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Motivation—Validation	
  at	
  small	
  scales	
  

	
  Reactors	
  (nuclear	
  and	
  bio)	
  are	
  large	
   High	
  Reynolds	
  number	
  turbulent	
  flow	
  

Large-­‐scale	
  validaLon	
  Many	
  different	
  	
  
small-­‐scale	
  models	
  



Eulerian-­‐Lagrangian	
  method	
  

ηη

•  Non-­‐spherical	
  (rigid	
  and	
  
deformable)	
  parLcles	
  

•  ParLcle-­‐flow	
  interacLon	
  
•  ParLcle-­‐parLcle	
  interacLon	
  

Challenges	
  in	
  small-­‐scale	
  dynamics	
  



Rod	
  dynamics	
  
Trajectory of a 1mm rod at 
Rλ=210 spans 280 ms. 

Lrod=4.7 η  ,  ttravel= 11 τη 
	
  

	
  

Colormap represent the 
magnitude of the rotation 
rate. 
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Velocity	
  gradient	
  tensor	
  Aij	
  could	
  be	
  determined	
  by	
  at	
  
least	
  4	
  parLcles.	
  
	
  
In	
  pracLce,	
  we	
  use	
  6~10	
  parLcles	
  to	
  least-­‐square	
  fit	
  
the	
  results	
  Aij	
  	
  

ParLcles	
  has	
  to	
  be	
  close	
  enough,	
  so	
  velocity	
  gradient	
  
doesn’t	
  change	
  across	
  it	
  

2	
  mm	
  

u1	
  

Coupling	
  between	
  rods	
  and	
  >low	
  

•  How	
  to	
  validate	
  the	
  coupling?	
  
–  We	
  need	
  to	
  measure	
  the	
  fluid	
  moLon	
  around	
  rods	
  

u2	
  

Fluid	
  moLon	
  can	
  be	
  characterized	
  by	
  velocity	
  
gradient	
  tensor	
  Aij	
  	
  	
  

Rods (fluorescent) 
•  700 µm long and 30 µm thick rods 
Tracers (fluorescent) 30 µm 

Jeffery’s	
  equaLon	
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Blue	
  symbol:	
  calculated	
  rotaLon	
  rate	
  from	
  Jeffery’s	
  equaLon	
  
	
  
	
  
	
  
Red	
  line:	
  directly	
  measured	
  from	
  rod	
  Lagrangian	
  trajectory	
  p(t+1)-­‐p(t)	
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What	
  about	
  deformable	
  particles	
  (bubbles/
droplets)?	
  



V-­‐ONSET	
  (Vertical	
  Octagonal	
  Noncorrosive	
  Stirred	
  Energetic	
  Turbulence)	
  



V-­‐ONSET	
  (Vertical	
  Octagonal	
  Noncorrosive	
  Stirred	
  Energetic	
  Turbulence)	
  

High-­‐speed	
  visualizaLon	
  systems	
  



Water	
  jets	
  
•  Turbulent	
  flow	
  fields	
  of	
  high	
  Reynolds	
  Number	
  are	
  created	
  by	
  

shooLng	
  water	
  jet	
  into	
  the	
  test	
  secLon	
  of	
  the	
  facility.	
  
	
  

•  Creates	
  jets	
  through	
  nozzles	
  

•  Allows	
  mean	
  flow	
  to	
  pass	
  
through	
  grid	
  openings	
  	
  



Bubble	
  deformation	
  

Large	
  bubble	
  suspends	
  in	
  the	
  	
  
mean	
  flow	
  
	
  
Deform	
  under	
  turbulence	
  



Carrier	
  phase	
  tracking	
  

The	
  in-­‐house	
  code	
  can	
  detect	
  the	
  center	
  of	
  most	
  of	
  
the	
  particles	
  with	
  high	
  seeding	
  density	
  (up	
  to	
  
100000	
  particles)	
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Number	
  of	
  tracer	
  parLcles	
   Number	
  of	
  tracer	
  parLcles	
  

x104	
   x104	
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Summary	
  
MulLscale	
  physics	
  require	
  mulLscale	
  validaLon!	
  




