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ine resolution measurements of atmospheric
turbulence, which enable to determine dissipation,
velocity derivatives etc. is an important task.

* The standard instruments used for velocity field
measurements such as Sonic anemometer and Lidar
have a low temporal and spatial resolution.

® Miniature hot-wires or films are suitable for these
purposes, however, they require frequent calibrations
of the wires/films.

® The calibration using a specially devised calibrator is
a cumbersome procedure in the Laboratory
conditions and becomes practically inapplicable in

the field.

® The use of in-situ calibration by utilizing a low
resolution data from Sonic appears to be very
attractive but only in case that an appropriate
procedure is developed.




e Part 1: Feasibility Study (Work made in ASU)

* Jet facility — calibrator

* Probe yawing for calibration and feedback purposes

* Hot-film and sonic: calibration datasets

e Approximations of input/output relations:
Polynomial least square Fit and Neural Network

® Results: Laboratory and Field

e Part 2: Angular probability distribution (Recent)

* Future plans: the use of UAV and combo setup in
mountain terrain turbulence measurements,

Three-dimensional calibration (ND)
® Conclusions
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TKE dissipations and skewness of veIOC|ty derivatives

U = fi(Ey, E3)

fi(Ey, E,) = Z Ciy Po(EDP/(Ey)); P.(E)= EF,0<k <4 k+1<4
kl

Linear system for determination of polynomial coefficients c is
obtained from calibration data using the least square fit.

ou
Dissipation: €= lov (§) ; Ox = —Uodt

3/2

ou du
Skewness of velocity derivative: Sk= (a) / (5)



% e structure of the geﬁ%e neural

network (3-layer Perceptron)

Input Layer Qutput Layer: {W,,,B,}
X _ — ) Y2
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Hidden Layer: {W,,B,}— Y, Hidden Neurons




alibration Data Sets and Approximations

Table 1 List of calibration datasets and procedures.

Calibration Polynomial Fit Neural Network
datasets/Approximations

CBS (Calibrator Based 1 - PF (CBS) 2 — NN (CBYS)
dataSet)

SBS (Sonic  Based 3 - PF (SBS) 4 — NN (SBS)
dataSet)
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Velocities and angles at a
given point:

V - mean velocity,

v - fluctuating part,

v - full velocity;

@ - the deviation angle of full
velocity from mean velocity,
¢- the azimuth angle.
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ecorrelation among components are relatively low
then the probability density for the full velocity
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n - a normalization factor
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k, and k,— coefficients for standard deviations in y and z

Isotropic case: Kk, =
AXxisymmetric case:

S =
L K =K
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%ar distribution —M, cont...

: : 3 i e .
° using the expressions {v;)" =(v-cosf-¥) ,v,=v-sinf cos@
eand v =v-sinf sin @

* The probability density function in spherical coordinate

system
2 = 5 S
5 x35|n6’ - ~ (xcosf-1) J;x sin® 9k .
(Zﬂ)AVkoﬁ 20'n

Where x=v/v ,0,=0,/V

For isotropic case k=1,

X°siné L (x—cosa)2+sin20)
.exp| — .
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Integrating over x and over ¢ In axisymmetric case yields

( f_l_l A
% fo?+1
tan EXp( %azj b )eXp( 20" j 1
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P(0)= +
(9) kcrncoszﬁ-f2< NGy 20 o

where f =1+tan*8/k
In the isotropic case (k=1):

(exp( /]/ j (o +cos’ H)exp(—Sinz 9]
B 2 n 2
P(«9)=tan9-< =0, 20, .{1—erf£ cosé’ﬂ

i oy
o N2 ZUn cosd \/EO'n

3

J



P(©)

o0
|

—
I

_________

'- —&— |ow-pass filtered SBS - measured

""""""" e e e H e |
1 1

— full time seres (SES-MM) - measured
=== flll time series (SES-MM) - theoretical

—— |owi-pass filtered SES - theoretical
— CEBS calibration

_________________________________________________________________




model works with calibration datasets with unevenly
distributed data points, PF works only with evenly.

e Field: Nocturnal works best and recommended.

e Very interesting spectra in our short preliminary campaign.

® Model of Angular Density Probability (ADP) is developed
based on Gaussian distribution of velocity components.

* Angular Probability Distribution for calibration dataset is
twice as narrow as for full signal. PF fails, NN comes
through.

e Studying of non-linearity defined as RMS to mean velocity ratio

* The installation of combo setup on UAV for mountain
terrain to study the turbulent atmospheric boundary layer.

e Further development of the method: establishing of criteria
for data quality:.
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3. Future plans: the use of UAV and
combo setup (pair of x-hot-films or a
triple-sensor fiber-film probe & sonic)
for turbulence atmospheric

measurements in mountain terrain.

Development of three-dimensional
traversing and 3D calibration procedure
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THANK YOU!
THE END



