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AEROMEDICAL PROBLEMS OF HIGH SPEED LOW ALTITUDE FLYING

Heat Problems in High Speed Low Level Flight

Sox Low MB Dikspn®

The Problem

I_IIUH. gpeed low level llying during the summaer

in tropical areay results in coekpit temperatuees of

0% and above!?0430 0 I'he heat load oceurs due
tonerodynumic heating of the boundary layer of the
aircrall®!, solue radiptions, savionicy and the pilot’s
metabolic heat,  Most af this hear load 18 due 1o the
kinetic or gerodynomic beating 1 bhigh performance
wirerall'.  Inflight  eockpit temperatures recorded
during twe high speed low level (100 M AGL) mis-
sond and their ellect on the observer's body tempera-
The incrense in
abnve

tores are shown in Figs 1 & 2.
entkpit temperatires of abow 912 the air
temperature 15 similar o that reported by Nunnley
wnd James!", I is therelore not difheult wo conceive
the degres of heat load in the cockpit when outside

air temperatures are hich,

Simulation of temperature and humidity condi-
tiony lilegly 1o be met with intlight have reculeed in
oral [TO), mean skin lemperdture (TSKE) and wean
body temperature (TH) of abour 38,570, 38.7°C and
3667 C respectively acthe end of 30 minutes of hear
exposure! in an enviconment whers  the Oxlord
Iodex (WD) was 44.%° (. Ina more recent siudy in
this laboratory with a WL of 80,70, the 'O, "THK
and TB reached 38.0°C, 37.9°C, and 38.5°C respecti-
vely,

Moderately large inerease in body temprratures
sten under inflight and simulated laboratory condi-
tions i due to direet body healing,  An anempt is
immediately made by the body physiology to restrice
gnexcessive body hent - accumulation.

The increase in sweating whizh could be dic 1a
either a rise in core emperature! 305 op skin tenpe-
ralure' jyan important heat dissipating mechanism,

TOficer m-clage, Dept of Physiology, Institute of  Aviation Meodicine,
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Clooling by sweat evaporation i3 by lar the most
efleciive melhod ol heatr dissipation as other routine
measures such as conveetion, conduction and radia-
tion are rendered wneflective due 1w the hivh
envirouwental temperatre, In fact thesc aptions
contribute to the heat gain hy bedy surface when
enviranmental remperature is excessive.  Exvosure to
such lieat stress resulls e 2 sweut loss of zboor 0.7
kggthour? wt & WD Index of 3770 which amounts to
abour 195 af 114l hady weizht,

YIS

The cardiovascular svsiem bears
heat stressand responds by an Increass in heart rate,
cardiac outpor and a reduction ie peripheral sascular
resistance.  This mechanism in conjunction with the
high heat conduclivity of blood' helps o dissipate
the accumulating heat,

In spite ol the vompensarory mechanisms, the
body temperature keeps an rising and altimatels at

w2

the hrimre of

uwbour a core remperatore of 39—40'C and o le:
rare of around 180 Leats/inin the collapse paoint

tolerance to heat stress in reached®,  Tolerance L
i3 besr related to body heal storage amnd at 2 he
storaye level ol about 77 Wilacalsim®, the end poi
ta heat oalerance lrwve DLesn reaches
Hawever, a pilot ying a high performance airers
will have fareleited his fiying etlicichey long belo
such an end pame.  Blockley et wl! have sumges
that pertormance decrewent oncurs sigmficantly ar
Ludy heat storape lovel which is about 70%, of that
tolerance time,  Vor well avelimatized tropical s
Jects the level of hieat stovape at tolerance point,

calunlated  from  Sinka and  Verghese (196315,

abair 1100 Kilacalsfoe and e perlormance deer
tient, uboul 70 =80 Kilncals/m® will bhe accumulale
This is boene onut by aue experiments (Fig 3) whered
at the enc ab 50 minetes ol heal cxposurs at a sim

15 satd Lo

luted WD index of 30701, the heat accumulalion
abour BH Kilorals fmd,
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TIME OF REPOSURE I MINUTES

Fra 3 Booy HEAT STORASE [RILD Ay MB) i3 ALOTTED
ASAMST TIME ©F EXPOSUGE N MINTS, {+—a) 4R
BRCATHMG (4 o) OF BRLATHING EAPERIMEHTS
THE EQUATIONS 40E AEGOESSISN EQUATIONS

Performance under Heal Stress
Ilying 12 a complex payehomolor aclivity regui
tng a high derree of alermess. mental funetinn ac
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muscnlar co-ordination and is more subjecied (o
deterioration under adverse condinonts®.  Tn their
study oo a Hight simularar, these authors concluded
thiat there was a significant decrement in performance
wedsured in orwerme ol deviations from a ser faght
path when the cockpit temperature was raised to
GO with s RH ol 11940W1 andex of 35°0C) which
was lesser 1han the simulated WD of BR.57C in our
uxperinents, I'urthermnre, the core tcmperature in
their subjects did st exceed 57 570 ar 50 mts while
ihe skin temperatures inerensed o ahour 38.57C.
The mean bLody temperatire was about 38570
s against 58.8'C in our study.  Itis aleo of interest
w note that the performance decrement was 1ot
alwavs reluted 1o time of exposure o heat stress and
did not have any clear cut relaviopship with physio-
logical ehanges induced by the heat,  "This ambi-
gupns siluation is explained by the fact thut the
complexity of the psychomoter task may influenee
perfurmancet,  This stndy  also established  thar
ronting paveliomotor tasks could he performed with-
ot any significant deterivration in performance
while (he more comples tasks were adversely allected
due tn the heat swress,  On the other hand, Wing™!
his commented that  the upper thermal  limit for
unimpaired mental performance is dependent upon
time of exposure o hieat. Also, the physinlogi-
cal tolerance limits are well above the rempera-
wre duration curve for mental perlormance.  Uhis
was further highlighted by Grether® who mentionsd
in iz review that performance decrement ofours
rapidly as enviccmnental temperatures exceed an
efiective lemperature of U5°F, However, in the
initial phase of heat stress there §s probably greater
arousal and performance may incrcase,

Tn the cockpitof a high spred fighter aircrali,
{lie heat stress reached induces a body hear srorage
level of about 70-80 kiloecals, which even by the
standards of well acclimangzed subjocts, Impinges
upon the levels of performance deterioration.  Keep-
ing in view the ecarlicr discussed observations that
the dererioration of peformance in a hichly comples
task may occur independently of strain, onc has to
consider that such a situation can vccur often during
low level high speed llights and henee some measurss
peed to he adopted (o relieve the hear load as far as

possible.

Alleviation of Ceckpit Ifeat Stress
Cabin air conditioning ; The most obvious
slution o solving the problem ol acute thermal

JUNE 1830

stress in the cockpit is the provision of an adequate
However, 1o date
in most of the high performance military aireraft,

cockpit airco nditioning svstem

this facility Jsstill very variable and vonsideration
such as strawegic utility, payload and aiveraflr desion
prevent the evolution af an eyl syslem,  Other
modes have thus to be resarted o,

FPrecooling

Hody cooling cun extend hear ralerance'™!", The
biodky 12 ke a tank ol water which can get hicarud
toa certuin temperatore. ([ the tank cun be cooled
!"rr:.ﬂr 1o heat exposure, it wall take |1'Il1f{!-‘t' ) reach
prak temprratorest. With this analogy, Veghte
& webh'™ weed precooling rooineriise the wleranee
time of thewr subjects.. Sinha and Verghewe!® hewyed
that the time raken to reach the hody heat storame
levely st wlerance limit was delayed by 8210 ints,
They quote Verhite & Webb and explain this cxleos
sivn of talerance by savine that this s the time taken
in restoring body  heat sorage level o control
It iz also pogible that precooling  iniriates
Hlow-
ever it wis observed that wtal swear ourpul remaing
the same with precocling ay compared  to non pre-
conling experiments and rherefare QL is possible thal
the sweat rate is dillerent 1a the two condiriony',

values.
swenting at a mueh lower core temperaiure,

Precooting for 6L minutes was carried oul on
(heir subjects by these authors ar o temperarire ol
1720 DE and 130 WES Such a leasibility exises at
stjundron levels where aircrew can be pre-cooled
in alrconditioned crew rooms faroabour 40 B0 mits
urior to undertaking 4 mission.

Air Fenrifated Snirs

Aip vencilated soits wiay be wsed te ereatc a
microclimare arcund the body wnd remove excess
Cedd aiv san he pumped through (he AVE
to produce convective aud  evaporative conling.
Such an air tupply is obtained from the engme air
passed through a system aof heat exchungers. The

head®,

inler ar emperature depends inversely upon the
corkpic air remperatnre and during  high speed low
level flighe with cockpit temperatures tanging upto
G0-¢, the inler temperature will have to he wvery
low i erder to achieve an opiimuny hear lass from
the body asd maintain rhe skin temperature arcund
1%, The aircrafl heat exchanger system Is in-
wdequate to moet  such  stipgent  requirements
during low level high speed flight in the summes

3



ani therefare this method of producing & comlartable
microclimate around the body &5 not very cfeative,
) b

A less demunding AVS svatem as wsed in the
AT consisis ol suil cunoected Lo
outside the cockpit, The pressure drop creatcd
etween the suit and the venturr during high aor
speeds sueks out the air of the micro eovironment
around the

the a4 venturi

body and provides evaporative couling
by remoeving sume amount of saturared air Immedi-
arcly surrounding the sweating skini  The wethod
may not be subjectively effective as felt by a number
ol vur pileta but ohjeetively within a certain rance
of eockpit temperatures, it s ol suine value in
allevintiog heat stress. Tt has alse been sirareatod
that the AVS could b ennnected to an oxygen supply
in 1the aecralt and short burst L."_I-l.ljltll:l_.’.' towards the
endl of the mission cpuld be vsed 1o reduce the hear
Slreas, Labirarory experiments have shown that
such a procedure the MBT ta
imtolerable levels,

delays rise  wf

Liguied Cuoled Swity and Systeps

Water b w higher condoctivity than aic and il
subjects are immersed in water at abour 160 for
60-90 s their rolerance tme iz exrended more as
eompared 1o expusure 1o coal air ar 7,290, Ciron-
luting. cold water around the body has also been
shown to he an efftcuve method of attenuating budy
hear storage ', Thix methed comwes of use 1:::”-'-
ciglly under conditions where evaporative croling o
which air ventilation suit method depends, is limited
duye to very high humidity conditions or when the

subject wears insolated clothing, Shvarts and Beno,
introduced & Hoguid copled garment which cover
929 of the body surface avea while warer conducri
tubes in the garment covered 153% of the total bo
surlace, With this implement choey reported markec
eedused hear strainom all chene subjects, the sign:
cance berog at the 1Y level',  This was wchieved
a D temperatnee al” 30700

Tt has breen shawn at LAM thiae thers s a mark
reduction in physivlogical strain ol subjects weard
a bipuid conled garmene thrangh which was circulal
a ol wlveal mowater solurion cooled by o e
The [ow rave ol the lguid w
abaut 175 Limin and inlet temperature vanged fre
S0 after Dot of starting. the circulaton (o abo
267CI alL the afl 30 mis. In an exiend
stdy ol a similar nature where cthe  circularis
water conled Ly passing
theoueh pack, the e
areain in A moderarely severe hot environments w
ellfectively reduced even aller G0 wmils ol expoiu
( Table 1), Further trials wore condoctoed by pivi
bursrs af howd cooling for periods of 4 mts or 50
intervals ol 7 omts. This conserved the melling ice
the pack as well the power used. Tris net neeessa
ta ehimanare hear seress completely 17 oaor will at |
practical w do s, However u welhiod ol proteciie
which will delay the anser ol performance deters
vation and thus increase wlerance o lheal stress [
the duration of & high speed low level missdon w
soeve the purpose,  The system juse described
expected to achicve this aim and tuccher experimen

cooling ayaten,

i)

mRLUre  will

portalle

qlqlr'.'ujui

v
sl e

TABLE 1

Clnges in pliysiological parameters after 60 miy of heal exposnre

{mwdified from exeension of work by Baner jee ctal™)

Mean skin temp.

Orzl temp.

Heart ratu Bweat loss in Clm

Without With Without With  Wirthaur  With  Without Wit
| S L3 LCs LS T.Cs LS L= Lz

I. Control 50T 4 H o ) 37.2 a2 a2
Bl mits. 9 J%.4 37.8 g% 1 Hi it 34

2. Clanteal a4 34.7 36.0 K1l A 81
ol mts, 36.6 351 7.3 a7.1 1094 T AG6 31

3. Conlrul 4.5 4.1 36.7 3h,7 iz i B

R0 ks, i fr B35 375 i 104 Y 433 i7
14 LN MERForn
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to make such a svstem available i e aircralt are
in progress,

Liguid Cooling af the Head

Isnlated head confing has been advocsted ws w
means af reducing heat strain 1922 The procedure
reduced sweating and core temperatpee during heat
exposure.  Thie eonld be arrmibnted to a bigh con-
eentratinn of thermarecepors in the face and head
région or a presence ol o counter cooling exchanger
gvstem in the same area ' The water cooled cap
used by Fonseca * removed from a heated maniking
hear storage which umounted 1w about 33% of the
ol wetabolic heat production inaseated pecson,
Sweating, which 18 by far the @08t impertant mecha-
nism ol dissiputing exeess body hewt, is under control
of hypothilamic heat sensitive neorons 'Y A fall in
hypathalamic temperatures by head cosling may
reduce the degree of sweating needed o alleviate
Lieat serain and in Taot escalate the heat effects by
promiting a vapid hear acenmulation, In view af this
isoluted head cooling muy be viewed with suspicion
tven thengh  successnl experimentz have  beoen
repored Y,

Use aof 1000 €, in Low Level High Speed Flight

Arocent zerics ol nxp::rimcn'r.w n this |;\h:3r.1m;-w_,
have indicated that beeathing 100%, oxveen during
heat exposure in a simulated environmental rempera-
mre of 3770 IR with & BRI of 25% sigaificantly
veduces lieat storage at the end of 50 mis, as
compared (o air breathing under similar conditions
LE"-ig, 3, "The cxrension of tolerance nme iz about
8-0mis as the body heat storage of 79 Kilocals m?
at the end of 50 mts ol cxposure wicth 100%, oxvoen,
occursat about 41 mts of breathing ordinury air,
Alr breathiny  for the same period resuliz ina heat
gain of abowt 88 Kilocalslm®. The benchcial cffect
is in all probabilities due to the drvness of the
breathing oxvgen,

Conelusion

None of the methods of aileviating hear srress
are vet fool prowl, However it iz not necessary
te totally  eliminate  hear induced  physiolosical
strain and an adequate extension of tolerance time
azindicated by a delay in acquisition of heat storage
leveld at which performance 2 expected to deterio-
rate, should he aimed for. The liguid cooled =it
system should caler adequately for the type of
requirement in hand, Other, though less ellective.

JUNE TR0

meany such as preconling, airventilated suits wilh
wvxyren burst cooliog and 100% oxvgen breathing
arc alze advisable.

With the introduction of deep penetration strike
aircraft which would be expected to fly low, fast
and for prolonged perieds, the heat problems must
be looked at fromoa new point of view and  enthu-
siastic  measurcs Ay sugresied would  have w be
implemented o make such Nights more wlerable,
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