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Objective: enhancing aviation safety in Iceland

Task 1: Task 2:
Detection of turbulence Detec 1eros ols
and ash R0 R

| o

Lidar (also written LIDAR, LiDAR or LADAR) is a surveying
technology that measures distance by illuminating a target with_ Photo: LiDAR at KEF

a laser light. By S. von Lowis
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Introduction: motivation

Cross wind landing



Introduction: LIDAR Specifications

e Leosphere Windcube 200s
with dual polarization

* One fixed at Keflavik Airport
and one mobile at IMO
currently

Company LEOSPHERE GROUP
WINDCUBE 200s
Wavelength 1.54 [um]
Maximum Power 5 [mW]

Maximum detection range EVALGY] Legend

Azimuthal angle range 0~360 [°] _ s Wl o

Keflavik A
Elevation angle range -10~190 [°] B Keflavik Airport

Deta LDEG-Columbia, HEF, ML, 200 km




Introduction: LIDAR Scans Set-up

e 8 VAD Scans per hour

e VAD (Velocity Azimuth Display) keeps elevation angle and change azimuth angle
e 30 °interval (1 VAD =12 LOS, line-of-sight)
* Elevation angle: 15° and 75 °, every 15 minutes

-

e vertical scan (LOS 90°) in rest of time
e Keep elevation angle at 90 degree, towards sky
e Used as validation (O‘Connor et al., 2010)

e Special scan once per day (hard targets detection etc)

vertical scan VAD scan
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Methodology: EDR algorithm

* The Eddy Dissipation Rate(EDR) can be an
indicator of turbulence intensity

* The Kolmogorov model:
D, = C,e%/3s2/3

where C,, is Kolmogorov constant, € is EDR, s is
spatial difference between two points

* € can be solved if D,, is known

i
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Fig. 1. Schematic representation showing the form of the frequency spectrum of turbulent velocity
cascade, where E(k) is the spectral dens it'. n‘nriante units/k)’ and k is a wavenumber (m-'). The
kinetic energy generated by large-scale processes (e.g. wind or lide ) cascades through a I1|ri hy of
dd 5ofd eCcreasing size to thexsmussubr:nr: where it sd sp*ut dmtnh eat. The I1:m1: in vari-

spectrum) is scale inv,
t“L th theore 1ta| Kolmogorov—Obukhov pu“ er law. The wave numtxr kg andi - I s]:l ectively,
show the largest scale of creation of turbulence and the smallest scale (i.e. Ke Imwnr l.I ngth scale)
reached by lurl:mlenl edd:esuh 2re turbulent r|1|.tu ns are smoothed out by viscous effects.

wilh wave |||||||hvr(' e, slope of power

Seuront et al.,

1999

it with a =503 slope as predicted



Methodology: Structure function

e Structure function

 Azimuthal:
D,(s) =< [v'(r,9,0) —v'(r,p + Ap,0)]*>

* Longitudinal:
D,(s) =< [v'(r,9,8) —v'(r +s,¢,0)]*>

« v'(r,@,0) are the fluctuations
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radial wind speed vs azimuth angle, ele=15,range=100

* measured wind speed
*  model speed
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Methodology: Case Study

HARMONIE 24h forecast, 2.5 km resolution, hourly, 10 m wind velocity

@ Reykjavik (RVK), the capital city

Vedurstofan/Harmonie : Vindur (10m) ag L Vedurstofan/Harmonie | Viedur (10m) a9
pidur = 25 mis (hvit) og hamarkshyida (guk) ? > fidur = 25 mis (hvit) og hémarkshvida (guk)
I Fas 24. 03. 2017 002 __ - : | 1 IT: Fae 31.03. 2017 002

VT: Fiss 24.03.2017 00Z (+0 h) F - VT: Fis 31,03.2017 00Z (+0 1)

R

P it il i
EElEe e e e e e
- o e %

RERRRRRRR SR
BORCRCRE R ROROR RORRE

24 March 2017, a turbulent day 31 March 2017, a calm day
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Results: 24 March 2017, turbulent day %/ J—\
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Results: 31 March 2017, calm day
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Results: EDR map using longitudinal

approach

EDR by VAD at 15°, RVK on 20170324
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Results: EDR map using longitudinal

Annrnanrh

24 March 2017 31 March 2017
Elevation angle = 15° Elevation angle = 15°
24 March 2017 31 March 2017

Elevation angle = 75° Elevation angle = 75°
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Summary

* Turbulence intensity can be retrieved from radial wind speed data by
VAD scans. The results agree with vertical scans temporally and
spatially in pattern.

 The azimuthal approach performance better than the longitudinal,
considering the time series, while with the longitudinal approach can
see the turbulence distribution.

e Outlook
e More validation method would be better.
* Noise filtering algorithm can be improved.



Thank you
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