Acoustic

Anemometer-Anemoscope

Instantaneous visual presentation of wind direction and velocity on a cathode-ray tube

screen, Sixty-cycle pulges from an acoustic transmitter are received at four transducers

equally =paced from the transmitter at eardinal points. Doppler effect of wind velocity

actuates a diseriminator and indicator

LECTRONIC mmstrumentation in-

volving aconstic effects has in
vaded many fields in the measure-
ment of physical phenomena, Cur-
rently, investigation is being con-
ducted to extend thiz invasion into
the meusurement of wind velocity
and determination of wind diree-
tiomn.

The acoustic anemometer-nnemao-
seape to e described iz based on a
Doppler phenomenon effectively re-
lating wind veloeity with the dif-
ference bebween upwind and down-
wind scoustic velpeity, The com-
ponents of the instrument, shown
in Fig, 1, include a pulse generator
which drives a soand hend creating
acouatic pulses, four elect romeshan-
ical-transducer listening stations
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poinks of the compazs arvound the
aoutd hend, an amplifier, a discrim-
inator to sort the information com-
ing from the listening stationa and
an indicator for presenting the in-
formation In convenient form.

Operatimg Prisciple

The spund head is placed in a
convenient location exposed to the
free flow of the wind, and the lis-
tening stations are arranged as
ahown at a known distances s from
the head, The orientation of the lis-
tening stations with compass direc-
tione is necezsary for determining
the direction of the wind.

The apund head, driven by g G0-
cycle pulse gFenerator, emits peons-
tic pulses with nearly vertical wave

the apeed of zound in all divestions
and arrive at all the listening sta-
tions at the same instant under
guiescent conditions, that iz, when
there iz no wind.

Congider o wind as shown in Fig.
A with the welopity wvectors in-
wilved in oa polse reaching the lis-
tening stationz for the ecast-west
component, V.. Because of the
greater acoustic velocity downwind,
there will be a time differentinl be-
tween the arrivals of the acoustie
pulses at the listening stations.
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when i speed of sound, V is
wind speed and { is time. The ap-
prosimabe expression i3 in only

that are oriented at the cardinal fronts. The pulses propagate at  slight ervor amounting to less than
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Tho sound generater s connecied fo the centerpillar ronpducer & sound heod. Simuliandseus transmission & bour direc
liens is picked wp by the lowe susroumding receiver tronaducers. Wind rebands o accelpeates the naimal welocity of sound

0.5 pereent at a wind velseity of
S0 miles per hour.

It iz evident that o given pulse
will arrive at the easst station Dbe-
fore reaching the west station and
that the time differential is propor-
tignal to the apeed of the wind as
indicated in Eq. 1. By approxim
tion, assuming that & equals & Peet,
it can be found that ¢ iz in the
order of 15 microseconds per mile
per hour.

Winds coming in from other than
cardinal-point  directions are di
vided into east-west and north-
south compoments aotomatieally by
virkue of the placement of the s
tening stations, These ¢omponents,
as determined by the diseriminator,
are recombined in gquadrature b
the indicating wnit to yield the
wind welocity, a3 shown in Fig., 2B

The Apporotus

The electraonic apparatns, in @en-
eral, ia eonventionnl, The diserim-
inator, however, performs an inter
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Laberaioey seiup af Be elecirosic slements of the wind mirmmenl comprises powes
supply, chossls with twice the equipment shews r Fig. 3 mnd ere
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FIG. 3—Circult of discriminator and Indscator for one component! of @ cross wind

esting function and will be dis-
cusged considering the north-south
component only,

The purpose of the discriminator
is twofold: To determine whether
the pulse from the north or the
south listening station is received
first (which must be known in de-
termining wind direction), and to
produce a square-wave pulse with
its width proportional to the time
differential noted above in deter-
mining wind velocity.

The dizeriminator shown in Fig.
3 i8 identical for each of the com-
ponents and consists of an Eccles-
Jordan trigger circuit, using a
6SN7, and a 6L8 output tube for
each listening station. The 6SCT’s
shown arve used as keying tubes to
improve the stability of the trig-
ger-circuit operation, The trigger
circuits are set by a negative pulse
at F, g0 that tubes B and C are con-
ducting and A and D are cut off.
In this situation points I and & are
at a higher potential than 2 and 5.
Because of the voltage-dividing net-
work, points 7 and § are at an inter-
mediate potential. Points 3 and 4
are of particular interest since they

%0

control the type 6L6 output tubes
which are biased only slightly below
cutoff,

Under quiescent conditions the
pulsezs from the north and south
listening stations arrive simultane-
ously at N and S; both trigger cir-
cuits flip at the same time and the
voltages at § and § remain at the
same value, However, if a wind is
blowing from the south, a pulse
will arrive at N a few microseconds
before a correzsponding pulse
reaches S. This causes a negative
pulse to appear at 2 and a positive
pulse to appear at 4. Consequently,
tube G puts out a pulse with its
width proportional to wind velocity.
If the wind blows from the north
the situation reverses and tube F
puts out the pulse, In this manner
the circuits discriminate between
a north and south wind and pro-
duce pulses with widths propor-
tional to the wind velocity,

Circuit Detoails

The heart of the indicating unit
is an electrostatic cathode-ray tube
with deflection plates oriented ver-
tically and horizontally, The wind

velocity scale in miles per hour con-
sists of concentric circles with zero
at the center. The east-west com-
ponent iz applied to the horizontal
plates and the north-south com-
ponent is applied to the wvertical
plates so0 that the cardinal points
of the compass are in their conven-
tional locations,

The output of the 6L6 tubes con-
sists of a 60-cycle geries of square-
wave pulses with widths depending
on wind velocity, By filtering this
output with an r-¢ filter, a d-¢ volt-
age appears across the load resistor
that is proportional to the width of
the pulses and therefore also pro-
portional to wind velocity. It is
this d-c voltage that is applied to
the ert.

When there iz no wind, a 3pot
appears at the center of the concen-
tric circles. When there iz a wind,
say from the northeast, the spot
moves out the proper distance from
the center in the first quadrant (as
ghown in Fig. 2) and indicates the
direction and the speed of the wind.
In order to have the indicator draw
4 vector the 884 thyratron tubes are
fired by a 60-cycle pulse so that the
plates of the crt are essentially
shorted 60 times each second and
the spot is returned to the center.
This action causes the gpot to trace
the desired vector., Since the wind
velocity is sampled 60 times per
second (determined by the repeti-
tion rate of the pulse generator),
the indicator is capabie of following
vapid changes of the wind. The
deflection sensitivity of the indi-
cator can be varied as desired be-
cause oscilloscope deflections of
one-eighth to one-half inch per mile
per hour are easily obtained.

The acoustic anemometer de-
scribed is capable of reliable contin-
uous operation and presents the
information in a form easily
assimilated, It can be sent over
transmission lines to the indicating
unit in any desired location,
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