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Research topics of GeoFlow in the experimental framework

@ non-rotating case

@ coexistence of several flow modes

(axisymmetric, cubic/octahedral, pentagonal)
@ influence of initial conditions to reach different stable states
@ transition direct from steady to irregular flow

with remnant tetrahedral symmetry

@ rotating case

change of sign for drift velocity

@ complex pattern drift

@ transition to stabilizing effects due to centrifugal forces
@ transition from steady via periodic to irregular flow
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Dynamics of GeoFlow: summary in stability diagram including flow states |
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Thermal convection in non-rotating and rotating spherical shells:

Onset of time-dependence as a function of Taylor number with steady, periodic and
irregularly fluctuating, i.e. chaotic solutions. The solid line denotes the critical
Rayleigh numbers for highest mode of first instability in the rotating case [Travnikov
et. al, 2003].
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Dynamics of GeoFlow: summary in stability diagram including flow states |
@ time-dependency characterized by kinetic energy and Nusselt number
i.e. Exjn, = const. and Nu; = Nu, — steady
@ local variables show

@ characteristics of a travelling wave for Ta low (Ta < 10%)
— to be confirmed finally

@ shift of stability line calculated with energy method and from DNS
@ stability line marks onset of first instability

@ characteristics of Rossby waves for Ta moderate and high (Ta > 10%)
— to be confirmed finally

@ below: basic state with Nu =1
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Patterns of spherical shell convection in the non-rotating case Ta = 0:
Visualization of temperature field in radial direction with red coloring corresponding to
hot up-flow and blue coloring corresponding to cold discharge of flow.
Example of co-existing modes at Raceptr =5 - 103: solutions of axisymmettric,
octahedral resp. cubic, pentagonal symmetry from bottom to top.

axisymmetric|
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Patterns of spherical shell convection in the rotating case Ta # 0:
Visualization of temperature field with view at the top of the sphere, i.e. the middle of
the image is the ‘polar’ region. Increasing of mode number m with increasing of
parameter set. From bottom to top: m = 5 at (Racentr, Ta) = (8- 103,1-10%), m =6
at (1-10%,1-10%), m=7 at (2-10%2-10°), m = 10 at (5-10%,4 - 10°).

axisymmetric |
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Parameter Regime
Optical Diagnostics
Identification of supercritical regimes

Dynamics of GeoFlow: stability diagram

from numerical simulation ...
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Dynamics of GeoFlow: stability diagram

... with all experimental runs . ..
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Dynamics of GeoFlow: stability diagram

... with specific selection for first evaluation
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Numerical and experimental visual data analysis

GeoFlow: Visual Data Analysis

Real Data
GeoFlow Experiments

|

[3D Flow Field| [Temperature Field |Sch|ieren Techniqug [Wollaston Shearin
Interferometry
@ @ Shadowgraphy
Complex Flow Analysis (Calculation of Artificial Analysis of
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Parameter Regime
Optical Diagnostics
Identification of supercritical regimes

Wollaston shearing interferometry

@ refractive index n=(\,p,p,T)
temperature gradient — density
gradient — refractive index gradient

@ variation of optical path
length — interference:
Wollaston shearing
interferometry

o deflection of beam:
Schlieren/shadowgraphy

@ modular Wollaston shearing

interferometer works as
Schlieren /shadowgraphy

B. Futterer & S. Koch

l camera

polarisor ,
. 1
== Wollaston prism |

i N
| J ay| mirror
I

light lense beam
source 1 splitter

adaption
optics

fluid cell

interferograms
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Camera position and image view

camera

fluid cell

Triggering of image capture each 60°
— 6 positions gives measurement picture of whole hemispherical surface

Data volume

images 200 GB
telemetry | 50 GB
telemetry - technical values, scientific values (AT, ug, etc.)
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Process of reconstruction of le hemisphere in a plane

2nd image 2nd image > 60°
image taken every 60° — images overlap — only a sector is visible
defined mask (ROI) over image sequence — 6 sectors

note: no interpolation, because of mixing fringes to gray

note: pole is supposed to be fixed
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Reconstruction of images for specific part during RUN #4
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Reconstruction of images for specific part during RUN #4
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Dynamics of GeoFlow: stability diagram

... with specific selection for first evaluation

Rl T 1 1 1 ¥
! ! ! | I
:‘ Sy ’:
%
* P PPINN * * ¢+ oo
1,0E+05 ] s . ¥
+ N + e s Aeeee
‘E- EH A ;ek ¥ | NEK Nl
@ ~
* ». * 9 %0 * * * 4 2009
o ® e
Y & N N NIl L
2 “
1,0E+04 lmg X%
¢ . e
|
4 s
o o0 o 4
b & 08 0+ ieriim
< ® * % S
1,0E+02
o 10E403  1,0E+04  10E+05  1,0E+06  10E+D7  10E+08
Ta
i

B. Futterer & S. Koch GeoFlow Experiment - Part | 16/25



Summary of 3D Numerical Simulation Parameter Regime
First Identification of Experimental Data Optical Diagnostics
Appendices Identification of supercritical regimes

Patterns of convection in the rapid rotation regim

Alignment of convective cells at the tangent cylinder

Racentr = 8.87 - 10% Racentsr = 1.17 - 10°
Ta = 8.59 - 10° Ta=1.34-107

‘columnar cells’
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Patterns of convection in the moderate rotation regime

Increase of thermal forcing leads to symmetry breaking bifurcations

Racentr = 3.15 - 10* Racentr = 6.01 - 10* Racentr = 8.87 - 10*
Ta = 8.59 - 10* Ta = 8.59 - 10* Ta = 8.59 - 10*
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Patterns of convection visualized with fringes from Wollaston shearing interferometry

to be continued ...
with Part Il: Steps of Numerical and Experimental Alignment
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Global/local variables and patterns of convection for Ta low:

Racentr = 3 - 103, Ta=2-102

Eyin = 72 spect. coeff.
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Global/local variables and patterns of convection for Ta low:

Racentr = 3 - 103, Ta=1-10°

Eiin = 65 spect. coeff.
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Global/local variables and patterns of convection for Ta low:

Racentr =5 - 103, Ta=2-102

Ein = 408 spect. coeff.
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Global/local variables and patterns of convection for Ta low:

Racentr =5 - 103, Ta=1-10°

Ein = 397 spect. coeff.
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Global variables for Ta low (Ta < 10*

Nusselt number Nu,

2.5

1.51

< Ta-=210°
¢ Ta=510°
> Ta=810°
X Ta=1-10°
T Ta=2-10°
* Ta-510°
* Ta-810°
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§

¢

Rayleigh number Ra

centr

10
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Global variables for Ta low (Ta < 10*

kinetic energy Ekin
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