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Dimensionality	  of	  Turbulence

3-‐D	  -‐	  Energy	  flows	  from	  large	  to	  small	  scales

2-‐D	  -‐	  Energy	  flows	  from	  small	  to	  large	  scales

• Broad	  range	  of	  scales	  (10m-‐60km)

• -‐5/3	  Scaling	  is	  in	  good	  agreement	  
with	  turbulence	  theory

• Spectra	  gives	  no	  indica3on	  of	  
direc3on	  of	  energy	  flux



Structure	  Func3ons	  -‐	  Dimensionality	  of	  
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	  2D	  -‐	  Very	  good	  closure	  for	  both	  Isabel	  and	  Fabian.
	  3D	  -‐	  Discrepancy	  where	  es3mated	  dissipa3on	  outweighs	  produc3on	  50%.

	  Further	  details	  -‐	  (D.Byrne,	  J.	  Zhang	  (2013)	  GRL,	  DOI:10.10002/grl.50355)
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Internal	  Consistency

 C = Ek!
!2/3k5/3

3D	  ~	  0.5
2D	  ~	  5-‐7

Computed	  for	  each	  flight	  leg	  -‐

3D	  ~	  (0.5-‐1.0)
2D	  ~	  (2.0-‐5.5)

All	  fall	  within	  agreed	  values	  
with	  experimental	  uncertainty
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Shear >
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Self	  Generated	  -‐	  Small	  scale	  forcing

Feedback	  Loop

H.	  Xia	  et.	  al.	  Nature	  Physics	  7	  (4),	  321-‐324	  (2011)
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Externally	  Forced	  -‐	  Forcing	  at	  large	  scale	  and	  small	  
scale

Feedback	  Loop

H.	  Xia	  et.	  al.	  Nature	  Physics	  7	  (4),	  321-‐324	  (2011)
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Poten3al	  cause	  of	  Transi3on

Shear Produces 3D eddies but also limits their size.

>

h <150m

lf > 2h
Aspect Ratio

lf > 300m

Average energy containing eddy
~630m

Average energy containing eddy
~275m



Uncertain3es	  Remain



Uncertain3es	  Remain

• Due	  to	  safety	  concerns	  stepped	  flight	  measurements	  conducted	  between	  
rain	  bands.



Uncertain3es	  Remain

• Due	  to	  safety	  concerns	  stepped	  flight	  measurements	  conducted	  between	  
rain	  bands.

• Does	  not	  account	  for	  turbulence	  generated	  from	  convec.on	  and	  
downdraJs	  in	  the	  cloud	  bands.



Uncertain3es	  Remain

• Due	  to	  safety	  concerns	  stepped	  flight	  measurements	  conducted	  between	  
rain	  bands.

• Does	  not	  account	  for	  turbulence	  generated	  from	  convec.on	  and	  
downdraJs	  in	  the	  cloud	  bands.

• Also	  close	  to	  the	  eyewall	  convec.ve	  and	  buoyancy	  effects	  break	  the	  
neutral	  boundary	  condi.on	  and	  the	  2-‐D	  constraint	  could	  become	  
subject	  to	  3-‐D	  instabili.es.



Uncertain3es	  Remain

• Due	  to	  safety	  concerns	  stepped	  flight	  measurements	  conducted	  between	  
rain	  bands.

• Does	  not	  account	  for	  turbulence	  generated	  from	  convec.on	  and	  
downdraJs	  in	  the	  cloud	  bands.

• Also	  close	  to	  the	  eyewall	  convec.ve	  and	  buoyancy	  effects	  break	  the	  
neutral	  boundary	  condi.on	  and	  the	  2-‐D	  constraint	  could	  become	  
subject	  to	  3-‐D	  instabili.es.

• Boundary	  layer	  rolls	  are	  commonly	  observed,	  however	  from	  spectral	  
analysis,	  Isabel	  and	  Fabian	  show	  no	  boundary	  layer	  rolls	  present.	  The	  effect	  
on	  the	  transi.on	  of	  such	  phenomena	  remains	  to	  be	  seen.
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• We	  have	  a	  well	  defined	  linear	  rela.onship	  of	  S3	  and	  r	  (each	  S3	  point	  measured	  
from	  the	  sta.s.cs	  of	  greater	  15000	  velocity	  difference	  points).

• The	  flux	  es.mated	  from	  the	  linear	  fit	  of	  the	  gradient	  gives	  energy	  es.mates	  
which	  have	  good	  closure	  in	  the	  energy	  budget.

• The	  fluxes	  are	  also	  internally	  consistent	  with	  the	  calculated	  energy	  spectra	  and	  
Kolmogorov	  constant.

• Agrees	  with	  picture	  formed	  from	  results	  in	  fluid	  experiments	  and	  numerical	  
simula.ons.
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