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Mul1phase	
  flows	
  	
  
simula1on	
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  field	
  solu1on	
  

Interface	
  tracking	
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  approach	
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Interface	
  
Tracking	
  

Sharp	
  approach	
  

Con1nuous	
  
approach	
  

Front	
  –	
  Capturing	
  
Tryggvason	
  et	
  al.,	
  JCP	
  (2001)	
  

Volume	
  Of	
  Fluid	
  (VOF)	
  
Scardovelli	
  &	
  Zaleski,	
  	
  
Ann.	
  Rew.	
  Fluid	
  Mec.	
  (1999)	
  

Level	
  -­‐	
  Set	
  
Sussmann	
  et	
  al.,	
  JCP	
  (2001)	
  

Phase	
  Field	
  Model	
  –	
  Cahn	
  Hilliard	
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Flow	
  
Field	
  	
  

Solu1on	
  

Sharp	
  approach	
  

Con1nuous	
  
approach	
   Phase	
  Field	
  Model	
  

Force	
  Coupling	
  
Tryggvason	
  et	
  al.,	
  JCP	
  (2001)	
  

Ghost	
  Fluid	
  Method	
  –	
  GFM	
  
Fedkiw	
  et	
  al.,	
  JCP	
  (2001)	
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Cahn	
  –	
  Hilliard	
  equa1on	
  	
  

TRANSPORT	
  

CONFINED	
  MIXING	
  

Chemical	
  
Poten1al	
  

Surface	
  Tension	
  

Interface	
  Thickness	
  

Mobility	
  

Dimensionless	
  numbers	
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Single	
  Phase(	
  Navier	
  –	
  Stokes)	
  +	
  Force	
  coupling	
  

fc	
  
Dimensionless	
  numbers	
  

L.	
  Scarbolo,	
  A.	
  Solda.	
  et.	
  al.,	
  Unified	
  framework	
  for	
  a	
  side-­‐by-­‐
side	
   comparison	
   of	
   different	
  mul1component	
   algorithms	
   ,	
   J.	
  
Comp.	
  Phys.	
  234	
  (2013)	
  

Valida.on	
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Two	
  phase	
  turbulent	
  flow	
  in	
  a	
  channel	
  like	
  geometry	
  

Carrying	
  Phase	
  

Dispersed	
  Phase	
  

Hypotheses	
  
• 	
  same	
  density;	
  
• 	
  same	
  viscosity;	
  	
  
• 	
  variable	
  surface	
  tension;	
  
• 	
  complete	
  descrip1on	
  of	
  turbulence.	
  

Deformability	
  

Droplet	
  iner1a	
  

Benchmark	
  for	
  further	
  analyses	
  

Turbulence	
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Reτ	
   150	
  

We	
   0.18	
  ÷	
  2.8	
  

d	
   65	
  w.	
  u.	
  

Pe	
   ∝	
  Ch-­‐1	
  

Ch	
   0.0185	
  

Nx	
  x	
  Ny	
  x	
  Nz	
  	
   512	
  x	
  256	
  x	
  257	
  

h	
   150	
  w.u.	
  

Lx	
  x	
  Ly	
  x	
  Lz	
   4πh	
  x	
  2πh	
  x	
  2h	
  

Volume	
  frac.on	
   5%	
  

lξ	
   7.5	
  w.u.	
  

Simula.on	
  parameters:	
  

Pseudo	
  Spectral	
  Method:	
  	
  
Fourier	
  Chebychev	
  Series	
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Weber	
  number	
  controls	
  the	
  dynamic	
  of	
  the	
  coalescence/break-­‐up	
  

We<1	
  

We>1	
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We<1	
  

We>1	
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Droplets	
  migrate	
  to	
  the	
  center	
  of	
  the	
  channel	
  

	
  Same	
  behavior	
  for	
  different	
  Weber	
  N.	
  

We=0.025	
  

We=1.41	
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Number	
  of	
  Drops	
   	
  &	
   	
  Diameter	
  of	
  Drops	
  

Only	
  coalescence	
  is	
  observed	
  

We>1	
  

We<1	
  

Coalescence	
  and	
  break-­‐up	
  events	
  
may	
  balance	
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We<1:	
  Inter-­‐droplet	
  distance	
  prevent	
  coalescence	
  

We>1:	
  Inter-­‐droplet	
  upper	
  bounded	
  

We<1	
   We>1	
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Bubbles	
  in	
  turbulence	
  	
  	
  
• 	
  deformability;	
  
• 	
  viscosity	
  difference;	
  
• 	
  density	
  difference;	
  

Wall	
  drag	
  modifica1on	
  

J.	
  Lu,	
  POF	
  17	
  (2005)	
  
D.P.M.	
  van	
  Gils,	
  JFM	
  722	
  (2013)	
  

Bubbles	
  in	
  turbulence	
  	
  
• 	
  deformability;	
  
• 	
  same	
  viscosity;	
  
• 	
  density	
  difference.	
  

Deformability	
  plays	
  key	
  role	
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J.	
  Lu,	
  POF	
  17	
  (2005)	
  

Drag	
  dependent	
  on	
  We	
  	
  

Drag	
  depends	
  on	
  diameter	
  and	
  number	
  of	
  droplets	
  

We<1	
  

We>1	
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We	
  =	
  0.21	
  -­‐	
  Cf/Cf,S	
  =	
  1.11	
   We	
  =	
  0.35	
  -­‐	
  Cf/Cf,S	
  =	
  1,00	
  

Streamwise	
  vor1city	
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Transport	
  of	
  high	
  strm-­‐wise	
  momentum	
  
near	
  the	
  wall	
  	
  

Transport	
  of	
  low	
  strm-­‐wise	
  momentum	
  
towards	
  channel	
  center	
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Drag	
  Enhancement	
  produced	
  by	
  droplets	
  flow	
  obstruc1on	
  

High	
  momentum	
  transported	
  	
  in	
  
	
  the	
  near	
  the	
  wall	
  region	
  

Low	
  strm-­‐wise	
  momentum	
  
to	
  the	
  	
  center	
  of	
  the	
  channel	
  

Drag	
  Enhancement	
  dependent	
  on	
  droplets	
  diameter,	
  number	
  
and	
  deformability	
  

External	
  droplets	
  surface	
  
diminishes	
  with	
  droplets	
  number	
  

Streamwise	
  velocity	
  gradients	
  
increase	
  with	
  the	
  diameter	
  

Effects	
  modulated	
  by	
  defromability	
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Turbulence	
  yield	
  to	
  a	
  cri1cal	
  Weber	
  N.	
  

Weber	
  N.	
  controls	
  coalescence/breakup	
  	
  

Turbulent	
  field	
  modified	
  by	
  the	
  presence	
  of	
  droplets	
  

Fric1on	
  coefficient	
  is	
  increeased	
  

Dispersed	
  
phase	
  

Carrier	
  
phase	
  

Uniform	
  coalescence	
  rate	
  for	
  sub-­‐cri1cal	
  We	
  

Fric1on	
  is	
  func1on	
  of	
  diameter	
  and	
  droplets	
  number	
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NORDITA	
  
Nordic	
  Ins1tute	
  for	
  Theore1cal	
  Physics	
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Presenta.on	
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Iner1al	
  Par1cle	
  Transport	
  in	
  Bounded	
  Turbulent	
  Flows	
  

Buoyant	
  Par1cle	
  Transport	
  in	
  FreeSurface	
  Turbulence	
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At	
  equilibrium:	
  Interface	
  relaxa1on	
  

Droplet	
  in	
  
turbulence	
  

Magalev,	
  Casciola	
  et	
  al.,	
  JFM	
  (2013)	
  Asympto1c	
  analysis:	
  

•  Correct	
  advec1on	
  of	
  the	
  interface;	
  
•  Fast	
  interface	
  relaxa1on;	
  	
  


