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      What is turbulence?

turbulence —   
    1. Irregular fluctuations occurring in fluid motions. It is characteristic of 
turbulence that the fluctuations occur in all three velocity components and are 
unpredictable in detail; however, statistically distinct properties of the turbulence 
can be identified and profitably analyzed. Turbulence exhibits a broad range of 
spatial and temporal scales resulting in efficient mixing of fluid properties.
    2. Random and continuously changing air motions that are superposed on the 
mean motion of the air. 
                                 

 Glossary of Meteorology, American Meteorological Society

turbulence  — In fluid mechanics, a flow condition (see turbulent flow) in which 
local speed and pressure change unpredictably as an average flow is 
maintained.

atmospheric turbulence — small-scale, irregular air motions characterized by 
winds that vary in speed and direction. Turbulence  is important because it mixes 
and churns the atmosphere and causes water vapour, smoke, and other 
substances, as well as energy, to become distributed both vertically and 
horizontally.
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Probe Schematic 5-hole Arrangement in Radome

Internal Ports

http://www.faam.ac.uk/index.php/science-instruments/turbulence/117-turbulence-probe

The turbulence probe on the FAAM aircraft consists of a five-port pressure measurement 
system in the aircraft radome, combined with two scientific static ports - S10 - 
symetrically placed on either side of the aircraft. The system also utilises measurements 
from the RVSM-compliant air data computer and science measurements of the ambient 
air temperature, corrected for kinetic effects.

Outputs from the Turbulence system are the angles of attack and sideslip and a 
measurement of true airspeed. These data are used in conjunction with other core 
measurements of aircraft attitude and aircraft velocity components to derive northwards, 
eastwards and downwards components of wind velocity.  



  

Flux instrumentation next to radome 
(Rosemount temperature, Lyman-alpha 
hygrometers) 

Rosemount temperature and General 
Eastern dew point sensors on right 
fuselage aft of radome 

Turbulence probe holes around radome

http://www.eol.ucar.edu/instrumentation/aircraft



  

The picture shows 
NOAA Long-EZ airplane 
on which the physical 
probe was primarily 
developed. Tim 
Crawford, whose vision 
brought the BAT probe 
into being, died of a 
massive stroke in 
September 2002. Since 
he was flying the Long-
EZ at the time, we lost 
both him and the 
airplane. Nevertheless, a 
hallmark of his 
leadership was to 
develop the talents of 
those he was leading. 
He has left behind a 
group of capable people 
and a mature system.

http://www.atdd.noaa.gov/?q=node/29



  DLR Cessna 208B with turbulence probe 
http://www.dlr.de/en/desktopdefault.aspx/tabid-4689/7762_read-11996/



  



  
From Wikipedia



  



  



  



  



  



  

After WIKIPEDIA:

Temperature is a physical property that underlies the common notions of 
hot and cold. Something that feels hotter generally has a higher 
temperature, though temperature is not a direct measurement of heat.

Historically, two equivalent scientific concepts of temperature have 
developed: the macroscopic thermodynamic description, and a 
microscopic explanation based on statistical physics. 

The thermodynamic definition of temperature, first stated by Lord Kelvin, is 
based entirely on empirical variables, as could be measured with a 
thermometer. Statistical physics provides a deeper understanding by 
describing the atomic behavior of matter, and derives macroscopic 
properties from statistical averages of microscopic properties.

Think to remember: 

thermometer always measures its own temperature. To measure 
temperature of air one has to put the thermometer on the aircraft and this 
creates a lot of problems.

http://en.wikipedia.org/wiki/Physical_property
http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Cold


  

 Rosemount housing

Juelich-MOSAIC

Thermometers 
and other 
sensors are
often mounted 
in such 
housings



  



  



  

Error due to wetting:



  

Rosemount 
housing
vs. reverse flow 
housing



  

Wang and Gerets, 
2009



  

Wang and Gerets, 2009 >>...there is strong evidence that some wetting does occur and therefore 
also sensor evaporative cooling as the aircraft exits a cloud.... This cloud exit “cold spike” can be 
found in all cumulus clouds, even at subfreezing temperatures, both in continental and maritime 
cumuli.....Evaporation from the wetted sensor in cloud is surmised because air decelerates into the 
thermometer housing, and thus is heated and becomes subsaturated. <<



  



  



  



  

IGH UF SZD-45 „Ogar”, 1986



  

Measurements in cooling 
tower plumes

Haman and Malinowski
1989



  



  



  

   FIG. 1. (a) Schematic view of the UFT-F 
sensor: 
(1) sensing element (platinum-coated 
tungsten wire, ø 2.5 , length 5 mm); 
(2) Teflon-insulated copper supports; 
(3) stainless-steel tubes; 
(4) airfoil-shaped protecting anti-droplet rod 
made of stainless steel; 
(4a) additional protection in form of 0.25-mm 
nylon string (in newer versions of the
instrument);
(5) slots for suppressing wake eddies and 
water removal from the rod; 
(6) Venturi nozzle for creating suction; 
(7) elastic tube connecting the sensor frame 
with the Venturi nozzle pneumatic ducts
in gray; 
(8) sensor frame; 
(9) insulated copper connectors; 
(10) shaft;
(11) ball-point bearing; 
(11a) sleeve bearing; 
(12) shaft bumpers;
(13) vane, 
(14) supporting fork. 

(b) ( Cross section of an antidroplet
protective rod of UFT-F [part (4) in (a)] 
compared with (left) that of UFT-S.



  

The pressure distribution 
and the velocity field at t = 
0.34 [ms] with suction 
turned on.
  Such a steady states is 
established after about 
0.34 [ms] and then does 
not change.
  Zero value on the 
pressure scale 
corresponds to the 
atmospheric pressure.



  

Droplet paths, computed in the Stokes approximation, in the flow with suction off (left column) 
and with suction on (right column). The droplets start at the inlet with zero relative velocity. The 
radii of the droplets are: (a) 1 µm, (b) 2,5 µm and (c) 10 µm and diameter of the wire sensor is 
2.5 µm. The dot on the right represents position of the tungsten wire sensor.



  



  



  



  



  





  

Stevens et al., 2003



  

Gerber et al., 2005



  



  



  



  



  

microphysics droplet counting

POST – Physics of Stratocumulus Top, California, summer 2008

temperature,
humidity,
liquid water,
turbulence, 

aerosol (CCN)

http://www.eol.ucar.edu/projects/post/



  



  



  



  



  



  



  



  



  



  



  



  



  



  

TO13, segment

10Hz data



  

100Hz data



  



  

100Hz data



  

100Hz data
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