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Experimental setup

Sketch of thermally driven rotating annulus
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Experimental setup

The thermally driven rotating annulus at BTU Cottbus

rout = 12.5cm
rin = 4.5cm
AT =7.5K
3cpm < Q <12 cpm
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Experimental setup

Experimental setup for PIV observations
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Equations and boundary conditions

Non-dimensional equations
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Equations and boundary conditions

Important numbers

N imensional numbers determine the flow regime
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Regime Transitions

Fowlis and Hide (1965)
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Regime Transitions

Friih and Read (1997)

N 3V, 4
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Regime Transitions

Larcher and Egbers (2005)

Regime transitions
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Data processing

PIV principle
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Data processing

PIV principle
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Data processing

PIV observation in the inertial frame

Frame A Frame B : Problems

How to switch to co-rotating frame?

Ve=V,—QxT

How to get rid of the shadow?
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Data processing

Avoiding the shadow zone
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Frame co-rotating with cylinder
Frame co-rotating with wave
Recent results LDA observations

Results: mean flow
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Frame co-rotating with cylinder
Frame co-rotating with wave
Recent results LDA observations

Proper Orthogonal Decomposition (POD)

Different names for the same thing: POD, EOF, PCA, Factor Analysis,
Karhunen-Loéwe-Expansion, - - -

Data matrix Covariance matrix
Uy Ul Uip R=F'F
!
u21 PR
F=| - £
_ F=> a()vix,y)
j=1
U;ﬂ e Urlvp !
aj = FVj

. . . . Aj
Explained variance ~ of vj is defined as v := ﬁ ﬁ*
= che
EULAG workshop, Bad z, October 7, 2008 The heated rotating annulus 16




Frame co-rotating with cylinder
Frame co-rotating with wave
Recent results LDA observations

Results: variability

EOF1 real EOF1 imag

real EOF1  42.6179%

imag EOF1  42.6179%
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LDA observations
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Frame co-rotating with cylinder
Frame co-rotating with wave
Recent results LDA observations

Results: variability

PC of EOF 1 explaining 42.6179% of variance PC of EOF 2 explaining 9.7012% of variance
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Frame co-rotating with cylinder
Frame co-rotating with wave

Recent results LDA observations

Results: mean flow
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Frame co-rotating with cylinder
Frame co-rotating with wave

Recent results LDA observations

Results: variability

EOF1 real EOF1 complex

real EOF1 29 4087% imag EOF1  29.4087%
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Frame co-rotating with cylinder
Frame co-rotating with wave
Recent results LDA observations

Results: variability

EOF2 real

PC of EOF 1 explaining 29.4087% of variance resl EOF2  9.5188%
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Frame co-rotating with cylinder
Frame co-rotating with wave
Recent results LDA observations
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Frame co-rotating with cylinder
Frame co-rotating with wave

Recent results LDA observations

LDA data
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LDA data

EULAG workshop, Bad

Frame co-rotating with cylinder
Frame co-rotating with wave
LDA observations
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Frame co-rotating with cylinder
Frame co-rotating with wave

Recent results LDA observations

LDA data
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Numerical simulations with EULAG

Differentially heated periodic channel (Simulation by Andreas D&rnbrack)

Parameters

heating/cooling
+0.2K/s

time 100s

no rotation

height/mm

P =
o 20 40
distance/mm

Parameters
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time 100 + 50s

rotation 7.6cpm

height/mm
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Outlook

Future activities

@ Combining PIV and thermography: can we estimate velocity from
temperature?

3

@ Breaking azimuthal symmetry of the annulus: still regular flows?
@ Irregular regime: is the wave breaking symmetric?
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Outlook
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