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M OTIVA TIO N A ND C ONCEPT

• Use CE2/QL to model 3D planetary boundary layer turbulence

• Work towards a general subgrid modeling framework

• Efficiency:
• choose horizontally homogeneous cases
• use horizontal averaging (to start): “HQL” / “HCE2”
• still need further reduction

• Cases of developing turbulence:
• Thermal Convection (Ait-Chaalal et al. 2015)
• Langmuir Turbulence (McWilliams et al. 1997)
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RESULTS:  V ERTICA L V ELOCITY F IELDS
LA NGM UIR T URBULEN CE
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RESULTS:  V ERTICA L P ROFILES A ND E RRORS
LA NGM UIR T URBULEN CE
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T HERM A L C ONVECTIO N RESULTS

• Sim i l a r  to  L a n g m u ir ,  e xc e p t  th e  p e r f o r m a n c e  
f i r s t  g e t s  b e t te r ,  a r o u n d  5 0 0  m o d e s ,  a n d  th e n  
wo r s e ,  a r o u n d  5 0 0 0  m o d e s .



C ONCLUSI O NS & OPEN Q UESTIO NS

K e y  C o n c l u s io n s :
• R M HQ L  e xh ib i t s  n o n u n i f o r m c o n v e r g e n c e
• R M HQ L  c a n  p e r f o r m  b e t te r  th a n  HQ L  “ D N S”



H QL C ONCLUSIO N S & OPEN Q UESTION S

K e y  C o n c l u s io n s :
• R M HQ L  e xh ib i t s  n o n u n i f o r m c o n v e r g e n c e
• R M HQ L  c a n  p e r f o r m  b e t te r  th a n  HQ L  “ D N S”

O p e n  Q u e s t io n s :
• C a n  we  d e te r m in e  o p t im a l  b a s i s  t r u n c a t io n ?
• C a n  we  p r e d ic t  q u a l i ty  o f  r e p r e s e n ta t io n ?
• C a n  we  c a p tu r e  l o c a l iz e d  c o h e r e n t  s t r u c tu r e s ?



Ensemble Averaging



I M PROVEM EN TS W ITH
E NSEM BLE A VERA GING?

Ho r iz o n ta l  A v e r a g in g E n s e m b l e  A v e r a g in g

e n s e m b l e  a v e r a g in g ,  E Q L / E C E 2 :
• F ie l d s  a r e  l a r g e r  in  m e m o r y
• E xe c u t io n  i s  m o r e  e xp e n s iv e
• Me a n  f ie l d s  c a n  h a v e  c o h e r e n t  s t r u c tu r e s

C h a l l e n g e  wi th  h o r iz o n ta l  a v e r a g in g :  
Ø c a n n o t  c a p tu r e  c o h e r e n t  s t r u c tu r e s



I M PROVEM EN TS W ITH
E NSEM BLE A VERA GING?

Ho r iz o n ta l  A v e r a g in g E n s e m b l e  A v e r a g in g

• Ho m o g e n o u s  I C ’ s ,  r u n s  th e  s a m e  a s  HQ L / HC E 2

• Sin g l e  in s ta n c e  I C ’ s ,  r u n s  th e  s a m e  a s  N L

• I n h o m o g e n e o u s  n o is e  in  I C ’ s ,  in h o m o g e n e o u s  
m e a n  f ie l d  c a n  e m e r g e .



EQL F IELDS ( W TOP- DOW N)
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Langmuir Turbulence NL 0 modes
W in the X-Y Plane at Z = 7.2 meters , t = 36 hours
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Langmuir Turbulence QL 0 modes
W in the X-Y Plane at Z = 7.2 meters , t = 36 hours
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EQL M EA N F IELDS
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Langmuir Turbulence eQL unaligned16 0 modes
W in the X-Y Plane at Z = 7.2 meters , t = 36 hours
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Rayleigh-Benard Convection eQL unaligned16 0 modes
W in the X-Y Plane at Z = 80 meters , t = 20 hours
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RM  EQL P ROFILES
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EQL C ONCLUSI O NS A ND Q UESTIO NS

• V e r y  d i f f e r e n t  m e a n - f ie l d  b e h a v io r  th a t  
d e p e n d s  o n  s t r u c tu r e  s y m m e tr ie s .

• Str o n g  m e a n - f ie l d  e m e r g e n c e  r e s u l t s  in  N L -
l ik e  E Q L  D N S s o l u t io n s .

• T h e r e  i s  a  t r a d e o f f  b e twe e n  m e a n - f ie l d  
e m e r g e n c e  a n d  e f f ic ie n t  R M m o d e l in g .

• Q u es t i o n :  Ho w c a n  we  p r e d ic t  o r  c o n tr o l  
m e a n - f ie l d  e m e r g e n c e ?



N EXT S TEPS

P a th  F o r wa r d :
• D e v e l o p  m e a n s  o f  p r e d ic t in g ,  

s t im u l a t in g ,  a n d  s u p p r e s s in g  m e a n - f ie l d  
e m e r g e n c e  in  E Q L

• D is c e r n in g  n o n - l o c a l  f r o m  l o c a l  s u b g r id
e f f e c t s

• P l u g  th is  in to  a n  o v e r l y in g  m o d e l  
s o m e h o w
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