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Heat stress in strike aircraft :
An objective study

Sqn Ldr P Pant* Wy Cdr PD Navathe® Wyg Cdr JK Shrivastava*

Heat stress is one of the major problems frequently encountered during fMlying. In low level military
Mying, cockpit temperature can often reach dongerously high level in hot ¢limatic conditions, The
heat stress prablem is more severe in high performunce strike arieraft, when the climatic heat load i
further increased by aircrufl fuctors and the limited capacity of onboard cooling systems, therehy
leuding to higher cockpit temperature than that of ambient. Thus, proper ventilution of the cockplt
throughout the sortle duration is a mandatory requircment. Though, modern alreraft cater for pir
conditioning of cockpit, this was found tw be ineffective during low level high speed fying, when
pilots performance and efficiency has Lo be at its hest. An abjective study was conducted to evaluate
the heat stress in strike aircraft. In-flight trials were carried out in MiG-27 aircraft by recording thy
cockpit temperatures throughout the sortle duration using o Heat Stress Manitor developed at IAM,
IAF, Bungalore. A comparative study of cockpit temperatures of MiG-27 with that of Jaguar nircrafi
was also carried out by carrying out in-flight trials (since both operate in low level high specd envie
ronment ). It was seen that the air-conditioning system in the Mi(z-27 aiveraft was less effective a
compared to the one in Jaguar aircraft. The data collected is presented und implications on flying
performance discussed. Practical solutions are offered for consideration to ensure optimum utilisa:
tion of aircraft capability.
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pal sess §5 an important problem in
military aviution, cspecially in a tropical

country like India, The problem assumes
a larger magnitude because of the cumbersome
Mying <lothing wom by the pilots to provids
protection against the forces of acceleration and
nature. The lemperature has been ohserved 10 nse
v unecnluriable Tevels ano cockpits of aircrafi
parked m o the open, in preparation for fiving. This
Factor. coupled with absence of proper conling
system  in the cockpil on ground,  rajses
temperature by several deprees above the ambient,
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During operations in the hot summer months,
mare so during low-level high-speed flying, the
cockpit temperature of military aircraft arc likely
w0 rise w8 level which may compromise flight
safety, In low level military fying, cockpi
lemperature. can often reach dangerously high
tevel in hot climatic conditions. The heat siress
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is  particularly severe in high
airerinll, when the notural climatic heat load is
further aggravated by the aviomes. The destgn
considerations lunit the capacuy of the onboard
goling system, therely leading to uncomtornable
cockpit temperatures.

periormance

During low-level high-speed {lying. the high
gmbientl {emperatures and serodynamic friction
conibutes 10 the high cockpit emperatures. As
much o 70% of heat, which is felt in the cockpit,
s due W acrodynamic heating, 20% 15 due o
radintion and the remmning 109 15 by virtue of
heat from nircratt equipment and body hea[1].
Thee cowckpil lempertore inereases by 3-59C or
even higher duriog  laxying[2,3], During  this
phase of the Might, ventilution by hol wnbienl wir
provides  Little  respite and  cabip-condinoning
systemn  thus siays  ineffective, because of ks
mherenl dependence oo the rom air

This probbem pets apgravated due to the
cumbersome flying clothing worn by the pilots
during Aying. Thus, efficiency of the pilor is
affected due to the heat load, during start-up,
uxiing and line-up prior 1o 1ake-off. This facior
i vilal, particulardy during low level high spesd
flving, when pilot efficiency has o be 4l 115 peak,
in the interest of operational performance and
Mighl safety.

The Mi(i-27 15 an all-wealher aircrall and 1=
designed for low-level. ground attack role. usoally
hefow an altilude of 2 km. The alr-conditoning
fslem is ot effective al low level as it s
designed to cut in at 2 km alutude. Besides this,
ity gir-conditioning system is designed for the
Rusgian elimatic conditions, whoere the chimate is
very cold,

Therelore, a scientific study of the  air-
tonditioning system is requircd so that 0t can
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match  the  prevailing  Iodian  conditions,  In
contrast 1o this, Jaguar aircrafl, which also hos
n strike role; is supposed to be more comtortable
as far as heat stress s coocerned. Heice, a
comparative study was carnicd out; 50 s o assess
the heat handling capataluy of MiG-27 aireraft
with respect o Jaguar aircrafl.

Material and methods

Cockpit Trials: Imnally, two sorties in MIiG-27
were planned and the lemperature recordings
obtained  The lemperatores ioside  the
cockpit were recorded each minute (hranghoul the
duration of the sortie, The recordings were stord
iy the memory of heat stress monitor, rom start
up till the time the aircraft was back w the
dispersal, on completion of the sortic Inlericing
it with a computer the data was milked o
Simultansously, the LUCH readings were also
ohtained for the entire durgtion ol the saclic. The
Thom's Descomrart Index was ealoubared for casch
puoute with the help of available readings. It wis
then plomted along with the flight altitude profil

in the {onm of graphical represeniation as shown
in the readings of (he siudy (or casy comparison,
However, it was notced that for the maar
durativn of the sortie the comifont levels were ot
satisfactory. Thus, o identfy the existing |evels
of heat stress in MiG-27, one more sortie was
planned  in Jaguar aircrafl, with the ddea of
comparing the existing comfort levels in MIG-
27 with that of Jaguwar alrcraft. The sorties were
dong 1n & Jaguar irainer and since the equipment
could not be mounted inside the airceaft Because
of space constraints, hence it was kept [n the rear
seat throughout the sortie durntion. The rewdings
were obtained in the same manner as was dong
in the previoos two softies of MIG 27 airerall

Wiene

Thom's Discomitort Index encompasses the
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readings of T, and T wnd can be calculated
with the help of the Tullowing formula

DI =092 [Ty, + T_] + 40.6 where,

T, is the dry bulb temperature, and T_ s
the wet bulb temperature in *C. Most people feel
descomfort, as the index rises above 70; everyone
15 uncomiortable when the index reaches 79 The
comfort sone for o group of people is @
reneralisation based on the comfort 2ones of the
different people in the group(a]

Resulis

The readings have been shown in forms of
graphical representation as reflected in the study.
Throughout this study, Thom's discomfort index
was laken instead of any other imdex because it
gives o correct messure of the comfort levels and
it also has well defined comfort zones.

Discussion

Adrcrew. generally encouniers sigrificant heat
stress during ground operations and high speed
lowe level flving. In the first cockpil tmail in MiG-
27, the heat stress monilor was mounted inside
the cockpit of the aircraft and the canopv was
kept closed throughout the sortie diration. The
Dizcomfort Index (DI was calealated and plored
in the form of graph against the flight altilude
readings (Fig. 1) It was observed that during the
pre-stast checks for first 9 minetes the DI kept
on Tising and continued to rise during the iaxy-
cut phase and line up point Tmmediately afier
wheels rall (a1 |Bth mingte from startup) as the
fMipght pained altitude it stared dropping from
2inh minute when fight altitede was 3 km. This
shows that once the wremall climbs to an altimde
of 2 km or more. only then the air-conditioning
systen hecomes effective, as it vsually cuts ol
2 km altitude. Through oat the peris! of laxy-
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in the DI was nsing, and by the time the aircrafi
reached hack the dispersal it crossed 90 which
is considered to be highly uncomlortable, Ag
suggesied by Thom{4] in his cquation from which
DI can be calculmied, DI more than 80 is
absolutely uncomfortable and in a DI range of
£5-75, all people feel comforahle,

Tn the second cockpit wial in MiG-27 wher |
canopy was kepl in partially open position while
xying, it was observed that at the time of slarfyp |
checks, the DI incressed marginally(Fig, 253
During taxy-out phase it dropped slightly aml
remained constant till the aircraft reached line up
point, where again it showed an increasing trend,
While taxying-out, it was found 10 be constan
because the canopy was kept in partially open
postlion. At line up point, because of clasing of
canapy, the ventilation inside the cockpir was
found 1o be inadequate, us a result of which heat
accumulation was there, This resulted in
increase in DL which was found (o be close fo
B1. As soon as the airerall atained an altitode
of 2 km in 24th minute the DI started dropping,
which signifies that the air conditioning system
of MiG-27 starts operating only at an altitude of
2 km[5]. The DI reached comfort levels within
& minutes of attaining 2 km altitude and remained
there for the next 20 minutes of flight duration
As the alreraft abtained 1.8 km aldwde, e
lemperature inside the cockpit staned rising a
shown by an increase of DI from 75 upwards.
Thus, at this altitude, the air-conditioning is not
found o be elfective, After touch down, the index
increased marginally during taxy-in. [ was nol |
tound to rise steeply as in the previous sortie, |
because the canopy was kept in partially open |
position while taxying-in.

In the third sortie. which was carried oul in|
Jaguar aircraft with canopy kept in partially opan '
position, It was ohserved that during the first 9
tnules of the pre-siart checks, the DI showed
g rsing frend and was found o be more than

|
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RO (Fig. 3). Within 3 minutes of take-off, us the
airerall gained altitude, the TH showed an obvious
ling trend and reached partial comfort levely
It remained within absolute comflort levels even
plter fanding and 1he T showed a rising trend
wnly onee the aircraft reached the dispersal
Inspite of the Jaguar troiner aircrafll having
problems  relating 1o the cabin conditioning
sysicin, the comdort levels were observed o be
minch betler than MiG-27 airerafl

In ome of the taxy-run which was carried oul
i M- 29 airceaflt (Fig. 43 wiath the canopy closed
and temiperature selling woauto (100 pasition,
il was ohserved than indnally at idle REM after
the start up and on keeping the lemperuture
seiting on auto position, the temperature started
dropping from 6th minute after start up and
reached comfort levels of 75 in the 10th minue
Between the I4th to 16th minute of start up, the
temperature dropped further below DI of 65 when
the  enmine BPM  was  inceeased W 804,
Throughout, from the start up phase w axy.oul
phase, the comliunt levels were within DI range,
thus exhibiting the effectivensss of the air
camgditioming svstem. The MiG-29 air-condition-
ing system was thus foumd 0 be eftective even
at geound level This aircrafl engine has 13 siages
{4 low pressure and Y high-pressure stages) and
the air for cabin conditioning is Irapped from 3ed
stage of high pressure (1c. Tth stage). The air
passes [rom air to air heat exchanger (I stage of
cooling) and then goes to the evaporator (11 stage
of ponling) which has a waler and wleshol migturs
in & contalner of 10 lires. The hot air then passes
from here, exchange of heat 1akes place and thus
the temperature of the hot air drops rapidly. The
MiIG-29 aircrafl is also seid 0 possess larger
volume turho coolers which help i further
dropping of the temperature of engine bled hot
air,
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Conclusion

On completion of this study and  after
going through the analvtical detnils of MiG-27
wireraft from all aspects it is coneluded that there
ls A relative neffectivencss of the  so-called
caoling appliances in lemperale and hot climates,
The cabin conditioning system is effective only
above an altitde of 2 ki from where the cabin
prassurisalion starts, whereas the Jaguar hag n
much mare etficient cabin conditioning system a
seen in this study, The effcctiveness of alr-
conditioning systemn in Jaguar aircrall has aleeady
been proved earbier in one of the  studie
conducted in southern Ewrope[6].

Hence, the answer lies in suitable weehnical
modifications  to  improve  the  cockpit
girconditioning of Russian aircraft, to be al par
with the Western aircrafe. To  alleviawe  (he
problems of heal siress, the following changes
could be of valuc

i} Improvement in the design of existing air-
conditioning  system  to be planned by
changing of base rheostat setling from 10°C
ta 67C, 50 that it now ranges between 6°C-
20°C. The Russian designers have catered for
this particular seming in the aircraft. Larger
violume Turbe coolers of MiG-29 aircraft ar
recommended for wse in WIG-27 aircraft,

i) Alrconditioning 1o be effective from ground
level itselfl and not at an altitude of 2 km,
@3 s¢en in the present sel up, For all these.
wechnical feasibility 15 to be taken it
consideralion hefore a modification is planned.
The mechanical air-conditioning system, which
is taking hot air from engine dircctly, shoutd
be replaced by an independent air-condition-
ing syslem

i} Water in the evaporative cooler shoukl be
replaced by waler and alcohol mixture, which
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is niso used in the cooling stage of MG 29
aircrafl so that 1t helps in betier dissipation
of heat from the engine bled hot air.

Other points; which do not involve aircraft
modificatien, arc as under -

i) Bricling roomsderew rooms should be pro-
vided with ar-conditioners.

i) Alrcraft cockpits to be covered by mrpaulin
covers belore and in between the sorfics o
as to avoid the “green house effect’

itt) Duesign and labrncation of Ar Ventilated Suit
1o be carried out since the provision for the
use of such a suit s availuble inside the
aireraf,

iv) Pre-cooling of the cockpit with the help of
ground cooling trolley should be camed out
for effectively reducing the cockpit tempera-
tres before swa-up.

v} Provision of a 'Punkah louvre' arrangement
as TS-11 lskara aircraft should be made which
will help in providing ram air into the desired
direction inside the cockpiL

w1} Adequate Nuid replenishment In the form of |

fresh fruit juice / fresh lime 1o be provided

o moke up the Muid and salt loss due o heal,

References

Lo Allen JE, Harrison MH, Higgin Botham C, Rigden

Poand Saxeon ©0 In Flight Thermal Data Tron

Harrier, Phantom, Buccweer, Gueelle  Adreml),

RAF [AM FPRO Reporr Mumber 1354, 1976,

Singh G, Analvsiy of Climarie Data and Cockpil

Thermal Conditians at a Fighter Base in Northwest

i, Aviatton Medicine, 1978, 22 (1), 4.

3 Suresh K5 Heat Stress - A Pilot's Point of Vies,
Jutimal of Aerospace Medicine, 1981, 25(1% 3.
i}

4, World  Genera!  Chmatalogy,  £0tmare and
Humun body, Il Edition. Chupter 15; 352-389,

5 Madan MK, Aecromedical Evaluation of MIG-27
Awrcraft, Field Project, Advance Course in Aviation
Medicine.

& Gibson TM, Lochrene LA, Hardson MH, Rigden
B Cockpit Thermal Stress and Aircraw Thermal
Strain during Routne Jagusr Operations. Avig
Space Envivon Med. 1979, 50(3). 808-812,

L

Tk Aerospace Med 43(2), 199

neee
if  a

& pi

1o ie
pers
the

with
othe

feed .




