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In  t h i s  study, three t h e m 1  problems have been examined which 

occur i n  -be design of space suits t o  be used when personnel are 

outside the parent vehicle. The first concerned the the-temperature 

I 
I 

variation of an inf ih i te  thermal conductiv5,ty sui t  when exposed t o  

extreme conditions of heating and cooling, The second was related t o  

1 temperature differences wh5ch may occur from the top t o  the bottom of 

the sui t  thereby causing physiological discomfort. Finally the scheme 

was examined whereby these temperature differences m i g h t  be ameliorated 

by circulating a f lu id  i n  passages behind t h e  su i t  material. 



Analysis of Limiting Thermal Conditions 

Encountered by a Manned Smce Suit i n  Orbit 

Introduction 

One of the d i f f i cu l t  problems of protecting a man i n  space while 

f ree  of a shielding vehicle or  structure is t o  preserve.him frm the 

adverse t h e m 1  environment. Without adequate tenperature control, 

a man would readily freeze when shaded fran the aun or burn when 

exposed t o  the sun. In  order t o  provide a satisfactory temperature 

regimen, the parameters involved i n  this thermal problem must be defined 

and investigated. A general analysis of the problem is ccmplicated by 

the  changing types of themal radgation f i e lds  t o  whtch he may be exposed 

and the influence of h is  orientation both w i t h  respect t o  the solar 

system and nearby objects, 

I n  addition t o  h i s  orientation and fonn, man himself by reason of 

hf's physiological processes influences the problem through body heat 

generation and respiration and perspiration processes, Thus, the number 

of f r ee  parameters i n  the problem became very large, and there is some 

doubt whether a empletely general analysis which accounts for  a31 of 

these factors i s  feasible, 

An approach which apgears t o  offer more irmnediate is t o  

divide the t o t a l  problem into sepafite and manageable parts while rernain- 

ing  conscious of the interrelat iam among these various parts. This 

paper concentrates on three of these parts, which, other than metabolic 

heating, are  independent of a l l  physiological considerations. Thus, the 

conclusions are  valid fo r  deteminlng the feas ibi l i ty  of -the su i t  thermal 

design approach* 



fg me iirert garb an ermLyafa t o  made of the e w i l i b r i m  

aerApemtuW history of a sui t  arsming thrert the t h e m 1  

~ogauativi ty of Ghe suit i e  infinite an4 %at no temperaturn 

oontroj. raylrtsm exiafr. 3n the recon8, part rra a n a u r i r  irr taerde 

02 the tmgeratum diffewtnae w"bicb *might be found iran the top 

t o  the bottcrrr of %he suit lrnrwrring a Pinita Ulerrnel oonduotivlt~ 

of the eu$t m t e r i a l u  In the third part;, the effect  of oIr~Ulbt2ng 

a Xiquid' doolant i a  examined, in t t r  ab t l i ty  t o  mduoe the tog t o  

bottan %mpemture diiffsresnoea oalo\r38ted i n  .t;lre resand part. 

C)ermm1 Orbit Connrideratlon 

Tha rslarrone l o r  the ~hoice  o f  orb%.t;r f o r  the gre~errt  etudy 

m y  be U u r t r a t e d  by a brief ditocuurion of tke motion of the earth 

i n  %he r o a r  eyetau. Faa re  ~ ( a )  ehme Wle inportant argeotr of the 

earthis motion areund the eun lo&ing dawn on the ealipt ia  plane 

( the  ;plane containing We gar& 'r pth amuL Che run). 

Zhr four importantn~rfercsnochsea location@ of +he orbit, the 

rUBllger and winter eelrtiees and tks v e n a l  and autumnal aquinoctial 

gOin t~  a re  ale0 shown Ln figure l ( a ) ,  Pigum l (b)  $8 r aide view 

Zooking gamUel  to the eoliptio rshawlng o m  the aolr t iae pointrr* 

X t  is impox.&ant t o  note ltwo #in@ about %he polar axir  of the earth.. 

Fire%, the polar axim $8 not perlgrendiauUr t o  Wle eoZiptic but i r  

a t  m angle of about 23 degmre fm a i r  g e r g s ~ i o u l a r ~  

bsaontb, the  polar axir raminr Pbed tn  ilte orientation i n  amaa ae 

@arOh trrrvele around tke ern. Tk,w, a t  the winlt~r eolertice the 

lforth polar axir pofnte emy irem the erun rnll et tka aumer e ~ n t i c a  

s* Poimta~ %award the! atan. 



A close-up view of the earth aL winter solstice (Fig. 2) 

is  u a e W  in  our discussion of s a t e l l i t e  orbits. If the sa te l l i t e  

i s  moving in an orbit perpendicular t o  the plane of the paper, then 

on)y two numbers are  needed t o  define i ts  location with respect t o  

the solar  system. m e  sa te l l i t e  altitude, h, and the angle, , 
be-tween the perpendicuhr t o  the ec l ip t i c  and the radius vector t o  

the s a t e l l i t e  are  convenient choices fo r  t h i s  problem. For example, 

if @ = ?f and h = H (Fig. 2) the s a t e l l i t e  is traveling i n  a polar 

orbi t  a t  altitude, H, abwe the earth's surface. 

Equilibrium sa te l l i t e  temperatures can be calculated for  a wide 

variety of orbits. However, f o r  our purposes we w i l l  examine only 

the extreme cases t o  which any design may be subjected. These cases 

a re  when the sa te l l i t e  i s  continuously exposed t o  both the solar and 

earth s radiation fields ( @ = -0 ) and when the sa te l l i t e  is shielded 

fran .the solar f i e ld  by being i n  the shadow of the earth. These nay be 

called the "hottt and "coldf' cases and w i l l  be described I n  more deta i l  

i n  l a t e r  sections. 

m e  orbital  space suAt in  its f ina l  evolution may well bear a 

close resemblance t o  the general outlines of a man. The choke of 

the  geometry fo r  the purposes of this calculation has an,important 

influence on the cmplexEty of the calculations and the applicability 

of the f ins1  results, i.e., the more nearly man-like the geometry, the 



more d i f f i cu l t  the calculations and the more useful the results. 

Since the f i n a l  configuration of the space su i t  t o  be worn by a 

man i n  orbit  is a t  present unknown, no attempt was made a t  this 

time t o  consider the geometry of a man wearing a space su i t  with 

i t s  acccmpanying life-support, stabilization, and Locomotion 

equipment. 

Possible gemetric choices of space su i t  configurations have 

been investigsted by Charles Clauser, Aerospce Medical Division of 

the Wright A i r  Development Division. Sane of the results of his 

investigations a re  shown in  Figs. 3 and 4. These gemetric foms 

are representative of the general s ize  of a 50th percentile ' ( h e i e t  

and w e i e t )  nude Air Force male. Total body surface area for  such 

a man would be approximately 21 square feet .  An bportant decision 

i n  the present investigation was whether t o  consider geanetrics which 

were singly cylindrical and everywhere plane or  convex, such as i n  

Fig. 4 or t o  include other gemetrics such as  Fig. 3 which w o u l d  

allow radiation exchange between various parl;s. me geometry described 

i n  Fig. 4 was chosen so a s  not t o  obscure the consideration of the 

themal problem w i t h  the additional complicated geometric detai ls  of 

the  analysis i f  the geometry i n  Fig. 3 had been used. 

PART I 

INFINITE THEDMAL CONDUCTIVZTY SUIT 

A t  any instant i n  time, a man wearing a space su i t  w i l l  be under 

the  influence of a number of factors which will determine his  themal  

environment and consequently the average temperature of h i s  thermodynamic 



system. Among these factors are the them1 radiation f ields fran the 

sun, earth, and nearby objects, the themal  properties of the suit, his 

own metabolic heat generation and other biologfcal processes, and the 

previous history o r  variations of a l l  these factors. 

A great deal of useful information arid background knowledge should 

accrue frm an analysfs of a part of t h i s  complex system. For example, 

t h e  temperature history of a space su i t  without a man inside (but with 

energy generation within the su i t  t o  model the metabolic heat rate) may 

be examined with a f a i r  degree of sophistication. Such information, 

coupled with the present knowledge of man's physiological processes, 

serves as an excellent s tart ing place fo r  determining additional modifica- 

t ions  necessary t o  a space su i t  before a man is placed inside. 

The energy balance fo r  determining the temperature-time history was 

based on the s u i t  scheme i n  Fig. 5. Add.itiona1 specifications were an 

adiabatic inside surface and a very hi& thermal conductivbty fo r  the 

space s u i t  material so that no heat-transfer processes inside the cylinder 

would require consideration and no tempemture differences would exist 

i n  the  suLt material. 

Under the conditions described abwe, the energy balance on the 

s u i t  assumes the following form as  applied t o  a unit of t h e :  

The first tern, , consists of a number of terms representing 

the separate radiation f ields absorbed by the suit.  These f ields include 



direct and reflected solar radiation, e a r n  radiation, and: mdiation 

from nearby objects, e.g., the parent s a t e l l i t e  or  space ship. The 

second tern erllows for  the internal generation of heat within the 

s u i t  o r  on its boundaries. The th i rd  term describes the amount of 

thermal radiation which leaves the suit and the last describes the 

influence of the heat capacity of the sui t .  fmplicitly, it has been 

assumed tha t  any radLation leaving the s u i t  does not return by reason 

of a reflection process. 

Details of the energy balance are given i n  Appendix I and the 

final equation i n  a dimensionLess form i s  

In Eq. (2) Ns and Nv are  the dimensionlees values of the absorbed 

solar and nearby vehicle radiation f ields,  MG the drtmensiorileas 

Intenncrl heat genemtion, and % the dimensionless absorbed earth 

radiat ion.  The s3mI:ol 8 represents a dimensionless su i t  temperature 

r e e r r e d  t o  the average temperature o i  the earth, i.e., 0 = T/G . 
a 

!I%e term 3.78 to , developed i n  Appendix 5, is a dlmensionl.ess measure 
h - 

of the energy retention capacity of the s u i t  material and t is a 

dimensionless time referred t o  the period of orbit of the suit .  

Eq, (2) i s  a first order, nonlinear differential  equation which 

requires the specification of one boundary condition. The condition 

mich has been chosen fo r  a l l  cerlcubtions is  

W h e n  



Equation (3) s ta tes  that  the space s u i t  temperature a t  the beginning 

of the calculation is $3'~. The calculation then predicts whether 

the temperature of the su i t  increases or decreases under i t s  environ- 

mental influences and how much. 

Calculation Results 

The basic energy equation discussed abwe was solved on a cmputer 

fo r  two extreme conditions. The first condition was when P = 0 and 

the space su i t  a t  80% was suddenly placed i n  the sunlight and remafned 

there during subsequent time. Parametric values were chosen so that  the 

solar  and earth-radiation inputs as  w e n  as the radiation input frm 

the nearby vehicle were maximum. The internal  energy generation rate 

was chosen t o  approximate that of a man engaged i n  minor activity. Thus, 

this cetlculation could be expected t o  predict the maximum temperatures 

t h a t  might be fo& i n  a space su3.t. D e t a i l s  of the choice of parametric 

values are given i n  Appendix 11. 

A s  an f l lus t ra t ion of -the temperature control factors available t o  

the  designer, the calculation was then repeated for  two add5tional cases. 

In one, the su i t  properties were chosen so that  a minimum amoutie of out- 

s ide radiation was absorbed and the internal  heat generation rate the 

same. The second condition considered the space su i t  a t  @OF, suddenly 

placed i n  the earth's shadow ( i n  a 300 mile orbit  i n  the plane of the 

ecl ip t ic)  so that  the only Incident radiation f ie ld  was the earth's. To 

represent the "coldest" case, the internal heat generation rate was talken 

a t  zero. 



The result  of the calculations fo r  these two conditions is 

discussed i n  de ta i l  below. 

Case I - Hot (~axirnum Radiation Input and Heat Generation   ate) 

Figure 6 presents the computed variation of the nondimensional 

s u i t  temperature with time, measured i n  multiples of the orbital 

Ks period, fo r  three values of - E . The extreme equilibrium values 

of 6 3.23 and 1.13 or T = 993'~ and 48% reveal the wide 

variation of su i t  temperatures permitted by the chofce of the s u i t t s  

spectral properties. The parameter, tt , the heat retention parameter, 

is defined as 

- I 
t:-m EL:::~J=* [d;3:?] 

Ihus, fo r  a fixed orbi ta l  period, tt is  directly p ropor* io~l  $0 the 

specific heat per unit volume (f C ) and the sui t  material thidcness, 
A . Conversely t c is inversely proportiom3 t o  the sui t ' s  

Figure 6 indicates that the s u i t  designer must ljmit the external 
oc 

value t o  min ts in  comfortable su i t  heat inputs by choosing a l a w  7 

temperatures. It may also be noted tha t  the choice of a sufficiently 

large value fo r  the heat retentfon parameter will lengthen the time 

in which the su i t  reaches i ts  equrilibrium -t;emperature. 

Catile 11 - Cold. ( ~ a r t h  Heating only) 

Figure 7 shows Wle results of the calculations fo r  the coldest case. 

Judiciously chosen su i t  properties w i l l  inhibit  rapid temperature changes 

when the su i t  is being heated by eadh radiation alone. For exa~nple, when 



A 
t c i s  eqyal t o  12, the sui t  temperature drops only 25'~ f r m  its 

origina1,value of &I% i n  one equivalent period (90 minutes). This 

slow decrease is  interesting sinee the equilibrium (long t k e )  temper- 
/ 

ature fo r  these conditions is  -1009 and -&e su i t  can stay i n  the 

earth* s shadow fo r  only 34 minutes i n  a 300-mile orbit. 

Thus, controlling the t h e m 1  environment of a man in  space 

under conditions of earth heating only through the selection of 

proper su i t  properties shodd be considered. Thfs is true whether 

control is desired on the unsteady s ta te  temperature, the!  f inal  

equilibrium temperature, or both. 

For an application of the calculations the following "suit 

problem" w i l l  be exam5ned. 

Design Requirements: 

A. Passive Heat Control 

8 min = 1-17 or 60%' 

C. Exposure t h e :  one 300 mile orbit 

D. L5gb.tWeigb-t; su i t  material 

E. Thin su9t material t o  permit mobility 

To be determined: 

oC6 A. Surface e a t i n g  ( 7 1 
B. su i t  metterial ( C  

C. Suit 's t o t a l  mass ( pv ) 

D. Material. thickness ( /F ) 



A white PbCo paint ( = 0.13) f o r  the suriace coating w i l l  
3 

maintain the maximum su i t  temperature below the required 9% since 

- "' is  oaly sl ightly Larger than the 0.11 value plotted i n  Fig. 6 € 
' A 

A t  low ft value and e large PC value must be selected if  a smU 

suft thickness i s  required. Thus, it is necessazy for  the material 

t o  have a high specific heat (c) t o  obtain a low t o t a l  mass autt. 

If, f o r  example, a water f i l l ed  five-ei&ts-inch thick shell  is  

chosen for the su i t  materfal then: 

h 
!This value of tc w i l l  limit the minimum su i t  temperature t o  

6 = 1.16 o r  62% fo r  a 300-mile orbit .  The minimum temperature 

requirement of 60'~ w U  thus be met. The resulting t o t a l  mass of 

the s u i t  i s  then a not unreasonable 64 potinas. 

PART I1 

SUIT W I T H  FSNITE TIBRMXL CONDUCTIVm 

The preceding analysis assumed an infLnite themal conductivity of 

t h e  space su i t  material so that no temperature gradients could exist  i n  

t h e  su i t .  Thfs restriction w i l l  now be relaxed t o  allow different suit 

thicknesses and thermal conduct2vities i n  order that these temperature 

gradients may be examtned. Since the maximum temperature difference 

which might be encountered is of primary interest, the heat input and 

the outgoing radiation have been chosen so that  extreme temperature 

graaient  cond%.tions w%91 be encountered. Fig. 7 i l lua tmtes  the model 



whlch was used. Frm Fig. 7 it is seem that the sui t  i s  t o  be subjected 

t o  a solar  heat flux, qS , only a t  one end and the remaining two sur- 

faces of the su i t  are allowed to radiate into space at zero degrees absolute. 

I n  addition the t o t a l  heat absorbed by the end area i s  assumed t o  be con- 

centrated uniformly around the circumference of the shell  a t  its i n i t i a l  

boundary x = 0. The metabolic heat i s  unifozmly distributed only 

along the inner cylindrical surface, and the entire heat-transfer proeess 

is assumed t o  be a t  steady-state. 

With these assumptions and the su i t  geanetry of Fig. 7, the heat 

balance f o r  an elemental length of the cylindrical shell  i s  expressed by: 

Substituting the defined expresslone: 
\sl 

Qm =r'Lqtn 

f o r  the various heating rates, and nondfmensionrtlfzing: 



The boundary conditions for  th i s  ordinary second o d e r  differential 

equation can be determined by considering the heat balance with the 

external environment a t  each end: 

Therefore, the solution of Eq. (5) subject t o  the boundary condition, 

Eqs. (6) and (7) w i l l  provide the temperature distribution along the  

cylindrical  portion of the sui t  for mr5ous sui t  mter ia l s  and thick- 

nesses. The maximum temperature difference will then simply be the 

difference between the tempemtures a t  the two ends. 

Equation (5) was solved by a numerical integration scheme t o  

provide the required longitudinal temperature distribution. The 

numerical. work is greatly reduced by the use of the re&tions for 

the various parameters: 



The following constants used i n  Part I were also selected: 

L = 5-75 f t .  

D = 1.04 f t .  

= o.l.2 

= 0.89 

Qm = Boo ~ t u / h r  

AT 20.5 f t 2  

The number of arbitrary parameters is then reduced t o  one, the i n i t i a l  

slope B, which i s  a function of the material thickness and thermal con- 

ductivity. 

The required suit shell  thickness and mass can then be deteminea 

from the relations 

I n  the first part the sui t  temperature variation with time was 

determined fran the balance of the metabolic heating with the external 

environment a s  influenced by tbe heat retention capacity of the material 

and the surface radiation properties. The shell. thickness ( TI ) vss 



determined a s  a function of the heat retention parameter, which m g  

I 

&msen a s  four i n  the sample problem, and the  surface radiation p r o p e ~ i e s  , 
I 

-to l j m i t  the minimum Suit temprature t o  62% fo r  a 300-mile orbit:  

Therefore, with the various assumed cons*t;ants, the r a t i o  of the thick- 

nesses o r  masses is a Function of the mterierl  t h e m 1  di f fus iv i ty  and 
I 

the i n i t i a l  slope B: 
' I 
'.I 

When this r a t i o  i s  greater than one, the material thickness as ! 

4 

required by the  first analysis must be chosen t o  provide a proper thermal 

environment. Since t h i s  thickness i s  greater than that required by the 

present analysis, smaller equilibrium maximum temperature differences will 

exist .  If t h e  r a t i o  is  l e s s  than one, then the thickness computed i n  1 

! 
Eq. (11) must be chosen t o  minjmize the maximum temperature difference. 

; I  
This -t;hickness is greater than tha t  computed with Eq. (10) and t h i s  

Provides a greater thermal capacity which w L U  lengthen the time fo r  the 

Suit  t o  reach t h e m 1  equilibrium with i t s  external environment. This 

r a t i o  is useful only for  the abwe type canparison since it compares the 

Rsults of the time-dependent analysis of the first part with the  resul t s  

of this non-timg-dependent study. I , I I 
I 



Fini te  Thermal Conductivity Results 

Equation (5), as restricted by the boundary conditions and simplifying 

relations, was integrated nurnericaUy wiCh the Runge-Kutta method on a 

digital computer f o r  a range of i n i t i a l  slopes, B. Agreement with pre- 

canputed slopes a t  y = 1 was obtained t o  seven significant figures. 

Figure 9 and 10 present i n  graphical form the numerical results for  

the  temperature variation along the su i t  and the maximum tern~erature dif- 

f erence from x = 0 t o  x = I,. The strong dependence of both the temperature 

and maximum temperature dffferance on the parameter B can be seen frm the 

figures. A small value of B i s  desirable i n  any su i t  desfgn problem. It 

may be seen, however, that  small values of B come a$ the expense of increased 

ahet2.l thickness and mass for a given she l l  material, !The shell  thickness 

.P increases a s  the ra t io  - increases and therefore, it is desirable t o  have 
K 

this r a t i o  low. Aluminum and Copper have t h e  lowest ~ a t i o  for  metals while 

t h e  ra t ios  fo r  fabrics are approxhately LOO times as large. 

The interlocking considerations of both t he  infini te  and f i n i t e  thermal 

conductivity analyses can be i l lus tmted by the following example: 

Given: Maximum Tolerable A T = 30% 

To be determined: Material type, thickness, mass, and resulting 

maxbmm h T. 

Solution: 

1. with p i g .  9 and A T  = 30% % = 0.043 

2. Fron Eq. ( 9 )  and B2 = 0.043, % = 951bm f o r  duminum 

3. Fran Eq. (8) and B2 = 0.043, % = 0.33 i n  for  aluminum 

7 - M I  4. FranEq. (11) - - = 3.7 for  aluminum r, ' M a  



r; 5. Since ,-> I , then the thickness , and mass 
12 M1j 

must be used. Therefore, 

6. with ~ q .  ( 9 )  and = 352 1%: B~ = 0 . O U  fo r  aluminum 

Thus a su i t  constructed with aluminum shell. 1.22 inches thick would 

have a mass of 352 1% and a 5.8% maximum equilibrium temperature 

difference. 

Since the thermal diffusivity of most light metals is  i n  the 

2 range of 3.6 t o  4.4 f t  /hr, the thickness ra t io  w i l l  be greater than 

one f o r  378.01. Therefore, most light-metal su i t  thicknesses computed 

with the results  of the first aaalysis will develop small equiltbrium temp- 

erature d'lfference and be very thick and heavy. With the  general conclusion 

- b e  5/8-inch-thick, water-filled she= suggested previously becomes at tract ive 

since it would have a mass of 64 lb,. The very Large equillbrim and Don- 

equilibrium temperature difference that would exist, since 4 = 186 

could be reduced by circulating the water. This posstbility will be 

examined i n  the next sectian. 

PART I11 

THE EFE"ECT OF CIRCUZATING WATER 

I n  order t o  examine the effect on the shel l  temperature difference of 

c f r cub t ing  water i n  passages Just inside the outer wall, the model used 

i n  the aecond analysis w i l l  have $0 be modified as shown, i n  Fig, 10. Since 



maximum temperature differences are of primary interest, the mth-  

a m t i c a l  model i s  chosen t o  produce these extreme conditions. Thus 

the solar  flux is spin assumed t o  be incident on one end of the cylinder 

while the  other two surfaces are  radiating t o  a zero temperature environ- 

ment. m e  solar  f lux  is also assumed t o  be concentrated nnifomly around 

the: circumference of the outer s h e l l  a t  i t s  2nitiealboundary. In addition, 

t h e  metabolic heating 1s uniformly distributed along the inner she l l  surface 

and the s u i t  is  taken t o  be i n  thermal equilibrium W i t h  i ts  environment. 

If the fluid flowing through the passage is specified ere being 

incompressible, laminar and f'ull.y developed and having constant physical 

properties, the energy equation describing the temperature f i e l d  i n  the 

f l u i d  may be written as 

The temperature boundary conditions are specified as 

Solution 

Bounary Conditions - 



Condition: Ub, as is explabed more fu l ly  below, is taken from t h e  

resui ts  of the second analysis t o  give the m8ximum possible temperature 

difference along -the inner shell,  

Equation (12) may be put in to  dimensio~ess form by the folluwing 

X substitutions ?= ) 5 = @ = -  7"- r T 

be Umax - a- 
U d~~ 

W h e r e  4- P k m a n l ~  L The boundary conditions becane 

when h 2 ~ , r / ~ ,  and. the heat conducted along the inner wall 

is neglected. 

Xn the above, it has been assumed t h a t  -the solar heat i s  conducted 

only through the outer shell and is not influenced by the flowing fluid. 

W e  r e s d t i n g  temperature difference fn  the outer shell i a  then the  one 

computed i n  the second analysis and is applied i n  this analysis as the 

boundary condition on -that surface, Under these conditions the flow ra%es 

ccmputed w i l l  be m i m u m  since the flowing water w o u l d  clearly prcduce a 

more moderate temperature distribution in the outer shell. Details of the 

solutYon of Eq. (14) are given i n  Appendix 111. The results are discussed 

belaw. 

T&hperatmsa diife2ences fn the  inner shal l  and aver the passage length 

are shown 2n Fig. ll. They are plotted against the dimensionless flaw 

r a t e  of water ( a ) and for two values of the Zf3.meQsionless metabolic 



heating p a m e t e r  ( ). 

Figure 2 i l lus t ra tes  the decrease i n  temperature difference with 

increasing water f l m  rate, This decrease is s h m  quantitatively in 

Table I for  particular values of the s u i t  and water passage geometry, 

i.e., L = 5-76 ft, = 5/16 in, 9 . w  :: 5.5 x 103 ft2/hr. The flow 

rates are  fo r  water flow around the campXeLe sui t  circumference. 

Table I - Water Flow Rates 

Flciw Rate 
(~arls. /min) 

Flow Rate 
( C a b .  min) 

Figure 2 also indicates that  changes i n  the meterbollc heating rate 

do not have a great influence on the water flow required. me two values 

even  on the curves a r e  fo r  zero metabolic heat rate and for  a value of 

h = 0.006 which correspcnde t o  the metabol%c heat m t e  f mnd i n  a 

normal man, 

It may be concluded fran the abave that temperature differences fn 

a space su i t  under the conditions speciffed may be kept t o  reasonable 




















































