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ABSTRACT

&> fasulating garmsat to be worn in comjunction with the Marcurye
type Nevy Mark IV Nuil Pressure Mtv.u 1equired for use by Hsvy
Balloomists for a flight to s projected altitude of 120,000 feet.
Aa {ssuletiom garment was desigmed utilising a vacuum depoeited
sluminum far infrared reflective imsulatiom system of fabrice. The
faculation consisted of a four layer sandwich structure uudod.to
reflect the intense solar heat and also reduce heat loss by com-
duction, cmcttc_n. and rediation thereby tending to fsolate the
balloonist from the thermal emvirommsnt. The Garuant sed desigmed
to provids low weight insulatiow, good mobility and ease ol " wewvel in
case of sa emsrgency. The suits were worn during the STRATO-LAD Righ
# 5 flight and contributed to the successful accomplisiment of the

mission.
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TEZRMAL PROTECTIVE CLOTHINC FOR STRATO-LAB HIGH # S, -:f.v_j;t::f
o '.'-f_.. RN
UNDER YASK BO. NT-F015-14-002.02 (3) - * “‘:
- :;;..:.::,;
: | ) Teve.
The Burean of Scpplies a=d Accoants was informed on 15 Novesmber 1960 ‘_'.:-:f_-:.;:
AN
that & hizh altitude balloomn flight was being planned for the Spring of :'{::::;«
1961. 7This £flight wvas to carry CD&k Malcolms D. Roes and 1CDR Victor A. -
S,
L ‘ ‘ S
. Prather, Jr. to an alcitude of 120,000 feet. This Facility vas instruc- :‘}.‘:::ﬁ
. . At e
‘ : ) e
. ted by BCSAXTA letter W1l of 23 Eoveader 1960, to make a study of the :jt::-\ﬁ :
. i ,\~:~_.’-
. therral stress which could be expected and to design ac? coustruct ino- Eﬁ
: - SN

sulating garments prior to § March 1961.

- The flight was te be a part of the Office of Raval Research's

e Strato-lad Program. This program was f{nitiaced bty ONR for the purpoee

4 7, ." -'..."’." -'.‘
‘t’ ) el N

) of developing mamned and fostrusented ballcon flights as a reliabls, ‘E:’:'_:_;\:
- ) '\fﬂ. "3
relatively siasple, and foexpensive mechod of raising fostruments and ':'::?::S

M S
»

.'r 3
B

a sclestific observer to great altitudes sbove the earth for periods of

from coe to warcy hours. na program hes yielded much data, not culy i .-

the field oi geophysics, but also coucerning the high altitude snvirom—

¢ - -
L W)

ment and {ts physiological e¢ffects om man cperating im such an envirom-

.

¥
’
'
.

) 0. " l."- ':
. LY * _'.A'. b ‘.", q

- — | - -
:: In coutioustica of this program, STRATO-lAB High # 5 vas couceived :~:;‘_.flj:::~
Je .._'.:’:,..l
. & as s experiment rith & “primary objective of placing two men {a & RN
near-spece euvir>oment while wecriag the Mercury-type Nevy Mark IV fwll
.: pressure suit. Under these conditioms, & rigorous test and evsluatiom
l: of the suit and associsted protective clothiag can be made” (1). Sewveral
other experiments were also scheduled to be made duriag the course of the
f11ght.
.
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The Mercury-type Navy Mark IV full pressure suit, sisilar to the

one shown in Pigure 1, was designed to provide a habitable nt-ncpﬁcr‘
at a pressure of approximately 5 psi surrcunding the wearer when ex-
posed to the near vacuus of & very high alcitude flight (2), (3), (4).
The suit permits ade-uate mobility for its occupant to perfors func-
tional fll;ht tasks sven when prcessuriszed.

The need for an insulating overgsrment stemmed from the fact that
the full pressure sult was not designed to provide the high insulation
necessary to protect against extrems cold‘for extended periods of time.
Ia the piopoccd flight the balloonists would be subjected to temperatures
ranging from -20° to -70°C for a period of approximately five hours.
During that time they would be rcotrtcicd to & low activity level, thus
requiring greater insulation than provided by the full pressurs suit
alone.

Special aluminized reflective fusulating clothing had vtcﬁloully
been developed by this laboratory for a Strato-Lab flight im 1939.
chR losi was the pilot of the 1959 flight and at that time reported that
the insulated clothing provided satisfactory thermal protectiom. Duriag
that flight the only defect noted was that the neoprens compound used to

coat the fabric became perceptibly stiffer at the cold ambient temperature

encountered at the maximum altiiude of 40,000 feet. Vhile the stiffmsss

did not preveat nacossary movemsnts ' T restriet activity, it vas moticeabls .

and {t d1d present a somsvhat annoying eitustion, Coansidering the success
ot thias experience, and since no other cluthing mstartiale with a higher

{assletion-to-weight ratio were avallable, it wves dectided to prcceed along
‘v same line for this flight. The only significant departure, ather '

diticattona considered, was the use of experim:nta;

im s
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rubber coated fabrics which ware known to have superior lcv temper-

ature flexibility characteristics,

. This report w.il disciss the phytic«l surrouadings and taarmsl
eavironment the balloonists wera exp.cted to enco ncer at their maxi-
ous altitude, the fnsulation syszem usei in a pro.ective garment de-
signed to be worn over the Mercury-type Mark 1V full pressure wmiit,
and the calculations used to estimate the thermal stress. The last
section of the report will present the thermal data obtained during the

flighe.

THEORETICAL COMSIDERATICNS

Physical Surroundings: EKarly plans called for the flight to be made

{n au open gondola consisting of a platform surrouaded by a 3I-foot high
railing. The sides, floor to ratiling, were :0 be cowvared with a fabric
or soms similar opaque wmaterial. The \.;ppor portion of the flight wvehicle
vas to be open except for the structural membeces required for attaching
the sicvouds and che smergency parschute. An fastrument and flight con-

trol console approximately l-foot wide was to bisect the platform rummisg

from ons end to the other alorg the cecterline. Seats for the pilot and

observer were to ba located one on each side of the comsvle.

Thermal Buviroament: 3ince the upper portion of the flight vehicle wvas
to be open, direct soler radiation would be an important source of therwsl
energy while axposure to the cold black body sky would Qldltnmwuly re-
sult in o loss of thermel energy from the surface «f the clothing to the

shy by radisticn. A schematic draving of this theimsl environment {s

shown fn Figure 2,

:f:.j
14
ﬁ -
-

- r.q' e \“-..‘..'. -
S
i s,

s al Al

£
~

L 4
« N

Ve ¥ 0. ¢
v« T r
AR S R

»

. Ssr e B
'1,‘. o e

. SRR I
B ORPLIRA

T =
P

R R
e




S e ]
FARATS

PR

A

Te Sky l y
‘..._-:‘I.l.....

‘

Beat Los-.

isdiant Skxy Tewpersture =1CCOC
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{i
120,000 ft.
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Schematic diagram cf theimal enviroomsat.

Figuxe 2.

Thermal energy which would tend to produce =n increase

-roal! Galn

-
PR

in the body .em ;erature of the bdalloocuisls could be expected from three

sources

vYetabolise

1.

Solar energy receiwed

2.

Albedo

3.

o the fact that the pilot aad cdserwver would

-
-

Due

Metadlism:

1.

with all controls within arms

i

length, aod further restricied from high activity by the telemetaring

Ll

be confined to a relatively small space),

e.ectrical lesds which would

coonect them to the ;qndoll, it was con-

cleded that the budy bheat gemeration wvould be st the basal level of 23.3
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calories pe‘l.' seccmd. Of ths amocunt it was estimazed that 21 calories
would 2 dissipared tkrough the clothing while 2.5 calories would rep- |
reser.: the respirarory loss. .
2. Solar Eoergy Received: - A typical curve representing the
spectral distribucion of solar enercy is shown fa Pigure 3 (5), (6)-
The maximu=z intensicy of solar fadia:ian would occur at ~bhe flight
zenith and was expected to be close to the solar counstant of 1.97

cal/ais/cn?.

»
L]
U

Y

This salue was accepted although cther values from 1.89

2.05 are reported in the Handbook of Geophaysics (7).

WAVE  LENGTM -MICROMS

TYPICAL CURVES FOR SPECTRAL DISTRIBUTION
OF SOLAR ENERGY,

Figure 3
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3. Albedo: A3 the configuration of the flight vehicle was such

that the occupants would be shielded from "sesing" the earth's surface
and most of the cloud cover, the affect of albedo as en additional
heat source {or the balloonists was not considered significant, and

therefore this factor will nov appear in subsequent calculations.

Thermal Loss: The loss of thermal energy was considered betwesn the

surface of the clothing and:
1. Ambient atrosphere (conduction-convectios)
2. Radiant loss to the sky
2. Radiant loss to the flight vehicle
1. Ambient Atmospbhere: The ambient t;-porctnrcl at various
nititudeu and lat{tudes were availablc from several differeat sources
aund all showed fairly good agreemant at the higher altitudes. Ths
values for the ambient temperature were obtained from ths Handbook of
Geophysics (8), and are re;rasented in Figure 4. The convective loss
of heat at 120,000 feet, although in a rarified atmosphere, was
expected to be closse to the convective loss at sea lavel since the thermal
conductivity does not change appreciably until much lower pressures are
encountered. |
2. Radiant Loss to Sky: PFor the purpose of this report the radiant
sky temperature is taken as tha equivalent "black body" tesperaturs of |
the sky and the -alue is used in determining the AT used in celculating
the loss of thermal energy from the outer exposed surface of the balloonist
clothing 1> the sky. Dr. Hamel, of the University of Pcnnnylvcﬁla.hnd
made some radiant sky temperature observations from an aircraft flying at

1n altitude of approximately 35,000 feet., iz data, obtained {n Januarv, .-

-6 -
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at 1add Field, Alaska, isdicated that the radiant sky temperatare
rangeé i:ema -70° and -120°C. While thess values could not be
readily confirmed Ly the worl: of ether investigarors, they did appear
valid when coapared to other sixilar iezsureﬁem:z taken from the

ground lml in the same general location (9). It was therefore

o A S PR N P "R WX Y

decided to ase -106°C as the eqiwalens black body sky tcpetatm in

calculsting the beat loss by radiation fro- the clothing surface 7o the

-——rm m = e ee——
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3. R=2giant Loss to flight vehicle: The main body of the £light

wehicle was to be constructed of sluminum and left unpaioted. Since the
spectral exissivity and reflectance characteristics of the wehicle would
be siailar to the reflectance characteristics of the aluminized clothing

it was concloded that the temperature of clothing and wehicle would be
almost egual and ther=fore no radisut exchange of energy nouhi oCtuUr.

MATERIALS

Insulation Assembly: In addition to the Pu’l Pressure Suit, described by

previcus relsreuces, the balloonists were ¢o wear an overgarment for
addiciocnal izs:latioa. A cross-sectional view of the cloih,lng insulatioca

assendly is showm in Figuce 5. This assembly consisted of fuur layers

To
Aabient Sky

Metallized
Silicoor Rubbdber
Coated l_vlu_l Trilok ¥

Spacer ‘ To
Pressure Suit

egistered U. S. trade mark, U, S. Rubber Cowpeay,

Cross-Sectioval View of Insulation Assembly

rigure 3
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which, when viewed from the inside to the outside, contained the

following:
First layer: Metallized fabric, metal side facisg the Trilok
Secoud layexr: Trilox spacer " ﬁ
Third leyer: Metallized fabric, metal cide facing the Trilok

Fourth layer: Metallized fabric, metal side facing ambient
atwosphere

This arrangement of fabrica and spacers was designed to provide a high
insulation, low-weight system which would thermaliy fsolate the wearer
from solar heat gain and radiant sky heat loes.

The two layers of metallized silicone coated nyioa with the

. metallfzed ~ides facing each other across the Trilok spscer provided

a good low wefght insulator.. This arrangesment formed a coufimed air
space betw?en the coated fabrics vhich retarded beat transfer bycm— .
dactlou;cométion. The two separated metallized s;u'f.u:u facing each
other also provided low exissivity surfaces which grearly tednqed tke
beat loss by radiation across the {otervening air space. This com-
bination was tested for thermal conductance in a high altitude chusber
by the same method discussed in reference (10), and was found to have a
thermel conductance of .57 xiO“ ccllmzloclnec at 75,6& feer simu-~
lated zltitude.

The outer metallized silicone coated nylon fabric of the garaent
was used with the aluminized surface facing the ambient atwosphere
primarily to reduce the heat loss to the cold black body sky, and
secondly to reduce the amount of solar heat absorbed by the clothing

sassembly. A wvhite fabric would have served quite.sdequsteiy in the
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secondary role since saveral vite Jadrics bawe a lecte~ chaa 70%
reflectance fcr solar radiatioa (11); bowever, it would not hawe

accomglisned the primary porpose. Most fabrics bhave & high emissi-

. vity in the far infrazed regiom of the specirom a=d therefore would

‘have been good radiators of heat to the sky, thus permiitiag a

greater less of heat by radiatiom.

Fabric: The fabric utilized in the assendbly was a 2-ounce mylou

tuffeta conforming te Type 1 of MII-C-19699(S&i) with a low temperaturse

silicone rubber coating on ooe side. The silicoce cocting was formu-
lated to have a zold crack of below -140°F and showed only very slight
stiffening at -100°P. Metallizi-g vith & thin metal film of alumioum
L7 vacuum deposition to the silicooe coating was attespted but ade-~
_quate addbesion of metal to coatiag could not be u:.hhved.. The fabric

was subsequently metallized oun rke amcoated side.

Spectral Reflectance of Metallized Fabric: The reflectance character~

istics of the metalli.ed silicome tubber costed nylom, metallised side
exposed, 13 shown in Figure 6. nnm';qmaualechn
DE-2 spectrophotometerx.

_These dat: were adequate for the visible and near infrared;
bowevex, in ord:r to calculate the radiant loss to the sky the emissf-
vity in the ionger wvave lengths was wmeeded.
| At 1GC°F the energy curve would pesk at 9.3 microos and ax 0%
the peak would be at 10.4 microus. The exissivily at each of dn tem-
peratures are very close. Therefore, for couvezireuce, the tocal normal

emissivity vas determined csing the Stoll-Hlardy radiometer with the
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wetal surface temperature at 100°F. The emissivity was found to be

0.183 to 0.20, snd the latter figure vas selected for wee as s com-

serviative value in the subsequent calculatioms.

Clothi=z Surface Aea: The total area for a man clothed in a cold
wearher catfit is 2.6% square meters according to Wimslow and |
Berringtom (12). The exposed srea would therefore oe zsaoo square
centimeters which, for this study, vas considered t  be the total
exposed surface area of the garment. Eowever, since the goodola chair
would be im direct ccutact with the clothing, 1t vas -stimsted that
3,700 square ceatimeters cof the clothing serface area would not be
¢x?o‘ed to either smbient afr temperatwrs, o>1d sky. or un;t solax
saedistion. C
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To determine the clothed area of a man in & sitting posicio=m 5.:::?;

exposed to the sun, shadow area measurements were taken on a plane _ ::f:.‘:

normal to direction of )1ght from an mduad light source. The E"ft'

light was positioned directly overhead and then rotated so that it - ;¢j’:-
formed angles of 20°, 37°, and 45° to the vertical. It wes found :2,
that a maximcm of 25-30% of the total surface area vas exposed at :3.“_:‘.\
37° vhile approximately 181 was exposed when the light was directly N
éverbeul. Ar angles greater than 37°, the area exposed decreased. _ "2

Since the flight was to be launched in the morning during the
spring of tha year, the sun would not be directly overhead at any v
time, and therefore it wvas estimarted that a 307 value for the ex-

posed area would be most probable.

THERMAL STRESS

The method wsed in determining thermal stress vas mot s
generally accepted method. It was used in this application, howewer, ;_) v
for the following reascus: . %,

(a) The wetabolism at slightly above the basal rate could ' :E‘-E?
be considered coustant since there would not be sufficient space im | E’:,‘EE
the flig~t welicle to permit an activity lerel to produce a higher u.“-
metabolic rats. ::’::

. i

(b) The literature contaived no discussicas of thermal stress ,,
ia iuu-: euviroomeatal situations. There have been no previoces flights d
to the projectcd altitude under co-pauh'le' conditiocas. ill.gh:h which {_"‘:.
vere close to the 100,000 foot altitudes utilized an entirely differemt 1\,
type of flight vehicle vhich markedly altered the affects of the thermal ‘ g

o
.
., -

enviroomeat. : -

(c) Vhile the solar constant and smbisat Cemperatures were well
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defined, vadiact loss to the sky 2ad coavective lusses to the ambient
armospaere for the complicated and irregular surface of a clothed
human boing were Dot described in the literature, &md suflicient time
was not avzilable tc pe-form the experimears which womid develop this -
data. |

(d) o test chambers were available which were capable of
simulating r.he thermo-dyzaxic conditi.cns to be encounzered in this
flight, or which would n—.bject a clothed man to the zxigue combination
of stre.s factors anticipared.

Thermal Stress Calculazioons

Thermal eguilibriom {s achieved vhea:
Q =etabolisa = Q ambient 1Q seat . +Q radisnt sky -Q solar

Hetabolism {s taken at :be basal rare of 21 calcrizs/second,
respiratioa loss of 2.5 calories/secood has already bsea sub-
tracted from this figure.

Symbols:

Q - Heat gain or loss - aloties/'e:c-ml
T3 - Skin tesperature 30°¢c

T2 -~ Arbient temperature -40°¢

T3 - Suit surface cemperature K

T, - Radiant sy temperature 173°K

a - Absorptivity

e ~ Eaissivity cf fabric mface

Al - Total surface area c¢f clothing, cal

A2 - Area of clothing in coutact with seat, ot

C1 - Conductance of pressure suit, cal/ 2/°clseoond

C2 - Conductance of reflective assembly, cal/cw I°Cl'neconl

C3 = Conductance of chair cushion

C4 - Concductance throuzh pressure ouit, insulatioa assembly, and eh.ll.r
Cs = Conductance throuza pressure suit and insulatiom asseably
Stefan-Boltrmamm Ccostant, 1.354 X 107 -12

GCeometric factor adjusis for b:ly area which does “see”™ sky
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APSALUALY e

s ete & aa

Qambient = (A] - 42) X ¢ X (1] - I

qut-AleI(Il-Iz)

Qolear = Solar Cousian: X (2) X Area exposed to sun
60

Qradiant sky = .5 XX X (3; - &) X e Xpx (¥ - D
(Tlis equaczion is for radiart loss from 2 coavex bedy to

ail scrroundi-zs when the body 1is small in size relative to
the excicsure. The Zfactor of 0.5 above is fncluded since

in tke balloce sizuation the raadiant loss {s to tLe " :.-:
bemisphere scy. Sky exissiviiy is takau as 1.0.) f-:'.';-'._:;\;
IRYASK
. ol LA Ly
Conductance Values. v:f_‘:}'!
At
: NS
Cy Pressvre suiz .000066 ‘ : -""""‘“‘N_
C2 Refleczive fInsalatioa sysiem .0C00357 ' ‘ fj:':g
C3 Chair sear casion .000020 " {::-::«:::{
C4 - 2 : ) :.::‘s‘,:
1 -~ _1 + 1 - 0000121 cal/cm®/°Claec  -ininy
~Coca37 ~000066 50920 : _ AR
Cs = - 1 < : = .0000306 ullc.-zf’cl.ec g
-00G357 ~00066 - ’ a | e
4 . - 1. .
GRCANA:
Thae solutioca for I3 is: ,(_-:
" '.. A
NP AR

Q metabolism = Q ambienc + Q seat + Q radiant sky -Q solar

L
.
.

.
P
. .
. PR
s .
.
LN Y

Qab. = (4] - 42) X C5 X (T] - T2)

'.:\'.:".._“
« 22700 X .000C3C6 X 70 :Z-:-}.‘}.‘:f
= 48.6 cal/cmisec '\';-:‘:{j-.'.'
.'::'-.-';j
Qeat =4, X ¢, X (1) - Tp) '

= 3700 X .00Q0137 X 70

bd J.D
Qgolar = solar coustaxz X absorptivity X Area exposed
60
= 1.97/60 X .2 X .3 X 22700 .
- 44.7

Qrad. sky = .5 X K X(A; - &) X e XX (T3 - TS
«.5X.7X22700X -2X 1.35 X 10°12 x (1} - 173%

Solving for the surface tecperature of the garment, {t was found that

T3 equals 20°C.




Tois ceaditiza would exisc £f equiliZriva could be attzined,

bovever, in practice, this {s rarely i ewer achieved. Past experi~
ence in this labcratory wizh similer fzsalacing sssemblies indicated

thaz with an outer clothing surface temperarure of 20°C the heat loss
from the hody would actoally be less than the metabolic rate and

therefore a slcw bulld-ap of body heatics could be expected. The
rate of the buiid-up wvas expected to be 3-w in cc;aparimvith the
body®s ability to acr. as & bear sink and therefore it was considered
that it would mot cause an a;precia’nle rise in the deep body texperature.
1dging from tht resulrs of this solxzi{on it appeared that the in-
sulating gu-é:u: in combination with the £nll pressure suit would pro—
vide adequate protectioca. |
The most sign{ficant fzecr gleaned f.tm the ullculations ‘was that
the body metaboiise vas small compared to the thermal forces against
which it aust be pruticted. The metalolis zate was ¢iiimated at 21

cal/sec, vhile the calculations iadlcaﬁed heat loss by conductivity-

.couvecticn to be 48 cal/sec and heat galz from solar radfatioan 45

cal/rec. Sioce these forces are large im relatfoa to the metabolism,
the thermal equiiibrium eq:atiom 19 very delicately balanced and a
change in the conditiconsestadlished could canse a beat gain or loss
which would be physiolozgically tatolersble over the {nts ded period of
the proposed flight.

Considerirg this situat{os, and in the intecest of penoa.al‘odety

for the balloocuists, it vas judged that sdditicual measures should be

taken which wvould permit some degree of z=uirol over the thermal envi-

roomest. CTR Ross had previssely discussed the possibilicy of locattni

1S -
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attecuating louvers on the top and sides of the flighc wehicle. These
louvers wuwuld be blackened on one side, reflective on the cther, and
controlled in such & sarner that either side could face the sky. This
plan was endorsed.

Since one portion of tbhe body woald be subject to a high bent
gain while another area would lose heat rapidly, and vheu coasidering
that neither the hunan body nor the clothing asseuDly ave good con-
ductori of best, 1t was obvious that a sicuxtion could arise vhere ona
portion could become overheated while azother portion vould'beco-s
severely zhilled. ;i'o'mrcoae this situvarion, it was recomaended that
the vehicle be rotated in flight so as to evenly distribute heat gain

and loss over a zreater area of the body.

-

CLOTEING EXSEMELE

The reflective iasulated clothing ontfit designed consisted of a
coverall, hood, boot covers, and a hand wuff which were all sized to
be worn over the high altitude full pressure suitr and its uccessories.
The iic=s were fabricated in the layer arrangement of aluminized imper-
meadle iabrics, aod Trilok spacer material as showm in Figure 5. The .
total thickness of the sssembly was approximately 1/2 inch. -

The coverall was mad sith four nylon tape fasteners, two extend-
ing the full length of the guicent from sboulder to leg bottoms, and 1
oa zach arm from shouider to sleeve bottom. - This arrargeasms permitted
x;aptd and unassisted removal of the garment {f this became necessary
during the flight. Ths boot covers were sized to be uura over shoes or
insulated boots, using a slip-ca style about 12 inches high and bhaving
a back slide fastemer opeming. The perimster of the hood face opening

was dasigned te bes compatidle vith the viser of the pressure suit belmst.
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The band wuff was constructed with alxmini.zed fabric ca czly coe kalf

of the surface area, vhile the etber belf vas made from a dark bloe/black
colored voﬁlen fabric. This desiza was uwtilized in order tha: the muff
couid be xotatved depending on how cold or warm the ballooniscs hards
vere. When varm the alusinized surface would be exposed to the swn's
rays to reflect the heat. When colu :};e’bla.:k sexface would face the

sun to absorb heat.

STRAIO#ABEIG#S

Departives Froa Original Plan: In coosideration of the thermal problem

connecred with this flight, | it was deciZed thacr the flight weldicle wogld
be fitted out with attemmating locwers. 'Ibese iocvers vere slightly
modified wvenetian hliods with the slats }’ickened on one sid.e acd
covered with aluainized mylar on the other side. The blinds were
ar‘tan;*.d and powered so that either side of the slats could be turned
outwerd. The blinds on the front of the gondola could also be raised or
lovered. _ | . '

‘During simulated high altitude runs in a low pcessure chamber with
the balloonist fully clothed, {t was found thar both COR Ross and

LCOR Prather experienced & severe tednciion of -nbility' of the iower

arms doe to & constriction of the' overgarment at the elbow vhen the
Mark IV¥ suit became fully pressurized. ZIterefore, both sleeves of each
insulering garment were removed jusi above the elbow. |

Late in tbe develogpmental program, it vas decided to provide
electrically heated gloves and socks as stand-by for emergency bhand and
foot protection. These items were mxxfactured with besting elements
knizred together with polyester yarms to form the glove and sock. The

gloves were rated st 15 wvatts and the socks at 21 watts. They were

-u-
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ccnrested througld 2 coutrol rheostat. The capadbility of providing g
varying amounts of heat to the hands and the feet vas thos avzila.ble :i
to each balloonist at his discretion. Bowever, fros a pailosophical 1
point of view ani in view of the test objec:ive, it was not planmed E
to use the bheat unless sabsolutely necessary. - \‘:"
Flight: The flight took place on & May 1961 from the flight deck of 13
the USS ANTIETAM in the Gulf ofihﬂv.co. The balloon had a total dis- i
placement of 10,000,000 cubic feet at ceiling altitude, was inflated :]‘
vith heliua, and lifted spproximately one ton to an alzirude slightly :‘:
above 113,700 feet (1), (14). i
Part of the ‘9hy'sio'logiul'dau obtained cousisted of skin .urflcé ;.

temperatures of each of the balloonists. These data, together with the
altitude and ambieat temsperatures experienced are shown in Figures '11
and 12.

Abbreviated Loe of Voice Trunsmissioos R

. Sevural tape recordings of the volce cov smicatfions were made
duriug the flight. LCDR Donaid Smith, NeXI-PAM Eezhesda prepared -
a cozplete log from these tapes. The commmicatioas were garbled
and interrupted om several occasions, therefore, in accomplishing
the transcription, ICDR Saith made no attempt to infer transmissions
_ totally missing or to £fi{1i in :he conteaz of missing parts of
transmnissions voich were only partially received.

The communications extracted for this abdbreviated log are limited
te comments concerning thermal comfort.

Abbreviatioa Code Originator

‘CAPT., Anthoaoy P. Rush, MC,USE, BuMed
CAPY. Victor G. Benson, NC, USYN, AMAL,
Jozx=sville, Pa.

CDR Benjamin 2. Levitt, USN, OMR

LCDR Victor A. Prather, MC USE, WRI-RAM
Berhesda, Md.

CO® Malcolm D. Ross, USNR, GSR .
CDR Joton W. Sparkmam, USN, ON2, Minneapolis, luul

t
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Tize altituds ™
Ap-arox. ASDICK. Crizinatocr Coomoicatism :“:'
. | —== b
0655 0.0 s How #=e you doing, Mal? (Gaxrbled) - A
getting warm? S
Yes I
4 Warmer than hell. =x
. ~
0708 (Official time of launch) .-N
. . ‘v.ﬂ
o
0728 19,000 Y (Garbled) You might be fnzerested in, 3
as a racter of fact we bave really }fq‘
cooled down. Ower. Y]
s It baopened, bchi ]
) Affirzasive f:f-:
s Yes, Low éo you feel? Gordon would o
like to know. -
3 1 feel great. %Yictor, come {n. .
» Okay s
0731 24,000 s How #ve you feeling?
3 Feelinz Sine. Bow are you feeling, s
Victor? : o
) I'm beziaring to get comfortable. e
. ’ q._\‘
0743 35,000 3 Mal, Mal, this is Gordie. What is the e
position ¢f your blinds now o
R Black sice out. Ower - Sy
) Is it getting pretty cold? b
) Say agpin. L
3 Is it gezting pretty cold? o
R Well, we’re oot waistling Dixie i
0825 68,000 2 This &s 30. Rave yct bad to use any - R
o heat as yet? C o
r Have we used any heat as yet? e
AR That is correct. S
r {Garbled) gloves and sock heat as yet. Mo. o
0834 76,000 B 36, this 1s 30. Bow do you boys (garbled) '
do you féllows feelinug physically? Are you -
. - getting severely cold? f::«,l
R Negative. -We fecel relatively fine. How -,.:
do you feel Victor? . Wa
r Excellezt. I feel real good now. .
0837 76,000 3 38 this 1s 30. dre the pwiticn of the
blizds 3211} the same? S
) 4 That's affirmative. Position of the e
bl{nds - black sice out. Doing well. e
) | All blinds fully closed. right? .‘
) 4 That's affirmative again. -
N
‘ i
-'21 - - . . ) ':‘.l
iy
o
o
o
'l
?
o
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38 this 1s 30. Standdy for medical
moaitoring figures. Oa Victor Prather;
rectal temperaturs 100.2; respiration 36;
pulese 100; face plate temperature 125;
band tompersture 80; inner thigh temperature
82; cheek temperaturs 95; foot temperature
78. ‘

38, this 1is 30. Did ycu receive my lest?
Got most of thea, Gordis, but you cut out
every now and thea. Understand that re-
port was on myself. '

That {s correct. Rsport on Ross follows;
pulse 93; rsspiration 26 - correction -
respirstion 27; rectal temperature 99.4;
thigh temperature 91.6; hand temparature
72; foot temperature 8l.

38 this 1{s 30. Bow {s ths general comfort
situation {n the gondola at the presaat
time?

It's very fine. What do you expect? It's
wonderful. Over.

Do you feel as though you're warming up
any, Mal?l : .

Yes, 1 would say ic's warming up. Yes, 1
think so. How abut you Victox?! Do you
(cut out)

1 would tend to agrse. My right hsnd is
in the muff. My left hand bas never been
in the muff. It has beem outside ead it
1s & little bit more comfortable. Ny feest
are very very coafortable with just a
l1ittle bit of tos coldness but I suspect
we‘re going to start to warm up here ia a
l1itcle while.

{Garbled) is open. 1 have my picture
window (garbled) and Victor still hes his
closed. The rest of the gondola is closed
up with the black side out.

38 this 1is 0. Do you msaa you have your
front blind pulled up, or do you have one
of the other blinde opeat?

Sparky, I msan I have my picture window
wide opsa. I‘ve got the blinde clear up
to the top and I am just sitting here look-
ing at the world.

38 from V. Mal, have you changed the
blinde around any since you've been up now.
We'll heve to give you a new report becaus-
Victor just changed the direction f the
blind.
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0918

0950
0955

1015

104,000

113,700
113,700

110,000

Ll o L A G A ar aar o o'

Maximum altitude
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Okay.

The naly thing we've - the only
thing we've done with the blinds is
Victor has turned his froat biinds open
80 we can see¢ out. He has not raised
them but he has them open and mine {is
juit raised. Completely open. Over.

38 this 18 30. Vic, do your hands or
feat fasl cold at this time?

That's negative. Brrr! Bverything is
very comfortable, Gordie. Over to you
Vie.

I wear my mutf a Jittle bit but X don't
notice it. Hell no.

30 this 1is 38. The medical monitors

vanted me to get the word about 10 or 15
mirutes ago I wvas pretty warm. Been moving
a litele bit, and started perspiring but put
the aluminm aide of the blinds out just on
my side of the gondula. The starboard
overhead, starboard forward and starboard
aft, and ‘I think it‘'s helped because I am
quite a bit cooler now.

Very good Vic. Very Good. (GCarbled).

Row do you feal hestwise?

You'r cutting out..

We would 1ike to kaow how Mal feels Mtvt.d
Over.

I'm fine.. 1I'm very comfortable. ZXverything
is just fine. Over.

38, 30 This urony. Now are you boys
fultng?

1'e feeling ﬂu. Victor, how sbout you?
Likewise, Tony.

What are the positions of your blinds mow,
Please?

My blind {s half <« the whole fromt blivd {s
half raised half ratsed so I am ot{ll gatting
a good view of things. The vest of the bdliwde
are turned - well, Victor's sre turssd silver
sile out and mine are turmad black side out.
38 this 1s 0. Vic do you have ym fromt
bliond raised at all?

Why, it'e up about maybe a fifth of the vay.

1 hed a Melluva lot of trouble winding 1t up.
1 don't kncw whether the pulley {s binding

or vhat. 30 I didn't want to raise {t all of
the way up and not be able to get it back dowm.

«2) -




1020

1130
1201
1300
1330
1400
1430
1500

1560
1606

110,000

108, 300
103,500
88,100
17,500
67,000

58,000

40,000

16,400

38 this is 30. This {s Gordie. Can

ycu boys tell me something about the
mob{lity of the suits at high altitude?
Gordis, this is Vic. I am stitll unhappy.
1 don't think I can move as well as I did
up there at ACEL. I still think it is
that outer garment. It {s Okay, though.
The outer garment seems to be the right
ansver up here. On the way though we
weren't cold at all. The only thing

that bothered me was my right elbow that
{s in contact with the gondola and that
isn't covered - (Garbled). How about you
Mal?

Roger (Garbled) a hundred percent. The
actual mobility as Vic says « (Garbled)
Philadelphis and it {e restricted wish
this outer garment but it's sure nice to
have. We're not dancing any jigs up aare,
but we're getting along fina. Thanks.

Mal, how are you doing temperature wise?
Are you pretty cold up there now?
It's a little on the chilly side, Gordie.

Gondols contacted water, envelope uhéi&;'otncul Linding

Tims 1602 CST

DISCUSS1OM

Several days after the flight,CDR Ross was interviewed to obtais his

subjective comments concerning the thermal coafort sspacts of the flight.

His first comment was to ths effect that at no tims after reaching

20,000 feet did he experience any extrewr hest or cold. He reported

-2 -



that his personal comfort was such that he was able to perform all of
the flight tasks without difficulty, and he vas su’ficieatly com~
fortable that during the flizht he gave very little thought to this
particular consideration. He further stated chat, based upon his past
experience with numerous flights that even though performance of msny
fmportant tasks tends to eliminate thoughts of personal comfort, when ‘
heat or cold stress does oc;:ur he has bean vcu avare of {t. Therefore,
he felt that his subjective reactions wers rsasonably accurate.

Both balloouists ﬁotcd that their arms which wers on the outboard
side of the gondola became noticeably cold. Although the lower portion
of the inculating liuw had been removed from both arme, only the arm’
on the outboard side became unusually cold. At approximacaly 90,000
feet CDR Ross raised his froot blind in order to provide a better
view. After the blind hed been reised for soms tims (the exact tims
vas unknown) he noted that the bottoms of his feat, which were proppad
up vith the soles pointing toward the horizom, were gettimg very
noticeably cold. The fest were cloder to the open area tham vas amy
other portion of the body. Later when the blind was closed, the cold
sensation in the feetr gradually diminished. ‘

The silicons rubber costed nylon febric resained reasomsbly soft
and flexible tnm.w; the flight. This was a decided improvemsmt
over the stiffening of the nsoprens coated nylon previously uctlised.

An e aaination of the skin surface temperatures recorded during
the flight reveals that st no time did either COR Ross or LCDR Prathaer

suffer from thermal stress. At one pofnt during the flight COR Rosa




turned 03 his heated gloves to determine that they were working properly.
After a momentary check, tha glove heat was turned off, and for all

praccical purposes he completed the mission profile without the use of

external heat. He did report, however, that the ends of his firgers

M

bucame quite chilly, almost borderline. Three weeks sfter the flight,

D N
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the {miex finger of his left (outboard) hand started losing some skin

which was probably indicative of minor frostbite. His foot skin tesper-
ature showed a steady drop throughout the flight, and {f it can be
assumed that the telemetry wvas recording accurately, CDR Rcss was
apparently losing heat slowly and steadily at a rate vhich was sub-

jectively perceptible but not unduly uncomfortable.

A/ e T W

According to the data received on LCDR Prather, sll teamperatures,

skin and rectal, indicated that he was comfurtable during the entire -

flight. LCDR Prathar dropped his muff to the floor of the gondola and

Ve - e

was unable to retriave it. Therafore, he found it necessary to energise
the electrically heated gloves to maintain hand comforet. He did use

both the heated gl ves and socks during & substiatiasl portion of the

P ol )

flight. Since he did require heating of the extremities {t would
appear that he too was losing heat at & slow rate. This would appear
true particularly eince he used the heated socks.

Subsequent to the flight, it was learned that Roger Aagard of the
Untv;rclty >f tinnesots had performed work om fanfraved radiacion
divergence in the atmosphere (135). Aagards work {ncluded radfomster

measurements of the sky from altitudes up to approximately 83,000 feet.

i{y data indicared that black body eky temperatures may reach -180°C o«

o
-
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lower at these high altitudes. From thic work it was apparent

that the value of -100°C used in this paper s tooc high and that
the heat lous to the sky would be greater than the calculated value
shown herein.

Upon introduction of the attenuating tlinds on the flight vehicle
it was anticipasted that onc? the balloonists were sbove the cold zone
(40,000 to 60,000 feet) they would find it necessary to turn the
attenuators to the aluninum side out in order to prevent overheating.
Since this condition was not resched during the actual flight, except
for a relatively brief period when LCDR Prather had his sluminum side
out, it becams apparent that the heat loss was jranto: than calculated.
The fact that the black body sky temperature was considerablv lower

than anticipated would iccount for this increased loss of heat.

CONCLUSIONS AND RECOMMENDAT IONS
The subjective comments furmisasd by CDR Ross, together with the
skin surface temperatures taken during the flight, indicate that there
was a slow but steady body heat loss during this fligat. It would

therefore sppear that the precsutions which tncliuded the {nstallation

of attenuating louvers, wearing of an insulating overgarment, and

utilization of electrically heated gloves and socks were neceseary to
the -uéccnotul completion of the “light. .

Based on limited physiological data and nuijocttv. inforaation
obtained from CDR Ross, it appears that the reflectivy insulation system

devised 87d used {n the overgarments designsd for use by the balloonists

tunctiened adequately. The clothing provided the added thermsl {nsulatice
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:-'»* required by rhe balloonists at tha extreme iow tempararures ex- N

5 : -

H perienced wichout adding excessive weight or furtuer restricting '

;j« their mobility. ::

r. ‘n

:: Because of the enormouily complicated nature of the interx- .

¢ o

g change of energy between the flight vehicle and the thermal environ- ]

N ment, and batween the balloonists and the flight vehicle after the ' '-j;

E‘_ attenuators ware installed, no attempt was made to calculate the . ,7‘_

" effect of introducing tho u:itenuators. It appears, however, that -.

.. thess attenuators played & majcr part in establishiag s« thermally

:: habitable environment. ;-

3 1f €lighes th 4 g2 o flighe vehicle to alcicudes ‘of 100,000 to -

Y .

130,(00 are to ba made in the future, Adduionnl datc concomlu the
therwal. environment would be useful. Of particular valus would be the
establishment of udhnf sky temperature measurements taken from these
altitudes, at various latitudes, times of the year, and day and night.

Results indicate that personnel participsting ia future flights
vf this type, and looking furthex to manned space exploration, will
have to be provided with additional 1nsu1.:top to supplemsnt the
present full pressure type e-‘t. The use of the fasulation system .
developed for this flight and msans fur auxiliary bheating should

therefore be considered and explored.

The metallised insulsticn aseembly utilised fa this flight

successfully provided a low veight, high insulation garment. Addi- oA

N i

tional lnvutluti&i iato the feasibility of utilising such a system .:'-::

. in uther specislized or general purpose clothing would be useful. ~
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