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Temperature measurement from aircraft using
vortex thermometer

K. G. VERNEKAR and nRIJ MOIIAN

Indian I""Iitute of Tropirol MeteoroWgy, Poo""

(ReceiV<'<l 16 J anuary 1974)

ABSTRACT. The paper deooribcllJ • technique of meuuring temperetcre on board an aircraft using 11 von.("x
thermometer. An a.ccuraoy of 0-100 is obtained,
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I . InlroducUon

During th ocloud seeding experiments conducted
in the monsoon season 1973 hy tho Indian Insti tu te
of Tropical 31eteorology in a nd around .Poona,
measuroments of temperture of upper a tmosphere
were carried out usinga. vortex thermometer moun­
ted on a De-3aircraft. Measuremont of true air tem­
perature from a high speed aircraft is complicated
by the heating effect caused by air moving past the
sensor. At an air speed of 250 kmph a thermo­
meter exposed to the air stream indica tos a tem­
perature 3 to 4°0 h igher than the true air tempera­
ture. This orror is expressed as t:,.T= czV', whero V
is t ho speed of the aircraft and cz , the correct ion fae­
tor. The hcating effoot oaused by the moving air can
be eliminated by using vortex tubes where lowering
of tem perature of high volocity air st ream occurs
along th e axis of tho tube. There are two types of
vor tex tubes, namoly (i) ax ial lIow and (i 'l normal
lIow. Normal flow vortex tube has boon adopted
for construction of one suoh thermometer, it being
eas ier to fabricate. The design is similar to one
used by Vonnogut (1950).

Fig. 1 shows the details of tho vor tex tuho
thermometer . F..xset lowering of temperature along
axis of the tube can be attained by adjust ing
valvo e. Th is was ad justed in t he labora tory by
simulating aircraft speed of 80 to 2·10 kmph. I t was
fixed immed ia tely helow the co-pilots' window ot
the airc raft .

Il. Prlnclplo ormeasuremenl

The block diagram of the system designed for
measurement of temperature is shown in Fig. 2
and the details are indicated in Fig. 3 Tho tempera.
tnre sensing devioe consists of a thcrmistor which is
placed in ono arm of a resistance brid ge. A preci­
sion 10 K.Qhelipot forms another arm olthe bridge.

By adjusting it , the bridg e can he balanced for any
valu e of thermi.tor resistance from 3 to 6 KD. Tho
out put of the br idge is amplified by an operational
a mplifier an d fed to a volta ge controlled oscillator
(VeO) consisting of two l Os (Graem et 01., see
Ref.). A moter has been incorporated to indicate
tho bridgo balance, When the bridgo output voltago
is zero, a fixod bias voltage or 1.5 V provides a
reference frequency of 130 Hz. Th is frequency is
used as a time mark and is cont rolled by a manual
switch. The output of veo is fed to a battery
operated magnetio tape recorde r.

For recovery of data, t he tape is played bsck in
the laboratory and a print -out or frequ ency
obtained through a freqnency converter and a
digital printer. A Hewlet t-Packard froqueney
counter type 5532-A and printer type 1I-23562-A
were used for this purpoilC. Analogue output of
Visieorder (Honeywell type 906 T) has also been
used in parallel. This haa been shown in F if;.
2(b).

Th e temperaturo sensing thermistor is linearised
over the temperature range of O-50oe and a
calibration of the thermistor is obtained. Fig. 4
shows thia lineariaed calibration curve (Vernekar
1971). It has a tim e constant of 1. 2 800. F ig. 5 shows
tho output frequenoy of veo with helipot set a t
differen t resistance values. I t is necessary to
change the setting of helipot 8S tho output
frequenoy of veo is found to be linear only upto
300 Hz for a maximum input of 3 volts. The output
of veo is, therefore, rostricted to 250 Hz corres­
pending to an input of 2.5 volta . By sotting t he
helipot at 3 .5 , 4 .5, 5 .0 a nd 5 .5 KD , tho ouput
of the bridge is limited to 1 .0 volts. A set of cali­
bration ourves of tho veo arc drawn hy changing
the resistance in the thermistor arm as shown in
Fig. 5.
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