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Temperature	
  structure	
  func#on	
  

•  Simply	
  a	
  measure	
  of	
  turbulence	
  by	
  quan#fying	
  
the	
  variability	
  of	
  temperature	
  

•  Effects	
  the	
  propaga#on	
  of	
  acous#c	
  waves	
  
•  Defined	
  as:	
  
–  r	
  is	
  separa#on	
  distance,	
  ΔT	
  is	
  temperature	
  difference	
  

•  Structure-­‐func#on	
  parameter	
  is	
  normalized;	
  
remains	
  constant	
  within	
  the	
  iner#al	
  subrange:	
  



SMARTSonde	
  
•  Small	
  Mul#-­‐func#on	
  Autonomous	
  Research	
  
and	
  Teaching	
  sonde	
  

•  Funjet	
  Ultra	
  
–  0.8	
  m	
  wingspan	
  
–  1	
  kg	
  
–  30	
  min	
  endurance	
  
–  Paparazzi	
  autopilot	
  

•  SHT	
  75	
  –	
  T,	
  q	
  
–  3	
  s	
  response	
  #me	
  at	
  15	
  
m	
  s-­‐1	
  

–  Accuracy:	
  0.3	
  K	
  
–  Resolu#on:	
  0.01	
  K	
  

•  Now	
  have	
  PT	
  1000	
  for	
  
fast	
  response	
  
measurements	
  



Flight	
  plan	
  for	
  es#ma#ng	
  CT2	
  

•  Es#mate	
  CT2	
  at	
  each	
  measurement	
  height,	
  where	
  
UAS	
  circles	
  for	
  3-­‐4	
  min	
  

•  Bin	
  	
  ΔT	
  by	
  the	
  separa#on	
  distance	
  r	
  for	
  averaging	
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Correc#on	
  for	
  advec#on	
  of	
  turbulent	
  
features	
  

T2	
   T2	
  

T1	
  

u	
  

r	
  reff	
  

reff =
p
(x� u�t)2 + (y � v�t)2

T1	
  measured	
  at	
  t	
  =	
  t1	
  

T2	
  measured	
  at	
  t	
  =	
  t1	
  +	
  Δt	
  	
  



Kessler	
  Atmospheric	
  and	
  Ecological	
  Field	
  Sta#on	
  

•  Located	
  in	
  rural	
  central	
  Oklahoma	
  
•  Mixed-­‐landscape:	
  tall	
  grasses,	
  woodlands,	
  pasture,	
  
ponds	
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Condi#ons	
  during	
  case	
  studies	
  
•  Aeernoon	
  of	
  24	
  April	
  2013	
  
– Flights	
  occurred	
  several	
  hours	
  before	
  evening	
  
transi#on	
  period	
  

– Unstable:	
  Superadiaba#c	
  layer	
  near	
  surface	
  with	
  
well-­‐mixed	
  profile	
  above	
  

– High	
  pressure	
  over	
  area,	
  wind	
  speed	
  ≈3	
  m	
  s-­‐1	
  
•  Morning	
  of	
  28	
  June	
  2013	
  
– Flights	
  occurred	
  just	
  aeer	
  sunrise	
  
– Stable	
  condi#ons,	
  becoming	
  unstable	
  near	
  end	
  
– Weak	
  low-­‐level	
  jet	
  of	
  10	
  m	
  s-­‐1	
  at	
  100-­‐150	
  m	
  



DT
2/CT2	
  Measurements	
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CT2	
  profile	
  comparisons	
  

	
  	
  	
  	
  Late	
  aeernoon 	
   	
  Morning	
  transi#on	
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UAS	
  within	
  a	
  Large	
  Eddy	
  Simula#on	
  

•  UAS	
  flight	
  replicated	
  within	
  an	
  LES	
  
•  Similar	
  to	
  those	
  computed	
  in	
  LES	
  through	
  other	
  methods	
  
•  Differences	
  in	
  LES/real	
  observa#ons	
  may	
  be	
  due	
  to	
  LES	
  
being	
  more	
  unstable	
  than	
  observed	
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Simulated	
  UAS	
  in	
  Large	
  Eddy	
  
Simula#on:	
  Effect	
  of	
  Averaging	
  #me	
  

•  2-­‐4	
  minute	
  
averaging	
  
#me	
  of	
  UAS	
  
is	
  sufficient	
  
to	
  es#mate	
  
CT2	
  within	
  an	
  
order	
  of	
  
magnitude	
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Summary	
  
•  UAS	
  has	
  been	
  used	
  to	
  es#mate	
  CT2	
  over	
  a	
  small	
  
area	
  by	
  using	
  a	
  step-­‐wise	
  flight	
  pa<ern,	
  for	
  
comparison	
  with	
  sodar	
  measurements	
  

•  UAS	
  CT2	
  es#mates	
  show	
  some	
  agreement	
  with	
  
those	
  from	
  the	
  sodar,	
  especially	
  during	
  
convec#ve	
  condi#ons	
  
– During	
  stable	
  condi#ons,	
  UAS	
  may	
  overes#mate	
  CT2	
  
when	
  through	
  al#tude	
  oscilla#ons	
  in	
  a	
  strong	
  
inversion	
  

•  LES	
  used	
  to	
  simulate	
  UAS	
  flights	
  to	
  evaluate	
  
method	
  



Effect	
  of	
  response	
  #me	
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` = 0 s
` = 3 s
` = 10 s
UAS obs
UAS obs, ̀  removed



Overview	
  of	
  Condi#ons	
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Late	
  Aeernoon	
  
May	
  24	
  
17:00-­‐19:00	
  

Morning	
  
June	
  28	
  
07:00-­‐09:00	
  

See	
  references	
  for	
  
method	
  to	
  get	
  wind	
  
from	
  UAS	
  


