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THE PERFORMANCE TEST OF A FIVE BEAM PHASED ARRAY DOPPLER SODAR IN
ISIE(INTERNATIONAL SODAR INTERCOMPARISON EXPERIMENTS)

By Yasushi MiTsuTA, Mitsuaki HORIGUCHI, Masato TAKEHISA

Synopsis

The present study group has developed a new wind profiling sodar with a phased array
antenna. This system is superior to usual ones with parabola reflectors in its portability.
The Doppler wind measurement based on five-beam system was used to get free from acoustic
refraction effect and contamination of vertical component on the horizontal wind estimation.
Measurement of wind speeds, wind directions and the vertical component of turbulence from
the sodar are compared with similar measurements from in situ sensors on a 300 m instrument-
ed tower. Results indicate that the sodar measured wind direction accurately and reasonably
high precision. The sodar tended to underestimate the wind speed under the high wind
condition. The origin of it might be the acoustic reflection from ground objects. The value
of the vertical component of turbulence indicates the fairly good agreement between the sodar
measurements and in situ sensor masurements especially under the convective conditions.
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Fig. 1.

Block diagram of the wind
profiling sodar.
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Table 1.

System parameter of the wind profiling sodar

Operating frequency

Number of horns
Maximum output power
Antenna aperture

1400 Hz
5X%5

1500 Watts (electric)

0.64 m?

Zeith angle of steering beams: § — 23°

Beam width
Pulse length

17

100, 350 msec

Pulse repetition period

Range resolution
Doppler frequency estimation

4, 8 sec

30m

FFT/

Simple Homodyne Com-
plex Covariance
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Fig. 2. Contour map of the area around the
Boulder Atmospheric Observatory.
Marking around the frame are the
latitude(N) and longitude(W).
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Fig. 3. The sketch of BAO. The numbers Fig. 4. Geometry of the antenna
indicate the position of the sodars. 1: beams for two -beam
XONTECH 2: AERO VIRONMEMT method and for three-
3,4: REMTECH (triple-monostatic) 5 : beam method.

REMTECH(bistatic) 6: Disaster
Prevention Research Institute+Kaijo
Denki.
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Fig. 5. Vertical pointing beam path (W) refracted by the

horizontal wind (U,) . C is the sound speed.
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r0= Wocosa + Ugsina (4)

£, ZZTU=U, tIRET S &
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COMPARISON OF U VALUES
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Fig. 6. Scatter diagram of sonic Fig. 7. Same as in Fig. 6., but using
anemomenter measured U- three-beam method.
components of wind velocities
vesus sodar measured U-
components of wind velocities
using two-beam method. Da-
shed line is regression line.
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Table 2. Sodar wind speed estimated by three methods

compared with reference wind speed

Bias(m/s) |Com.(m/s) | Stv.(m/s) Cor.
2-beam method —0.76 2.74 2.64 0.89
3-beam method —0.72 2.55 2.45 0.91
Vertical velocity
corrected 3-beam| —0.94 2.68 2.51 0.91
method

COMPARISON OF U VALUES

COMPARISON OF U VALUES

10m/s}~ . e =
..*..'H-’
A
-l =
-
rd
-
i 1 1 el | H "
SONIC 1 0w/s
sy
. N
-
'
-
- 1
]
a
[=]
L7 3 5
Fig. 9. Same as in Fig. 6., but for the

cases that the absolute values

Fig. 8. Same as in Fig. 7, but using of vertical velocities surpass

velocity corrected 30 cm/s.

vertical
three-beam method.
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Fig. 10. Same as in Fig. 7., but for the Fig. 11. Same as in Fig. 8, but for the

cases that the absolute values cases that the absolute values
of vertical velocities surpass

30 cm/s.

of vertical velocities surpass
30 cm/s.

PR THIE S M- TR OB %2R LTz, %7z Table. 212 F W FROFHETHE L 123548 OFEBR
#, Bias, Comparability, Standard devaiation 2R L 7z, Z ZC Bias(B), Comparability(C), Standard
deviation(S)IZRD & 5 kR TEREI N B9,
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Table 3. Same as in Table 2., but for the cases that the
absolute volues of vertical velocities surpass 30

cm/s
Bias(m/s) |Com.(m/s) | Stv.(m/s) Cor.
2-beam method —-1.78 4.49 4.12 0.83
3-beam method —1.42 3.85 3.58 0.87
Vertical velocity
corrected 3-beam| —1.47 3.69 3.38 0.88
method
1 N
B=g2(Y:i—S) M
1 N 1/2
C= [_1:21 -s) 2] (8)
S=(C*—B? 12 9)

TN RBHEBELLZY AV, Y 12V -5 0 i BBOBHIE, S, BB ERBEAN-BEEREO I BE
OEHETH 5,
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TROVEREE 3 E—ABETRD EHEME L OMICK ERELH G o T e OEMENCRRENRE K>
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Fig. 12. Scatter diagram of sonic anemometer

SONIC

measured wind speeds versus sodar
measured wind speeds. Dashed line is re-  Fig. 13 Same as in Fig. 12., but for the wind
gression line. directions.
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Fig. 14. Same as in Fig. 12, but for the

vertical component of tur-
bulence. Measuring height is Fig. 15 Same as in Fig. 14., but the
60 m. measuring height is 180 m.



JEH - O A L BHOSKRE v 77—V —FOXRERNVS —ic 81 2 EERELEEEICOWT

Table 4. Sodar measured verrical component of turbulence
compared with reference vertical component of

377

turbulence
Bias(m/s) |Com.(m/s) | Stv.(m/s) Cor.
oy (60 m) 0.24 0.29 0.15 0.75
0w (180 m) 0.20 0.28 0.19 0.75
((T(V:vcffl(\)r(::‘zive) 017 | o022 | 014 | 0.79
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Fig. 16. Same as in Fig. 14, but for the
convective conditions.
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Fig. 17. Wind speed profile at 0900 and 1000 in Febru-

ary 26, 1989, measuring by pilot ballon (solid

line), HK-11 (dotted line) and our sodar {(da-

shed line).
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