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Heat Stress in Aviation at
Jamnagar— Field Study

MW MALSE

0N LOR MW MALSE
Dip Ay MED
Grodod spocialing

The study was carried out in B low level and
12 madium level sorties in T-96/63 aircraft in
the month of October batweaean 1100 hrs to 1500
hrs. Heat stress was more in low laval sorties
than medium teval sorties. Thera was signifi-
cant heat load on the ground till take off which
was common to both low and medium lavel
sorties. Avarage rise in Mean Skin Temp. was
1.1°C during low levsl sorties while in madium
lavel sorties it was 2.7°C. Mean risa in heat
storage during low level sorties was 556 K Cala/
m2 of body surface area while in medium level
sorties it was 44 K Cals/m2 of BSA. Sweat loss
to the tune of about 19, of body weight was
detected in majority of the sorties.

Introduction

In military aviation we are particularly concerned
with heat stross since it affects performance, lowars
operational afficiency and may compromisa flight
safety. Studies of heat siress have baen carried out
in Assam Valley and at a fighter basa in Morth Wast
india. Distinct from these, prassnt study was con-
ducted at  fighter base on saashore of Saurashtra
where humidity and surface salinity ara quite high.
Humidity is highest during the pariod of August to
Ocrober though maximum temperatures recorded in
this pariod are slightly lowsr than April & May. This
study was carried out in the month of Qotober.

nMaterial and Methods

The siudy was done in B low level and 12
Medium levs| sorties in Mig Type-96 and 89 aircraft.
Both these have an airconditioning system where
heat exchange and cold air units depend on the ram
air for cooling.

Sarties werz flown between 1100-1500 his.
Average Tdb on the tarmac during this pericd was
33 §°C while Twh was 24.05°C and air movement
10 kms/hr.  Aircrew involved in the sorties were
hetween 24-37 yrs and were medically fit.

Crewroom and cockpit dry bulb and wet bulb
temperatures ware measured by a whirling psychro-
meter. Crawroom temparatures Were maasured just
befors pilot left the crawroom for the sortie. Cock-
nit temparatures were measurad after the pilot was
strapped inside the cockpil. Cockpit lemperatures
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“after the sortle were
returned to the dispersal area. Intlight temparatures
could not be recorded since most of the sorties
wore In type-86 aircraft which is a single seater

measured afler the pilot

and it wes nnot possible for tha pilot to cany
thexmomaters during flight and record temperatures.
After the pllot reached the dispersal area the canopy
wag openad slightly, just enough 1o pass the thermo
maters Inside and the temperatures were taken so
that variation in temparaiure due 1o outside air rush-
Ing In was minimal,

Thermal strain was assessed with the help of
para-meters like skin temparaturs, oral temperature,
heart rate and sweat loss, A flier was weighed in
the créwroom before and after the sortie, with only
a brief on, The sweat loss was calculated from the
differential welght.

Oral tamperature was taken with the help of a
elinical thermometer in the crewroom and in tha
cockpit before and after the sortie. Skin tempera-
tures were taken over left side of chest and right
thigh by a fiat bulb thermometer. Mean skin tem-
perature was calculated by the formula

MST = 0.6 Chest Temp -+ 0.4 Thigh Temp. (Gupta'}

The mean body temperature was calculated using
the Burton's formula. Heart rate was measured by
digital palpation over the radial artery.

The level of thermal comfort/discomfort was
purely 8 subjective parameter. History of any symp-
toms like fatigue/cramps/giddiness/tingling sensa-
tions was also taken.

Quantification of heat stress was done by oxtord
'i{tﬂi}lbﬂ and it was caleulated for crewroom, cockpil
{before sortie) and cockpit {after sortie}. Thermal
strain was assessed by heat storage index and modi
figrdl craig index. Changes in hest storsgs wars
calculated In two phases ie. firstly in the cockpit
before the sortie and secondly &t the end of ths

‘sotie. Craig index was calculated at the end of the

sortiae.

A comparison of rise in heat stress parameters
of alc cockpits covered with taurspulins and those
not coversed was dong. The parameters of Tdb,
Twh & TG were recorded in the alc perked side by

side in the dispersal. After that one a/c cockpit was
covered. Same stress parameters were measurad
again in bath the a/c. aftar a gap of 1 hour. Oxford
index and wet bulb globe temperature for cockplts
betors and atter ware calculated.

Results

Tha rises in heal stress paramatars in low level
sorties were as shown in Table-1, Dry bulb tempa-
rature showed a rise of 7.9°C in the first phase while
it was 11.6°C at the end ol thea sortie, Twh register-
ed a rise of 3.9°C in the cockplt (BS) and total rise
was 8.4°C. These ware reflscted in the rigces in the
oxford index at 4.6°C In the first phase and 8.9°C
al tha end of the sortia.

Heat strain parameters in low level sorties show-
ed significant rises as daepictad in Table—2,

The core temperature showed a total risa of
1.1°C. Skin Temperature showed a rise of 1.8°C in
the first phase while total rise was as high as 3.1°C.
MBT reqgistered a total rise of 1.8°C. Heart rate
showed a mean rise of 14.5 beats/min. in tha cogk-
pit {BS) and total mean rise was 45.3 beats/min.
Heat storage indsx showad 2 gain of 24 K Cals/
3qg M of Body surface area in the first phase and
total gain was as high as 55 K Cals/Sq M of BSA.

Table 2 shows swaeat loss obssrved in low level
sorties. The mean sweat loss was 806.3 gms/hr
with standard deviation of 153 gms. Table-4 shows
the Craig indicés’ ohserved in low sorties. The
mean was 3.23 with standard deviation of 0.4%,

Table 3
Sweat loss in low level sorties (500 M-2 KMS)

gl. No. Subject Sweat loss GMS/HR

1. CHD 780

2, S8 1022

2. BK 300

4. Sk G670

5. ANS 530

G. SWN F20

. BD 940

2. GH 810
MEAM HOG6.3
STD Deviation 153.08
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Table

Heat strain parameters in low level

S5l No..  Subject Craw
room
Ts CHD 36.4
2 58 36.7
3. RK 36.8
4, SKJ 6.8
B. AVS a6.7
G. SWN 36.8
i BD 36.7
B. CMm 36.4
Meaan 38.7
Std. Devn, 0.2
Mean Diff.
;P' Value

Tc.in °C

Cockpit Cockpit Crew
(BS) (AS) room
ara 4.1 34.6
37 376 34.6
37 38.2 4.6
37 38.2 36.2
37 37.7 345
36.8 37.4 326
38.8 37.86 32.8
36.7 37.9 337
37.0 37.8 341
0.1 0.3 0.9
0.3 1.1

< 0.001 =.00

Tsk in °C

Cockpit
{BS)

285
354
36.3
363
36.8

34.5

35.2
259
0.8
1.8

= 0.01

ol Eu_ukplt
(As)
37.1
36.8
37.1
ar
37.4
37.3
37.3
37.9
372
0.3
3.1
<<0.001
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nit

‘sorties (500 Meters—2 kms]

Crew
foom

5.8
86
36
36.3
36
36,4
36,4
5.5
359

0.3

MBT in °C
;:u;:ncl-:pi*t Cockpit
(2S) (AS)
6.9 378
365 37.3
36.8 37.8
36.8 37.8
36.9 3786
36.2 37.3
36.5 37.5
36.2 379
26.6 376
0.3 0.3
0.8 1.8
-2(0.001 =0.001

Crew
room

86
84
72
84
66
78
84
g8
80.2

|

HR/Min
Coch;;t— Cul.‘:k;t.
(BS) {AS)
120 144
B8 120

78 132
102 130

a0 120

a3 106

g6 120

a6 132

94.7 125.5

12.5 11.56

145 45.3

<0.001 -<0.001

Heat Content K cals/Sqm

Crew Cockpit  Cockpit
room (BS) (AS)
1070 1103 1129
996 1010 1032
1171 11494 1228
1061 1076 11086
1032 1058 1078
1154 1180 1218
1163 11839 1221
982 1002 1049
1077 110 1132
74 79 BO
24 L
=0.001 <=<0.001




Table 4

Modified eraig indax in low leval sorties
[500 M-2 KMS]

Sl. No, Subject Cralg Index

T CHD 3.90
& S5 3.32
3l RE 3.43
i, Skd 3.37
5. AVS 273
6. SWN 2.38
7 BD 3.04
a, CH 3.63

MEAN 3.23

Standard Deviation (.49

A total of eight subjects underwent low level
gorties, five found the sortie environment very hot
and complained of fatigue and tiredness after tha
sortie. Out of these five subjects one complainad
of fatigue and tiredness after the sortie. Qut of
these fiva subjects one complainsd of breathlessness
during the sortie. Rest 3 subjects found the sartie
enviranment hot but did not complain of any fatigue
or tiredness.

A total of 12 subjects underwent medium level
sorties and out of these six found the sortie en-
vironment hot while two found it warm. Four
subjects described the period on ground including
taxving and at line up &s hot but they described the
period in gir as comfortable,

Heat stress parameters recorded in medium  level
sarties are shown in Table No. 5. The mean rises in
stress parameters were more or less same as those
in low level sorties in the first phase of crewroom to
cockpit before sortie. Howsewver the rises in 2nd
phase were comparatively less.

The changes in heat strain parameters were as
shown in Table-8. Here there was a gain of 21K
Cals/Sgm of Dody surface ares in the first phase
while total gain wes 44 K Cals/Sgm of Body Surface
Area.

Swaat loss observed in medium level sortles s
shown in Table No. 7. The mean sweat loss was
641.7 gms/hr with standard deviation of 188.8 gms}

Craig indices during medium level sorties werd
as shown in Table 8, The mean was 2.44 with stan
dard deviation of 0,48,

Comparison of rises in heat stress parameters
butwean a/c cockpits covered and cockpits no
covered is shown in Table-9. The mean rises I
stress parameters of a/c cockpits not covered wers
significantly highar than the a/c cockpits which werd
covered wilh teurapulin covers,

Discussion

From the comfortable environment of crewroon
the environment becarma stressful in the cockplt of
parkad a/c as seen trom rises in slress parameters,
This was reflected in the corresponding rise in heal
storage of 24 K Cals/Sgm of BSA. This constituted
about 40%, of the total rise in heat storage. Th
time involved in this phasa was 15-30 minutes
This time was due to walking from the crewroom tg
dispersal carrying out pre-flight chacks and  gatting
Appa to fesd the power before startup. During tha
sxarcise time when there are a number of aircraft
taxying out from dispersal this time interval [g
further increased,

In the low lsvel sorties there was increase in
oral temperature by 1.1°C, in MST by 3.1°C and
heart rate rose by 45 beats/min. According to
Wadhawan ML®, aircrew in tropical countries accli-8
matized 1o heat suffer from a subjective fesling off
heat when there is an increase in oral temperaturs
by 1.4°C, MST by about 4°C & heart rate about 50
besats/min. In the low leval sorties most of thosa!
critarion were met. Five out of the eight subjects
involved found the sortie environment very hot andl
complained of fatigus and tiredness after the sortie

According to Gibson® dehydration of body
waight by 1%, Is encugh to limit the performances
Dehydration of this degree also causes sigifican)
reduction in G-talerance. The mean sweat los
observed during low level sorties was 806 gms/hi
which was detinitely mare than 14%;.

Medium level sorties were comparativaly lass



100'0> 100D > I R o 1000>  1000< anjep .4,
L'8 0g 6L gy 10l 9L ‘10 ueain
! Ly gl gl Ll 91 gl 87 vl ‘nag P18
9'vE g'IE 59T v'EE L OE e A1 Lig e
£GE Of 6z 'y 68T €8T 9'0b 98 £EE ddh  TH
L8t i1 ¥ac 278 g'Le 1’92 g8tk o9'5% TER NG L1
9E 62 AL/ a¢ g'LT 192 zTy 9'GE £2E 18 ol
8'VE £1E T £Ee 6T 8zt ey L\ 9'0E arna ®
G'vE e A £ EC b6 8Tl Ly a0y 908 ras ‘B
£'Ee £'Te bZ UIE 908 96T Ty £y 9'0g NHW L
£ZE LLE 97 9°0E 0E 9'G2 LY LY 9'08 H¥S 9 ~
b'GE LYV 9'LT 6 €8 £ €€ 692 GEY 8Ty 8z ar 9
9've §'2E 9z R Tie £92 (A 1LY g'ze wa ¥
1 'GE. biE 562 vvE 0g v'rE zey v 6E LVE o 1 I >
9'vE €€ §'ST €L L 9T A 9'0Y LLE NMS T
€€ g8'0¢ VLT ATA> Og L'9T @18 6 62 sd L
(sv) (s9) wooi (Sv) (59) Woo. (5¥) (s8) woo!
ndyaed 13203 maig  Mdyoop  MGHIO] a1 udyonn  HARI0D ALY joalyng 1S
T 5L 01 %epu| PISIX0 7 5. LML —= el
{swy g —sSury z) se1310s |aAs| wnipsw up sieisweied 552118 eeH
g 2j9EL
e, g¢ S8SES E5d53 2528257 crei5eS3fiis Bsiif i
= SCSBESELEEE s SogxSefk geg8y 2
o e L S 1 o B s s




Tabla

Heat strain parameters in medium

Tecin °C Tskin °C ,
Sl. No.  Subject Crew ﬁﬂckpit Cockpit -Cruw Cockpit Cnnl;p-ii.
room (BS) (AS) room (BS) (AS)
T PS 36.6 38.7 37 33.9 34.3 35.8
2. SWN 36.8 358.9 37.3 34.2 35.2 36.3
3. BD 36.9 373 376 33.5 36.5 37.0
4. DK 36.5 37 37.4 35.4 36.3 36.9
B. JB 36.9 37 378 34.8 35:2 373
6. SKH 37 37.2 37.6 34.4 36.7 36.9
7. MHN 371 37.2 37.4 34.2 36.2 36.7
8. SKJ 36.6 36.7 37.4 34.2 35.3 36
g, DVD 36.4 36.9 37.6 33.0 36.2 37.2
10. EL 36.3 36.8 37.6 341 35.8 37.2
11. DNT 35.2 36.7 37.4 33.2 35.2 36.8
12, UPP 37 371 37.4 33.7 24.3 358
Maan_ 38.7 37.0 3?.5- 34.0 35.4 36.7
Std. Dev. 0.3 0.2 0.2 0.7 .7 0.5
Mean Difi. 6.3 0.8 1.4 2T
‘P Value < 0,001 <Z0.001 =20.001

=20.0M
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~ level sorties [2 kma— 7kms]

MET In "C HR/Min Heat Content Keal/Sgm
¥ ~ Crew GCockpit Cockpit C:ew. Cockpit  Cockpit -f:rnw Cockpit Cockpit
oM (BS) (AS) room (BS) {AS) room (BS) (AS)
357 361 36.6 78 78 a0 1078 1091 1106
36 36,3 37.0 78 86 96 11566 1167 11488
' A58 a7 37.4 a4 104 108 1171 1210 1223
361 36,8 a7.2 72 78 86 1133 1166 1168
| %62 26.4 37.5 72 84 100 1294 1301 1340
36.1 36.7 37.3 84 96 108 1121 1140 1169
36.1 36.8 37.2 68 90 98 1112 1133 1146
35.8 36.2 36.9 a0 96 112 1047 1069 1079
35.3 36.3 37.5 76 90 124 1142 1175 1214
358 326.5 37.5 73 78 114 1108 1136 1167
352 36.2 az1.2 &4 98 110 1130 1162 1194
- 358 35.9 369 78 90 ag 1179 1189 1211
¥ %8 36.5 37.2 80 888 1035 1139 1160 1183
s 03 0.3 8.5 8.2 11.0 61 50 66
' 0.7 1.4 10.8 5.5 21 44
19 <0.001 0,001 <0.001 -<0.001 <0.001 <0.001
3 0

29




Table 7
Sweat loss in medium level sorties
iy [2KMS-7KMS]
|
51 No. Subject Sweat loss in GMS/HR
y [ PS 170
2. SV 610
- ED 620
4, Dk 750
5, JB 730
6. SKH 580
i MHMN 800
8. SKJ 670
9. DVD BB0
10, BL 570
F iR 3 DNT 650
12, VPP 670
MEAN B41.7
Standard Deviation 188.8
!
Table 8
' Modified craig index in Medium lsvel sorties
{ 5. No. Subject Craig Indax
15 Ps 1.57
| 2 SWN 2.07
il < ED 2.30
i 4. DK 2.81
)i 5. JB 2.43
B. SKH 2.26
B Z: MHN 2.22
i 8. SKJ 2.58
| O DvD 2.32
! 10. BL 3.01
' 11. DNT 2,95
i el VPP 2.03
2.44
Standard Deviation 0,48

" MEAN
]

livaly less,

stressful though the first phase of crewrcom 1{s
strapping up inside the cockpit remained more ar
less equally stressful. However, ths rises in stress
parameters during the second phase were compara-

The heat stress in medium level sorlies was |ess

yet the parametears indicate that fliers wars consis
stently in the environment of above 25-27°C which
15 considered the comfort zone for heat acclimatized
Indian subjets (Bhagwanani®),

Mean sweat loss during medium level sorties
was 842 gms/hr. This amounted to 0.9% of body
welght. Even though this was less than low leval
sorties, it is enough to reduca G-tolerance and
limit the performance,

Various operational tasks during flying involve
considerable amount of reazoning, |udgement and
other kinds of cognitive functions. Wadhawan JM!
has reported that cognitive perfoarmance scores
remain spproximately normal or even surpess normal
until environmzntal temperature exceeds 29.4°C,
This indicates that even the moderate heat stress
experienced in medium level sortios is definitely nol
desirable for flier, particularly during fighter flying
which involves other stresses,

In view of thisz it is considerad that mitigating:
measures are essential in low level sorties and desi.
rable in medium level sorties,

Aircrafts are parked in the dispersal betwean thel
sorties and canopies are elosed but not covered by
taurapulins. The gap in between the sorties is s0md,
times as high as 2-3 hours. All this time the cockd
pit is exposed to solar radiations and inside tempa
rature is more than the tarmac temperature due to
Green House effect. Present study showad a signi-
ficant difference in the stress parameters between
cockpits covered and those not covered, Tharafore
it iz advisable to keep the aircraft cockpits coverad
berween the sorties.

A significant heat load was observed in the
phase of crewroom to strapping up inside the cock.
pit. This stress is avoidable to a great extent. Maxi-
mum use of crew transports should be made,
Another measure would be to have the airoraft
externzal checks carried out by other aircrew or i
ground crew. It is also worth pointing out that:
external checks of the aircraft in the Royal Swedish’
girforce are  carrind  out by the grountd crew)
(Gibson®).

Prior bedy cooling has been found to he useful,;
IAF station Jamnagar crewrooms and ORPs are not
airconditioned. Properly airconditioned CrawWTo0ms
and ORPs will aid in quick recovery from the pra-

30
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Vious ¢xposure and improve aircrew combat readi-
ness ina short time.

In Mig 21 variants the canopy has to be closed
all the time once the engine has started and this
induces considerable amount of heat stress and
sweating. The normai defence mechanism of sweat-
ing is effective against overheating only if the
syweat evaporates. This can ba facilitated by the use
af ventilating air. Therefore it is considered advis-
able to have & fan inside the cockpit.

Present study has shown that there is dehydra-
tion 1o the axtent of more than 1% in low level
sorties while in medium Jevel sorties it was about
(.9%, of body waight, Adequale supply' of raplaca-
ment fluids should be available and consumed by
aircrew to meke up fluid and salt loss.

In the presont study it was geen that there was a
significant rise in mean skin temparature by 3.1°C
in low level sorties. In one such sortie it was found
to equal the core temperature. This brings the re-
quirement for skin cooling. Skin cooling during the
#ortle can be done sither by short burst cooling by
means of an air ventilated suit or lliguid ‘cooled suit;
LCS because of higher spacific heat of the liquid in
circulation is more effective way. Sant er al®* of
Institute of Aviation Medicing have conclusively
damonstrated the efficacy of 3 liquid cooled suif.

In view of the above. following measures are ra-
commended for mitigation of hest stress :-

(a) Aircraft cockpits should be covared by taura-
pulin covers in betwsen the sorties,

(b} Crewroom and ORPs should be aircondi-
tioned,

{c} Insummers the aje pre-flight checks may be
carried out by other aircrew, if acceptable.
This shauld be resarted o particularly for
the sorties carried out between 1100-1800
hours during summers.,

{d) A small fan with rubber blades should be
fitted in the cockpit of Mig T-86. Mig-B's
and front cockpit of T-64, since the point iz
available.

(el Adequate replacement tivids in the form of

frash frult juice for making up fluids and
salt foss available in the crewroom must be
consumed by the aircrew.

(f) Liguid coolad SuUit system may be usad ta
kecp gircrew in the thermal state close to
comtort zone during summar operations,
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