Physiological Aspects of Heat Exposure as Applied to Flying
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HEF\T stress is an important problem encouns
tered during flying in trepics, |1t has assumed special
importance in view of the emphasis now attached to
low level high speed flying by deep penetration air-
crift. Mo doubt, the modern aireraft provide for air
conditioning of cockpit but since the heat exchangers
and cald air units In most sireraft depend on the ram-
air for cooling, they are not cfficient undar high
ambient temperatures, Cabin thermal conditions in
some of our aircraft during low level high spesd
flying have been reporied to be most unsatisfactory
and abgve tha limits of human tolerance from opera-
tional point of view. Heat exposure to &n environ-
ment of 55°C DB, 43°C WB and gir velocity of 1.2
mectre per second and & wall tempsreture of 55°C
leads to a stage of collapse after axposure for 30
minutes even in acclimatized subjects. Deterloration
of efficiency, however, ssts in much earlier. It is
well known that this degrea of heat stress exists in the
cockpits of some of our aircraf during summer
months. The cockpits get fully heated up spacially
in ajrcraft parked in the open. QOccupants of such
cockpits are thus exposed to these stresstul environ-
ments for durations which are physiclogically hazar-
dous and have a natural tendency to raise their body
The body has an inbuilt ‘mechanism
to regulate the body temparature

tempearatures.
which altempis
whenaver it shifts one wsy or the other but in the
heated confines of a cockpit this mechanism is
rendered incfficient. The important mechanizms which
gnable the body to lose heatin the hot environment
are radiation, sevaperation and  respiratory  heat
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exchange. The:mal sensing neurones arg  presant
in the periphery and in the hypothalamus.  The hypo-
thalamus coordinates tho information on temperatur
changes and has neurones responsible  for heal
dissipation, consarvation and production. Both twmﬁ}
of neurones are linked together in such a way thmz
when one 15 sctive the ather one is inactive.  Thesg
newones respond ta changes in the local brain tem-
porature and to the neural inputs from spinal cord and
paripharal thermoreceptors.  During heat stress, the
hypothalamus triggers the thermoragulatory eftactog
mechanism via the heat loss neurongs atthe same
time inhibiting the heat production/conservation
neurcnas. The nat affect is cutansous vasodilatatiun;
sweafing and panting causing heat loss by radiatian.g

evaporation and respiratery heat exchange. Cutaneou$
vasodilatation augments blood flow to the skin, It has
been seen that the blood flow to the fingars can be
increasad from 1mi/min/100 gm of tissua to 90 mlmind
100 gm on sxposure to heat Al an ambient tempe-
rature of 34°C, bload flow through skin may increass
to @s much as 129 of cardiac output. An im:rnaserl;‘_.
cardiac outpul ensures a rapid blood flow thmughﬁ
the dilated cutaneous vessaels and thus the heat iii\"-
transparted from the corata the body surface fram:
where it can be dissipated by radiation. Eimu!tana-i
ously with the vasodilatation, an increase in circulating
blood volume occurs.  In an unacclimatized man lhaif
total Blood veolume may increase 10% in 2 to 4 hnurs]'
on exposure 10 heat of a severity sullicient to CHUSE
a diffusa cutaneous vasodilatation. This increase in
valume is brought about by fluid drawn from other
tissues lika skin, muscles and liver into the blood
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This causes a drop In haemstocrit and in concentra-
tion of plasma proteins.  Later, however, haumo-
concentration aocurs with a decresse in blood volume
a5 a result of copious sweating. In a standing
posture, the total arsa of skin exposed to heat
adiation s obviously much greater than in sitting
gramped up in the cockpil, dressed in full flying
¢lothing. The situation is further complicated by the
fact that the environmeantal temperature is considera-
bly higher than the skin temperature. Above an
ambient temperaturs of 35°C, the body gains heat by
mdiation Trom the ernvironment instead of losing It
This heat 1ogether with the metabolic heat is dissi-
pated principally by sweat evaporation fram the skin
and tu @ certain extent by Incroased respiratory
aclivity by promoting  respiratory  heat exchange.
Heat dissipated through evaporation of 1 ml of water
from the skin and lungs amounts to 0.58 K cals, Even
at ordinary  room  temperature  when there is no
phvious perspiration, hest loss through evaporation
from skin and lungs amounts to about 17 K cal per
hour. About two-third of it is lost through insensible
petapiration and the remaindar through the respiratory
passages. At higher temperatures, leat loss by
svaporation from the skin increases tremendously,
During severe heat stress, sweating rale may approach
pemuch as 1.0 litres per howr which, if evaporated
intoto, would mean a loss of 90K cal of heat per
hour. lt stands to reason that this evaporative cool-
ing would diminish under high humidity conditions
aﬁd in the closed and confined space of the cockpit.
The heat disturbances therefore weuld set in at
relatively lower temperatures under these situztions.

Heat stresses the cardiovascular system to the
maximum. Heart rate increases and so doss the
stroke volume leading to an overzll rise in cardiat
sutput which againis aszisted by & fallin peripheral
vascular fesistance. The resultant effect is an
Increase in heat loss through radiation and sweat
gvaporation. The hearl rate rises almost linaarly with
the heat storage. The degree to which the cardio-
vascular system can  take the strain, however, is
i'imitad. Toletance limit 18 reached when the heart
rate rises to 180/min and the core temperature reaches
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39.2°C and syncope follows. Well befora these
limits are reached, the aircrew parformance starls
detericrating.

Exposure to heat also brings about an increase
in pulmonary ventilation through an increase In tidal
volume, the respiratory rate may not change and may
even fall, This may lead to hypocapnia responsible
for soma of the symptams of haat intolerancs. The
increased respiratary  activity is responsible for about
10°, heat loss due to respiratory heat exchange.

Agclimatization to heat occurs in 10 days, and
Is associated with lowar pulsa rate, a lowser body
an increased blood through the
skin and a higher sweat rate when working in heat.
Thess indicate a  decreased strain in the face of
cantinuing enviconmental stress.  Increased sweatlng
capucity is the result of local training of swear glands
causing an increased secretion in response to the
cantral drive, i.e., the elevation of central tomperature,
While the sweat content of sodium and chloride are
reduced during acchimatization, that of potassium
remalins elévated. This is because of increased
aldosterone production brought about by acclimatiza-
tian, which conserves sodium and chloride, but
increases polassium excretion leading to a negative
Loss of appsatite which often
ocours in summer leads to a further reduction in
potassium intake. These factars produce hypokale-
miz with sssociated |ethargy, weakness and |lowsring
of the amplitude of T-wave of electrocardiogram,
psual features of heat disorders.  Fatigue, a common
feature amongst aircrew after a couple of sarties in
cummer, is partly the conssquence of potassium
depletion. In gensral, sirerew baszd at air fields
in Morth india whe are acclimatized to heat, suffer
in summer from = subjective fesling of heat around
veontisth minute of exposure, when there is an increa-
se in oral temperature by 1°4°C, mean skin tamparature
by 4 - 5°C and heart rate by about 5g beats/minute,
Heat asccumulstes in the body and predisposes an
individual 10 heat disorders much faster unless ha
hes been exposed to comfortable environments in
air conditioned rooms prior to the sortie.

temparatura, flerwe

potassium balance,

il e e AT

35



