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ABSTRACT

The standard Alr Fores arctic clothing was worn to determins
if it provided adequate head protection in extremely cold Lemperatures,
Subjects were axposed to -62°C for 40 to 50 minutes in an snvirommenrtal
chamber. Posalible reswiralory problems and frostblite of the chaeks
and nose were the primary concern. Iubjects resting or exercising
experienced no respiratory or frostbite problems. Air in the houd
rapldly approached amblent condlitlons, beciuse of the expulsive nature
of expiration and the strong convectlve air movement. Exercise
increased the microciimets temperatuces in the howd, The existing
hood design was found to provide adeguate head protectlon for AF
personnel at more extrseme Lemperstures than are normally encountered
in the aArctic.
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~NTRODUCTION
Degpite tre lack of mediesl evidence tlesue damrge from cold
inspired alr is stil. thought tn re a potential harmard in cold
envircerments, Webb {ref 1) has shown that there ls no danger of
¢ﬂ§?1?¢1§ alr at temperatures of ~31° C, The inspired air was

warmed rapldly within the nssal cavitles and sosn reached body
emperature_ Little work has heen done in egtremely cold snviron-
ments, but pecple do work in the Antaretic when temperzturss zre
below ~&G° ¢ for short perilods {ref 2}. Under these conditions,
face masks are normally worn. This livestigation was conductsd to
determine 1f the standard Alr Force arctic clothing parka hoo
{witheut a face maﬁb) would adequately protect a person at amblent
vemperatures of -52° ¢ for a pericd of time - 40 minubes., Possible
resplratory problems aﬁd frosthite of the cheeks or nose were the
primary concern. Ir addition, clothing designers had always clalmed
that the funnel shape of the hooed enhanced protection agalnset frost-
bite by entrapping warm alr, which proviﬁed a buffer against the
extreme ccld temperatures of tne epviromment. A simpie way to
lidate thiz clalm was devised.

METHODS

Five subjects were exposed to a ,empevauurﬁ of -62° ¢ for periods
of 40 to 50 minutes in an envircrmmental chamber. These subjects were
dressed in the standard Alr Force arctic clothing ~Hhich consisted of:
shorts, t-shirt {0.2 ¢~), waffleweave underwear (0.9 cle), l-plece
coveralls (-c'wzs«;,/, -1, 2 ¢lo), parka {§-3) with the hood zipped up,
heavy pants (F-1B) (1.8 clo), 2 pairs of wool socks, arctic mukluk
cesembly (1.3 cle), arctic mittens (N-3B, 1.0 cio), and pile cap.

During the first 30 minutes of the cold exposure, the subjects
stood at rest and breathed normally. Then the subject exercised by
walking back and forth in the chamber. Iater, four of the five
subjects exercised strenuously by running in place as hard as they
were able for 3 minutes, Temperatures were recorded at the end of
tre exercise. All subjects continued breathing through the nose
during the various exercise regimes.

1. Webb, F., "Air Temperatures in Hespiratory Tracts of Resiing
uubjects in Cold,” J. Appl. Physiol. 4:373-382, 1951.
2. Milan, F.A., Thermal Stress in the Antarctlc, AAL TR-60-10,

Arctic Aeramedical lab., Ft. Waimnwright, Alaska, 1961, AD-260-213.




Alr ard skin temperatures wers moniicred by 17 therrocouplies
and recorded with a potentliometer. The accuracy of thess measursments
wag + 1.0° C, Temperatures were monitored & mm  inside the nasal
vegtibule, to aonitor inspired and expired alr temperstures; on the
side of the ncse {superior alae): and 10 other thermoccuples wers
placed cn s pieﬁe of cardboard extending through the parka hood
cpaning at intervals of 2% mm from the cheek for 3 distance of

Z5C mm{fig, 1). The opening of the hoocd was 130 wm away fror the
cheak, The alr motion within the chamber was lsss than 26 m per
minute.

RESULTS AND DISCUGSION

The experimental data «re tabulated in table 1. Air tempsraturss
within the hood are shown in figure <. The sublects did not experience
any respiratory problem, even during hard sxercise, The coldest in-
spired alr temperature was 11° . The coldest skin temperature cn
the side of the nose (superior alas) was 7° , which was slightly
wouwasr Lhan the inspired alr temperaturss., No pain or discomfort
was experisnced by the subjects during these experiments, While
standing at rest, the air temperature 25 mn {rom the cheek rsached
~22° C within 20 minutes, At a distance of 50 mm, alr temperaturss
of -50° C were recorded. At distances of 75 mm or farther away from
the face, but still within the nood opening, temperatures rapidl
approached amblent levels. The sharp temperature drop af alir witnin
the hood during the first few minutes of the experiment results {rom
the loss of heat stored in the clothing, and equilibrium is reached
by 15 or 20 minutes. Exercise increased the alr temperatures within
the parka hood, Evidence from the Schileren technlque imdicate that
the obssrved air temperatures reflect the microclimate air laypr
surrourding the body and zconvective activity., The hood opening
affords the lowest resistant pathway for convectlve loss and this
loss increases as the ‘emperature decreases. Alsc, Keating (ref 3)
has found that the normal expulslve process of expiration carries
air to a distance of one meter from a person when the pathway ls
unobstructed. Because of these factors, the turbulent air prevents
any appreclable pooling or pocketing of warm alr within the funnel
of the hood.

CONCLUSION

No respiratory or frostbite probviems were encountered when
subjects wearing standard Alr Force arctic clothing were exposed to

3. Keating, D.A., K. Welswurm, and G.w. Filson, Movement of
Respirea Ga: in Manned Space Enclosures. lercspace Med. 35(3):
272, (Abstr.; 1964.
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a temperature of -562° ¢ for perlods of 40 to 50 minutes. Average

inspired sir temparatures were within the comfort range. There

doas not sppear Lo be an appreciable quannitv ol warn slr entrapbed

within the hood as previousiy thau&h*, but a rapld turncrer ocgours

within this spece because of the cx;u laive nature of axpiration and
LTom { mem &

gtrong convective alir movement. The movament of alr {sonmveciion? up
trrmugh the clothing and out the hood opening is sufficlent to malntain
air nperatures above -25° 0 at 1 distance of 25 wm from the chsek

The ¢ hicxness argl temperature of this boundary layer of warm alr
appears to be lnecreased during exercise, A barrier could be devised
to impede the heat loss from the hood bt At would dozrease the
already limited visual field. Thus, the existing hood design in
Air Force arctic parkas provides adegquate protection at temperatures
mich mere extreme than normally encourtered by Alxr Force personnel
in the Arctie.
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TARIE 1

AVERAGE RESTIRATORY AND MICROCLIM.TE TEMPFT TURES (°G)

-
Time Nasal Superioc Lozation
(min)} Ves “bule alae Distance c-my from cheek (mm)
{6 mm) 25 50 75 100 .3 150 175 200 225 Q%0
STANDING AT REST
0 27-29 27 23 17 -7 -20 -28 -3} 32 -34 37 -39
1 21-24 24 16 10 -16 35 -40 -42 =43 ~bh b6 W9
2 22-27 24 17 7 17 -36 L3 -bh K2 b2 -49 -52
3 22-26 22 iz Lo =23 -4 -50 =51 ~51 =50 -S54 -56
i 19-25 22 9 -3 -28 -45 -53 54 -52 -53 -56 58
5 21-25 21 & -7 -34 -56 -56 -57 ~56 56 -58 -60
& 22-25 21 2 -12 36 -53 -57 -58 -57 57 -58 -0
7 20-26 20 -1 16 40 -55 -59 -59 -59 -39 60 -6l
8 22-26 19 -h =20 ~43 -56 -0 -60 -0 ~60 ~61 =61
9 19-24 18 -8 ~22 =kl -57 =60 -60 A0 & 61 -61
10 21-25 1 -9 =27 =47 -58 -60 -60 -60 61 -61 61
15 18-23 16 -17 -36  -53 -60 61 -61 61 61 61 -6l
20 17-22 N -22 43 56 60 -61 b1 -6l 61 -6l 61 |
25 17-22 SN -23 -7 =57 -60 -61 -61 -61 61 61 =61
30 16-21 1 -2k 59 -58 60 -b1 61 -6l -6l 61 61
WALKING {
32 17-21 12 -22 -5C  -58 -61 -6l -61 -6l -6l -62 62
33 16-19 12 -21 ~L8  -58 -61 <61 -62 b2 b2 b2 b2
3 15-19 1 -2 -47 -58 -61 ~b2 -f2 62 b2 -62 62
35 16-19 12 -18 -57  -58 61 -62 62 62 b2 62 62
36 13-18 12 -18 -47  -58 bl -6 62 -62 b2 b2 62
37 13-1 12 -16 -46 =59 -6 Az -62  -b2 b2 62 <62
38 13-17 11 -16 L6 =59 -6 2 62 -v2 62 -62 -62
39 14,-18 11 -16 -46 =59 -61 62 62 62 62 -62 -62 |
40 -18 1 -16 -46 =59 ~61 ~62 -6z -62 b2 62 62
Ll 14-17 11 -16 -L6  -59 -6l ~b2 b2 b2 62 62 62
STRENUQUS EXERCISE (3 mins)
L6 13-16 7 3 -38  -57 -60 61 -6l -62 62 62 62
DEEP BREATHING AT REST (4 mins)
Lso 13-22 13 - - - - - - - - - -
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Figure 2. Effect of Activity on the Kespiratory and Microclimave

Temperatures in the Cold, -62° C




UNCLASSITIED
Security Classification

DOCUMENT COHTROL DATA - RSD

[Securtly claseificannan of title body of abatrsct snd rdexing annoiation munt be entered when the sverali tapori 13 clapsctlieg)

T QAIGINATING ACTIVITY (Comporals suthor? TiM REDOMT SECUSI Ty € LASSIFICA T DM
Aerospace Medical Research Laboratories UNCLASSIFIED
Wright-Patterson Alr Force Base, Chio ir sacur N/A

/

3 REPORY TIiTLE

RESPIRATORY AND MICROCLIMATE TEMPERATURES WITHIN THE PARKA HOOD IN
EXTREME COLD

4 DESCRIPTIVE NQTES /Type ol report snd inchus:ve dafea}
Final report, December 1963

5 AUTHONS) (Laxt name. Uretl name, injtind)

Veghte, James H., Captain, USAY

§ NERORT DATE T8 TOTAL MO OF PAGES Th NO OF RESFS
september 1564 11 2
s CONTRACTY OM GRANT NO S8 OMIGINATOR'S REPORT NUMBERS)

L PROJECT NG

7164 AMRL~-TDR-64~79
< TaSk NO . E X ] gJ.N'!.:‘:JFOlT NOIS; (Arny othe: mumbers that mey bs ssnigned
, 716409

10 AVAILABHRITY /LIMITATION NOYICES

Qualified requesters may obtain copies of this report from DDC.
Available, for sale to the public, from the Office of Technical Services,
U.S. Departmer.t of Commerce, Washington, D, C. 20230.

11 SUPPL EMENTARY NOTES 12 SPONMSORING MILITARY ACTIVITY

Aerospace Medical Research Laboratories
Wright-Patterson Air Force Base, Chio

13 ABSTEACT

The standard Air Force arctic clothing was worn to determine if it provided
adequate head protection in zxtremely cold temperatures. Subjects were
exposed to -62°C for 40 to 50 minutes in an environmental chamber. Possible
respiratory problems and frostbite of the cheeks and nose were the primary
concern. Subjects resting or exercising experienced no respiratory or
frostbite problems. Air in the hood rapidly approached ambient conditions,
because of the expulsive ncture of expiration and the strong convective

air movement. Exercise increased the microclimate temperatures in the
hood. The existing hood design was found to provide adequate head pro-
tection for AF personnel at more extreme temperatures than are normally
encountered in the Arctic.

DD r°*. 1473 UNCLASSIFIED

AFWP.B-AUG ¢4 N Secunty Classificaton




LUNGLASSIEIED
security Classification

REY HNOAUS

LINNK A LiNK @ LN C

AGLE L1 1% 4 wY ROLE w7

Protective Clothing

Polar Regions

Temperature Sensitive Elements
Respiration

Microclimate Temperature
Thermocouples

Biothermal txperiment

INSTRUCTIONS

1. ORIGINATING ACTIVITY. Enter the namc snd address
of the contractor, subcontractor, grantee, Department of De
{ense activily or other orgamzelion {corporale author) issuing
the report.

2s. REPORT SECURTY CLASSIFICATION: Enter the over
al! security classification of the report. Indicate whether
“Restricied Data’ is included MWarking is toe be in accord
ance with appropriate security regulations.

25, GROUP. Automatic downgrading 1s specified in DoD Di-
rective 520010 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optiosnd
markings have been used for Group 3 and Group 4 a3 author-
wzed.

3. REPORT TITLE: Enter the complete report title in a'l
capital tetters. Titles in all cases should be unclassified.
{f » mesningful title cannot be selected without classifice
ticn, show title classification in all capitais in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e,g., Llerim, progress, summary, annual, ar fanal.
Give the inciusive dates when a specific reporting period 1%
covered.

5. AUTHOR(3): Enter the name(s) of authors) as shawn an
ot in the report. Enter 1ast name, {irst name, middle 2mitial.
If wilitary, show rask end branch of service. The name of
the principal « 'tho- 1s an at-solute minimum requirement.

6. REPORT DAT™. Enter the date of the report as day,
month, year, or month, vear. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count

<hould follow normal pagirstion procedures, 1. e., ~ater the
number of pages contawning information

76 NUMBER OF REFERENCES Enter the tota! number of
references cited in the report.

Be CONTRACT OR GRANT NUMBER: [: appropriate. enter
the applicable number of the contract or graat under which
the report was written

8b. &, & 8d PROJECT NUMBER: Enter the appropriate
mifitary department 1dentification, such as pro;ect number.
wubproject number, system numbers. task numbcer. elc,

94, DRIGINATOR'S REPORT NUMBER(S): Enter the offs-
cial report number by which the document will be 1dentil1ed
and vontrolled by the oniginating activity. This number must
be urnugque to this report.

Yb OTHEK <bEPOKTD NUMBERS! if the repont has been
assigned an: other repcrt numbers feither by the ongrnaiar
st by JAe sponsor, also enter 'his number si.

10, AVAILABILITY LIMITATION NOTICES. Enter any limr
tations on further dissemination of the report. other than thoss

imposed by security classification, using stendard statements
such as:

21y UQualified requesters may obtain copies of this
report from DDC.*T

{2) “Foreign announcement and dissemination of this
report by DDC is not authorized.”’

{3) U S Govemmerd agencies may obtain copies of
this repont directly from DDC. Other qualified DDC
users shall request through

‘Il

(%) U, 8 mlitary agencies may obtain copies of this
report directly from DDC. Other quaiified users
shall request through

‘!I
i5) Al distribution of this teport 18 controlled Qual-

fied DDC users shall request through

e
.

if the report has been farnished to the Office of Techrucal
Services, Department of Commerce, for seie to the public, indi-
cate this ‘act and enter the price, if known

i1, SUPPLEMEZENTARY NOTES: Use for additional explans
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the depantmental protect office a1 laboratory sponsoring ‘pay-
ing for) the research and deveiopment. Include address.

13 ABSTRACT:. Enter an abstma:t giving 3 brizf and factual
summary of the document andicative of the report, even though
it may also appear elsewhers 1n the body of the technical ve-
port  If additional space 1s required. @ continuation sheet shall
be attached

{t 1s highly desireble that the gbstract of classitied reports
be unclassitied Each paragraph of the abstract shali end with
an indication of the mihitary security classification of the n-
formgtion 1n the paragraph, represented as (TS§! /s C. cr (U]}

Tnere 1s no himitation on the length of the abstract
the suggested length 1s from 150 to 225 words

How
eves.

14 KEY WORDS. Key words sre technically meaningiul terms
or short phrases that characterize a report and may be used as
index entnes for cstaloging the repor:  Key words must be
selected so that no secunity classaficetion 1s required  ldents-
fiers, such as equipmen! model designation. trade name, military
project code name, geograpine location. may be used ag key
words hut will he followed hy an indicanian of techracsl ran.
text  The assignment of hinks. rules. s3d weights 1s optional

UNCLASSIFIED

Secur:'y Classification




