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A RADLATION COMPENSATED HOT-./IRE AINErOMETER

by .2
R. H. Bigmore '

1, Introduotion : . '_ .

1

An ananametar haa W)een developed to measure the speed of slow
airstreama in- positions vhere the instrument reccives radiated heat,
Although designed specifically for the measurement of the ventilatlion
of_sfires in &'nall eriélosures, it should be useful in other fields,

The instrument v.as required to:

(1) weasure the speed of air of uuiforr taperature ﬂwﬂng 2y -
at speeds between about 15 and 10U cm/s; .

(2) avoid aisturbing the airflow pattern through aP orifioe o
‘ : 2% am '.Iide x“:_ '

(3) produce an output which could be recordeg oontinuously,

H "} .

(4) have a rapid respomse to dxange__qf-airapee,d;_- o | ISR

“{5) be unaﬂ’ected b‘\v intensities of .radiatiom of up tom. * [ -
© 1 4-84ea) em=2 falling on the sensitive part or t.he Thia
) mstzmeﬁt . A

The shielded hot wire anemometer deacribad by Simmona (1) meeta’ .T " .

.81l the requ!rements except the l.ast . . Lo
- - ' ¢ . ' (. N

The Birméns a.nmo&;eter oonsises oe o .amall twin-bore silica tube’ :

“which is heated by pesaing a. oonstent curient through a 36 s.w.g. . .

nichrame wire in one bore of the tube, The heater wire alao aots as a
suppart” forithe tube; The instrument is calibrated in terms of the
temperature of the tube measured by a themoowla :I.n“hhc other bere,
P ..

As the eleotrio power diasipe.ted in the heater is of' the arder of
% watt (§ o&d/s) the heat falling on the instrument at*an intensity- of
radiation of 1-5 cal a2 s~! is much larger and would cause’a large -
increase in cutput (Pig. 1), with consequential errors in speed
messurefants, © It is mpoesible ‘to eliminate the effects ¢f radiant
heat by m&'ea.sing the slectrioc heating because the largefinput would
increase the’ {iibé températiure 8o muali that the increase {n cooling by *

.natuml oomeotive would mako the *&natruma\t insensitive at lower speeds

l

The effec’ts of "gtray" radiation have baen el.‘l.m;;mted in the required
range of operatiom Yy using e compensated arrangemeut of the anamometer.

2. Method at’ oo@ansation

: g.gg of‘ 1nstnment

-‘Thaamngmntusedia&mmﬂ.nl“ig 2andP.la.te‘I Two amall

. twin-bare silica tubes are supported an a 36 8,v.8. nicl‘n‘omﬂ wire which

acts a8 ‘d heater; a 36 s.w,g. nichrome constantan thermocouple is

looated in the other bore of each tube,

.‘A

4

Vhew 'lshe instrument is plaood in an. airstream d’ uniform speed g0

»

" that the emount of heat radiated onto each tube is the same, ths net

output obtained Ly oonnect:lng the thermooouples in opposition is zero;

When on tubeLn heated elestrically by passing a oconstant current
of 0-6 amp thro the heater wire the alrspeed can be calibruted egainst
net output, ' , . .
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2.2, Theory of instrument

The instrument is cooled mainly by convection and at an airspeed
of 60 cm/s approximately one half to two-thirds of the heat is lost
by foroed convection. Although the fluid prdferties determining the
heat transfer coefficients for both forced and free convection vary with ;
temperature the total heat loat by convection is epproximately propcrtional -
to the tube temperature in the working range of the instrument.

To ensure that compensation was achieved over the required range,
the instrument was calibrated with various radient intensities incident
on it,

3, Calibration of inatrument

3.1, Wormal calibration

The normal calibration ourve (Fig. %) for the compensated instrument -
is identical w:.th the curve for an uncompensated anemometer of the same
design.

3.2, Effect of radlation on calibration

The anemometer was supported at the centre of a wind tumnel which
generated a uniform airstream with a range of speeda between O and’ -
100 an/s at the working section, A heating element and elliptical
reflector were mounted above the wind tumnel so that the anemometer -
could be uniformly irra.di%ted through e mice window by radiation of
between O and 15 cal am™ As the reasponse of the anemometer to
radlated ‘heet was very rapld it was possible to detect any effect .that :
the heating had on the output of the anemomstexr at oonstant. ajrspeed
before the radiant heat disturbed the airflow by hsating- the tunnel walls,

The tunnel was ad.‘)u.ated to give a steady airspeed and the net output
from the thermocouples, oconnected in oppoaition, wap reoorded with a
constant current through ih: heater,

The radiation was then switched on and any change in cutput was
recorded,

At each mpeed the anemometer was lrradiated with five different
intensities between 0.35 end 1+5 onl am™ -2 3'1. This prooedure vas
repeated for six different airspeeds between 15 and 100 an/s, The
meximum change in output was 2 per cent, which represents a speed change
of 5 par cent at the highest speeds, This is less than the exporiocntel
error in calibrating ths inatrument,

k. Discussion and conclusions

A pair of shielded hot wire anemometers may be used to measure
low airspeeds in the presence of uniform external radiation, TFar
experimental reasons the instrument had to be calibrated with the tubes
horizontally Sm when placed vertichlly speeds lower than 15 cm/s may
be measured t Yon-uniforn radiation could to some extent be dealt
with by reversing the cirouit and tal'ing-a. mean value of the readings.

For oompensation to be effective the temperature difference between
ths two tubes should be kept es small as possible and therq&‘ure the

electrical input should be kept as small as is consistent with the °
gensitivity-required in the desired aspeed range, :

{ .
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'COMPENSATED ANEMOMETER -
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- ANEMOMETER OUTPUT - mV
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FIG.I. EFFECT OF RADIATION ON OUTPUT OF
UNCOMPENSATED SHIELDED HOT-WIRE
NEMOMETER
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QUTPUT — mV

. FIG.3, CALIBRAT!
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