Everything you wanted (?) to know about wall modes
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Heat Transport and Visualization - 1993
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Ta=1.8x10" Ek=2.3x 10*
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Sidewall + Bulk State _ . -.
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Some things aren’t obvious. They depend on I
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Sidewall States - Clarified
Goldstein et al 1993
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1-D Pattern Formation

Space-Time Dislocation

Band of
nonlinearly
stable states
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Y Complex Ginzburg-
Liu & Ecke: PRL 97 & PRE 99 —g (I +ics) |A] Landau Equation



Some useful but incomplete information about Wall Modes

Use conducting tape to break
azimuthal periodicity

Wall modes don’t care about geometry
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Where have all the wall modes gone?

2010: Some new experiments with more rapid rotation rates

2014: Me: “But you have to include the wall mode
contribution to the heat transport.” Jon: “We don'’t
see any wall modes!” Hmmm. | wondered why?

2018: Confusing results from Gottingen SF6 rotating
convection experiment I'=1/2 - bimodal distribution.

DNS by Zhang and Shishkina.
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Constant Ra

Zhang, JFM (2021)
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o Pr=0.8, ' = 1/2 [19-20] ®Pr—0.8, ' =1/2
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Eigenfunctions of uz and T (HB93)
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Expect these to work near onset
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3 x 107 5 x 107 5x10° 1x10°

Evaluated at r,,, Of U
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Heat Transport Separation(?)
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“Hovmoller Plot”

1000

I'=1/3, Pr=0.8,
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Horn & Schmidt JFM 2017

They do exist



Conducting Sidewall Wall Modes

What!!
| didn’t
know that!

Scalings of Wall Modes and Bulk

Insulating Conducting Bulk

Rac Ek- Ek4/3 <«— Ek4/3

Ke O(1) El-1/6 E-1/3
We O(1) Ek-1/3 NA

Conducting Sidewall BC Herrmann & Busse JFM 1993
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Wall Modes

100 - 100
="
50 *g:
CC) SW BC: -g 0
.= Insulating ©:
8 |
s 10F > ‘;
pd CC) >
5 O 1
O
Z
1 . 0.1
0.1 0.5 1 5 10 50 100 0.01
Ra/10° €

» Insulating SW BC: Lower Rag), slow increase. .« Conducting SW BC: Higher Rag, rapid increase.
* Insulating Nu: Clear bulk onset. - Conducting: No apparent change in Nu at Ra,,.

» NUjnsu(Rag) = Nugong(Rags)! Why? * NUcond > Nuinsul Ra > Ra,
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