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1952). The bivane described in this paper is cloe

1. INTRODUCTION
_ 414§ an aunnular-type, but several timas smaller
F Messurements of instantanecus lateral io size. It has a good frequency zesponse (~2 Hz)
and vertical velocities from towers have several and i3 very rugged. It was in continucus opera-"

tion for a period of one year on a meteorological
tower aud maintained its calibration. More re- -
cently, for the past six mouths, it has been used

for over-water measurements of atmospheric turbus™
lence at an air-sea iateraction buoy anchored

S-ian off shore. It was found to parform without
vachanical or electronic difficulties over this
period of time. Due to its low power comsumption
and easy adaptation to AC or DC power supply, its

use is unlimited for varicus meteorclogical appli- "
cations. This paper describes its basic design
features, wind tunnel tests for response charact-”
eristics,and comparative field maasuTements with ]
other sensors. J

aicro-mateorological applications. Studies
related t0 atmospheric diffusion, boundary
layer development, sesa-breeze phenomenon, wind
gust charactazistics, siting of nuclear and fossil
power planti, etc. raquire the information regard<™
ing the longitudinal and lateral atmospheric turb
ulenca. Several meteorological instruments e
ble to nlu such wsu:mr.l a:l.z....sm%e

2. DESIGI

ics, its dels
to loss of cal- ~
polonged cxpolurc
i sensors help in

On the tdp of a vertical hcusing for
the electzenics 1is a \(ight-weight Jane assembly
in the form of a cone wupported a its center of
pd with becter accur~" gravity. An annular tafl is cougfterbalanced,

six different out-"" partly by an adjustable yaight the apex and
difficulg/for™qontinuocus long-term partly by avother adjustaple wellght unear the
8 high fraqueuncy center of gravity.

a4 necessity, hot-wire
Qic anemcmacers are more As indicated in phe linc diagram (Fig-~

response (~500 HZ
sensors are ideal

cntal after the last gist or \leave it in the dir-
ection of the last g Irs] position along tha

‘ he short horizoental
chain dmm shafy. Vertical D¢ cutput is normally
plus and zipus/with zero as hdrizoantal. An oper-

They orient themsélves with the wind continucusly
acd have second order dyrnamic response chatacter~ -
iseicsp(Mactrendy,~JrT A Jex;—1864)5 Bivanes
that measure lateral and vertical wind gusts in
terms of deviatioas from mesn positions are avails
able, Vane-propeller-type sensors combine a pro<™
peller with the bivane. One of the problems we
encountered with these instruments was thet the
electroaic components of the sensors fail after
coantinucus use in the atmosphere for a few days,
patticularly in a hostile envircument consisting
of precipitation, salt spray and high winds,
There 13, of course, always the possibility of
mechanical damage to moving parts; aence, the
need for a bivane that will be rugged but at the
sape time have reasonably high frequency response.
annular-type bivanes have been used in the past
at Brookhaven National uboraeory@(mzmu‘ﬁ'

E £ vertical displace-
ment is obtiined via a light-wpight chain running
over & drunl and dovm a hollow §haft to 2 linear
displacemept transducer giving{a DC cutput. Az~
imuth shifks are recorded via 4 small synchro
attached to the vertical holloq shaft. The
syachro output is converted to |IDC sine and csosine
for recordipg. This method eliminates the zero
crossing problen. The outputs Rre combined dur-
ing data processing to produce gbsolute directioms.

This design represents 2 oue-Chird

reduction in physical size and hlmost a facter
of ten in weight over the previbus aanular design
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used at 3rookhaven National Laboratory.
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Figure 1. A line diagram of the BNL bivane
showing the details of construction.

3. RESPONSE CHARACTERISTICS

The bivaae has a second order system
response to an angular displacement. This reas-
ponse depends on the input and the firat and
second derivation of the response. TWo parameters
comuonly used to define the response are the un-
dampad natural frequeacy v, and the ratio of the
actual damping to critical damping called damping

ratio . The dffferential equation for response
of the bivane will be of the form
- 2
-3-%4-2%1,%2-4-%9-2(:) . (D
t

vhere g is the angular displacement of the vane
with respect to a fixed direction and f(t) 2 time
dependent forcing function.

Wind tunnel tests were performed on the
bivane at different wind speeds. The method
copsisted of moving tha vape in the vertical
plane b5y 1 known amount and then releasing it
instantanecusly to measure its respense. The
same method was repeated for horizontal angle
response, The step response of the bivane for
horizontal apgle for a mean wind speed of 5 m/sec
is shown in Figure 2. An overshoot of 2 deg. is
seen before the vane comes to an equilibrium
position. Figure 3 shows the step response for
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Figure 2. Wind tunnel test for a step change in_I
the horizontal angle. Mean wind speed a 5 p sec
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Figure 3. Wind tunnel test for a step change o,
the elevation angle: Mean wind speed = 5 m sec ., .

the elevation angle for the same wind 3peed. The
overshoot in this case was about 1 degree. From
the response curves the parameters, damping ratic
n, delay distance D (and delay time T_ = D/U
where U i3 the wind speed) can de computed., The
tizme T,, is usually defined as the value for the
vane tg move from its iaitial position to 50 per-
cent of the final equilibrium value. The delay
discance Ls computed to be about 0.31 m for hor-
izontal angle. The vane reaches 50 per cent value
in less than 1/16 sec for the elevation angle and
in about 1/8 sec for the horizontal angle. At
lower wind speeds (Figure 4) the overshoot is
slightly more and the delay time larger, although
the delay distance remains constant.

&, FIELD COMPARISCN

& comrarison study of different wind
sensors was done in the atoospheric surface layer
with a 24-m high meteorological tower. A BNL
bivane, a vector vane (manufactured by Mefeorology
Research, Inc.), a metal-clad single hot-wire
sensor (manufactured by Thermo Systems, Inc.),
and a BY¥L cup 2nemometer were compared, as shown
in Figure 5. The vecror v.ine used has a frequeacy
response of about 2 Hz (SethuRaman and Brown, l1976)
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Figure 5. Cowparison of massurexents made by
different instruments at a height of 24 m. The
iostruments are cup anemometers, BNL bivane, hot-
wirze and MRI vector vane (from left Lo right).

the rugged hot-wire about 5 Hz and the cup anemom-
eter about 1l Hz, The horizontal velocities mess-
ured by the hot-wire were used in comjunction
with the instantanecus horizontal angie and ele-
vation angle cutputs to obtain lateral and vert-
ical velocities, respectively. The coservations
from all instTuments were recorded {n analog form
on magnetic tapes, digitized at 8 per second
after passing chrough low-pass RC filters and ana-
lyzed for mean and variance. The standard devia-
ticns of the horizontal and elevation angles

(cq and ¢ , respectively) measured by the BNL
bivane aol the MRI vector vane_ are given in

Table 1. The zean wind speed.u and the standard
deviation of the longitudinal velocity fluctua«
tions g, 1is also given as additional information.

Table I. Comparison of Observacions
Hol_: wire Bivagne* _ MRI YVier
u 9y T3 © u -/ Ta O
(EST) (m/sec) (3.;.? (m/ sec‘)l (3033
1045-1115 7.37 1.26 11.8 3.8 7,21 1,10 8.0 3.2

1145-1215 8,40 1.15 9.3 3.5 8.20 1.03 5.8 2.8
* 3NL Bivane; ** Vector Vane )

The standard deviation of vertical velocity fluct-
uations ¢ measured by both the instruments was
about thePsame although the BNL bivane gave
8lighely higher values. The difference was larger

for the g, (lateral velocity fluctuations) values
This is a0t totally surprising due to zie higher
frequency response of the 3NL bivaze.

S. CONCLUSIONS

The construction of a rugged bivame to
measure lateral and vertical velocity fluctua-
tions is presented. Wind tuonel tests indicate
a fairly high frequency response in bSoth the
directions. Comparison with other conventicnal
meteorological instruments in the field was
carried out to determine its accuracy in relation
to octhers. The results were very encouraging.
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