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MOTIVATION 
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FLUID MECHANICS
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COHERENT STRUCTURES?

Richardson (1926)
“Big whirls have little whirls,
That feed on their velocity;
And little whirls have lesser whirls,
And so on to viscosity.”

Betchov (1976):
“Big whirls lack smaller whirls,
To feed on their velocity.
They crash and form the finest curls,
Permitted by viscosity.”
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COHERENT STRUCTURES  
IN SOLIDS? 

Miller et al. 2013 - Eddy Viscosity model? 
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MODAL DECOMPOSITIONS

• In fluids there are two 
main techniques.

• POD (Proper Orthogonal 
Decomposition) - space?

• DMD (Dynamic Mode 
Decomposition) - time?

• The main aim in a modal 
decomposition technique 
to extract regions of 
coherence. Space
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PROPER ORTHOGONAL DECOMPOSITION 
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EXPERIMENTAL WORK
*all Mehrdad's idea.. 

https://link.springer.com/article/10.1007/s10035-020-01037-7
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PATTERNS
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POD RESULTS 
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POD: HARMONICS 
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POD: HALF HARMONICS
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POD RESULTS 
• Change in energy in harmonic 

(H) and sub-harmonic (S) modes 
with frequency.

• H: Transverse motion, S: Lateral 
motion

• Change in the bubble pattern 
and an improved mixing of solids 
as the frequency is increased (in 
the observed range)

• Possible suppression of 
chaos…?
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CHAOTIC SYSTEM
• We found in the system the way 

particles move in this system is 
unusual and not like regular 
diffusion.

• The different in frequency 
enhance the diffusion and 
mixing. 

• The system showed some 
interesting behaviours like not 
following normal rules for 
particle motion and changing its 
behaviour over time.

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.103.043103
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CURRENT 
WORK 
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EIGENSHORES
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