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Iner&al	  par&cles	  with	  rota&on	  
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Iner&al	  par&cles	  in	  a	  dipole	  
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Coriolis	  term:	  Par&cles	  accumulate	  in	  an&-‐cyclonic	  vor&ces	  	  
and	  are	  ejected	  out	  faster	  from	  the	  cyclonic	  vor&ces.	  	  



Rayleigh-‐Benard	  



Rota&ng	  RB	  convec&on	  
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r · u = 0

Motivation: 
 

 
In wall-bounded flows: 

!  turbulence-induced  
!  mainly regulated by sweeps 
and ejections present at the 
wall. 

What is responsible for particle resuspension/accumulation in thermal 
convection and which are the scales involved in this process?  

In thermal convection: 
!  both turbulence and 
temperature induced  
? regulated by sheetlike and 
mushroom type of plumes in the 
thermal boundary layer. 
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Rota&ng	  RB	  convec&on	  
Du

Dt
= �rp+ ⌫r2u+ 2u⇥ ⌦ez � ↵g�Tez

DT

Dt
= r2T

r · u = 0

Tc	  

Th	  
Velocity:	  No	  slip	  at	  top	  and	  boRom	  walls	  
Temperature:	  Tc	  at	  the	  top	  wall	  and	  Th	  at	  the	  boRom	  wall	  

Ra =
g↵�TH3

⌫
⇡ 2.5⇥ 106

Aspect	  Ra&o:	  2:2:1	  

H	  
Ro ⌘ U

2⌦H
= 16

Free fall velocity U =
p

g↵rTH

Rota&on=>	  Taylor-‐Proudman	  
=>	  Two	  dimensionaliza&on	  



   	  

	  	  	  	  	  	  	  	  	  

Simulate	  using	  Lajce	  Boltzmann	  Method	  (LBM)	  
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Boussinesq	  and	  Corioilis	  added	  as	  external	  force	  to	  the	  momentum	  distribu&on	  func&on	  
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Rota&ng	  RB	  convec&on	  

•  Rota&on	  modifies	  heat	  transfer	  	  
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Figure 1: Comparison of the mean temperature profile ⟨T (z)⟩ with and without
rotation. The solid points are results from our simulations. The solid black
lines are Rudie’s simulation data superimposed on our simulation results for
comparison.
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Rota&on	  modifies	  momentum	  transfer	  
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with and without rotation. The solid points are results from our simulations.
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Figure 6: Comparison of the vertical rms velocity profile wrms(z) ≡
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⟨w2⟩ with
and without rotation. The solid points are results from our simulations. The
solid black lines are Rudie’s simulation data superimposed on our simulation
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Iner&al	  par&cle	  in	  rota&ng	  RB	  
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Iner&al	  par&cles	  in	  RRB	  
Stokes	  =	  0.22	  

Par&cles	  get	  trapped	  in	  an&cyclonic	  vor&ces	  and	  are	  then	  transported	  to	  the	  walls.	  



Ver&cal	  velocity	  of	  the	  par&cles	  
Par&cles	  get	  trapped	  in	  an&cyclonic	  vor&ces	  and	  are	  then	  transported	  to	  the	  walls.	  
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Iner&al	  par&cles	  in	  RRB	  
Par&cles	  get	  trapped	  in	  an&cyclonic	  vor&ces	  and	  are	  then	  transported	  to	  the	  walls.	  
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Stokes	  number	  dependence	  
St=0	   St=1	  

St=13	  



Conclusions	  	  

§  A	  Lajce	  Boltzmann	  method	  coupled	  with	  Lagrangian	  par&cle	  tracking	  has	  been	  used	  
to	  solve	  the	  turbulent	  flow	  laden	  with	  iner&al	  par&cles	  in	  a	  Rayleigh-‐Benard	  cell;	  

	  
§  Bulk	  accelera&on	  PDF	  in	  non-‐rota&ng	  RB	  is	  HIT	  whereas,	  rota&on	  introduces	  

anisotropy	  similar	  to	  experiments	  in	  rota&ng	  turbulence.	  

§  Iner&al	  par&cles	  with	  St=1	  are	  accumulated	  in	  the	  regions	  of	  an&-‐cyclonic	  vor&ces	  and	  
are	  transported	  to	  the	  top	  and	  boRom	  walls.	  


