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The	
  Stokes	
  Vortex	
  Force	
  

•  Recall	
  that	
  the	
  Craik-­‐Leibovich	
  (CL)	
  equa5ons	
  
incorporate	
  wave	
  effects	
  through	
  the	
  Stokes	
  
vortex	
  torque	
  	
  

•  Assuming	
  invariance	
  in	
  the	
  x	
  (down	
  wind/
wave)	
  direc5on	
  this	
  can	
  be	
  simplified	
  to	
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Suy = F  (in Craik 1977)
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CL1	
  
•  Two	
  

monochroma5c	
  
waves	
  at	
  
different	
  angles	
  
produce	
  
horizontal	
  Stokes	
  
driQ	
  varia5ons.	
  

•  Craik	
  1977:	
  
“Since	
  this	
  gives	
  
rise	
  to	
  a	
  ‘forcing	
  
term’	
  F	
  with	
  
specified	
  y	
  
periodicity,	
  the	
  
spacing	
  of	
  the	
  
cells	
  is	
  
predetermined.”	
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Fig.	
  2	
  from	
  Leibovich	
  1983	
  



CL2	
  

U’	
  

Fig.	
  3	
  from	
  Leibovich	
  1983	
  

A	
  perturba5on	
  u’	
  induces	
  ver5cal	
  vor5city	
  which	
  is	
  
then	
  5lted	
  and	
  stretched	
  by	
  U	
  and	
  US.	
  



How	
  Does	
  this	
  Eulerian	
  Perturba5on	
  
Evolve?	
  

ût + ŵuz = La!
2û

!̂t = La!
2!̂ + ûyUz

S

Assuming	
  a	
  normal	
  mode	
  solu5on:	
  
	
  
and	
  first	
  considering	
  the	
  inviscid	
  case	
  the	
  
problem	
  is	
  simplified	
  into	
  a	
  single	
  equa5on	
  
for	
  the	
  ver5cal	
  velocity	
  

(û, ŵ) ~ Re[(U(z),W (z))eily+! t ],

(D2 ! l2 )W = !(l2! !2uzUz
S )W

W (0) = 0,      W ! 0 as z!"



Constant	
  Stokes	
  and	
  Eulerian	
  Shears	
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Conclusion:	
  YES!	
  CL2	
  produces	
  an	
  instability.	
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When	
  Is	
  it	
  Unstable?	
  
•  Craik	
  makes	
  the	
  analogy	
  to	
  the	
  Benard	
  
convec5on	
  problem	
  where	
  momentum	
  is	
  being	
  
convected	
  instead	
  of	
  heat.	
  

•  The	
  cri5cal	
  Rayleigh	
  number	
  for	
  this	
  problem	
  is	
  

Assuming	
  
Ra = La!2H 4 = (ak)2 du*
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What	
  is	
  the	
  Cell	
  Spacing?	
  

•  Craik	
  says	
  that	
  aQer	
  the	
  development	
  of	
  the	
  
wind	
  driven	
  boundary	
  layer	
  (i.e.	
  the	
  cell	
  width	
  
is	
  not	
  limited	
  by	
  the	
  bofom	
  of	
  the	
  
pycnocline.)	
  the	
  length	
  scale	
  for	
  a	
  LC-­‐pair	
  is	
  
twice	
  the	
  inverse	
  wavenumber	
  of	
  the	
  waves.	
  

•  Or	
  for	
  shorter	
  5mes:	
  
	
  

	
  

L = 2k!1

L = 0.2k!1



Conclusions	
  

•  Steady	
  state	
  



Experimental	
  Setup	
  

Fig.	
  3	
  Faller	
  and	
  Caponi	
  1978	
  

LC	
  in	
  a	
  Tank	
  



CL1:	
  Forced	
  Wavelength	
  for	
  LC	
  

•  CL1:	
  the	
  
wavenumber	
  of	
  
the	
  Langmuir	
  
cells	
  depends	
  
on	
  the	
  
wavelength	
  of	
  
the	
  waves	
  and	
  
the	
  angle	
  
between	
  them.	
  



DriQers	
  Align	
  in	
  Rows	
  

•  Four	
  cell	
  pairs	
  
are	
  found	
  
indica5ng	
  a	
  
wavelength	
  of	
  
22cm.	
  

•  Maximum	
  
wavelength	
  may	
  
have	
  been	
  
limited	
  by	
  tank	
  
width	
  

Fig.	
  8	
  Faller	
  and	
  Caponi	
  1978	
  



Vortex	
  Seeding	
  (i.e.	
  Rake	
  Experiments)	
  

•  Nonlinear	
  cascade	
  to	
  larger	
  scales.	
  

4s	
  

Fig.	
  13	
  Faller	
  and	
  Caponi	
  1978	
  



My	
  Ques5ons	
  
•  Scales	
  
–  Craik	
  suggests	
  that	
  different	
  scales	
  of	
  LC	
  develop	
  during	
  
different	
  phases	
  of	
  the	
  boundary	
  layer	
  development,	
  but	
  
Faller	
  and	
  Caponi	
  suggest	
  and	
  upscale	
  energy	
  transfer.	
  
Which	
  is	
  it?	
  Or	
  is	
  it	
  something	
  else?	
  

–  If	
  it	
  is	
  an	
  upscale	
  cascade,	
  then	
  it	
  seems	
  we	
  should	
  
definitely	
  not	
  throw	
  LC	
  into	
  the	
  “sub-­‐grid	
  scale	
  hopefully	
  it	
  
goes	
  like	
  	
  	
  	
  	
  	
  	
  bin.”	
  

–  Are	
  the	
  scales	
  of	
  LC	
  ever	
  limited	
  by	
  the	
  longest	
  wavelength	
  
waves?	
  

•  CL1	
  vs.	
  CL2	
  
–  Does	
  it	
  mafer	
  which	
  produces	
  LC?	
  
–  Do	
  we	
  see	
  evidence	
  of	
  one	
  or	
  the	
  other	
  in	
  the	
  ocean	
  in	
  
places	
  where	
  the	
  wave	
  spectrum	
  is	
  strongly	
  peaked	
  vs.	
  
spread?	
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