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Reynolds	
  number	
  
RaCo	
  of	
  inerCal	
  forces	
  to	
  viscous	
  forces	
  

	
  
	
  
U	
  -­‐	
  velocity	
  scale	
  (m/s)	
  
L	
  -­‐	
  length	
  scale	
  (m)	
  
ν	
  -­‐	
  kinemaCc	
  viscosity	
  (m2/s)	
  	
  	
  

Re = UL
ν



What	
  happens	
  at	
  high	
  Re?	
  

•  Systems	
  can	
  become	
  
turbulent	
  

•  Turbulent	
  systems	
  have	
  
fluctuaCons	
  on	
  a	
  wide	
  
range	
  scales	
  

•  Energy	
  is	
  transferred	
  
from	
  large	
  scale	
  vorCces	
  
l0	
  to	
  the	
  viscous	
  
dissipaCon	
  scale	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
lν	
  ~	
  Re-­‐3/4*l0	
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Re	
   103	
   105	
  
	
  

l0	
  	
   1	
  m	
   100	
  µm	
  

lν	
   5	
  mm	
   .01	
  um	
  

	
  



MagneCc	
  Reynolds	
  number	
  
RaCo	
  of	
  inerCal	
  forces	
  to	
  magneCc	
  diffusivity	
  

	
  
	
  
U	
  -­‐	
  velocity	
  scale	
  (m/s)	
  
L	
  -­‐	
  length	
  scale	
  (m)	
  
η	
  -­‐	
  magneCc	
  diffusivity	
  (m2/s)	
   	
  	
  

Rem = UL
η



What	
  happens	
  at	
  high	
  Rem?	
  
•  The	
  magneCc	
  field	
  is	
  
advected	
  with	
  the	
  
fluid	
  flow	
  

•  The	
  field	
  lines	
  
become	
  “frozen	
  in”	
  
to	
  the	
  plasma	
  and	
  
are	
  carried	
  with	
  the	
  
flow	
  

•  DissipaCon	
  scale	
  for	
  
magneCc	
  fields	
  	
  	
  	
  	
  	
  	
  	
  
lη~Rem-­‐1/2Re-­‐1/4l0	
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Where	
  can	
  high	
  Re	
  and	
  Rem	
  	
  
flows	
  be	
  found	
  in	
  nature?	
  
•  Stars	
  and	
  during	
  star	
  
formaCon,	
  galaxies	
  and	
  
galacCc	
  evoluCon,	
  
accreCon	
  disks,	
  planet	
  
formaCon,	
  
magnetosphere	
  and	
  
more	
  

Structure	
  of	
  the	
  Earth’s	
  	
  magnetosphere	
  



Examples	
  of	
  Re	
  and	
  Rem	
  for	
  	
  
some	
  astrophysical	
  systems	
  

Re	
   Rem	
  
IntergalacCc	
  medium	
   1013	
   1027	
  
MagneCzed	
  jets	
   1014	
   1019	
  
Galaxy	
  cluster	
   1025	
   1025	
  
Solar	
  dynamo	
   1011	
   108	
  
AccreCon	
  disks	
   109	
   108	
  

What	
  is	
  the	
  scale,	
  structure,	
  and	
  evolu5on	
  of	
  
these	
  systems	
  and	
  how	
  is	
  it	
  affected	
  by	
  the	
  
magne5c	
  field?	
  	
  



High	
  Re	
  and	
  Rem	
  flows	
  are	
  complex	
  	
  

•  There	
  exists	
  an	
  interplay	
  of	
  the	
  velocity	
  and	
  
magneCc	
  field	
  vectors	
  and	
  the	
  dissipaCve	
  
parameters,	
  viscosity	
  and	
  resisCvity	
  	
  

•  Sufficient	
  theory	
  does	
  not	
  exist	
  in	
  this	
  regime	
  
•  ComputaConal	
  simulaCons	
  require	
  significant	
  
resources	
  and	
  all	
  scales	
  cannot	
  be	
  resolved	
  and	
  
are	
  limited	
  in	
  Re	
  and	
  Rem	
  due	
  to	
  numerical	
  
diffusivity	
  

•  Experiments	
  can	
  help	
  advance	
  the	
  understand	
  of	
  
these	
  systems	
  



How	
  can	
  we	
  study	
  these	
  	
  
systems	
  experimentally?	
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How	
  can	
  we	
  study	
  these	
  	
  
systems	
  experimentally?	
  

G.	
  Gregori	
  et	
  al,	
  Nature,	
  481,	
  2012	
  

LULI	
  Laser	
  Facility	
  



Can	
  we	
  push	
  for	
  higher	
  sCll?	
  	
  

20	
  

Rem	
  =	
  50	
  

Rem	
  =	
  250	
  

CreaCng	
  higher	
  T	
  flows	
  
will	
  increase	
  Rem	
  

Re	
  =	
  5x104	
  

Re	
  =	
  2x105	
  

CreaCng	
  higher	
  ρ	
  flows	
  
will	
  increase	
  Re	
  



In	
  many	
  of	
  these	
  astrophysical	
  	
  
systems	
  β~1	
  
RaCo	
  of	
  inerCal	
  plasma	
  pressure	
  to	
  magneCc	
  
pressure	
  

	
  
	
  
	
  
Systems	
  highlighted	
  have	
  β	
  >	
  1	
  

β =
Pplasma
Pmagnetic

~ ρU 2

B2



Conclusions	
  

•  High	
  Re	
  and	
  Rem	
  are	
  found	
  in	
  ubiquitous	
  in	
  
astrophysical	
  systems	
  

•  These	
  systems	
  are	
  difficult	
  to	
  simulate	
  due	
  to	
  
wide	
  range	
  of	
  scales	
  and	
  numerical	
  diffusivity	
  

•  Madison	
  Plasma	
  Dynamo	
  Experiment	
  and	
  
high-­‐energy	
  laser	
  experiments	
  have	
  reached	
  
interesCng	
  regimes	
  but	
  can	
  be	
  pushed	
  higher	
  	
  

•  Higher	
  magneCc	
  fields	
  will	
  decrease	
  β	
  	
  


