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Ventilatory Requirements of Indian Aircrew - a pilot study
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Ventilatory requirements of wircrew form the
hasis for assessing the quantity uf supplemen-
fal oxygen to be carried in any aircraft. MIL
standard use the oxygen bottle consumption
method for assessing inflight ventilatory re-
guirements of aircrew. Indian aircrew are
anthropometerically  different fram  westorn
aircrew, Indian flying conditions, and differ-
emt dreathing equipment assemblies may all
have & bearing vn the ventilatory requirements
of Indian wirerew. Using the same method
adopted in MIL spece in flight bortle oxvgen
consumplion was measured in four different
MiG aircraft in four different pilots during
sraight und level flighe. It was seen that In-
dian ventilatory requirements were lower than
wesfern MIL standards,

A ente hypobaric hypoxia is known to de-
velop when an individual aseends 1w aft-
tude: without supplemental oxygen/pressari-
sation [1]. The ill effects and danpers of hy-
poxta are well known., Unlike other physiologi-
cal aviation stresses prevention of hypexia has
to be calered for in a continuous manner from
very low altitudes itself by provision of supple-
mental oxygen and cabin pressurisation. Sup-
plemental oxvgen in the form of pascous oxygen
(GASOX), liguid oxygen(LOX) or morc re-
censtly On Board Generativn of Oxygen
(OBOGS) is provided o the aircrew in different
aircrall, GASOX is always the emergency
source in any -aircraft due to the reliabifity of
the system. In OBOGS a GASOX emergency
spurce and in some cases another Back Up
source (0S5 15 mandatory.

IL is very important that the quantity of oxy-
pen that 18 consumed during flight by the air-
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crew (single or more) be known o avialion
physiologists and design engineers. This figure
would have unporlant connatalions in the de
sign of caygen systems as b would be the guid-
ing principle o determine the quantity of oxy-
gen that should be carmied on board the aireralt
Far the designer if, enables him o caleulute the
welrght/volume requirements for the oxypen
source. liven more important s the necd of
ventilatory requirement to assess the guantily of
the emergency oxygen system and in - any

OBOGS back up system.

Till date, figures used [or this purpose are
based on dats piven in the MIT. Standard 19326
of 1971 [2] which dre derived from studies. of
buottle vayvgen consumption in flight of US air-
erew. The figures given are the average ventila
lory reguirements for an aircreew flying a com-
bai aircrafi. T'he figure for a single man is
23 LYminuia (BTPS). In 1978 US and UK data
were reassessed o include changes in pulino-
nary ventilation during varigus phases of flight
and were incorporated in an amendment Lo the
MIL 19326 F-1978 [3]. This was 18 litfmin
(BTES) with 25% increase for lerrain following
and 75% increase for combat sarries,

These figures are based on studies done on
subjects whose anthropomelric slandards are
very different vis-g-vis Imdizn populatinon. Tn-
dian operaling environment and temperatures
are also different and therefore the ventlatory
requirements may be at variance with the wesl-
ern data. The ventilatory requirements ol flight
also depend on various factors, The ventilalory
requirements for straighl and level Right would
be much lesy as compared (0 combat or strenu-
ous xoriicy such as fow level navigation. The
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ather lactors that affect the ventilatory require
ments are [1.2]

t#) Temperature: Increase in ambient tempera
ture results in inoreased ventlation

(b Age and experience of the airerew: An ix-
perienced arrerew wionld have a lower ventila
Lisyy

rale M i:l:!llTI'l"l-.'iTi.‘tE {{}] Tt'i:tr'.‘.'t‘"l:. Inif'\:['!t‘r';

enced mrorew for a stmilar sortie

(el Presence or absence of personsl breathing
equipment, Eoch oavpen system offers o defi-
resistance of
hreathing, s factor has a direct bearing on
the pulmonary ventillation, Moderate resistance

niie and quantifiahle amount of

causes slowmg and deepeming of respiration
while high resistance causes rapid and shallow
breathing

I'he above mentoned factors necessiated a
basic study 1o assess the ventilatory reguitement of

Indian amrerew flving high perfonmance aircraft

Materials and methods

The wventilaiory requirements were indrrectly
assessed by caleulating the boule
consumption an {light of four MIG (Type
aircrafl sorties at medium altitude viz. 3.5 to
G km feonesponding W calan altitudes of 2.5 Lo
3 km). Strapht  wnd Might
four different wireriafll Nown an four different
days by four hifferemt pilos of sams
anthropomereric dimensions formed the data-
base for this study. The smdy regquired each
pilol to resort o breathing of 100% oxysen
from the ground during each of the sorties by
switching the repulator 1o 100% from geound
level el This procedure was adopted be-
causc then the role of the airmix controlling unit
i the KKO-5% system viz. the K32 unit is cir-
cumvented and the calculations become easier
The sorties were flown with aircrew wearing the
KM 32 oxygen mask. The sorties were {lown
between 0200 and 1030 hours in the month of
May when the averape ambient temperature ut
Bangalore 15 28 1o 28°C

oxXv

level surtics  of

AITOSEE

The MiG 21 (Type 75) 15 equipped with the
KR (3-5 GASOX sysiem. The oxygen 15 carned

kit

Vemfilators reqairementy on Indean airorew — Reltan ecdl,

a dotal  capacily of
This
F506F Nires al notmal seq
level prossure (1 Almosphere pressure 1s equal
to almost | 'n'j_t."v'.'ﬂ11] I'he KKO-5 oxygen system
5 2 robust system and 15 capable of use in
thghts ot extreme high altitude [4.5]. The oxy-
gen system 15 50 designed as o funcuon during
pressunised Might (contuoes duty ) aod wnpres
surtsed Might (short duty

in three eylinders  with
1O litees ut o pressure of 150 kg."::ln"

translates to wlmosl

Inflight ventilation valoes wera ealeulated
from the data provided e the dilference i
GR¥gen prossure prior o commencenent of the
sortie and abwer the completion of the sortie,
Using Bovle's law i.e. PV, = PyVi the diffep-
ence o the pressure ol oxygen pre oand post
surtie, the consumption ol oxyeen during (b

sortie wus determincel.

The methodology adopted 15 similar to those
adopted by western studies and provides a value
of average wventilation during actoal  flight,
However, this method does ool allow [ de-
teroniming the Tow rale ceguirements amd eenti-
lalory reguirementy durinmg the dufferent phascs
af Qight, via lake off aml Janding, comban aul
terrain following

Hesults

The results of the oxysen pressures pre and posi
sartie of all the four sorties are presented in
['ahie |

Fram the above Table wt 15 seen that the
value for the average pulmonary venulation in
this study is 15,44 Vmin with § range of 1245
lo 15.4% Lmin (BTPS). Whal 15 of considerable
interest s thul there 7 &/ delinile and . constant
relationship hetween the sortic duration und he
oxvgen consumprion of all the four different
puots who flew four different sorties in four
different aircrait.

Miscussion

There 15 only a limited amount of data of pul:
monary ventilation of awcrew operating high
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Vantilatery requirements in Indian aircrew = Rattan e al

Table 1: Oxvgen otilisation in four M 21 (T-75) sortics:

Maramcicr of study

Uxygen prossure pror o sian of soric tkgfom )
Oxypan volime ar WTF conditone (1 atmnog
phere = 1.03% Kpfem® (lhres)

Pwiradion of sartie (i)

Oxygen presswre ol cnd of suttac ikgfom”)
xvpen pressure reduced by (kpfom”®)

Crovgenn wolume al WTP condinions {liies)
Cryvgen consutnplion lor the sarc (hitres)

Rate of nxyeen contomption (1Vmin)

Sorfte Kirrfte Nartie Keirite
| ) i o

| 3t 150 | 56l (IR 1H]
145208 145208 L4528 LbS2.0H
15 14 15 15

(g0 10 | 111 (E1k]
40 50 40 45

10hd S 64, 50 | {3k 1 LibD 6, o
iZ) 1B 484 03 187 14 IERNIN
15,4872 1383 154872 1245

Aversgs oaypen conpsumplion s = 14205 Lircs/onun (B TFE Cintvedting BTFS tlis woulid be

equnl lo 14 3153 = 1 07 = 1534 litresfinn

performance aireraft [2] The sodies available
have used in flight oxygen bottle consumption
b 8 measure of average pulmonary vennlation
of aircrew. More sophisticated methods of in
flight wentilation recording are possible |6
However, for obvious reasons such instrumen-
tutiom can only be done in g single atreraft and
flown by a limited =cl of pilots: Morcover no
significant difference in average ventilatiaon is
to be expecied using the oxygan hortle con-
sumption method, [6].

Prior 1o 1978 oxvegen reguirements were
based on disparsie  figures of  ventilatory
requircments of airerew [rom UK and USA
a5 given in Mil Spec MIT-D-12326. Now oxy-
men system design s hased gpen the baseline
DXyfen Taquirements given in the Mil Spec
MIE-D-149326.F in- whach figures from both
countries are almost similar[2]. The oxygen
supply reguirements for o GASOX arerall oay-
ren sysicm is hascd on the average inspiralony
minule wvolume of 18 Vmin (LM which ix
M0 mlfzee per crew member determined at
BTPS conditions: The specificauons also men-
tion that the baschine pulmonary venitlation is
increpsed by 75% in aerial combat and 23%
during terrain fullowing sortics,

The results from our study where the aircrew
were flving straight and level at altitudes be
tween 4 and 6.5 km: corresponding cabin alti
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tiscles of 3 kmooar L0000 feel wive Lthe: base-
lime pulmonary ventilation hased oo in Tight
bottle consumption of osyveen during mediom
altitude tlights to ba 1544 Fmin (BTPS) Even
though only tour sorpes were Hown in ths
study the results are rehiable as evident from
the fuct that sach of the four pilots vsed up
a stmilar amounl of oxyeen which was depend
ent anly wpon the duralion of sortie. The values
of nwvgen consumplion caleulaled in this study
are lower than the ficures quoted in the relevan|
Mil Spec of 18 Voin (BTPS) This can bhe
expected since Indian pilots have lower anthro-
pometric measuremsants than western aircrew
resulting in lower lung volumes and capacities
by as much as 15%. Since the walues are tor
averdge pulmonary ventilatlon and are lower
than western stazndards 10 is lele that these
M1l Swandards can be used for the Tndian pilol
(Military) populanen. [owever other parame-
ters of operating in combat/low level sorties
and  under differsot ambient conditions of
operations in tropics will need to be deger-
mingd hefore more conorele assunplions can
be drawn. However, using the baseling daw of
this study, this reladvely easy merhod can be
used to determing the ventilatory requirements
in combut/fow level sorties in the Teld wlhich
will then help to formulale Tndian speeificas-
tions [t would he prudent that a larger number
of sorties flown in dilferent atreraft in different
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operational  roles different  personal

breathing systems be unulysed for incorporating

using

into specilications,

Conclosion

This project was conducied as a pilot study
The strenglh of the protocol using botle oxy
geo Cconsumphon lies in its inherent simpli
city. The methixl adopted i good for measure
menl ol wverage inflight ventlation and can be
used i operational bases to validate the figures
obtained 1n this study. Indian average ventila-
1ory requirements are found to be lower than
western standords, However, more work needs
to be done to demands

asceriaim I'L""irI1T.'1[('IF!|'

Ventifatory Fituitt e Rty in freclveint grirorenw, — Heretam ef ol

during execution of operational (lying in the
tropics,

Heferences

| Brasting I, Sharp OR, Prevention of Hypoxia, In: A
Commadare Tahn F‘-I'Il'irlll;._'_ it Adr Viee Muaeshal g
ter Kinpg s, Medivane . Hullevworils,
98K, A0O-T2

2 Emsting. J. Operattonal and Physinlogieal Regquie
ments lor Atrcralt Daygen systema 19434

L} MILLD 19326 HE- 978
Malik T Avromedical avsessment of Oxygen sviems
i eiirend use i LAE, Foeld Projeol Report, 330d Ad-
vanced Course { Aeiospace Medidine), 1994, 7 -Us,

5 Tralning Motes on’ Oaygen syvsbems, KEO 5, IAF
publicatian

& Harding B8 luman respiratory response duing high
performance thight. AGARD 312, 1987, 3-R.

Avinifeain

Ind, JoAeraspace Mad 32 15995

Review

I nle
1l
i cont
ellicie
Hepal
Lo be

Lo its

tiom [
dition
duting
ol co
BRpOD
helpin
injure
KOrCor
[T
CaUSE;
larss &
rECOHV

Vi
feciio
Crosis
clinie
There
the et
ol VE
durats
on the
brief
izl
is pre

The

There
VTS

fnd

.



