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Instruments on campus

2 ZXTM horizontally scanning 1 ZX300 vertically profiling
nacelle lidars lidar

Sonic X
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Instruments on campus
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ZXTM nacelle lidar specifications
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ZX300 profiling lidar specifications

= Half cone opening

angle 15° V

= Scanning heights 10m, 20 m, 30 m, >
38m,50m,75m, | 7] —
100 m, 150 m, 200
200 m, 250 m, < 150
300 m =
= Sampling rate at ] = i
each height 0.06 Hz 07@ .
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Objectives of the study

= Experience in instrument use and data processing

= Evaluation of instruments’ potential for:

= flow characterization in urban environment
= turbulence characterization

= |nvestigation of flow conditions on campus
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Time series from radial velocity observations
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Time series from radial velocity observations

= Estimation of 10-min wind direction
Uy = ucos(w + ¢) i
Uy o = ucos(w — ¢) '

= Calculation of instantaneous wind —— [ Vr.2
speed and direction

vy 1 = u; cos(w + ¢;)

Uy = u; cos(w — ¢;)

Horizontal beam angle

& 10-min wind speed

®  10-min offset from lidar axis

= Decomposition into instantaneous
along- and cross-wind components
u=u;cos(¢p — &)
v =u;sin(¢ — ¢;)
D

i Instantaneous wind speed

; Instantaneous offset from lidar axis
v,1 Radial velocity beam 1
r2 Radial velocity beam 2

Instantaneous along-wind

v Instantaneous cross-wind

Universitetet
i Stavanger 17.01.2024 Flow Observations using Nacelle Lidars: A Study on the University of Stavanger Campus 8



Exemplary case

Sonic wind direction - ZXTM5080 Sonic wind speed - ZXTM5080
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Wind speed comparison
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Wind speed comparison

= Systematic difference
between radial velocities | ., N *
of horizontal beams | |
’ = Likely caused by interference
- with sports centre
| / EgEsEpfngr A. Local speed-up
58.93?%906 5.6908 5.691 5691"20;2:T:256916 5.6918 B. DireCtional Change
_ gwen® C. Combination of both
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Wind profiles from nacelle lidar

= Solid lines:
left side of the
scanning circle

= Dashed lines:
right side of the
scanning circle
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10-min averaged radial velocity profiles
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vk Radial velocity of beam k

O

Wind profiles from nacelle lidar

= Yaw and tilt
corrected profiles

vr,k

10-min offset from lidar axis

Along-wind angle of beam k
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10-min averaged along-wind profiles
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Wind profile comparison

= Wind reaches profiler after passing 60
KE building

— boundary layer with steep gradients
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Fitting of standard wind profiles

= Power law

‘a(Z) = ﬁref )

V4

Zref

= Logarithmic profile

u(z)
12ref(z)
a

Zo

‘a(Z) = ﬁref )

Wind speed at height z
Wind speed at reference height z,.,
Wind shear exponent

Surface roughness
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Fitting of standard wind profiles

Nacelle lidar
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Spectral estimates

Averaged normalized along-wind spectra
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Spectral estimates

= |Large share of data flagged as “unusable”
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Spectral estimates
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Estimation of Reynolds stresses
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Estimation of Reynolds stresses
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Estimation of Reynolds stresses

Radial velocity variance fitting
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Reynolds stress results
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Turbulence intensity estimates

0.36

0.34 -

0.32 -

]

[

50.28 -

Tl

0.26 -

0.24 -

0.22 -

Along-wind turbulence intensity
I I I

—from ti

—from Doppler spectra

from variance fitting

me series

0.2
04:00

\
05:00 06:00 07:00

\
08:00 09:00 10:00

11:00 12:00
Jul 17, 2023

17.01.2024

Flow Observations using Nacelle Lidars

: A Study on the University of Stavanger Campus

23



Conclusion

= 2 horizontal lidars (ZXTM) and 1 profiler (ZX300) deployed on the
UiS campus, in an urban environment

= The 3 lidars give insights on:
* Flow interference with buildings
= Wind profile
= Surface roughness estimates

= The horizontal lidars provide:

= Line of sight time-series in 50 points on the scanning circle, at 1 Hz in each point
= Time-series of the along-wind turbulence from the data in the horizontal plane
= Turbulence characteristics in terms of:
= Reduced Reynolds stress tensor including turbulence intensity
= Radial and along-wind turbulence spectra
LS = Influence of rain on the data quality identified and accounted for
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Thank yo
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Wind speed comparison

Along-wind comparison
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Wind profiles from profiling lidar

10-min averaged ZX300 profiles
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= solid lines: profiling lidar
= dashed lines: nacelle lidar
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Estimation of Reynolds stresses

= Unit vector:
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n@) =[—cosw cosf sinw sinfsinw]-| 0 1 0 ‘|—sin¢ cos¢p 0
sina 0 cosa 0 0 1
\ )| J
Y Y
] T tilt correction yaw correction
20—
- - -lidar yaw axis
15 -| |~ ~ ~lidar scanning axis
——lidar beam
——10-min wind direction

E 5
ol i _ ) half cone opening angle
- T a tilt angle
- 50
ol e T ¢ yaw error
A o ing point ph l
u - xIm) scanning point phase angle

Universitetet
i Stavanger 17.01.2024 Flow Observations using Nacelle Lidars: A Study on the University of Stavanger Campus



Estimation of Reynolds stresses

= Radial velocity:
Vr=uUuny+vn, +wnsy

= Radial velocity variance:

0y = 04 N + 05 nj + oy n3 — 2(u'v') nyn, — 2(u'w') nyng + 2(v'w’) npng

= Reynolds stress tensor:

o2 (u'v'y (uW'w’)
R=|(@wu') ¢z (v'w')
w'u'y (wv') o2
B
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