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Analysis of Climatic Data and Cockpit Thermal

Conditions at a Fighter Base in North West India

Sox Lon GURUMUKD SINGH™

Abstract

I.\i the first stapge of the study temperature humidity
irdex was analysed at a fighter base in North West
India lor one vear and periods of high thermal
gteess were identificd.  In the 2od stage, serial cockpir
air temperatures before taxying out and take off were
pecorded and total sweat loss inaciual operational
sorties was found our in winters and summers.. This
grave mean values of 25.5°C120.7° C eockpit air tempe-
rature with 123 gms total swewt loss in winter and
87.8"0111.4°C cockpit air temperature with 796 gy
total sweat loss in suminers,

Introduction

In eperational flying, pilots are expeeted 1o fiy to
the maximum capahililty of the mauchize, In this
man-nachine system, machine has undergone vast
improvements in its power and aids 1o flying,  These
improvements have not made the task of the pilot
any eamsier but on the contrary the system now
demands more [rom the pilet in terms of optimal
human performance and acceleration telerance,

Tropical climate imposes excessive heat load
which is particularly sovere in gronnd operations and
low level [ving?, This is due to limitations in cockpit
cooling capacity which i¢ based on principles of air
conling through esmpression and rarefaction. In
military aireralt, the necessity of airconditioning for
pptimal crew performance has (o be balenced against
its cost in weight and power?.  Thesc design conside-
rations have prevented evolution of a satisfaciory
aitconditioning system  for cockpit thermal comlont
during taxying and low level fiving. Theose days
military aircralt have to fly low to avoid radar derec-
tion and this operational ncccssity has Turther high-
lighted 1the problems of excessive heat stress,

The present studly deals with thermal eomfart in
operutionsl iy in Mig 21 aireralt, This alveraly
is provided with bubble canopy which improves the
outside vision at the cost of cawing exerssive radiant
heat foad (Green howse eflect).

Ihis stucyv has been carvied our in two paves ay
lollows :

Pare T+ Analyaid of climutic duln al Lhe bnse,

Part 11: Messurement of thermul stress in the
cockpir,

PART 1: ANALYSIS OF CLIMATIC DATA
AT THE BASL
Material and Methods

Arnnnal variation of temperature and  humidity
at the base was analvsed. Thompson and O'Brien?
have published o nomogram (Fig, 1) [or caleula-
tion of temperature humidity (TH) index from the
values of given temperalure and corresponding
relative humidity (RH), Thizs nomogram was used
for finding out annual wvariatien of remperature
humidity index.

The meworological data of this base pertaining
tn the porind Jolv 77 to Jun 78 were procured.
These included the temperature and R record for
ecvervy 3 hours {or all these days. Daily meacumum
and minimum temporaeres with the eorresponding
relative huwnidity were noted for the entire 565
davs, These valuss were then converted into
the TH index with the help of the nomogram
discussed above, Thus we had maximum TH index,
minimum TH index and also the maximum and mini-
mum temperatures for each day througheut the year,
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These valucs were plotted in a graphieal farm against
the respective dates. In order to present a concise
praphical record, only lhe data of every third day
were taken and plorted.

Hesults amil Discussion

liig | shows the graphical representation of the
data in which the leh side scale in YY" axis
shows the TH index, while the right hand side scale
gives the dey  air temperatare in degree centigrade,
The seule was so selected that the value of 35°C Lempe-
rature coingides with TH index value of 800 Values
ul'TH index belaw 55 and the air temperature below
20000 were not plotted
graphical prosentation,

haand

resulting in discontinuou

Nunneley and Jumes" in their repost on cockpit
thermal conditions and crew zkin IEMPeratire state
highly ellective insulation of crew
clothing and couipment, relatively low air Lemp-
were  required 1o

CUReeause of

ratures thermao

neutrality.,

produce
LEven when light clothing is weorn, a
huge portinn of body cannot dissipate heat heeause
of ¢lose contact with sear or eoverage by helmer,
This implies that cockpit termal
condition iz such that effective humidity  in

visor and mask.
tht
miera-environmaent arountd the pilor is alwaye higher
than correspunding ambient humidity, In Mg, steady
state cockpit temperalure rises with cach inercase in
speed or decrease in alrimde, Thue o these factors
cockpil theemal conditions can e expected Lo be
closely  related to ground level ambient eonditions
particularly in low level, high speed sorries.

A comparative analvsiz berween alr remperamire
and TH index from Jul 77 to Jun 78 for this base
reveals the [bllowing (Fig 1 - Hatched area shows the
drift hetween max TH indes and max, air tomp,)

In July, August and September, there was a wide
drilt between maximum air lemperature and TH
index. The maximam air femperature was
always below 33°0 while the TII index was al-
ways above B0 and moestlv around 85, In these
three months the minimum TH index
was in Lhe region of 73, while minimum tempera-
turc was aronnd 250,

oven

In April, meximum air lemperature exceeded
%57 an two nccasions and TH index exceeded
the value of B0 just coce, but on & different day,

an

In May, maximum air (emperalure was slways
above 4070 whereas maxtmum TH index showed
little fluctuation beyond the value of B0,

In June, maximnm ae temperatire had staried
falling below 40°C but TH index value was Huoe-
tuating wround 83, Onone day during June,
the TH index attained a peak value of 94,

From the ubove woulyaiy it is clear that air-tem-
perature  exhibits a marked  disproportionate  and
non-synchronous deviation fem T index which is
an accepted criterion for the evaluation ol theermal
comfort, A= such air temperature alome cannot by
accepted as reliable eriterion lor determining zane ol
theemal comblort.

PART 11 THERMAL STRIESS AMD STRAIN

IN COCKDPIT
Muaterial wnd Methods

Coclpit wiv wemperature wad 1ol sweat Loss was
recarded in actual operational sovrics,  The cockpil
are temperatures were recorded by che pilots, wang
pen type alcohol therwormeters with o range ol 2071
to 120°F and graduationa ol 2°F, These thermamelers
have alag period of 13-20) secs, 'T'he cockpit tempe-
ratures were recorded immediately aller sleapping up
in the eackpit,  The aircraft was taxicd with the
canopy closed and it roak about b min. to reach the
take oll point. The second tewperature reading was
raken ar the take off paint.  An accurare weighing
machine was used for recording nude body weight of
pilots belore and aller an operational soriie. "The
weizhing maching had a sensitive arm and gave an
accuracy upto 50 gms.  The pilots were weighed
with underwear on, just before the sortie and bnmedi-
atcly afrer eompletion of the sarric. The average
duration of all the sortiés was 53-40 min,

The pilots rravelled in ancaircrew van feom the
crew toom to the aireraft and back. Subjects were
studied for three surties each in winler {Jan 78) and
summer (May 78),  The Tannary sortics were mostly
combar sorties in the afterncon block between 1400
hes o 1600 hirs.  The May sorlies were also the lase
sorties of the day which was beowoeen 1000 hres o 100
birs due to local reseriction of llying whenever ambient
air temperature excecded 35°C,  These were all range
sortics with madium and low level profile,

Five healthy Ops Under Training pilots in the
age group of 23 ta 32 yrs, picked up randomly, were
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the subjects of this study. Their physical characte-
ristics wix, age, height, weight and body surface area
are given in table I,

TADBLL 1

Fhysical characteristics of subjects in Part 11 of
thie study

S : Heig! Weight  Body Surface
Subject (LS () (Ri) Ares® ()
¢35 187.5 Fiv] .81
25.0 168.5 0 1.50
Al R 1740 hif .63
18 23,0 LT 64 17
S 52,0 176.0 70 1.70
Mean 23,0 176 6 57,6 .60
Ranpe  23-52 168.5-187.5 §56-75 1.50-1.84

#From Dubais Nomogram,

Results and Discussion

Viduss of cockpit air temperature and total sweat
lows ulony with their mean and range are given sepa-
rately for individoal sortics and  subjects in Talle 11,

The mean cockpit air temperature in winter was
95.5°C and it increased by 3.2°C during taxying.
In summer, the mean value of enckpit air tempera-
ture was 37.8°0 which increased by 3.6°C during
taxying. ‘Uhese increases in the cockpit temperature
during tuxyving were found 1o be relatively less i the
present study compared Lo that reported by Nunneley
and Jumies? whe observed a sharp rise in cockpit dry
biulh temperature (ipn), as much as 6070, untl tskhe
off, when the ambient temperature on the ground
was 35° — 40°C, The taxying time in (heir study
was 13 min.

In the present study, the mean sweat loss values
were Tound to be 123 gms and 7968 gms in winter
and summcr respectively, In gur earlier study? in the
“8imulated 1ot Cockpit’” the mean sweal loss value
Tor subjects, exposed to 59°C tpp with 53% rclative
humidity for a duration of 30 win, was found to be
380 g,
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The comparative analysis of the sweal loss values
reported in the above study! vis avis the present
study reftects the severity of thermal strain thal
accrues in our pilots during hot weallher  ying o oue
climate. The contrast between the mean sweat logs
values ip the winter and the summer shows the
differences caused by the seasonal variation,

Recommendations

TL index could bie taken ag a eriterion of cockpit
thermul comfort lor strenuous sorlies like combat, low
level and ranpe. TH index above 75 shaold bo taken
as relutively uncomtboriable and above U0 as absolutely
uneamfortable

It % recommended that an extensive stady be
(ﬂﬂd“f:l’ﬁ.’ﬁ! h\'jtil tllL" II{."'.EF ﬂr L'I!.'EZI.I'I]ZIHEI.: IIIHlI'Ll![LC]JlﬁtiUIl
1w record tpy, twe, fory, and air movement in various
phases of flight.

It should be ensured that crew arrive cool oand
well hvdruted o the cockpit by providing elfective
air conditioning o ¢rew rooms,
slso giving adeguare replacement Hinds o the form of
fresh froat juice Jor making up Huid and sale loss due
to excessive sweating in aperarional soreics,

Liriehing rootn aned

Megsures for micre-environmental thermal com-
fort could be adopred to improve funeeonal elliviency
al’ pilots,
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