-,

,, 2O
) R § F!'Jrr;
) ARMORED LEDICAL RESEARCH {ABORATORY ‘
Fort Knox, Ksntuo .
- Bantucly ) <UN 1 B8}

Projeot Noe« 204 ~GA
7272 SPMEA * 24 lay 1544

20-4 = Immobilized Afir (OQIG Tost Lumber 67-iV).

& b SRl R0 3P
. .

a. Authority = Socomd Incorsemont Cozmanding Gomoral, Army Ground
Porces, 450 (21 Jan 44) GRCT 11455423,

™ Purposo e o dotormine tho smount of thermal imzsulation oot
by oonvection botween layers of two adjacont fabrics, axi within the fabrics

% ; thexnselves.
2. DISCUSSION =
&¢ The maxinmun insulation attainable within clothing of givon
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' thickness is obtained by a layer of izmobilized air. Although tais 4s
; izpossible of oamplote attainment in any garment, efforts to this ead
. » kave boen mado in the dosizn of ¢0ld weathor clothing in that as Iargo
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& quantity of air asd possidlo L3 treppod betwoen the laycis of cloth come
prising an outfit of issue. Coavection within the garmeats canaot to
extirely elimivatod as thore usually exists a marked texpsrature dififor-
outial from inside oute Czd possiblo way to improve theiial insulation

43 %o provido intimate contact betwoen tho swrlacos of +.:0 adjacoat fabrics
by intermingling of fibres, thus trapping practically dexd air ia the ine.
torspaces. This will decrease heat lossos ariaiang from iaternal convoction.
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be It has boon suzgoostod that napping of both cdlacont surfaces
can bring about such a trapping of air. Outer garments rowve been mado
from winderesistant sateon oloth nipped on the imner surlace. Tho 50/50
alpaca-mobair pile garmenta, trousers and parke’; of the crctio some issuo /
bave &180 been wmodified by pulling cpproximately forty (<0) per cont of
the fibres through the btack of the Pabric. This rosulis in napping of thoge
&dJjacent surfaces of these garments. The modified combization of clothing®

has been compared in protective value to the standard arotic zouze issuo. §
g
[ 2]

S« CONCLUSIONS =

es 10 increase ia izsulation was obsorved fram the zappiag of
either the sateon windproofl outer garmentis or the pile gormonta. .

L& "~ b. Both the siandard 4s5ud camd tho modificd memr.d issuc have
’ the same inherent izmsulation o approximatoly five (&) cave

Oistribution of This Document is Ualimiteq

) o. Subjeotively, no differences in comfort sensaiions woro ree
~ ported with the woearing of these two issucs or combinations thereof.
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8. Thet the proposed BeLhod of nippins of garme
feoo ephancing tho insulating value of clothing.

sidered a satisfactory means
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I. EXPERIMENTAL PROCEDURES
Gontrol Clothing worn by subjects in this test:

Drawers, Wool, 50/50

Undershirt, wool, 50/50

Shirt, Flann:l, 0,D.

Trousers, Fiold, Pile

Treusers, Field, Cotton, 0.D,, Sateoen, 9 oz.
Parka, Fleld, Cotton, O.D., Sateen, 9 oz.
Parka, Pile

Shoe, Arctic, Felt

Socks, VWool, ski ‘(2 pairs)

Socks, Wool, cushion (1 pair)

Mittens, Insert, Trigger Finger M-19.3
Mittens, Shell, Trigger Pinger Mni943
Mufflers, Vool

Wristlets, ¥nit

E:merimental Clothine

The experimental items listed bolow wera iccatical in style :ith the
standard Arctic Issue but wsro modified by having one surlace well napped
and raised.

(1) Parka, Field, Pile 50/50 Alpuca, napdped
Trouser, Fieid, Pile 50/50 Alpaca, napped

The outer napping on the abovae garmonis was accoxplished by puiling approx-
%matdy)forty (40) per cent of the fibers through the back of the fabric
Fige 2).

(2) Parka, Field, Cotton, Napped 9 oz. Satcea
Trousers, Field, Cotton, wapped 9 oz. Sateen

The napping on the sbove was performed on the inside of the cotton outer
shell (Figurs 1). The two innermost layers of the arctic zona issue re-
mained unaltered during the test. Observations were made at axbient tempera=
tures of 0°, -10°, and =33°7 vith wind velocities of either zero (0) or five
(5.0) miles per hour, The majority of tosts were conducted at -10°F znd une
less otherwise stated the data obtained at this temperature will be used
throughout this discussion. On six of the eight subjects rmeasurements of
the insulative value of the combinations worn were made. The procedure for
obtaining bedy and sk’n temperatures and metabolism are similar to those
used in tnhe other studies* of this series. TData obtained curing tests on
;a copper cylinder clothed in the experimental fabrics is being presented
Ter,

* Project No, 20-2 = Insulation proviced by Windbreaks.
- 1 -




The requirement for two napped layers in apposition with each other
to trap a layer of air may not bo necessary. The use of a single napped
lgyer of faobric might give as erfficient an immobilization of air as would
two layers. Therefors tests werc conducted on the following modifications
of the arctic assembly in orc provide information on this point.

a. the napped sateen outers and s.andard 1/2 inch pile,
b, the standard sat. .. outers and napped plle. |

II. RESULTS

Sudvlect’:-> Data

The most coastant and prcciscly reporicble of the sensory rosponscs

to cold are thoe awarcness of the onseb of pain in the finsjers or toes (3
nowsure of cowfort in the extre::u.ol\.s) and awareness of the onset of shivore
ing (a mcasure of gonercl body cowmfort)., Since in some instances mca have
stated that they shivercd oaly becauso their extremities bocame unbearably
cold, the relationship between these twe coafort criteria is not clear.
Howevor, untdl furthor investigation clarifios this interrclationship the
use of these criteria will serve tue purposes of this report.

In Figures 3 and 4 &re prcsc..toi dsta obtained on thc subjcetive ro=
sponses of the subjcctis drcasod in the various experimental combinations.
The responscs cbtainod waea the coutrol garments (sateen and 3 inch pile)
wera worn are presentsd for the subjects' vest and vorst days in these
garments. No differences are evicdent in the aub,jective responses of a

subject dressed in tue various combinations. The spocially napped clothing -

did not increase the tolerance tims before the subject roachod an uncom=
foriable stato in either his extremities or body.

Objoctive Data

In our initial experiments with the napped garaents, outers ard pile,
it appeared that considerable benelit was being gained froa these garments.
The mean skin texmpe:atures of the first two subjects tested at zero (0)
wind velocity were higher than the temperatures found when the unnapped
garments were being worn. This was not borne out by subsequent observations
on other subjects. No changes were found in four subjects, while in two
others thoe mcan skin temperatures were in favor of the regular issus. In
Figure 5 these two types of response of the mean skin temperature are shown.
When the subjects were exposed to a wind velocity of five (5.0) miles per
hour, no differences were observed between the two combinations studied.

Before presenting data on the insulative value of the combinations, it
mey be well wo point out that no combination improved either the coamfort
dmpression or the actual rate of fall in the tamperature o2 the extrezities.
It is again emphasized that the major weakness in arctic clothing liss in
the insufficient protection of the extrexities while provicing torso pro-
tection that is almost adequate at the temperatures employed in this study.
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Tho loss of body woizht by cn individual and tho weight gain of his
clothing wac of the same ordor of magnitude with both coabirmations (Table
III)e The addod nappinz of fabrics did not impose a bariier to water 1oss.
(7or additioml iplormation on tid bohavioer ol the napped fabric. durisj

work, 560 Proiaot 20-1 = The Dlfoct o Closuros on Thorm..l Protoction.;

Yo significant difforonccs ware odbsorvad im tho prodictod cquilidriwa
lovel of moan skin teuporaturo, Oy, With tho woarisg of omo or s otuor
combination at wind velocities of eithor zero (0) or fivo (5) miles por
hour as showa below.
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Tho camo variability proviousiy rogorted for Lk, the colin; constanty,
was found to be mrecent in this ctudy. o rilationchip could bo found To-
tween tho value of k and tho clothinz cowvixation toing wora.

Ia tables I cnd IT data on Clo wulins are mrocdated. It 45 chem (Tadle
1) that &t zoro (0) mph, there is ro difforoaco veiwoenm vhe zapped cad uce
zapped garments when sufficiont aiwwlbors of subjoots are ctudiod to eliminato
individual difforences in rocsponss. Tho cveraze C.o vaiuo at a wind velocity
of five (5) mph did not éiffer siznificantly from the still air waluo. Thd
differences observod batwoen the Clo valuss at zcro and & five mph Gid not
¢iffer by more than six (6) por coxt. Ta toblo II aro ciowm tag data oa
the only individual ian the sceries whose rosponsos differed groatly froa tlhose
observed for the other subjoots. LHis data would lcad onv to moke eatirsly
different concluciors fiom tho abovo data on & mutdber of cubjoets; thoro is
no doubt, that for Cr. the nappced combination is not as officiont in proe
viding insulation as the standard arctic assoudbly. This data ic also of
iaterest as it illustrates .. groeat variabilily ia howrly Clo valuod caie
culated by the standard procodure. There is botter asrocazsnt whoa Clo
valuos far thcse combinations calculatad from the predicicd equilibriwa
tomperature, Oy, and the wmiytabolic hoat production for the third hour are
compared bui tho differences still indicato that thermal protection is
wot improved by woaring the napped zarmoais.

Studles on tTho sthor combimations montioned with tho subjocts wearic] &
singlo layer of the maprod fabrio, cithor pile or satoon, £2ilud o Gumone=
surate any improvewoxt in thermal iasulation. Clo valwos calculated frem
0, with sublccts exposod to aa air movomcnt 62 five (5) wilos por Lows Word
4¢3 for - 5 sateen and nippod pilo combination cad 4.8 for o napzad satesa
asd stanuard 1/2 imoh pilo. Subjootive sounsations were mot appreciabiy
different when any of the combinations wore worae
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a.le SULAKY OF RISULTS
¥o difforonccs woro oppariat bLitwoon vaonapped and nippaed garconts
{from tho st.ndpoint ol cuy of the ixndicse employod im those tosts. Tao
T.ilure to dotoot dilfereanccs was undoul * ¢uo ‘o tho influcnco of
. «038 KoY &f-.v. - By Lo modllicaticns
considoraticn. Qo most importwat prodion Ln improvamern: of arctic clotihe
iug, viz. inorcasirg extremit rotecti-a, 13 still unsolved.
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TABLE II

Clo Valucs (Calculated by Standard Method
ond From Oy on Subject Gr.) Expcsed to cavironmental Tewperature

&’

of -23°C

S0 46 00 00 00 S0 B9 00 0 00 00

3 : 3 t

CINTHING ¢ T/IND H STAIIDARD : Clo H
CGoSLUATION t VEIOCITY : by 00 t

: ¢ M, P.H. g 1t hor ¢ 2nd hovr : 3rd hour s last 2 hours 3 3
s : 3 : s s s

Sateca (9 c¢-.) Cutors s O s 4.8 $ hil 4.3 s L2 : 49 s
cd s O H 3.4 H hes 3 5.9 s 5.15 t LT :

Pilo, 3 lich s 5 g 3.6 s o2 2 Kol t L3 : 4.2 H
: g 3 g : : :

Satcca (9 0o7.) Outirs ¢ O : 3.7 3 3.7 : 3.5 g 3.6 s hoh 3
nepped and H H 3 t H 3 s
Pile, } inch, napped t 5 t 2.6 : 3.2 : 3.1 : 3.2 : 40 :
a ] 3 3 N : .3 : 2
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