𝑅𝑎

𝑃𝑟2
𝑁𝑢 − 1

𝜂𝐵
𝑔𝑙𝑜𝑏𝑎𝑙

=
𝜈𝜅2

𝜖𝑢 𝑡,𝑉
1/4

=
1

𝑅𝑎1/4 𝑁𝑢 − 1 1/4
𝐻

𝑃𝑟 ≤ 1: 

𝑃𝑟 > 1: 

Let’s choose 𝑃𝑟 = 1 case as an example:

• Practical procedure 

a) Start with a small case.

I wanna run simulations for 𝜂 = 0.4 for 𝑅𝑎 = 106, 107, 108.

How to choose resolution?

𝜂 = 0.4, 𝑅𝑎 = 106

b) Estimate a resolution based on 𝜼𝑲

𝜂𝐾
𝑔𝑙𝑜𝑏𝑒

𝐻
≈ 0.018

𝑁𝑢 ≈ 10

𝑁𝑟 ≥
𝐻

𝜂𝐾
𝑔𝑙𝑜𝑏𝑒 ≈ 56

𝑵𝒓 = 𝟔𝟓

c) Perform the simulation until converged

𝑵𝝓 = 𝟑𝟖𝟒



d) Check the 𝚫𝐫/𝜼𝑲 and 𝚫𝐋𝐡/𝜼𝑲

d) If the 𝚫𝐫/𝜼𝑲 or 𝚫𝐋𝐡/𝜼𝑲 > 2 in the bulk

𝜂𝐾
𝑔𝑙𝑜𝑏𝑎𝑙

=
𝜈3

𝜖𝑢 𝑡,𝑉
1/4

Say 
Δ𝑟

𝜂𝐾
= 5, try 𝑁𝑟

𝑛𝑒𝑤 ≈ 1.5𝑁𝑟
𝑜𝑙𝑑

𝑵𝒓
𝒏𝒆𝒘 = 𝟗𝟕

e) Run it again and check the convergence 

𝜀𝑈 =
3

1 + 𝜂 + 𝜂2
𝑅𝑎

𝑃𝑟2
𝑁𝑢 − 1 𝜀𝑇 =

3𝜂

1 + 𝜂 + η2
𝑁𝑢



At least 5 grid points inside BLs (10 is better)

d) Extroplate the resolution to other 𝑹𝒂

𝑁𝑢~𝑅𝑎1/3

We could obtain from boundary layer theories:

𝑅𝑎 𝑁𝑟 × 𝑁𝜙 × 𝑁𝜃

65 × 384 × 192

121 × 864 × 432

201 × 1792 × 896

106

107

108



𝑘𝐻 = 𝑘𝑥
2 + 𝑘𝑦

2



22

The smallest length scale

Dissipative spectrum: 𝐷 𝑘 = 2𝜈𝑘2𝐸(𝑘)

Cumulative dissipation: ε(0,𝑘) = 0׬
𝑘
𝐷 𝑘′ 𝑑𝑘′

Wavelength: 𝑙 = 2𝜋/𝑘, Kolmogorov scale: 𝜂 =
𝜈3

𝜀𝑘

1

4

4𝑙 = 2𝜋/𝑘~ length scale

𝑙𝑚𝑖𝑛 ≈ 4𝜂

𝑙0.8 ≈ 10𝜂



THANKS
Email: fuyifeng@mps.mpg.de

Max Planck Society
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