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Physiological Strain Responses at Simulated Thermal Environments as
Applied to Military Flying in Hot Weather Conditions

PK Banerjee

Fourteen normal hoalthy men wers exposed fo three
gimufated thermal environments of sir temperalure: 40, 45
and 560 C, sach with 50% refetive humidity, for a duration ol 80
min or less when they reachod thelr subjective endpoint of
toferance. At 40FC, mouth temperature (Tw) and hesrt rele
respanses worn found lo stabilise by 30 min of exposure,
with ne further Indications of body heating dil &0 min. Ar
45°C, thermal straln maasures showed continued increase
olthrough 60 min of exposure, the mean terminal Tm value
reaching very close to the recommendad upper lmitof body
heating erfterla for alrcraw. On exposure to 50°C, subjects
were found lo Incur exceasive bady hoating and ahow signa
of Inttelerance. Fifty par cent of them reschod thelr subjective
gnd points of tolerence by 40 to 47 min of exposure, others
cantinuing il 60 min with lndicatlons of acute thermal strain,
Within 30 min of exposura to this envirenment, the mean Tm
responge of the subjecls exceeded the recommendsd upper
Himlt of afrerew body haating.
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’n low level military flying, cockpit temperature
canoflen reach dangerously high level in hot cimatic
conditions' #. The heal stress problem is particularty
savera in high performance alreraft, when the natural
climatic heat load is further aggravated by aircraft
factors and the design considerations limit the
capacity of the onboard cooling system, thereby
leading tc- higher cockpit temperature than that of the
ambient®®. Though the actual recordings of the
cockpit temperature in respect of fighter aircrall in
IAF fleel are nol many, it appears most likely that
during low level exercises undentaken in the summer
months, cockpil temperalure would often be in the
range of 40-50°C. A few studies in the field indicated
the same’"

From the flight safety peint of viaw, the potential
hazards of undue body heating in aircrew are well
remgmsed Flying resirictions In hot weather
conditions to eﬂem maintenance of aircrew within
cartain physmlu lcal limits of body heating have
baan propuse*d . This paper presents the findings
on the degree of body heating as incurred In normal
healthy male volunteers on exposure lo three
different simulated settings of hot environmental
conditions in tha range that is likely 1o occurin cockpit
while flying low leve! in hot summer months:
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Materlal and Methods

Fourteen normal healthy male volunteers from
among the staff members of Institute of Aviation
Medicine were the subjects of this study. Age and
physical characteristics of the subjects are shown in
Table |.They underwenl exposura to three simulated
heat stress environmenis of alr temperatura: 440, 45
and 50°C each with 50% relative humidity and air
maovemant around 17 m/min on three different days.
The wet bulb dry bulb (WD) Index of these three
environments amounted to be 31.9, 36.1 and 40.7°C
respectively. The three experiments on each subject
were completed within a period of 10 days with a
minimal interval of 2 days between the experiments.
Each subject was clothed in a cotfon brief, flying
ovearall, inner helmet and canvas shoes. On all lhree
occasions the duration of exposure was 60 min or
less when the subjects reached thair subjactive end
point of tolerance. Oral temperature (Tm) and hean
rate maasurements were made afler 30 min of
resting in an airconditioned room {Tgp 25°C) and at
every 10 min of exposure to simulaled heat stress.
Tm was measured with the help of a sublingual
thermistor on an Ellab thermometer. Heart rate was
determinad from ECG tracings on a Nihon Kohden
Electrocardiograph. Swealing rate for the tolal
duration of exposure was measured by differential
nude body weight taken before and after heat
exposure and expressed ingm per me BSA per hour.

Result

The mean physiological thermal strain
responses of 14 subjects at 10 min intervals of
exposure to  three - simulated heal stress
environments, viz., Tdw of 40, 45 and 50°C each with
a relative humidity of 5095 are presented in Tables Il
Il and 1V respectively. While all 14 subjects could
endure the scheduled duration of 60 min al Taw of 40°
and 45°C, only 7 subjects could do so when exposed
to Tdn of 50°C. Two subjects reached their subjective -
end point of tolerance at 40 min and 5 subjects could
continue till 40 - 47 min of exposure at thig
envirgnment.
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At Tas of 40°C, the mean Ty showad a
moderate increase from its pre-exposure value of
36.7°C 1o reach 37.2°C al 40 min of exposure and
was maintained as such for the remaining 20 min
duration. The mean hear rate went upto 83 by 30
min and maintained. The mean swealing rate was
123 g/m ihr,

Al Taw of 45°C| the mean Tm showed continuous
rise from its pre-exposure value of 36.7°C 1o reach
37.9°C at 60 min of exposure. The mean heart rate
also showed continuous rise from 78 bpm o reach
117 bpm at 60 min. The mean sweating m!e of the
subjects at this environment was 245 gfrn fhr.

On exposure to Tap of 50°C, the mean Tm
showed a continuous and sharp rise to reach 33°C al
60 min in the subjects who could endure that long.
The mean hearl rate reached 139 bpm at 50 min,
data including the terminal values of those Iclerating
uplo 45-47 min. Al 60 min, the mean heat rale
response of 7 subjects was 141 bpm. The maan
sweating rate at this environment was 482 g/m?/hr

Figure shows the mean Ty responses of the
subjects al different time intervals of exposure to
three simulated thermal environments as against the
upper safe [imit of Tm for the alrcrew’.

Discussion

Physiological thermal strain responses seen al
the three simulated thermal enwvironments (Tables
[HIV) enable identifying the patterns of body heating
in seated men on usual scriie lime exposure 1o the
hot environment conditions in the range thal can
accur inthe cockpit environment whils flying low level
fighter sorties in tropical summer months.

At airternperature of 40°C with 50% rh (WD index:
31.9°C}, body healing was found to siabilise by
30-40 min of exposure with Tm arcund 37.2°C and
heart rate around 80 bpm, with ihe overall sweating
rate of 123 g/m2/hr. These thermal strain responsas
are indicative of an acceptable level of heat stress,
that, though remaining much above the comfort
zone, would not endanger the well being of the
aircrew as well as his flight performance. Billingham
and Jones1 fermulated the criteria of upper safe limi
of body heating in aircrew as Tmof 38°C, heart raie
of 130 bpm and sweating rate of 300 g/m2hr. The
observed values of body heating parameters for 60
min exposure 1o 40°C with 50% rh are found to 52
very much within the above safe limits.

The mean values of Tm and heart rala al
different time inlervals of exposure to Tay of 45°G
with 509 rh (WD index: 36.1°C) show a conlinuous
increase in body heating althrough the 60 min o
expasura that was loleraled by all 14 subjects. The
group mean values of the body heating parameters
at 60 min exposura o this environment are found to
be well within the limits of physiclogical end polnt 4::1'
thermal tolerance as noted in earlier studies'’
Huwever when compared with the Billingham and
Jones' criteria of upper safe limits of aircrew body
healing, the mean thermal strain responses of the
subjects, particularly thelr Ty data were found o
reach quite close Lo the upper limils at around 60 min
of expasura, The possibilily ol cockpil temperature
reaching this high has o be viewed with suficient
caution permilling flying only with appropriate
restrictions. This simulated temperalure condition
falls at the upper region of the ‘Caution Zone' of
Fighter Index of Thermal Stmsa (FITS) as proposed
by Nunneley and Strlhlay lor USAF operations.

On exposure 1o air teamperalure of 50°C with
50% rh (WD index: 40.7 C), volunteers started
showing frank subjective intolerance. Seven out ol
14 subjects reached their subjective and point
within 40 lo 47 min of exposure. Also 7 subjects,
who could complele the scheduled duration of &0
min exposure, exhibited a very high Tm value of
39°C, which was dangerously close to the
maximal value of core temperalure reported at the
end point of lolerance while exposed to hot wet
environments' "%, The average tolerance time in
similar thermal environment (WD index) had
earlier been raported to be about 50 min'®. As it
would be seen in Fig 1, within 30 min of exposure
itself the mean Ty of the present group of subjects
excaeded the recommended aircrew body heating
limit of 38°C. A cockpit environment of similar
thermal severity must therefore be considered as
grossly inadsquats, unsafe and dangerous for
fiying.

The possibility of the cockpit temperature
reaching a dangerously high level is quite high if
low level exercises are undertaken in hot weather
conditions. The results of the present study bring
about the temporal response in the degree of body
healing on exposure to three different severities of
thermal environment in the concerned range and
demonsirate the occurrence of body heating
beyond the acceptable limil as recommended for
aircrew once the WD index reaches above 36°C,
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Table - I Age and physical characteristics ‘of the subjeéts (n = 14) " -

Age Haight Body Weight Body Surface Area
(y7%) (e {ka) iy
hean 31.9 17113 62.0 1.73
+ sd a0 4.8 58 0.09

Range 20-41 163177 52-68 1.58-1.84

Table - Il Physiological thermal strain reactions on exposure
to Tab 40 °C with rh 50% (n=14)

Slrain Fre- Tima of Heal Exposure (min) )
Parametars axposure 10 20 ao 40 50 B0
Tm (PC) m 36.70 3690 3780 3710 3702 3720 3720
+ sd 0.22 0.23 0.27 0.24 0.26 0.24 0.23
Heart rale (bpm) m 75 a3 87 212 Ha 40 91
+ 5 82 96 9.4 8.9 8.2 8.0 78
Swaal ralp (gimang m 123

+ 5d 32

Table - lll Physiological thermal strain reactions on exposure
to Tgn 45 °C with rh 50%  (n=14)

Sirain Pra- Time of heat exposure (min) ol
Parameters Exposurs 10 20 a0 40 50 ]
Tm [uGJ m 3G.8 377 3740 37.50 37.70 37.80 37.40
1 sd 025 0.23 025 0.76 0.23 0.26 033
Hear| rate |bpm) m 78 89 a7 102 106 112 117
A + sd T 849 .7 0.5 11.0 12.8 13.7
Sweal rate (grmhy ™M 245
t sd " : 59

Table - IV Physibfngfcaf thermal sirain reactions on axposure
to Tap 50°C with rh 50%  (n=14)

.Straiﬂ Pre- Timea of heal exposure (min)

Parameiars exposure 10 20 30 40 i &g -

Tm ("c) m 26.7 3730 3780 3820 3B50 3880 39.00
+ =d 0.19 013 0.25 0.30 0.31 0.28 0.31

Heartrate gspmy  m 75 95 109 121 130 139 141
+5d 103 132 115 T3 12.9 10,3 2.1

Swaal rala jgmonn m £82
+sd 123

#n= 12including the lerminal values of 5 subjects reaching their subjective tolerance point at 45-47 min.
#% n = 7 subjects who endured 80 min of exposure.
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Figure. Oral temperature responses at three simulated thermal environments.
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Maintenance of aircrew within an acceptable
limit of bady heating while flying in hot weather
conditions would obvicusly necessitate a detailed
ohjectiva appraisal of the cockpit thermal
environment vis-a-vis local ambient temperalure
50 as to formulate an appropriate time frame for
permitted flying in respect of differenl lypes ol
alrcraft.
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