A Case Reporl

In-flight Cold Injury from LOX System
Sqn Ldr S Damodaran , Wag Cdr GK Sapre“. Wg Cdr MM chra#

Liguld  Oxygen (LOX) is extansively used fn
iodernt Nghter alreraft due 1o s adventege in saving
space and weight, Cold infury due te accidmital sontacl,
8 o well known hazard te ground servicing personnel
handling LOX. Howaver, In-flight cold injury as o bazard of
LOX system s almost unkanown. A case of Inflight cald
Injury due to lask In the anth-G sull, inflated by Oxygen
fram LOX, js reporied. This paper discusses the seeident,
the cold Infury to the pitel, damage caused to Oxygen
hose wnd the mechanism of cold geseous Oxygen
andering e wn -G s,

Keywards @ Liquld Oxygen (LOX). Cold injury,
Aarolatics, Anl-G sull, Oxygen hose. +

Mlilary aircrall use hguid Oxygen (LOX)
system Lecause ol its advantage in saving space
and weight. In meodern fighter awcrall like
Mirage 2000, the LOX system s integrated with
ready pressure, tugh llow antiG vaive. Ground
servicing personnel are prone 1o cold injury due 1o
doecidental contact with | OX. However, in-light
cold injury a5 & hazard of LOX system is almost
unknown. A case of in-light cold injury is reponed
because of its unigue occurrence

The Incident. On 14 Jan 1891, 3
Mirage 2000 trainer wilh wo aircrew took off {or
an aerobalic sortie trom an Air Force bass in
Cenlral India ai 1120 hrs. Alter 1ake-oll, the
aircraft climbed to 10,000 NI and was operaling
overhgad The pilots carried ou! consacutive
logps and ‘clover. In the aerobatic ‘clover, the
threction of the aircratt is changsed eilher in the
ascending or in the tescending mb of a scries of
leops so as to torm a patiern like the clover leal
In this incident during the ‘clover’. the front cockpi
pilet felt slight irritation on his nght thigh., On
completion ol lhe ‘clover manoceuvre, the rear
pilot took over the controls. Al this junclure, the
tront pilot felt a cold, tingling sensation on his nght
thigh. On looking inside the cockpit, he found that
the anti-G valve hose was frosted When he tned
to discannect the hose, he f2ll it too cold to touch
He communicated this fo the rear pilot and they

decided to abandon the sortic and cany out
immediale landing. They landed at 1142 hrs, 6 1o
7 minutes atter the incident. During the landing
run, the pilots observed the Oxygen warning light
coming on, followed by an indication of
gmargency Oxygen supply.

Findings

On landing, the pilol complained of pain
and burning sensation over he nght thigh. Local
examinabon revealed an erythematous area of 3%
4 inches over the upper part ol the right thigh, On
the second day, blisters of 1.5 1o 3 inch slze
appearad over this spot {Fig :1). Examination of

Fig - 1
anti G suit revealed no exlernal damage. On
inflation, il showed a leak in ils right thigh sectian,
Cxarmunation of bladders removed from the suit
showed a gap of 1. cm on the inner sealed cdge at
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4 point just above right thigh pladder (Mg 2)
|gets carried oul on the anti-G valve revealed no
mal-lunction. The LOX container was found 1o be
empty. The hose bringing Oxygen o the
smergency  Oxygen unit was found lo be
damaged in the form ol cracks with Irayed ends
an its outer rubber Cover.

Trials: It appeared from the findings thal
the cause of the incident was lhe tear in ihe
anti-G suit leading 10 & continuous high flow of
Oxygen during aerobatics which resulted 10
cooling of Oxygen. 1heretore, & inal was
eonducted to see whelher 2 continuous flow of
Dwygen al high rate could cause a significant drop
I ils leMperature.

The trial was conducted in the arcratt on
the ground. The delective bladder was titted to the
anti-G valve. To simulate {he effect of G forces, @
small metal plale was mounted on the anti-G
valve, The pressure Wds apphed manually over
this plate. Though & precise quantification of flow
could not be gauvged, it was gssessed on the lesl
pench earlier thal thumb pressure on the plale
gives sut inflation  pressure gimilar o that
gncountered at 9G sifuation.
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Alter creating & continuous How through tha
valve, the bulb of the (hermometer was kepl on
the leak point of the anti-G suit. The temperalure
slarted lalling slowly initially tallm% very last ailer
sometime. It came down from 27°C 10 13°C in 1
minute 30 seconds. Al this point, the Oxygen
hose connecting seal aircraft  disconnect 1o
gmergency Oxygan supply unit was covered with
frost. Simultancously, condensation and rmsting
was noted on the antl G valve hose. To avold
jurther damage 1o hose, the trial was stopped al
this slage

Discussion

e LOX system mn the Mirage-2000
consists of a 5 lire container also called LOX
converter, a heat exchanger, emergency Qxygen
supply unit, Dxygen reguldtar and associated
pipings. The anti-G valve which inflates the anti-G
suit with Oxygen 18 integrated with1he LOX
system W15 of the high tlow, ready pressure lypd.
It inflates the anti-G suit with a ready pressure of
5 1o 10 mbar which is maintained uplo 2G'. When
gxposed 10 acceleration above 2 G, 1t allows a
jurther flow of Oxygen into the suil. A regulating
diaphragm culs oit Oxygen tow when pressure on
gither side of 0 gqualses. In this  incident,
hecause of leak in the anti-Gi suit, the pressure on
the suit side of the diaphragm rnever rose and
therefore the valve allowed the continuous flow of
Oxygen Ul the LOX container emplied. Under 2G
condition, (he conlinuous flow did not produce any
significant effect since the pre intlation pressure i
only & to 10 mbar The inflation pressure
increases to 144 to 210 mbar at 4 G simulation on
the lest bench

During this particular sorie, the aircrall was

subjecied 10 approximately 4 G during the
-clover’ manoeuvre for period of about 110 15
minule. Hence signiticant high llow firsl came
about only during the clovert and the pilot
noliced symploms.

The contnuous high rale of demand of
Oxygen resuited 0 cooling of gaseous Cheygen
antering the anti-G sull There were three faclors,
all related to the physical properies ol a gas,
which caused this cooling These are |
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(a) Expansion of gas due to fall in
pressure : The LOX converer is filled at a
pressure of 55 PSI®. Immediately atter filling,
pressure build up starts and goes on till containar
reaches the operaling pressure of the converter
which is 70 - 115 PSI (483 - 793 K Pa)®. Under
normal conditions, any demand by the user is mel
in gaseous state from the top of the liquid (Fig :3).
The subsequent tall in the pressure is resorted by
allowing liquid into the pressure build up coll. If
the demand i more and the pressure level in the
delivery line falls below a pre set value, then the
demand is met in the liquid state trom the bottom
of the container via a non-return valve/ditferantial
check valve™ In his incident, the continuous
flow during the 'Clover manoeuvre caused a large
fall in operating pressure resultling in cxpansion
and cooling of the gas.

(b} Shortage of warming up time : The
lall in the operating pressure did not occur
because of the continuous high rate of demand
during the ‘clover manoeuvre. Therelore ihe
demand was met in the liquid state trom the
bottom of the confainer The liquid vapourised and

"m SCHEMATIC FuAdRdM OF A LoX CONVERTER
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direclly entered the heat exchanger shor
circuiting the normal process of pressure build up
(Fig :3). The heat exchanger could not handle this
large flow of low lemperature, low pressure gas,
Therelore cold Oxygen entered the cockpit,

(c)Temperature stratification : Ag {he
process of pressure build up continues, the
vapour pressure rises tll it is In equilibrium wilh
the liquid al the operating pressure of the system,
Al this point, the liquid attains unitorm
temperature and s said lo be stabilized. This
stage is reached 10-12 hours alter filling. Any
agilation ol the liquid before stabilizalion disturbs
the liquid-gas intertace, bringing colder liquid into
contact with the gas which then condenses and
pressure consequently falls in the gaseous
phase®. This phenomenon is called temparature
stratification. In the presen| case, even though a
stabilized LOX Converter was used, the high rale
ol demand caused fall in pressure of the gas
resulting in destabilizalion of the liquid. During
aerobatics, agitalion of destabilized liquid resulled
in temperalure stratitication® leading to further fal
in pressure and cooling of gas

The effect on breathing was nol
pronounced since the Oxygen regulalor was
functioning normally and the demand was very
small. Considering the physical properties of the
gas, lhe length of the hose between the regulator
and mask was adequate o warm up the small
amount of gas.

Similarty, the nomally functioning anti-G
valve and the Oxygen regulator combined wilh
exira length of pipings from the common LOX
converter, did not produce any effect on the rear
pilot.

Concilusion

The leak in the anti-G suil combined with
nigh demand for 1 to 1.5 min during the 'clover’
manceuvre resulled in cold Oxygen entering the
anti-G suil causing cold injury at the site of leak.
Ihis incident has brought to light that the use of
LOX in fighters can lead to in-flight cold injury in
case of eguipment malunction. Such incidents
during combal manosuvres can produce serious
consequences 1o the mission as well as o the
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piiot. Therefore, the use of LOX in lighters require
4 raview with all aspeols of its role during normal
gperalion as well as under emergencies.
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