Symposium: Deslan of a Modern High Performance Alrcrafl

CABIN ENVIRONMENTAL CONTROL

Ranlit Kumare

IN COMBAT AIRCRAFT

In a man-machine complex such as &
modern high performance combat afveratt
optimum cfficiency of both wmust he
ensured, Neficiency 1n elther will
limlt exploltation of thelr potential
which 45 not desirable [our misslon
compleLtton. In the Flying environment
there are many facters that tend to
1imit man's performance, the control of
which 1s of paramount importance. The
aim of this presentation is Lo provide
a peneral view of the nature of these
problems and highlighit the requirements
aof cabin envirommental control,

Problems Related to Reduction in
Barometric Pressure

Some of the most importanlt medieal
problems associated with flight are
directly related to reduced bearometric
pressure and the attendant reduction in
partial pressure of oxygen. In order to
operate ar altitudes beyond the tolera-
nce limits of man, the most logical way
of ensuring protection is to provide,
within the aircraft cabin, an atmos-
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phere at a pressure compatible with
the physiological needs of human body
regardless of the flight altitudes,

i.¢., by cabin pressurissation.

The main physiclogical considera-
tions for cthe desipgn of a pressure
cabin and the level of pressurisation
are based on thresholds and critical
altitudes for hypoxia, decompreasion
sickness, expansion of trapped pases In
the body cavitles, rates of chanpe of
cabin pressure during ascents  amd
descents, and the possible harmtul
effects In the event of sudden cabin
depressurisation. The idsal level of
pressurisalion from the physiological
angle would be to maintain sea level
conditions which would eliminate -all
these problems. lIn actual practice,
departure from this becomes a mandatory
gperational requirement. The factors
that will delermine the extent of
departure from the ideal oeed serious
consideration while designing the
modern cowbat aircraft.

Hypoxia : Studies oun the effects of
hypoxia on the cognitive funetions have
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shown significant performance reduction
beyond an altitude of 3,000 m. Progres-
sive dimpairment of alertness, memoTy,
computational ability and attention is
noted between 3,000 m and 4,500 m. Re-
cent memory and night vision are adver-
sely atfected between 1,800 to 2,400 m.
Consequent to Lhese observations, 2,400

to 3,000 m was agreed as an accepted
standard for cabin altitude. Recent
studles have shown Impairment of the

ablility to learn a novel task between
1,500 and 2,400 m. In view of these
findings, a cabin altitude of 1,500 te
2,100 m is gaining wmore acceptance.
Another factor that determines Lhe
maximum acceptable altitude is the rate
at  which judgement and performance
decline 4in  case an afrecrew has to
revert to breathing air due te a Ffault
in oxygen system, depletion of oxXygen
or leakage in an i1l fitted mask. In
case of failure of oxygen supply, the
time available to recognise and to take
remedial measures decreases from 10 to
12 min at 6,100m to 3 to 5 min at 7,600
mand 1 to 1,5 min at 10,000 m. Since
the harmful ecffects of hypoxia are very
severe above 6,100 m it is now regarded
as a standard limit for crew and most
of the modern combat aireraft are main-
tained around this maximum.

With the advent of air to air re-
fueling, the endurance of aireraft can
be greatly extended. The conventional
alrcraft depend upon compressed GXVEen
or 1igquid oxygen. Accepting a marginal
degree of hypoxia means economy in the
use of aircraft oxygen stores. With the
conventional LOX or GASOX systems, 3
reduction of weight and freguency of
charging are the main considerations,
and a cabin altitude of 1,500 = with
crew breathing air may be acceptable in
4 combat aircraft.
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sickness 1 This 1
rarely seen  below 6,700 m. Witlhou
adequate denitrogenation the ineidenc
rises above 7,600 m and becomes increa-
singly likely above 9,100 m. Hence, the
cabin altitude should not exceed B, FH
m. For mission completion the crew mas
hdave to stay at a higher altitude anc
in such cases they should he adequatel
protected with oxygen breathing prior

Decompression

to flight.
Expansion of trapped gases @ Gages
in the abdominal viscera may cause

discomfort and paln on exposure Lo
reduced baromelric pressure. These are
not serious in most peaple but ean be
extremely uncomfortable and even [nca-
pacitating at altitudes bevond 7,600 m.
Limiting the waximum cabin altitude
below this will prevent symptoma In
healthy air crew.

Another important counsideration is
the degree of ease or difficulty in
equilibrating the pressure of Lrapped
gases 1in the widdle ear as per rates of
cabin pressure change during ascent and
descent. Very high rates of ascent can
be tolerated by the trained military
pllots but during descent a Pressure
change of more than 136 mb is the maxi-
mum acceptable.

Sudden Failure of Pressurisation :
Pressurised cabin has heen universally
adopted as a means of protection again-
st hypoxia, decompression sickness and
symptoms  due to expansion of rHEes,
Failure of cahin pressure, acecidental
or due to enemy action, must be regard-
ed as probable and considered. The
harmful effects of rapid decompression
to the occupants depend upon the area-
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af defect, volume of the cabin and the
ratlo of cabin pressures before and
after the decompression.

In military aircraft, decompression
can be very rapid following loss of the
canopy as & result of enemy action or
deliberate jettisoning. To limit the
Jnjurious effects of rapid decompre-
suion, a low pressure differential 1s
reconmended, Cabin pressure can be
reduced during high altitude flying
without the danger of hypoxia or decom=
preseion sickness by using appropriale
uxygen equipment and maintalnlng  the
cabin at a pressure below the threshold
of decompression sickness. The most
desirable cabin pressure represents a
compromise between the ideal for an
intact cahin and what is necessary as 4
preparation for vrapid decompression.
The possible lhazards of hypoxia, decom—
préssion sickness and barotrauma intro-
duced with low differential pressurs
cahin must be weighed against Lhose
of cxplosive decompression. A low dif-
ferential pressure cabin is used Lo
reduce the harmful effects of rapid
decompression provided it does not
compromise safety and comfort. With a
low differential cabin and using oxygen
throughout the sortie, maximum cabin
altjlude of 6,700 m can be achieved.
Most present day combat aircraft are
provided with low pressure cabin.

Probleme Helated to Thermal Environment

Thermal environment in the cabin is
an important facter for optimum pilot
performance. Both heat stress and cold
stress iImpair performance. Complex
egquipment for personal cooling like air
ventilated suits, 1Iguid ecoled suits
and head couling have been devised and
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none of them have been found Lo Dbe
completely satisfactory. There is 1o
satisfactory standard specification For
thermal requirements in military alf-
craft. Unlike in the Wesr, in our coun-
try, the maln thermal problem is  heal
stress. The thermal environment should
enable the crew to [unctlon under all
operating conditions with & range of
personal  flying clothing assembllies.
Air temperature control, air flow and
distribution should be physlologically
acceptable. Conditioned air should be
supplied to the cabin so as to maintailn
the mean skin temperature at 33 deg C.
Most of the modern alrcoraft have manual
and automatic control which maintains
cabin temperatures of 15 to 35 deg C.
There should be provision for air
distriburion directed towards Feet,
torso and head and shoulder reglon.

Noise and Vibration

Molse and vibration can result in
discomfort and physlological straln
besides waking conversation impossible.
tCertain types of vibration Interfere
with visual performance. By providing
spod sound  proofing and properly
fitting helmets, the nolse levels can
be greatly reduced. Vibration level
gshould be reduced te levels compatible
with comforrt and efficienl performance.

Conclusion

It is easier Lo specify the ideal
cabin than to provide iL. The cost of
weight / power penaities to achieve
the ideal may not be justified. Compro-
mises may be worth while at the cost of
a little discomfort and an acceptable
physiological strain on Lhe occupants.

19




