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Turbulence in the stratosphere - Scales
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LITOS measurement principle: wind (CTA)

altitude - Constant Temperature
A Anemometer
74+h 4 v(z+h) » tungsten wire of 5 um

diameter, 1.25 mm length
* resistance is kept constant
« Sampling rate 2-8 kHz
v(z+h) > U measure of cooling = wind
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Calibration in climate chamber - King's law
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Calibration in vacuum chamber - King's law

® Kalibration changes with p, T
- Absolute wind shear profile can not be

: x 100 hPa
measured, only voltage signal % 200 hPa

x 300 hPa

o o 500 hP
© Kalibration and sensitivity AU/Avel roughly % 750 hPa

constant for ~100 m x 1000 hPa
- spectrum undisturbed
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LITOS measurement principle: temperature (CCA)

« Resistance thermometer
(Constant-Current-Anemometer)

« Wire diameter 3.8 um

« Current kept constant

« 2-8 kHz sampling rate

> U measure of resistance = temperature
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Determination of energy dissipation rate

Heisenberg model |

: e = 0.5 mW/kg
.1 v=1.17x10*m?/s
l,=0.04m

107
spatial scale L [m]
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€. energy dissipation rate
v: Kinematic viscosity

lo: Inner scale

_ _ c: 10.9 (temperature)

| : 5.7 (wind)
1704 F ]

-0.02 -0.01 volta?ge [\/?'01 & (Lubken, JGR, 1992 , Theuerkauf et al., AMT, 2011 (upd.))
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Turbulent and non-turbulent spectra

fluctuations l | L BX6, 8 OCtOIbeI‘ 2008
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BEXUS launches

Bx6, 8 Oct 2008

Bx12, 27 Sep 2011

Payload size: 60*70*60 cm 3 soundings at Kiruna:
PGYIOGd mass: 121 kg e =~ . 8 OCTOber' 2008 (BEXUS 6)
— |+ 10 October 2009 (BEXUS 8)
Ball : 10 000 m3
FROSH SIS " . 27 September 2011 (BEXUS 12)
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LITOS - turbulence measurements

wind fluctuations temperature fluctuations
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Thickness of turbulent layers (BEXUS 8)

I 7000 - 15000
B 15000 - 26500

average: ~ 50 m
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BEXUS 8: Energy dissipation rates (wind)
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BEXUS 8: Energy dissipation rates (femperature)
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Dissipation rates generally increase with altitude
 Dissipation rates typically higher in temperature field
 But: turbulent layers thinner in femperature field
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BEXUS 8, 10 October 2009
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BEXUS 8, turbulence in wind and temperature
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BEXUS-8 vs. BEXUS-12: Energy dissipation

BEXUS 8 wind BEXUS 12 wind
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BEXUS-8 vs. BEXUS-12: Background wind

BEXUS 8, Kiruna 2009/10/10 BEXUS 12, Kiruna 2011/09/27
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BEXUS 12: Energy dissipation and Ri nhumber
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BEXUS 12 Thorpe analysis
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BEXUS 12: Fine scale of turbulent layers

BEXUS 12 PTU Thorpe analysis BEXUS 12 CCA spectral
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BEXUS 12: Thorpe from RS and CCA
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BEXUS 8 Thorpe analysis

measured
~ averaged
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Summary and Conclusions

+ LITOS: simultaneous in-situ measurements of wind
and temperature fluctuations in the stratosphere

Transition to viscous subrange - dissipation rate
computed directly from spectrum

Turbulent layers typically only 30 - 50 m thick
(temperature thinner than wind)

BX8/BX12: Great variability in € > to be further
investigated (e.g. source of turbulence)

* Partly turbulent wind layers not visible in
temperature

¢ from Thorpe analysis compares within factor ~3

new lightweight payload under development
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