Thermal Stress m

High Speed Low Level Flying
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THE problem of thermal stress in aviation is
more or less confined to flying at low altitudes, obvi-
ously because of higher ambient temperatures @t
these levels. The problem gets multiplied many folds
if an aircraft has to fly at low level at high speeds so
much so that in the present day in ground sttack fig-
hier aircraft flying at tree top levels at near sonic
speeds, the problem gf thermal stress has become on@
of the major factors jeopardising asircrew comforl.  In
low level high speed flying, apart from the high ambi-
ant temparatures, the other and more important factar
which contributies to high cockpit temperatures is
the asro-dynamic friction, The magnituda of heat-
inad because af aero-dynamic friction rigses sharply
with increase in speed.

The smphasis loday s on low lavel high speed
strike aircraft, an important feature of which is the
very high cockpit work-load. Even very pxperignced
pilots feel that the operation of various on-board
systems for navigation and weapon aiming are extre-
mely demanding on the pilot's wark capagity in the
gockpit. All this only emphasises the aver riding nged
of looking into and solving the problem of thermal
strass in aviation and making the erviranment in
pilot’s work space more genial.

A field study was carried out on supersonic flying
at a fighter base in North-West India. [t involved
carial recordings of cockpit air temperatures befors
taxying out and just prior to take-cff in winters and
in summers. Along with this, temperature- humidity
index was determined for the full year to identify high
thermal stress periods. It was revealed that in the
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maonths of May and June. the ambiant air temperature
fluctuated around 40°C and the tﬂmuaratura—lmmiﬁiw
index wvaried betwadn 80 and 90. A temparature-
humidity index above 75 is considered relatively
uncaomfortable that above 80 as absolutaly
uncomicrtable.

and

For determining the cockpit tharmal condition
and aircrew thermal strain, two parametels ware recof-
ded, viz., cockpit an temperature and sweal logs for
tha duration of the sortie {asting about 35-40 minutes.
The result ravealed that in winters the cockpit air
temperatures 8t take-off point ranged betwean 219
and 33.3°'C with mean value of 28.7°C. In summ-
grs the temperaiure range Wwas fram 339 1o 433°C
with & mean value ot A4 4°c. The rise of temperature
during 10 minutes of taxying was 3.2°C in winters and
3.6°C in summars, Nunnely and James in & similar
study found cockpit air temperaturas rising 10 as much
as 80°C till take-off after a taxy jun of 15 minutes
whan the ambiesnt temperatures were only 35 to 40°C.
The pilot's sweat loss in winters varied from &
minjmum of 50 grams 1o @ maximum of 250 grams
with & mean value of 123 grams. |n summars the
sweat |0ss was much more, ranging from 460 grams
ta 1050 grams with a mean of 796 grams.

Exposure of subjects to thermal stress in the
laboratory produced a much lesser sweat loss though
the temparatdras weie high. A158°C with ahYy rala-
tive humidity a mean sweat loss of only 380 grams
wae noticed after an exposure of 30 minutes. The
comparative analysis of sweat loss values in tha labe-
ratory and in the cockpit reflects the severity ol ther-
mal stress 1o which our pilots are exposed n Summey
season.
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Another study was conducted in & twin Bnging
low leve! strike aircraft In Sardinia recently. fMeazsure-
ment of cockpit temperatures and other rel=vant
parsmeters was carried out for 22 sorties at medium
to low levels at speeds of upto 420 knots. Waximum
cockpit temperature of 30°C was recorded when the
ambient temperature was only about 24°C,  Adrcrow
thermal sirain measurement wWas also carried out. It
was Tound that although the cquilibrium lempearature
for this aircraft is 10 C lower than other high perfar-
mance aircraft of the same class. the aircrew ware
penarally above tha ideal level of thermal comfort even
in tha comparatively mild summer of Southern Europa

Halationships between ambient, cockpit and
pilot's body temperatures andd between sartio time and
cockpit and pilot’s body temperatures ware studiod.
The following inferences were drawn :

{a) Cockmi! and ambient temperatures - Cockpit

temperatures did not correlate signiticantly with the

mean  ambignt  temperatures measured on ground

jrmmediately before and after aach sortic.

(b) Pilot’s MET and ambient temperatures - No
significant relationship could ba gstablished betwaan

the pilot’s mean hody  temperature and ambiznt

tompearature.
{c) Pilot's MBT and cockpil temperature !

Pilot's MBT rose linsarly with rise in cockpit tempera-

tures, The relationship can be expressed by the

sguation &
MBT — 36.17-+0.33 WBGT )
cockpit
e of cabin zirconditioning, the MET

In caze of failur :
This relationship can be expressed

rose mote steeply.
by the gquation :

MBT = 37.2+-0.11 (WEGT — 31.0)
cockpit

{dy Cockpit famperatures and sortie time ;. With
a functioning cahin girconditioning systasm, the cock-
pit temperatures fall betwesn take-off and landing and
the relation is defined by the eguation :

WBGT = 2057—0.044 t
cockpit

This temperature was reached in about 2 to 7 minutes
of switching the airconditioning systam  “on
Howeavsr with a failed cabin airconditioning system
tha cockpit tamparature rose exponentially with time.
Tha relation could be expressed by tha equation @

—0.1117 ¢

#i

WBGT - 33.76—7.66
cockpit

(2) Pilot’s MBT and sortie time : Filovs MBT
tended to tall between take-off and landing. The
relationship was as follows

MET 37.0-0.01 ¢

In case of tailure of cabin airconditioning systam
the MBET tendad to rise with sortle time amd can be
cxprossed as !

MBT = 37.13 0.012 ¢

Carralating the data, it is possible to predict the
pilot’s MBT during a sortie at different levels of cock-
pit temperatures.

The design considerations of fighter aircraft,
spacially the limitation on weight and space for any
on-board equipment comes in tha way of installation
af & satisfactory cockpit airconditioning  system,
Since the present day cockpit airconditioning system |s
bascd on the velacity and temperature of ram air-flow
the cooling capacity is comparatively less at low alti-
wdes whare ambient temperatures are higher. In
addition, the system is totally ineffective during
ground oparation, i.e.. taxying till take-off pnint and
ground standby. Asa matter of fact Nunnaly et al
dsmuonstrated that maximum cockpit temperatures
ware recordaed just prior to take off after a 15 minuts
taxy Fun.

In view of this it seems that the only promising
method of achiseving a somewhat satisfactory thermal
enviranmant is the creation of a micro environment
arcund the pilot.  And the best way to do it, in the
present state of the art, appeoars to be by the use of
Liguid Coolsd Suvit. The need for develaping and
introducing  this garment for combating aircrew
tharmal stress was never greater.
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