The eddy covariance method applied from a tethered-balloon
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Turbulent processes of Atmospheric Boundary Layer contributes the most to transfers between the In order to check the validity of the tethersonde sensible heat flux estimates, they are ak4 BLLAST 30

surface and the atmosphere. Typically turbulent boundary layer parameters are measured by sonic com4p0ared Witjh ghoose determined rro'f" slimilar Gil SO”:IC 2”§m_°metﬁrs mounted at 30| "7 [Lese Do *f | ..

anemometer on masts and by research aircraft. To describe the evolution of the convective boundary m, U m an 20 1%"’ 2%”1 1met3°£81°§'cé‘ tﬁ";’_ers '?ﬁta © t t“””g t rele eﬁpgrlr?ezrg)tg -

layer between the surface and its top these two methods have several disadvantages, as for example, gg'(;'f:'f?g; ',:;]e balloon Iau?::h site. Al jgta Irgienis ineclrc;ee d?xvfr:i;’vsgmm;?igona(fi ure' ‘ﬂs‘o Q e

the elevation of the mast which is the greater part of the time less than 100 meters or the cost of on the right) are for the tethersonde at a|tiEJdes within 30 m of the tgwer—mou?ﬂe g | oxof s 0 15 3

deploying a. reiearI;CIh alrcraf’lt?, forda fevl\_/ hourspé)lf_ obse:‘\(at(ljon. Tt? SIS (;O measurhe In-situ turbﬁlent anemometers. The general correspondence of turbulence tethersonde and tower- - ° ﬁ.f; e "o 10 &

parameters in the Planetary Boundary Layer (PBL) at altitudes above 50 meters that our team have derived sensible heat fluxes is good with a correlation coefficient of 0.86. I Y .

developed a system under tethered balloon since 2010. This system composed of a sonic anemometer
and an inertial motion sensor has been validated during three campaigns, one dedicated and two of | | | | | | To estimate the heat fluxes with the

opportunity with different convective boundary layer conditions. turbulence tethersonde we try to keep the
balloon at constant altitude during at least %05 000 005 010 015 020 025

20 minutes because we use this time _ ut nacelle _
period to calculate the heat flux. T Comparison between the sensible heat flux

measured by turbulence tethersonde and by fixed
anemometer + inertial — Altitude of the tethered balloon during  sonic anemometers on meteorological mast during 3
motion sensor (zoom |) + 0 the flight, example during one day of the  field campaigns (differents symbols). The colors
electronic  system(house- ° 3 _mem | 2013 field campaign represent the altitude difference between the balloon
made) and the fixed sonic anemometer.
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The turbulence tethersonde :

The Instrument package was built around a commercial sonic
anemometer (Gill windmasterpro model) which provides
measurements of three-dimensional wind and sonic-temperature
at 10 Hz.

An off-the-shelf coupled inertial-GPS motion and attitude sensor

— The turbulence
tethersonde: sonic

Altitude [m agl]

(Mti-G from Xsens) was added in order to correct the anemometer USE Evaluate & validate other estimates of turbulence
movements. - | | Study the vertical turbulence ~ Remote sensing
A fast-response thin wire allows the measurement of air 8= structure of the PBL During 2 field campaigns we compared turbulent
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temperature fluctuation, and standard pressure and temperature

parameters (standart deviation of 3 wind components,
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The turbulence tethersonde explores the middle of "[= balloon

TKE) obtained by turbulence tethersonde and those

convection is well capted by the both tools. The
intensity of the variances of the 3 components of the
wind is similar between the Doppler lidar and the

sensors provide "slow" reference measurements. | the PBL. It is a complementary tool to measure  ldar | _
Data was logged aboard on 2 SD cards by custom designed and | turbulence from mast or research aircraft. We can 10t} return by Doppler lidar (Windcube, manufactured by
built control electronics. estimate the variance of the 3 wind components, E%%%?Qf[?éaﬁrevcgg chganza”Y)- The frequency of the
- the TKE (Turbulent Kinetic Energy), the dissipation | 4 . ' ' :
The total Vmass of the system is around 2 kg. rate of TéE and the sensible heaqc}?lux ; « The diurnal cycle of the turbulence linked at the
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Aot The tethered balloon : Tethered-balloon (Vaisala 7 m3 inflated with He) and tether line
. # | are used for the operations. The gondola is suspended 5 m below the balloon. The system 1000
was flown up to 700m above ground. turbulence tethersonde.

The 1Hz tethersonde: a Vaisala tethersonde (Vaisala Tethersonde TTS111, DIGICORA ol e «— Temporal evolution of the variance of w'

system) was also mounted on the cable. It measures temperature, humidity, pressure, wind B b | |estimated with (dark blue) turbulence tethersonde
speed and direction, and is capable of transmitting 1Hz data to ground using a radio link. Time [UTC] and (light blue) Doppler lidar during one day of

| 20110792 20.0

Aztec
tetherballon
mast

19.2 103 ¢

ommE.\e

17.6

10°F

explore vertical turbulence at the low part of the PBL at altitudes where the research aircrafts encounter some difficults to fly
estimate or assess the quality of turbulent parameters at the middle of PBL at lower costs
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This probe is mainly used to monitor the wind at flight altitude. = 00 - BLLAST field campaign.
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correction, the
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5 3 and the U component of the wind of w present a explore the posibility to estimate vertical profile of the dissipation rate of TKE without made severals stacked legs
| after the motion correction. inertial domain w? w0t load off the system to add a fast humidity sensor to measure in-situ the latent heat flux
£ 4 . . ‘ . , - . equency (Hz)
T O e B B ;gi gu ﬁggfﬁ;igﬁf%rﬂ‘flv i?hpga;?:‘;ng'gﬂ] Sﬂﬁgge(i 1°g which obey at -5/3 power law from kolmogorov deploy the system simultaneously with other instruments ( particles counter, O3-COZ2 probes,...) to better understand the link between
AL T m.s-' ). Whereas the magnitude of the corrected data theory for homogenous and isotropic turbulent microphysics and atmospheric turbulence like for example in fogs.
D_§{§_ m - (around 2-3 m.s-') is more consistent with the flow.
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