Microenvironmental Protection in Military Flying
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STUD!ES on thermal stress, peitaining to low
altitude tropical operation ot military aircralt during
summer months, have established that in most cases
1olerance lavels are reached during flight with duration
tanging between 40 min and g90min, depending on the
aclual thermal environment in the aircraft,  Limitations
af air cycle system of cooling which is currantly being
used 1n military aircraft during high amblent tempera-
wres are will known. 1t is alea well established that
the total heat accumulation carresponding 1o the
tplerance levels ranges batween 160 K cal 1o 200 K cal
for acclimatised Indian subjects. It can therefore
be concluded that a microsnvitonmental protection
system with & refrigeration  capacity of 200 K cal
should be able to dissipate the heat accumulation
in flyers and provide thermal comfort for the total
duration of the sortie.

Blockley's studies have shown that the functional
efficiency of subjects gets affected when one spproa-
ches a level of 659 of the heat gocumulation carres-
ponding to tolerance. Earlier attempts in microenviron-
mental and ather protection carried out at the Insti-
e of Aviation Medicine, Indian Air Force aimed at
providing refrigeration 10 2 level where the aircréw
could be kept in a thermal state compatible with fun-
clional efficiency, The aircrew ars not gllowed to
¢ross the 100 Keal level during any part of the sortie,
This could be achieved by a serias of measures,
viz., {a} Prior body cooling in a cold snvironment fof
g specitic duration, {b) Cooling by an aircooling tro-
llsy and an air ventilated suit, (¢) Short burst cool-
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ing by means of dry oxygen using @n air ventilated
suil.

First two methods of cooling are provided
during a stage belore the aircrew ae physiologically
strained By the thermal stress. Aircrew have alten
axprassed their preference to gat refrigeration during
flight. Short burst cooling provides cooling during
g stage where the subject is physiologically straincd.
Howaver, the total amount of rafrigeration provided
during this stage is very much limited yet it gives the
subjsct a fine subjactive fesling which steps up his
functional efficiency during the shaort interval during
and after the burst

Liquid cooled suits (LCS) because of the
higher specific heat of the liquid in circulation is to be
considered as a more effective way of refrigeration
than air ventiisted suits. Results of laboratory trials
in hot cockpit with a LCS system  with 200 K cals of
refrigeration capacity are given in the table below,

Thermal protection offercd by the LCS system for
{ hour exposure 50°C DB and 325CwWe

Heat accumu-

Rise in heart rate

beats/min lation Keal/m*
EMI 4 257
DYR o 11.3
MBED 2 24.4
cAav n 225
RES 0 27.0
MY 0 8.8
rean 27 19.6
sD 39 g4

43
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Itcan be seen that the heart rate changes and neat
sccumulation in one hour of heat expcsure at 50°C
OB and 32.65°C WRB with the LCS are very marginal.
This shows the efficacy of this mode of cooling.

Refrigerant Pack for Inflight Use

The refrigerant system prasently developed for
inflight use consists of the following :

{a) Fibreglass contalner tor survival aids,

{b} Refrigerant ice pack in stainless steel,

{c) A set of quick release connectors,

() A miniature DC pump with DC motor ope-
rating on 24 volts,

{#) Mounting for the quick release connectors
and pump in the alroealt,

Fibreglass Container,

Rigid tibreglass containers for survival aids are
teplacing the old canvas type of compressible survival
packs. Because of the incompressible nature, thess
packs do not give dynamic overshoot ol wcceleration
and are therefore mere safe 1o use in sjsction seats.
The shell eurrently developed can ba used in super-
sonic fighters and jet trainer and has been tested for
:astaiic loading corresponding to 30 g &nd dynamic
bading of 18-20g during ejection trials using an eje-
‘tion test rig. The fibreglass shall has the same
dimensions as the currently used survival packs and
hasgot a compartment in the front running across the
[ull length with a volurme of approximately tao litre,
Csuvival aids other than water can be packed in the
.-ﬁsual manner in the space behind the compartment.
Sieaping bag can bs packed so 25 1o occupy a
unifarm layer underneath the compartment.

Refrigerant fce FPack.

| A stainless stee! container with ccsted copper

\Ubes running inside the steel comtainer with the ends

welded to the sides, is fabricated to fitintg the fibre-
glass pack (Fig. 1 & 2). Woater can be fillad into ths
(ontainer through an opening provided inthe contai
ner which may  be |ater closed with @ nutl.
Water can be drained out through the same opening
whenever required. A stesl container with water s
kept in a deep freeze for sufficiently long time so that
e entire water is converted intu ice.  Approximately
"I_.?Ekg of ice |s formead and provides the refrigeration
i the liquid supply to the LCS which is pumped

un
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The fibreglass shell,
thermocole insulation provided on the sides of
compartmant, survival aids including the
slarping bag provides adsquate inaulation for the
ralnigarant pack, (Fig. 2). The watar in the refrige-
rant pack (approx. 1.70 litres) is considered adequate
for survival usa whenever required. While transfa-

through the copper tubes.

and the

rring the stee! container from the deep freeze 10 the
survival pack in the aircraft they have to be taken in
a propstly insulated bag. The liguid circulated for
cooling is 1.1 mixtwe of water with glycol. This
higuid cireulating through the copper tubes and gett

ing cooled will not freeze at O°C.

Owrck Helease Cannectors

The connections of the LCS to the refrigerant
pack, LCS 10 the pump and the refrigerant pack to the
pump are all carried out using sell sealing quick
release cannectors sa that during sjaction saparation
of the ejection sgar from the aircraft, the survival
pack fram tha ejection saat, and the survival pack from
the subject ara all achieved clean (Fig. 3} These
connectors have been tested on the ground by pulling
up the ejection seal by a winch system and later in
gjection triais using an ejection test rig. During the
ejection trials. velocities were recorded and the velo-
city walues werea compared with control ejection va-
luas. No discernible change in velocities are producaed
during the guick release disconnections,

Pump for Liquid Circulation,

A miniature DT pump (Fig. 4) is required ‘'with
capability of circulatbing approximately 1 litre of liguid
per minute. Thepump has 1o be operated by a 24
wvalt DG mator. Fuel pumps presently being used in
trainer aircraft have bDzen found to sarve the purpose
as evidanced during trizls. A similar pump was indi-
genously developed and was found to sarve the pur-
pass.

Coneclusion

The liquid conled system in tha prasent form
gives approximately 200 K cals of refrigeration and
can keep aircrew in a tharmal state close to comfort
during summer operations in our country. The systam
inits present form can be incorporated for inflight
use and &% evidenced by ejection trials will nal pose
any problems duning ejection.




