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Ion Flow Analysis in a Cage-type Ion-flow Anemometer
Detecting Wind Direction
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(Received May 14, 1991)

The characteristics of a cage-type ion-flow anemometer were analyzed by numerical calcula-
tion of jon-flow in the probe. The anemometer whose characteristics have already been reported
has a capability of detecting wind velocity and two dimensional wind direction simultaneously,

which is based on detection of orthogornal wind components.

Ion flow in the anemometer

probe was calculated by the combination of the charge simulation method and the upwind finite
element method. Though calculated output signal of both anemorheter with the eight~ and
four-collector probe was smaller than experimental results, it showed good linearity with wind
velocity. The signal wave form of output to the change of wind direction showed almost
complete sinusoidal profiles for an 8-collector probe and trapezoidal sinewave was produced for

4-collector probe.
experimental results.
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The difference of wave shape for both types showed good agreement with
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Fig. 1 Configuration of a cage-type ion-flow
anemometer.
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Fig. 2 Two types of collector arrangement.
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Fig. 3 Location of charges for calculation by the
charge simulation method.
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Fig. 4 Triangles for finite element method.
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Table 1 Comparison of electric field strength calculated by two methods.
Electric field strength £ (MV/m)
Positiozucl‘)fa(eiectrode 4-electrode 8-electrode
FEM CSM FEM/CSM FEM CSM FEM/CSM
Discharging wire 1.65 2.03 0.813 1.54 1.78 0. 865
collector ¢=0 0.483 0.619 0.780 0.216 0.314 0.688
p=n/4 0.451 0.581 0.776 0.208 0.281 0.740
p=u/2 0.361 0.500 0.722 0.131 0.215 0.609
d=3 /4 0.318 0.431 0.738 0.081 0.165 0.491
P=n 0.283 0.407 0. 695 0. 057 0.147 0.388
E
A
/ ) @
\_// Discharging wire
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] ' e Finite element method Fig. 6 Relations between charge density and the
g , ! electric field strength at the wire.
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Fig. 5 The electric field strength in the space
between discharging wire and collectors.
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g. 7 Relation between corona current and
applied voltage.

o

X oTkED, bEBIFOERDELTIERLE.

oLy R EFOS KT b EA L EHEE,D, B
ﬁﬁ%ﬁﬁ@%h%h@ﬁ%ﬁ%%bf%ﬁ%ﬂ%&X
@,M%mﬁmmmmﬂfauvaa%m%ﬁMLﬁ
%:Vﬁﬁ@%ﬁ@#%“ﬁ@ﬂﬁ%lwmﬁﬁﬂ?%
BGEE IR R (L), (2) BHWTRDT.

4. FRIRTER LIRS

4.1 oOFREEE
WEEA~OHINEEY 4 BEIO 7 »— 7R
6, 7, 8i X0 9kV, BWEIICI\VTIXS, 6, 7
%l§8kvm$%bt&%®00%$®,%h%h@
%ﬁ@éﬂVﬁﬂ%ﬁ%%MLtﬁﬁ%@7m%¢.4
%@ﬂfm%mﬁ&i<—ﬁbfv%ﬁ,8%@@?&
%%ﬁID%ZWZEE¢§MﬁKkoh.%@LD%
ﬁ@%é@ﬁE%ﬁ&%ﬁB%ﬁﬁﬁf@%?ﬁ%a
ERORSAENFHT S, ChrBERORES -7
LicbntE2LbRS.

4.2 4 FHIBOBER

S F RO RE 7 v — 7 AV A EETEHRL
o BB O BV RGET 1) DTEAR Pk 2 D A
f,auf%ﬁHED%E%%iLm.:hm%Eﬂ%
SHeh koo wFROBECH OERIEF RIS ST
BThB. A+ VIEOFECE 2 2 FREEREL T
mw.4%@%;&8%&@f¢—fﬁﬁbf,%m%
n@m%ﬁmwm¢éﬁﬁu6kv%;wskvmﬂi
Lic. chiR7THbninl s, RRCkT 542
Vo R BRI 5 B i B EMEETHD.

SEME DS v — 7 BC, SRV AEI LA KE

with ions

Charge density (aC/n*)

i 7 0.10

0 L : : s " t "
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Electric field strength (MV/m)

Distance from the center of a discharging wire (mm)
(b) Vicinity of a discharging wire
M8 BROMICRITT A+ vOREOHE

Fig. 8 Influence of presence of ions on the electric
field strength.
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wind

(b) wind velocity w=5m/s
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Fig. 9 Distribution of charge density in the
4-collector probe.

(a) without wind

wind

(b) wind velocity w=5m/s
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Fig. 10 Equipotential lines in the 4-collector probe.

(b) wind velocity w=5m/s
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Fig. 11 Distribution of charge density in the
8-collector probe.

(a) without wind

wind

(b) wind velocity w=5m/s
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Fig. 12 Equipotential lines in the 8-collector probe.
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Fig. 13 Signal output of the anemometer to the
change of wind velocity.
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Fig. 14 Signal output of the anemometer to the
change of wind direction.
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