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Oxygen System for Advanced High Performance Combat Aircraft :
Changing Requirements and Current Options
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In modarn high performance aircraft, chenging operational
and physialogics! needs of the aircrew demand an advanced
oxypgen systom which will Integrate well with tha various life
support and escape systems. This paper reviews lhese
chunging regulremaonts and evaluares the differant types of
oxygen eystems available fo the sircrow,
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!ndlun Air Force has, inils invenlory, advanced
combat alrgrafts frem both the Weslern and Lhe
Eastern blocks, In addilion, there Is an ongoing
project to indigenously design and develop an
advanced multirole, light combal aircratt, The oxygen
system in a modern high pedormance aircrall should
meet the changing operational physiological needs
of the alrcrow. Associaled with these are the svar
increasing lists of personal protective equipment
assamblies, for protection against high suslained
acceleration forces, NBC agents, flash blindness,
thermal burns, accidenlal immersion and impact
forces. An advanced oxygen system which will
integrate wall with various oplions of life suppon
equipment and escape system ol the aircraft, is an
essential reguirement.

Oxygen Systemns - |1AF Experience

IAF joined the jet age on 24th May 1948 with the
induction of Vampire aircraft into service. In the
fifties, |AF possessed Spittires, Vampires and
Tempests as lighter aircraft. These aircraft used a
simple, continuous flow &xygen system with
gconomiser which was sufficient o protect the
aircrew from the effects of hypoxia below 12,182 m
(40,000 ft). The rapid expansion of the
bomberfcombat  aircrall  fleet, following the
Sino-Indian conflict in 1862, saw the introduction of
tigh pressure (150 kg/em® or 1800 psi) oxygen
systems, with demand diluter oxygen regulators and
counter pressure garment inflation facility for the
aircrew. Such an oxygen system weighs more, is
relatively bulky and complicaled. Till the late
saventies, the source ol oxygen supply remained
high pressure gaseous oxygen (GASOX). Only In
1979, with the induction of Jaguar, was liquid oxygen
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(LOX) introduced inthe |AF fighter siream as another
source of oxygen supply. This is a low prassure
oxygen system having waighl and spaca advanlage
over GASOX and uses miniaturised body- or
seal-mounted servo conlrol regulators, In the
eightias, the oxygen system is integrated with ready
pressura high flow anti-G valve which Is currently n
use in Mirage aircralt. Tha possibility of a viable On
Board Oxygen Generation System (OBOGS) has
added a new dimension to the alrcraft oxygen
systems lor fulura tactical aircraft.

Changing Operational and Physioclogical
Requirements

a. Prevention of Hypoxia, Roquirement of
Pressure  Breathing and Counter  Pressure
Garments:

In the earlier days, high altitude flying for
bombing and deep penelralion inlo enermy larmiory
was an important tactical requirement, Thus, there
was a necessity for using various combinations of
oxygen systems and counter pressure equipment
like partial pressure suils, pressure jarking, prassura
halmets ete., depending upon the service ceiling of
the aircrall. Tactical doctrine of modern warfare
emphasises on “llying faster bul definitely al much
lower altitudes”. This restricts the combat aircraft's
operational cailing to 15,240 m (50,000 ft) for mast of
the operations. The role of flying al higher altiludes,
having been made specialised, is given to a different
aircraft altogether. Thus, for a modern combat
aircraft, the oxygen system should caler to meealing
the aircrew requirements from ground level to a
maximum of 15,240 m altilude. A low pressure
differantial system of pressurisation with maximum
pressure differential of 0.26 kglcm® (3.8 psi) will
restrict the cabin altitude to below 7,620 m altitude
when the ceiling altitude of the aircraft is 15,240 m.
Some of the requirements from an oxygen system
used in conjunction with such a pressurisation
gyslem dre:

{i} Minimum concenlration of oxygen in the
inspired alr should be such as to maintain alveolar
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Poz of 103 mm of Hg, i.e., ground level conditions.
Most regulators currently in use, start additional
oxygen into the inspired gas only aller the cabin
altitude: has reached 2,43B m. Emsling
recommends thal Pog should not be allowed to fall
below 75 mm of Hg, i.e., condilions of 1 524 mwhile
braathing air. On sudden decompression lhe
alveolar Poz should nol fall below 30 mm Hg under
any circumstances. So long as the oxygen
equipment delivers 100% oxygen al and above
10,058 m and pressure breathing above 12,182 m,
hypoxia is unlikely to occur on sudden
decompression. The design of the oxygen system
should be such thal the concentration of oxygen in
the mask rises rapidly to 100%. For this, the volume
ol breathing system between the air inlet of the
raqulating device and the mask cavily should be kept
lo a minimum (500 ml). The pressure breathing
should become operalive within 3 sec of the time that
the pressure in the respiralory lram falls below 141
mm Hg absolile (equallo 12 km).*

fii)y Fosilive prossure breathing with 100%
pxygen is required 1o be given to prevent hypoxia
above the altitude of 12,192 m. Maximum posilive
pressure breathing thal can be toleraled withoul
serious discomtort is 30 mm Hg, which can be easily
delivered by oronasal mask, without using counter
pressure garment. This degree ol posilive pressure
breathing at 13,716 m (45,000 fi, Pp=111 mm Hg)
will ensure an alveolar oxygen pressurg of 80 mm
Ha. This allitude being the limit of acceplable degree
of hypoxia may be considered the operational ceiling
for routine flying and 15,240 m as the emergency
ceiling for short period of time?.

This eliminates the use of counler pressure
garments in normal operalions.

{iii} Incldence of acceieralmn atelectasis in flight
has been reported *®°. These studies have aiso
demonsirated that the mndlmn does not occur if the
concentration of nitrogen in the breathing gas does
nol fall below 40%: but it is a likely occurrence in pilois
flying high speed aircrafl involving + Gz
accelerations, breathing 1DU% oxygen and wearing
an anti-G suil. In a study’ carried eut in IAF,
acceleration atelectasis has not been found lo be a
compelling agro medical problem in low level combat
sories,

(iv) Various studies 8-14 have indicated that there

is an improved tolerance lo + Ge acceteralion with
positive pressure breathing. The magnilude of positive
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pressure and the method of delivery are still under
investigations. This may become an imporian fulure
requirement for the aircralt oxygen system.

b. Nuclear, Biclogical and Chemical (NBC)
Protaction and Oxygen Sysitent.

Reports are available on the use of chemical
and biological weapons in the current wars., Qur
aircrew may also gel exposed lo such hazards in
future wars. Il is, lherefore, imperative, that the
aircrall oxygen syslems are capable of providing
protection to the aircrew in the air or on ground al Lhe
ORP. The special equipment lor protection against
flash blindness has also to be inlegrated with the
personal oxygen eguipment.

¢. Inflight Refueling and Extended Flight Time
Capability:

With the availability of inflight relueling facility
the flight time capability of lhe aircrall can be
extended considerably. To malch this extended Hight
time, it will be required to carry additional oxygen on
board which will be disadvantageous In tarms of
weight and space which are al a premium in the
present context. OBOGS which gives unlimited
supply ol oxygan is one of the oplions avallable to
meet this requirement of extendad [ight time.

d. Operation from Frontiine Bases:

A modem light combal aircraft will have the
capability of oparating from unprepared runways,
grass flields, jungle clearings, road strips and
carriers, To take full advantage of such an aircraftior
frontline operations, the “support” requirements
should be as less as possible. Replenishment of
breathing oxygen for gircrew is one of the imporiant
requirements. The storage is not a problem at
permanent and well established air bases but while
gperating at short nolice from frontling positions and
unprepared airstrips it may become a serious logistic
problem. OBOGS which ngeds minimum ground
suppaort tacilities will not only eliminate this logistic
requirement but also reduce the aircraft turn around
time which may be a crucial faclor in war. OBOGS
also eliminaies fire and explosion hazards in storage
on aircraft carriers and small ships.

Currant Options

Four types of oxygen system are available
These are gaseous oxygen syslam [GASOX), liquid
oxygen system {LOX), on board oxygen generation
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gystem (OBOGS) and solid chemical oxygen
generators. Of these, GASOX and LOX are in
extensive use in avialion. Sclid chemical oxygen
generators have been used in some fixed, portable
and under water oxygen systems. Thay have soma
inherant disadvantagas like contamination of the
pxygen with chemical dust, limited oxygen supply,
large bulk and weight, and as such are not favourad
as a standard aircraft oxygen system.

a. Gaseous Oxygen System

GASOX has been in use in 1AF avar since the
inception of aviation. lls subsystems are' well
developed and are rellable for use in tighter aircraft
Howaver, the main disadvaniages ol this system are
its pronness to the danger of explosionfire and the
requirements of large space and weight which are al
a premium in a light combat aircraft. To obviate (he
requirement of large space and weight, ver:,r high
prassure gaseous systems (300 to 400 hgfcrn ) are
being proposed for use in fulure aircraft. The
Infrastruciure to provide gaseous oxygen al such
High prassure is currently nol available in India but
elioris o establish such tacllity could be explored.

b. Liquid Oxygen System (LOX)

Liquid oxygen has about 3.5:1 weight
advantage over gaseocus oxygen syslem and an 8:1
advantage in lerms ol space saved. LOX 15
extensively used in military aircratt all over the world,
though IAF experience inthis figld is limited. Despile
lhese advantages, the disadvantages in terms of
production, supply, handling, charging ino the
aircraft and very high evaporation losses are tha
practical problems  while operaling from
disparsediorward air bases. Ancther disadvantage
is a constant danger of contamination of LOX by
concentration of contaminants whase boiling paint is
higher than thal of liguid oxygen. The source of
contaminanis is the atmospheric air from which tha
liguid oxygen is produced and the common
contaminanis are nitrogen oxides, carbon monoxide,
carbon  dioxide. hydrogen  sulphide  and
hydrocarbons, Frequent qualily contrel checks are
thus essential fto eliminate eniry of such
contaminants into the breathing gas.

c. On Board Oxygen Generalion System
(OBOGS)

Ever since the early days of avialion, the most
logical and attractive proposition for supply of oxygen
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to the crew was by on board generation of oxygen
from the atmosphere. It was only in the latter hall of
the 1960s that technological advancements gave
this idea a practical shape and study programmas
got underway. Many methods of on board oxygen
generation have baan studied. The impartant onos
out of these are :

I. Fluoming temperalure swinlg System;

The syslem involves use of Huoming, le.,
Coball-bis (3 Fluerosalicylaldetyde), which has the
properly of absorbing oxygen in weak revarsible
reaction, similar to that of hagmoglobin with oxygen,
With this system il is possible to produce oxygen with
a puntly standard of 98.5%.

The system consials of lwo beds of matal
chelate fluomine. Engine bleed air under pressure s
introduced inlo the beds alternately. Oxygen
combines with the fluoming and the remaining air
which has been stripped of oxygen is vented
overboard. Al a predetermined lime, the air s turned
off and the bed is heated. The pressure of the bads is
then reduced thus liberaling oxygen absorbed
previcusly. Al the same lime the other bed I
pressurised. A conlrol system automatically
regulates the pressurisation/depressurisation and
heating/cooling of beds. The system has been flight
lested on American B-1 lesl alrcrall where it was
roulinely flown as the sole source of aircrow oxygen,
It has been used in the US MNavy Air Force Oxygen
Generation System (NACGS) Programme. The
limitation of this systemrests in producing Fluorimine
metal chelate which can retain its cxygen absarbing
capacity for a long time. The system used in B-1
aircrafl had a Fluomine generator life of 300 hrs.

it . Barium oxide/dioxide system:

This system involves a specially prepared
barium oxide/dioxide mixture which is kept at a
constant temperature of 760'C. The oxyqgen is

extracled from the air at high pressure by this mixture:

and it is released when the pressure is reduced.

2Ba0 + 0Oz = =2 Bals

The disadvanlages of the system are
complexily of design, high electrical power
requirement for maintaining high temperalures and
pressures, and frequent break downs. Moreover, the
air which is introduced into the beds should be free
from COz, maoisture, ol and other contaminanls,
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These problems have led to the rejeclion of this
system for use in aircrafl.

iil. Water electrolysis system:

Development of a syslem where waler is
glectrolysed to produce oxygen was tried and it was
abandoned because of the reguirement of
replenishment of the system with water of very high
purity and the high electrical power requirements.

iv. Electrochemical system.

Litilising the lon exchange principle, the system
electrochemically intreduces oxygen from the
airstream through a sulphonated solid polymer
electrolyte. Oxygen combines wilh H* ions In the
electrolyte lo lorm Hz0 which is later electrolysed to
release oxygen, and H™ jons return to the electrolyle.
Its performance has not been found lo be salislaciory
and syslem development for aircralt oxygen has
been discontinued,

v. Permeable membrane system:

Pressurised air is introduced to a polymeric
material membrane surface which has the quality to
separate and enrich gases on the basis of their
permeabilily co-efficiant. With eurrent technology in
this tield, it is not pessible o produce oxygen above
90% purity level. Since the demand diluter
requirements  of oxygen for an unpressurised
operation to an allilude as high as 7,620 m is about
50%, this system may find application in aircraft that
operate al lower altitude. The attracliveness of this
approach is enhanced by the simultaneous
praduction of Mz enriched gas for fuel tank inerting.

vi. Molecular sieve oxygen generation sysiamm
(MSOG)

The heart of the system is the concenirator unit.
it uses the molecular sieve separation process to
gnrich a source of engine bleed air to produce
oxygen gas. The system is based on a three bed
molecular sieve oxygen generater (MSOG) The
MSOG unit is located inanunpressurised zone of the
aircrafll. Gas pressure is controlled by a pressure
reducing valve fitted at the engine bleed inlet of the
genaralor unit. Separation of oxygen trom nitrogen is
achieved by the adscrplion properties of synthetic
zeolites (hydrated alumino silicate minaral) which
can discriminate between the size and degree of
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polarisation of gas molecules. The MSOG unit has
threa containers of zeolites, Pressurised air is fed
into each of the bed in turn, The pressure initiates
adsorption phenomenon with oxygen being the leasl
adsorbed gas. The oxygen rich product gas flows out
of the system unlil the bed become saturated with
nitrogen. The process is then stopped and tha bed is
depressurised by venting it to ambient atmosphere
and purged with a reverse flow ol product gas from
the successive bed. This restores the bed (by
desorption) and the cycle continues. The
combination of three beds operating sequentially,
produces a conlinuous and smoath supply of
optimum quality product gas.

The correct oxygen concentration appropriale
to the physiological requirements ol the crew
depending upon the cabin altitude is achieved by
electronic control of the cyclic duration ol each bed.
The mazimum concentration of axygen that can be
obtained by the system is 95%, the rast being argon
which does not appear to have any adverse
physiological effects.

Since the system depends upon engine blead
alr for producing oxygen, standby oxygen is
provided which can be aulomatically/manually
initiated in casa of emergencies, .q., turbine fallure
and also rapid decompression.

Table - | Comparison of LOX, GASOX and
OBOGS for single seat combat alreraft

Syslem

LOX GASOX OBOGS

Slarags means 5L 5 x7s0L Diygen Seneralor
Convertor  Cylinders it olecular sisva)

MNormal slorage ; 4.9 126 —
pressune (kg om”)
Normal storsge 3800 3750 On Board
capacity (L) Generalion #
Adlual usable 3420 2900 —_—
gas capacty (L) :
Envelope inslaflalion  0.022 0074 0.0229
space {m’)
Weight empty (kg) 687 5,04 20.5 1
Weight full (kg) 12.04 4a12 22.7 W4

i Maximum oxygen concentration obtained is 95%.
# # Wilhback up oxygen cylinder of 200 L capacity.

73



Conclusion

From the physiological requirements, all the
three systems, i.e., gaseous, liquid oxygen and
QOBOGS, have the same capability for a fighter
aircralt, where requirement to stay at high altitude
after loss of pressurisation is only for a few minules.
A comparative sludy of weight and space
requirements for the three oxygen systems for a
single seater combat aircarft is given in Table 1.

The protection oflered by OBCGS under nuclear,
biclogical and chemical warare environment is not fully
known/evaluated as yel. Adequale information
regarding capability of OBOGS to eliminate Ikely
contaminants from engine bleed air, eg., CO and
methane, is lacking. Available literature indicales that
this problem is not likely to pose a serious hazard and
OBOGS can efficiently eliminate these contaminanis
wilh additional filters.
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