Liquid Conditioned Suit and its Use in Alleviating
Heat Stress in Military Flying
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Abstract

Ell'l"l;'.l’...l'l‘l‘lpl"l'l"‘n' of two maodels of lignid condition-
il'lll:: Ilnil, i!uﬁg::n:maf}r dtvc]upl‘:d, WilE C\'El]l]u[td [riy]
the basis of the reduction in physinlopical thermal
strain in subjects exposed o simulated hear stress,

Meodeld=1, a luboratory model Lased on Preon
conling was found to produce 487% reduction in hieat
actumulation and 7554 reduction in the risc in heurt
eute for 30 min exposure 1w 5070 BB with 305
relative humidity, as compared o their respective
levels reached during trials conducied withonr the
liquid cooling,

Muodel-2, a minjaturized insulmed ice pack, was
found to affcr more cooling, a3 judged from the
thermal strain responses of the subjects in a2 60 min
exposure to the swne thermal euvironment,  Pereent-
age reduction in rhermal strain, as réflected in the
comparative analysis of the mean values of hear
accumnulation and rise io heart rale at 60 min of
cxposure with and without the use of this liquid
condirioning sysicn, was found o Be 70%.. Ata
relatively lesser degree of thermal stress situation
vir, &HO"C DE with 30% relative humidity, cocliog
provided by this pack was found to he sufficient in
mainlaining a wirtual thermal comfort for one hour
exposure,  Miniaturization attained in thi: medel
provides ‘a chance for its use in modern military
aircralt,

Introduction
Tow level flying in tropical summer results in

high temperature within the cockpit, A few in-flight
studies  (2,5,8,10) demonstrated  that the  cockpit
temperatitres often shoot Lo 50°C and above, indical-
ing that the aircoaling systems in lghter aiveralt are
grossly inadequate to ensure thermal comfort to air-
crew.  In view of the accepted need to minimise the
weight and power penalty in fighter aircralt, thus
limiting the use of higher capacity air conditioning
systems in them, the present day  thinking in mitigat-
ing the thermal stress of the cabin atmosphere is by
means of cooling the microclimate between rthe skin
and the mner layer of the clothing,

Ot of the two accepted modes of micraclimate
cooling, viz. by air ventilated suit (AVS) and by
lignid conditioned suit (LCS3), the latter has been
considersd to hc supericr due to the higher heat
extraction capacity of liguid to air, which results in
a power advantage for the LUS system compared to
the AVE system (1),

Eurlier laboratory studies (5,4,6,9,11) with vari-
ous designe of the suit and with varied materials used
as coolants met wirh gratifying results, Various coal-
ing svstems, vie. freon package, liguid oxygen, solid
carbon dioxide snow and water ice have been investi-
gated for their passible use. Efforts are now being
made tu develop a suirablc cooling pack which will
be compatible with the space, weight and power
provision of the cxisting airceraflt.

Two such systems, viz. Model-1, a laboratory
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model of lteon package and Model-2, a miniaturized
insuiated ice packege, have been developed in this
[nstitue with the idea of studying their suitability in
alleviating the heat load that is commonly prevalent
in low level Aviog in tropical summer. The present
study reports the effectivity of these two svstemy o
terms ol the reduction in physiological thermal

strain,

Muaterial and MWethinds

LOCS Systems

Model-1 0 The first model of the velrigerant
pack for laboratory trials on liguid conditioned st
depived irs conling Trom the coaventional freon
refriperation.  The LGS supply of water-piyenl
mixtiure was cooled by cireulating it through the
coils embedded in the cooling chamber of the
refrigeration unit.  ‘The Huid was circulated in the
suit using a 1440 HP water pump which gave o liguid
cirenlation ol 1.75 litresimio when the st was con-
nected to the systemn. The cooling chamber, which
wai well insulated, contained water and (he waler was
made to freeze prior to the start of the experiments,
by running the relrigeralion unit fo approximately
2 hours FFreezing was confirmed by noting the
temperature ol the chamber vsing a thermomerer
provided for the purpose.
The second model  derived its
of ice and graduusl raising
water thus formed. Coils
(water-glycol mixture)

Mogfel -2
cooling [Tem
of temperatere of
far cieculating the liguid
are embedded in a recrangular copper container
ol B.5 % 47 4" diwension, The container conld
take lwo litres of water when it i filled up.  Afier
filling the container, a fow ml of water 15 removed

fusion

su as to carer expaosion when ice is formed. The
container can be introduced int an insulating box
by sliding out the top lid of the box.  Prior (o
the start of the experiments, rthe copper
container is kept in a deéep [reege so that s
water turns into ice. lt is then transferred to the
insulating bex and connected to the liguid conditiancd
suit. The system can provide about 200 Keal of
refigeration, which 15 considered  adeguate fur
most of the fighter/bomber llying based on the heat
storape data available,

Subijeets

In all, 9 healthy malc volunteers participated in
the study. Their age and physical characteristics are
shown in Table |,

B0

TABLE 1
Age and physical chavacteristics of the subjects
_ Age Height  Body weight H.F{.A._
Subjoct  tvre) (Cot) (kgD (m2)
38N 3l 174 51.0 1,60
PKB 32 i 43.0 L.74
LEMI 35 ] i35 1.76
DEKEB 27 1G5 51,0 |42
DYR 40 163 G40 1,70
MED G |72 B0 1.75
CAY 14 162 51.5 A
REKS a2 |37 G040 1,665
MKV 33 167 A [
Mean 347 168.7 B8 160
+ 5d 56 5.3 i LR Y

Stmulated thermual environment
Two different thermal conditions were simulated
in the laharatory Hot Cockpit,

Thermal condition §; 2070 dry hulb and 39°C
wet holh temperature (1elave humidity 0% with
air velocity of 33 feet per min)

Thermal concdition 2 5070 dey bulb and 32 50
wet bullb temperature (relative humidivy 3070 withy
air velocity of 55 leet per min.)

Evaluation of LOS madel | was made at thermal
condition | anly while LCS medel-2 was evalualed
i both the enviranments,

Clothing

Each subject was dressed in the fullowing cloth-
ing;

{a} Cotton brief

{h Liguid conditioned suit: type 2 series 5

Beaufort Air-Sea Equipment Lid,, LK.

{e] Flying overall

{d) MNylon socks

{g} shocs

£f1 Type g inner helmet.

The control experiments were done  without

the: LTS,

Experimental proiocal
After weighing nude, the subject was instrument-
rd for the measurements of skin temperature and

AFTATION MEINCINE



heart rate and was dregssed in the above mentioned
clothing.  After resting for abour 15 min at room
temperature, pro-cxposure  aneasurements  of skio
temperature, oral temperature and heart rate were
made.  The subject was then taken 1o the simulated
envirooment of the Haot Cockpit.  In studies with
LCS model-1, subjects were exposed for 50 min and
the physinlopical measurcments were taken at 10,20
andd 30 min of exposore. ITn ostudics with LGS
model-2, the duration of heat exposiure was 60 min
and the measurements were made every 10 ain, At
the end of heat exposure, subjecrs were weiphed nude
Loy ameasure the sweat Joss,

Physiological measaremeats

Skin LUII]IJEI}J.IUTEH. were measuped ot the 115:]‘1'-'
chest wall, right upper arm, right npper leg and right
call with the help of thenmocouples and read off
aon lillalh electrieal  thermometer, The mean skin
tempernture (MST) was calculated by giving appro-
printe weiphtape as recommended by Rumansthao
7).,  Oval teemperature (O was measured with the
help ol o clinical thermomerdr.  ‘The mean body
temperature (MBT) was calculated from MST and
OT by the formula: MBT -0.35 M5T+0.65 OT,
Heart rate was measured lrom ECG vacing: on a
Grags maodel BC polygraph, Sweat loss [or the
periad of heat esposure was determined from the
differences in nude body weight taken before and
after the experiments swith an Avery weighing scale
which read up w an accuracy of = 1 oz,

Suitl infer rempevature

In LOS telals with Model -1, the it inler tempe-
tature was measured at 1, IO, 20 and 30 nunof
exposure with the help of a mercury thermowmeter
inserted in a plastic T tube at a distance of 0.5 meter
from the mutler point of the fTéon package.

Regults
LOS frigls with Model-1 vis-a-vis contral trials

Thermal strain respouses in terms of 30 min
MSBT, OT, MBT, heart rate and the total sweat loss
in control and LCS trials are shown in Table 2. The
riscin heart rate and the heat accumulation for the
same trials are shown in table 3. The cooling benefit
ol the LUS system, as envisaged from the perecnrage
redunction in the rise in heart rate and the heat accu-
mulation is also shown in the same tablc,

DECEARER TVFR

TABLFE 4

Thermal protection offered by the Freon pack
Jor 30 min exposure ar S0°C DB and 39°C WE

Risc in heart rate

Heat accumulution

Subiccl i (bents/mine {Kaal fm?)

Control LGS DIf Comol LGS DIl
58N 56 G =3 RF AT 35.4
KB an [ 12 671 2740 9.4
EM1 16 0 -36 787 289 -198
DER i [ g 690 8510 274
DYR 28 2 .l A0 47,0 11.0
MBI o 1] L ] |0 9.4 = 1L
Mean 35.% u7 266 608 416 - 29.2
-1 5d 8.1 55 a3 .7 e

Cooling
Lienefit THM 4%

= [ e {01 vEY P o~ 0.001

LCS trials with Model-2 vis-a-vis control trials

Tuble 4 shows the thermal strain responses for 3
subjects ar the 60th min of exposure at 50'C DB and
J9°C WEB in control and LCS trials with the Model-2,
The rise in heart rate sud the beat acenmulation for
the same trials and the percentage reduction oilered
by the LUS gystem are shown in Table 5;

TABLE 5

Thermal protection offered by the miniaturized
ive poek for Tl exposure af 30°C DA
and I8°C W8

Rise in heart rare IMear accumulation
Subect (hegrz 'min) (Kcal'm?)

TContral LCS T Contrel  LOS il

ExI al 22 -2% 82.5 6.4 —46.1
DYR a8 [2 -4 82.2 17.7 64,5
MEV &8 14 =34 899.6 23.3 -74.1
Mean 590 160 450 4.l 265 -t .6

Covling i
henefit 0% L

al




¥GE T LEE

63T 0iF— gite— EFF L 6I°LE T1'8E Ua°0— E%48 £Z'gf OF' 1= LF08 fRLE HEa A
¥~ +9E BBC 59— 0 41 901 - BaTIE LR 0- &LE 07HE &= g'9s  Bls HAd
D0§—= ‘9§ i) ga— G&h ol £€e’l 18°LE 94'ag Fl=: 897 GBS 81— Gug T BE AN
DF1- 8BS  O/F LE— oM LT 00 BlI'LE FYLE EQ- s g'Le g0 Dag.  FULE Isd
Eiin| BT [ediuo ) mna 2L [enuon Bna b | s Ly Flin =527 JEIuay lilis} 50T [oduns

ws)  camoseon) (D-) T B 1malqng
BSO| 1HAME [TIOT, e 1352y [EUpLLA ] LHW [Euriiap 03 penimiaag, LS [rartrag g
Yand aar PAZPIEiain N8 Sy 907 pug s
L2AMERG SSURRHNT— T M .65 par go SO G5 dansadxa Wy ¢ fo e AU I VRN S Wiy jiriaepany
P ATAV.L
1000 = d ses 00 = o ew SO0 = o
Hew 09 C5 wa L] &% B £5°0 Hi 0 - 91N gE0 #he (70 a0 (£l R
Bel— L1 EiR 0'0E 006 008! &5 0" B99E £07% EC'D ETLE LG (A Tl || H G v UEIY
FEo- DT PUE 0g - LI 980 o R | AT 1o+ Bt £48 &1 LA S X CIep
951 - 18 DER ug o 0Z1 L0~ 1gae 1biE G0~ B Mg B1= 18 il A
all—  BS1  ORe i g8 011 B0 O BOLE VR L 7 £1= A'SE ¥is HHI
6l - 9% 0L /i i o8 02l 881 - IP9E  95if 't~ Tds 2'8¢ B'e—  1'GE  0g T
g1l - 961 408 ¢l— #1198 g ld— G008  $0LE 0= ¥iE 06 il Tl 4 - axgd
F 8 e 9% 801 gL - 8% 041 BE'l— €808 LLUE 60—  0L8  6U% A G S, 7 K9
wa SO1 18U} g ST jemuo)  wg §3T1 fanuos ua 8T ©Rwed  ma son oneoy —
(maj L Epeag ) (> (D) (o T4 malgng
FEC] [EAME |#10) AVLT JIEAY (EUmIa] 16N (comag, L0y oy LW emiiay

yond uoadd wyilw SOl ST BUD joaTne
W13 f0u243(2(0—g M D 65 PHER G D05 0 amsedxa upe i S0 pus ou1 o S3RN0dEa WIDLIE [NiRY

& dATHVI,



Yood 20! paIlaupiuud yIn SJoN ST PUD j0LIN0D
MDY SANABITIT—G M D-.C'EE Pup G D.NC 0) 2ansodXa ay ;[0 pup ) 10 Sasupdsad

9 ATIVL

Hjdps oL |

10070 > dyem 0= dy 0= d=
4 <ol | "t 6’8 g01 S Y80 180 it BaD RO . Pt R VAR B s
H e 148 60y ERE= DEL LT1o1 S gLeg  ofiE ER'0- EE'IE HYU'LE Owl—- ¥ cs E0LE Uy
] LEG LSk B~ 08 a01 496°0 - 9¢ 95 BGLE gn- 18 Wit [ e ULE AN
OkE — ort 05t A Gc i £8'g- 41496 LR R e 0'RE 9[- R A ¥
S8 - EGE 1 h 01 = it 06 0o G- a9'68  g1°LE o= A S 2 N LR GTUE AYD
G- CoE H B e~ L 911 120~ FITLE GBS £ 0~ L8 BHE 9 - LG SR CIHIN
08— 016 0ag 86 = L T il #9370~ 05 O0'LE &0~ 148 &8 - &'CE a'ep UAd
08 - oLl oLy &8 — ol 31 L4 - 1998 Bl £0 GLH  EUR £l = L o A A W

Jiites SO enue) Ha  sOT jenue) iy §1 o) aET ST 1eIuad 31 eaueD

(s {un/geaq) (1 fy:) (0. 1zalgng

S0 JEIME pRpO] el [IERY [EUIWIA] 1AW |Puitaay, e CLILTEET LS [Hu g




Strain responses of 6 subjects at the end of one
hour exposure o 50°C DI and 32.5°C WB fur con-
trol vis-a-vis LOS wials with Model-2 are shown in
Table 6. The rise in heart rate and the heat accu-
mulatinn for these subjects at contrel and LGS trials
and the corresponding reduction in strain by the
LGS system are shown in Tahle 7.

TARLE §
Fhermal protection offered by the miniarirized
ive pack. for [ hr. exposure at S0°C DB and
32.5C B

Rise in heorl rafe Heat azcumulation

Snbiject {Lanis “tman {Keal'm?)
Control 10§  Diff Coauol LGS Dl
Ii A L] B 2 15,2 20,7 ~19.5
DYR 16 0 ~16 271 11.3 15.8
MEL 42 g, A0 47.0 244 12,6
CANV 22 10 12 4.2 225 et I
RES 30 i 30 46,4 17.0 ~19.2
MW A 0 26 551 6.8 —48.3
Mean 273 2.7 36 418 19.6 5Lt IR
| sd 8.8 9.9 .3 0.5 g4 "
Cooling o =an
benefit 07 53%
v Do 0.0
Driseussion

Muodel-1, the frean package, has been developed
with a purpose of evaluating the effectivity ol the
cooling power of the svstem in a labaratery set un sa
as 1o use these resoles in the course of future develop-
ment of 3 minlaturized field model,

The LGS inler 1emperature as measured was
sutliciently low at the beginoing of hecat exposure.
With iocreased tme, however, it was found to rise
fram irs initial value of 150 to reach 25.3°C at 30
min. This indicated that the relrigeration capacity
of the unit was not matched with the hear load 1m-
posed.  Inspite of this, there were significant reduc-
tions in the mean values of thermal strain paramerers
in LCS irinls compared 1o thase ebscrved in contral
trials (Table 2). Cooling beneft of the svstem, as
envisaged from the percentage reduction in the mean
rige in heart rate for 30 min exposnre at 50°C DB and
3°C WE in LOS rrials visca-vis control trials, was
found to be 75%. While the mean heat accumnla-
tivn valuey were comparcd between the control and
L.CS trials, the percentage reduction in strain with

hEs

the use of the LUS system was found to be 48%
{Tablle 3).

An carlier study {6) with an ice eanled pack
observed, a comparable reduction in heat aeccumula-
tion for a similar heat exposure profile

Considerable mintaturization and a high degree
of insulation were achieved with the second model
where fce was used as the refrigerant, With the
amount of cooling provided by the latenr heat of
evaporation of 2 Ky, of ice, that was contained in
the pack, it was found possible to maintain the sub-
jecty very wuch below the lsits of woleranee Tor Gl
min cxpoaure to D070 DB and 39°C WEB (Talle 4),
With the wse of this madel, the rise in heart rate and
the beat sccumulation lor G0 min exposure were only
about G0% of thoso nheervad in control crials,

When the wials were conducted inoa relatively
bexe stresefal envieonment of 5070 DB with 3250
WE, cooling ollered by the miniaturized pack  was
faund o he suilicient to maiotain 1he subjects at o
virtually comfortable stare with hardly any rise in
terminal heart rute und with anly a slight increasse in
hady heat srorape,
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