
SYMPOSIUM: SIMULATED ATMOSPHERES 

The "Manhigh" Sealed Cabin Atmosphere 

LIEUTENANT COLONEL DAVID G. SIMONS, U S A F  (MC) 

W H E N  the Manhigh capsule 
system was being designed in 
the fall of 1955, the pr imary  

objective was a maximum perform- 
ance system of minimum weight that 
could lift a man into a space equiva- 
lent environment for twenty-four 
hours. This objective 'had to be met 
safely and supply an answer to what 
the man could :do if any specific com- 
ponem failed. Beyond this, an effort 
was made to provide him with as 
comfortable a "shirt  sleeve" environ- 
ment as possible. 

The 1pressure and atmosp,heric com- 
position of a sealed cabin designed for 
a space mission must  be selected in 
terms of the peculiar needs of that 
specific mission. This paper shows 
how the atmosphere used on the Man-  
high program was tailored to fit the 
needs of that flight. Many of the 
eonsiderations apply directly to. satel- 
lite missions and other 'high altitude 
balloon flights. 

The sealed cabin atmosphere of  the 
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Ma.nhlyh program is here considered 
in three steps. First, the implications 
of the approach defined above are 
presented under basic decisions in 
terms of the fundamental design para- 
meters resulting from that approach. 
Next,  atmosphere selection shows how 
the capsule pressure and atmosphere 
composition were derived f rom the 
limits imposed by the basic decisions. 
The last section illustrates how the 
meaning of the various measurements 
in a sealed cabin environment may be 
derived citing data of  the Ma.nhlgh II 
flight. 

BASIC DECISIONS 

Four  d ec  i s i o  n s profoundly in- 
fluenced the final selection of an at- 
mosphere for  the capsule. The first 
was the form of  the capsule structure 
itself. The final design provided for 
a .capsule with a diameter of 3 feet 
having a cylindrical midsection with 
hemispherical ends above and below. 
This pressure shell stood 8 feet high. 
Four  feet of  the cylindrical section and 
both hemispheres were o,f aluminum 
0.032 inch thick. The lower hemi- 
sphere was welded to this cylinder. 
This  section and the upper hemisphere 
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were clamped to a 1-foot long cylin- 
drical casting which served as the load- 
bearing member and contained the 
windows. The sections were attached 
by quick-release Marmon clamps. This 
design was chosen t.o permit  rapid 
opening for emergency egress from 
the capsule bo,th in flight and after 
landing. The clamps could be released 
either .by mechanical force through a 
mechanical rod that penetrated the 
turret casting or electrically. 

A s  tests proceeded, the quick re- 
lease, rapid exit feature revealed itself 
as a mixed blessing. Once, during a 
pressure test, the Marmon clamp 
opened unexpectedly fo.r no apparent 
reason while the ca, ps.ule was p.ressur- 
ized. Mechanical corrections were 
made to prevent a recurrence, but the 
possibility of a similar episode could 
not be completely discounted. A simi- 
lar clamping arrangement, .but without 
quick release features, was used in two 
other locations: the line joining the 
two halves of the air regeneration 
unit, and the point where the air  regen- 
eration hose attached to the capsule. 
These were also. potential but very un- 
likely sources, of rapid decompression 
during flight. 

The second .decision followed di- 
rectly from the minimum weight ob- 
jective of the flight. A sealed cabin 
w ou,ld be essential. Previous balloon 
flight experience 1~ had demonstrated 
the principles and revealed many prac- 
tical problems encountered in provid- 
ing this type of atmosphere for  ani- 
mals. By supplying an oxygen sou'rce 
which maintains a constant pressure 

*The capsule atmosphere was circulated 
through an outboard unit containing beds of 
LiOH for CO~ absorption and beds o:f LiC1, 
then Mg(C100~ for moisture abso.rption. 
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within the cabin, and a scrubbing sys- 
tem to absorb carbon dioxide and ex- 
cess water vapor,* the composition of 
the atmosphere should remain con- 
stant. In the operation of a true sealed 
space cabin, no gas can be obtained 
from outside the cabin and none should 
be vented from the cabin atmosphere 
to the outside. 

The third decision concerned wheth- 
er .or not the pilot should be 
required to wear a partial pressure 
suit during flight. This involved the 
question: Which is more important to 
the ultimate success of the fl ight--a 
higher degree of comfort,  initiative 
and alertness on the part  of the t~ilot, 
or the possibility of  emergency pres- 
surization in an uncomfortable pres- 
sure suit should the capsule suffer 
catastrophic mechanical failure? 

It  was obvious that without a pres- 
sure suit, any form of decompression 
which occurred in less than 20 to 30 
minutes at peak altitude would be fatal. 
A Marmon clamp failure or loss of 
one of the 5~4-inch windows would 
cause very rapid decompression: In 
addition to the U. S. Air  Force tradi- 
tions of providing crew members with 
a possible alternative "if," there was 
the very real consideration of the un- 
known hazards that might arise owing 
to our incomplete knowledge of the 
problems to be faced living under 
space equivalent conditions for. a pro- 
longed period of time. The decision 
was made that the pressure suit would 
be worn. 

Finally the question had to be re- 
solved: S'hould a face plate be worn 
throughout the flight? Information 
then availaMe ~ indicated 12 to 16 sec- 
onds of useful consciousness follow- 
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ing rapid decompression. Manhigh 
pilots learned to don the face mask in 
6 to 9 seconds, theoretically lc~aving a 
3 to 7 second margin. Wearing the 
face plate constantly would require 
development of a much more difficult 
"personalized" closed system, preclud- 
ing a cagsule atmosphere system. 

A T M O S P H E R E  SELECTION 

As a result of the basic decisions, 
the questions of preflight pressure 
check and the necessity for bends pro- 
tection arose. 

Experience with the sealed animal 
capsules had repeatedly demonstrated 
the importance of "checking the cap- 
su.le immediately before flights to de- 
tect any .leaks. "]'he wisdom of this 
approach was confirmed when, on sev- 
eral ground tests, the capsule had to 
be pressure-checked two and three 
times before a satisfactory seal was 
obtained. If  the operating pressure 
and altitude is about 6 or 7 pounds per 
square inch (psi),  the capsule can be 
pressurized to its full operating pres- 
sure at ground level with a total pres- 
sure of approximately 21 pounds per 
squ.are inch absolute (psia) or 6 
pounds per square inch gauge (psig) 
sea level. Because the capsule struc- 
ture was designed and tested at 15 
psig, an operating pressure of 6 psig 
would provide a safety factor of bet- 
ter than 2.5. It would be a complicated 
and time-critical procedure to attempt 
to change the composition of the at- 
mosphere during ascent. This ap- 
proach was given no further consid- 
eration; however, the corn,position of 
the atmosphere when the pilot experi- 
enced the high 21 psia pressure during 
pressure check required careful con- 
sideration. 
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The second question was that of 
bends protection. It is well estab- 
lis'hed 5 that bends appear in from 10 
to 30 minutes af ter  acute exposuTe to 
high altitude depending on the degree 
of denitrogenation and individual 
differences. Should rapid decompres- 
sion occur at ceiling altitude it would 
take at least one hour, possibly sev- 
eral, to descend to less than 20,000 
feet. Even with the emergency cap- 
sule parachute it would take nearly 
half an hour to reach this level from 
100,000 feet. The flight was an effort 
to explore the problems of satellite 
flight. Because it is unlikely that a 
crew member could retu'rn this quickly 
in an orbiting satellite, the atmosphere 
was selected in terms of satellite re- 
quirements so that the crew member 
would not experience bends with sud- 
den complete loss of cabin pressure. 
This should apply if depressurization 
occurred during ascent, or if he re- 
mained at altitude for several more 
hours. 

To select an atmosphere, the inter- 
relations and implications of the total 
pressure, the oxygen concentration, 
and the inert gas were considered in 
terms of the objectives defined above. 

Total Pressure.--With the thin 
lightweight capsule shell selected, a 
total atmospheric pressure of approxi- 
mately .3.5 psi, equivalent to 25,000 
feet, would provide a little better than 
a 2.5 safety factor. A higher pressu, re 
with that safety factor would have re- 
quired a heavier shell. 

It is axiomatic among drivers that 
decompression which does not exceed 
a pressure ratio of 2 to 1 should not 
produce bends. The MC-3 pressure 
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suit operated at an altitude equivalent 
of approximately 40,000 feet. Cabin 
pressurization corresponding to any 
altitude ibetween 25,000 feet and 
40,000 feet would result in a decom- 
pression that remained within the 2 to 
1 ratio. Experiments 'have shown 1 
that with a constant oxygen partial 
pressure the fire hazard steadily in- 
creases with decreasing total pressure. 
This encourages the selection of the 
highest total pressuTe consistent with 
other considerations. 

To enst~re that the pilot would not 
experience serious bends if a rapid 
decompression occurred when 'he first 
reached ceiling altitude, it would be 
necessary for him to denitrogenate on 
100 per cent oxygen four hours before 
launch. 5 Inasmuch as the pilot was 
sealed into the capsule about 8 hours 
before launch, it was sufficient to pro- 
vide an atmosphere low enough in ni- 
trogen to permit effective denitrogena- 
ti.on through the prelamach period. 
The lower the total capsule pressure at 
altitude, the ,higher the percentage of 
oxygen required and, therefore ,  the 
less inert gas would be in the capsule 
at ground level before launch. The 
composition of the capsule atmosphere 
was expected to change very little after 
launch, but if anything, would gradu- 
ally increase in percentage of oxygen. 

The physiologic effects of rapid de- 
compression per se were also consid- 
ered in selecting the cabin pressure. 
The lower the cabin altitude (the 
higher the pressure),  obviou,sly the 
greater the hazard of rapid decom- 
pression. Failure of one .of the cap- 
sule shell Marmon clamps would in- 
stantaneously divide the capsule into 
two portions, creating the most severe 
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decompression possible in this system. 
Assuming a total pressure of 5.5 psi 
and using the method of Haber and 
Clamann, 4 the time constant for de- 
compression time of the capsule is ap- 
proximately 0.005 second which gives 
a total decompression time of 7 to 
10 milliseconds. 

What  this would mean in terms of 
lung damage and time of  useful con- 
sciousness must be extrapolated from 
other data. Bancroft  2 has shown 
that decompression from 200 ram. Hg. 
to 50 mm. Hg., or  less, causes an im- 
mediate and severe drop in systolic 
and 'diastolic blood pressure. With 
decompression to 35 mm. Hg., this oc- 
curs in a few seconds, and the dogs so 
exposed maintained .only 10 mm. Hg. 
pulse pressure. This may reflect bub- 
ble formation in the left ventricle 
which would produce circulatory sta- 
sis. This lack of circulation should re- 
duce significantly the time of useful 
consciousness below the 12 to 16 sec- 
onds observed with decompression to 
lower altitudes. In addition, a decom- 
pression this rapid could well cause 
considerable confusion and discom- 
fort, if not more serious injury. 

The time constant for the 5~- inch 
diameter window orifice is 0.22 sec- 
ond. This leads to an effective de- 
compression time of 300 to 500 milli- 
seconds from 25,000 to 80,000 feet, as- 
suming the air volume of  the capsule 
to be 40 cubic feet. Decompression 
times to altitudes beyond 80,000 feet 
are probably of little physiologic sig- 
nificance. Becat~se the time-constant 
of human lungs is about 0.6 seconds, it 
is significantly greater than in either 
situation examined. In either case, a 
higher capsu,le pressure with more 
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rapid decompression and greater 
changes in pressure would be distinct- 
ly undesirable. A total cabin pressure 
of 5.8 psi (300 rag. Hg. equivalent to 
an altitude o,f 23,500 feet) was se- 
lected. 

Oarygen Concentration. - -  Having 
established the total pressure, it is 
necessary to select a percentage of 
oxygen that will provide a minimum 
alveolar oxygen ~partial ,pressure of 
100 ram. Hg. 1 at a total pressure of 
280 mm. Hg. This requires 60 per 
cent oxygen in the inspired air. On 
the Manhigh I I  flight a value of 160 
millimeters of oxygen partial pressure 
was attained as the flight reached ceil- 
ing altitude. This provided 61 per cent 
oxygen. This high percentage of oxy- 
gen served as an advantage by helping 
the pilot to eliminate nitrogen before 
flight. It did require, however, that 
the pilot experience an oxygen partial 
pressure of 500 rnm. Hg. du'ring the 
process of establishing the atmosphere 
on the ground. 

Inert  Gas . - -The  remaining 40 per 
cent of the capsule atmosphere, repre- 
senting 120 mm. Hg. partial pressure, 
must consist mostly of an inert gas. 
Roth s exhaustively examined the rela- 
tive advantages and disadvantages of 
the various inert gases from a theoret- 
ical point of view. He concluded that 
the maximum bubble size and symp- 
tom frequency after decompression 
theoretically should be an inert gas 
factor expressed by:  

diffusion coefficient in oil 
(solubility in oil)"X 

solubility in water 

Comgaring helium, neon, argon, kryp- 
ton and zenon with nitrogen, he con- 
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c'luded that helium should produce 
only one-fourth the symptoms and 
neon, five-sevenths of the symptoms 
that nitrogen would after rapid decom- 
pression. Theoretical values for nitro,- 
gen and helium correlated well with 
the frequency of symptoms observed 
after  decompression. 

Hel'ium has four times the 'heat con- 
ductivity of nitrogen and, therefore, 
is preferable during the daytime when 
maximum transfer  of heat from the 
pilot to the capsule atmosphere is de- 
sirable. This is a disadvantage at 
night when the capsule becomes cold 
and the pilot needs f:o conserve heat. 

The increased vocal pitch produced 
by 'helium is temporarily annoying un- 
til the subject learns to lower the pitch 
of .his voice to compensate for the he- 
lium effect. This increase in pitch is 
apparently due to the reduced imped- 
ance provided by helium to the vibra- 
tion of vocal cords set to their normal 
iength and tension. Helium has one- 
seventh the density of nitrogen. The 
fact that helium has 2.57 times the 
diffusion rate of nitrogen would make 
it correspondingly more difficult to re- 
tain in a sealed cabin; because it con- 
stitut~s only a part of the total atmos- 
phere this effect is reduced to a sec- 
ondary consideration. This high dif- 
fusion rate permits its prompt elimi- 
nation f rom the body during ascent? 

Helium appears to reduce signifi- 
cantly the likelihood of the pilot ex- 
periencing dysbarism in the event of 
emergency decompression. However, 
in addition to the increased leak rate 
which it would cause, the physiologic 
effects of applying helium as an inert 
gas were not well eslablis'hed at re- 
duced total pressu~re for a long period 

AVIATION MEDICINE 



SEALED CABIN ATMOSPHERE---SIMONS 

of time. On this basis, an inert gas 
composition of 'half helium fial'f nitro- 
gen was selected 9 to reap some of the 
advantages of helium without blunder- 
ing into unexpected problems if nitro- 
gen was eliminated completely. 

Archibald 1 has described in detail 
the procedure Jhe devised to d.eni,tro- 
genate the pilot and establish an at- 
mosphere of approximately 60 per 
cent oxygen, 20 per cent 'helium, and 
20 ,per cent nitrogen. Helium was in- 
troduced by pressurizing the capsule 
'to 20 psia with it, observing the cap- 
sule for leaks, and then releasing the 
pressure and discharging nitrogen 
with it. Oxygen was introduced into 
the capsule atmosphere, and the pilot 
denitrogenated by 'having him breathe 
100 per cent ,oxygen through the pres- 
sure suit helmet. 

F L I G H T  EXPERIENCE 

A primary purpose of the Manhigh 
II flight was to make observations of 
the new environment. To survive in 
space, a pilot must also constanly mon- 
itor any changes in 'h[s capsule atmos- 
phere. The earlier an indication of 
malfu'nction is detected and properly 
interpreted, the ,better are the chances 
of coping with it. In solo space flight 
this becomes even more critical. In 
the absence of complicating factors, 
the percentage of oxygen and inert 
gases within any sealed cabin should 
remain constant throughout flight. 
During the Manhigh II flight the com- 
position did change. 

The Manhiyh capsule atmosp,here 
was established more than eight hours 
before flight at the ambient atmospher- 
ic pressure of 750 ram. Hg. The pres- 
sure of the capsule atmosphere was 
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controlled by the Firewel regulator. 
This control device vented ,capsule at- 
mosphere to the outside whenever the 
external pressure dropped below the 
internal pressure. It automatically 
stopped venting and maintained the 
internal .pressure at the value selected 
for flight (300 mm. Hg. or 5.8 psig). 
The capsule pressu, re began to vent 
immediately after  launch and stabil- 
ized at 300 mm. Hg. 'by 44,000 feet, 
20 minutes af ter  the capsule passed 
through 24,000 feet, the altitude of 
equivalent pressure. 

The regulator was designed to 
maintain this internal pressure by re- 
leasing oxygen from the liquid oxygen 
system. Valves were provided to per- 
mit operation of the overboard vent 
and the .oxygen co n v e r t e rb y  manual 
control ,only. Fundamentally, the 
sealed cabin atmosphere system would 
operate in the same manner whether 
it was on automatic or manual, except 
that under manual control the limits of 
excursion in capsule pressure would 
be up to the pilot. Also, the pilot 
would know when gas was vented 
overboard to relieve capsule pressure. 
This tended to occur because the rate 
at vchieh oxygen vaporized from the 
converter due to heat leaking into it 
was slightly in excess of the pilot's 
metabolic needs. 

The capsule atmosphere was meas- 
ured on the Manhigh II flight in terms 
of total pressure, oxygen partial pres- 
sure and temperature. The total pres- 
sure was expected to indicate the func- 
tion of the automatic regulator, or to 
guide the pilot in case the system was 
operated manually. 

The Beckman oxygen analyzer was 
essential for monitoring and establish- 
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ing the desired per cent of  oxygen in 
the atmosphere. I t  served as a double 
check on the total pressure gauge in- 
suring sufficient oxygen. Should the 
capsule develop a leak while on auto- 
matic regulator, it should first be de-- 
tectable by an increased partial pres- 
sure of oxygen due to loss of irre- 
placable inert gas through the leak. 
The total pressure and temperature 
were recorded on the photo panel, but 
the oxygen partial pressure was re- 
ported only by the pilot so these read- 
ings are available only when included 
by the pilot in 'his semihourly pilot 
reports. The capsule air temperature 
was needed for evaluation of the tem- 
perature control and in the interpreta- 
tion of changes in capsule pressure. 

The .oxygen quantity gauge had a 
course calibration that served to indi- 
cake roughly the status of  the oxygen 
supply, but was considered too insen- 
sitive to reveal the loss of oxygen due 
to a leak unless it was an already criti- 
cally large one. 

The air regeneration blower was 
turned on throughout the flight so any 
changes in carbon ,dioxide or water 
vapor partial pressure should have oc- 
curred slowly. 

The following abbreviations are 
used in 'the following discussion: 

PT Total pressure in capsule--mm. Hg 
Po~ Oxygen partial :pressure--ram. Hg 
Pmo Water  vapor partial pressure--ram. 

Hg  
Pco2 CO, partial pressure--ram. Hg  
PI Inert  gas partial pressure--ram. Hg 
T Capsule air temperature--~ 
O*% Per cent oxygen in capsule--% 
I% Per cent inert gas in capsule---% 

Before considering the changes ob- 
served in the capsule atmosphere dur- 
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ing flight, the factors which tend to 
increase and decrease the capsule pres- 
sure (Table I )  will be reviewed. 

TABLE I. FACTOR WHICH CHANGE 

TOTAL PRESSURE IN CAPSULE 

Reduce Increase 
A. Leak 1. Increase in T 
B. Decrease in T 2. O~ Released 
C. No O~ supply 3. Increased Pmo or Poo2 
D. Metabolism 
E. Pressure bleed 
F. Decreased Pmo 

of Poo~ 

The tendency for capsule pressure 
to decrease due to a leak, factor A 
(Table I ) ,  is masked if the regulator is 

on automatic maintaining a normal 
capsule pressure from the oxygen sup- 
ply. The magnitude of pressure 
change w i t h  change in temperature, 
factor B, may be computed from 

PT T' 
p, -- 

T 

where P~' is the final pressure, PT the 
initial pressure, T '  the final tempera- 
ture, and T the initial temperature. 
Dryden, Han, Hitchcock and Zimmer-  
man 3 measured metabolic rate, factor 
D, during flight obtaining 400 to 600 
cc. per  minute. Five hundred cc. per 
minute should be a maximum average 
figure during a ,balloon flight. Pres- 
sure bleed, factor E, refers to venting 
or dumping a part  of the capsule at- 
mosphere to the outside to prevent 
over-pressurization of the capsule. In- 
asmuch as the total pressure is the 
sum of all partial pressures, reduction 
of any one will reduce the total. Thus 
any redtmtion in PH~o or Pco2 will 
reduce the PT by the same value. 
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In the Manhigh system, change in 
the O2 per ,cent was considered the 
most sensitive indicator of a capsule 

was read to the nearest 10 mm. Hg. 
and Po2 to the nearest 5 mm. Hg. 
The combined error was •  mm. 
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Fig. l. Capsule atmosphere du'ring ascent on the Manhigh II flight on August 19, 1957. 

leak. The situations listed in Table 
I I  would tend to increase or decrease 
the 02 per cent. 

A leak, factor A in Table I, repre- 
sents a permanent loss ,of irreplaceable 
inert gas resulting in a real increase 
in 02 per  cent if the pressure is main- 
tained f rom the oxygen supply factor 
2. The B + 2 combination would pro- 
duce an increased per cent of oxygen 
as long as the temperature remained 
low. This can be considered an ap- 
parent increase in 02 per cent because 
it returns to its original value if the 
increased pressu, re produced by re- 
warming the capsule is reduced by me- 
ta~bolic oxygen consumption rather 
than venting capsule atmosphere. PT 
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Hg. At operating pressures during 
flight, values for 02 per cent are valid 
to • 2 per cent. 

Ascent.--T'he values obtained for 
the atmosphere parameters  during as- 
cent are presented graphically in Fig- 
ure 1. The pressure dropped to 
slightly below the expected value of 
300 ram. H g  and the Po2 stabilized at 
a satisfactory 63 per cent. The 8 per 

TABLE II .  FACTORS W H I C H  C H A N G E  

OXYGEN PER C E N T  

Increase Decrease 
A +  2 C + D  
B + 2 D (ascent) 

F 3 
1 + D  
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cent drop in O2 per cent from launch 
to. 0950 was unexpected. 

Assuming no O2 entered the cap- 
sule, at 300 PT the calculated 02 per 

age period of a C + D situati.on. 
Part  1of the large drop in 02 per  cent 
during ascent may be accounted for 
by the low accuracy of the original 

, ~ ~  . . . . . .  ~ 80 

380 / I PRESSURE . "  70 

J"'/ 50 ~ 
I" 

30 
280 
260 ,,~ 

220 
200 
180 
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-77 
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-75 
-71 
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_ I , ~ ~TPE~CE~ T OXYGFN I , , 

14oo 160o IB0O 20OO 22O0 24OO 020o o4OO 060O 08o0 100o 120O 

Fig. 2. Capsule atmosphere while at altitude during the Manhigh II flight on August 
19-20, 1957. 

cent would decrease from 64.3, per 
cent to 60.5 per cent, a Change of near- 
ly 4 per  cent, due to metabolism over 
a 30-minute period. This calculated 
decrease in O~ per  cent based on a I) 
mechanism is only half the observed 
value. The observed decrease in tem- 
perature and any 02 converter boil 
off would have tended to increase the 
02 per cent. T'here is no information 
to indicate the liquid ,oxygen converter 
bo.iloff varies markedly with time. I f  
it were storing heat through 'ehis pe- 
riod to 'be released as oxygen later it 
would give the effect during the sto.r- 
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data. Since several Po2 readings be- 
f,ore launch and af ter  0955 were con- 
sistent this discrepancy is probably 
not an observati.onal error. 

A B + 2  situation is illustrated be- 
tween 1030 and 1100 hours in Figure 
1. Not  only was the temperature 
dropping, but the loss of capsule pres- 
sure which should 'have occurred was 
more than compensated 'for by 02 
f r o m  the converter. The magnitude 
of change in the 02 per cent is larger 
than expected for the observed 
changes in PT and T. 

The Firewel regulato,r had shown 
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a tendency to hunt during ground 
tests and the oscillation of PT between 
0950 and 113,5 hours suggested it was 
again hunting. The flight physiologist 
in the ground command van and the 
pilot agreed that the regulator and 
oxygen converter should be placed on 
manual ,operation. This was done for 
the remainder of the flight at 1135 
hours of the first day. 

At Altitude.--Throughout the pe- 
riod that the flight remained at alti- 
tude, whether the capsule became 
warmer or cooler, the PT (Fig. 2) 
consistently showed a slow rise until 
the pilot 'bled ,capsule pressure to the 
outside reducing it to the desired 300 
ram. I-Ig. This produced the four pre- 
cipitous, drops 'of PT at 1630, 1830, 
0015 and 0330. Inasmuch as the Fire- 
wel regulator was not operating on 
automatic, the increase in PT mu,st 
have been derived primarily from the 
fact that the boiloff of 02 from the 
l{quid O_o converter exceeded the me- 
tabolic demands of the pilot. 

The oscillation of ~he 02 per cent 
between 1400 and 1600 illustrates the 
•  per  cent variation .one can expect 
from gage inaccuracies. 

One would not expect any apparent 
change in O,o per cent during the 
quickly executed manual pressure 
bleed since proportionate parts of all 
atmosphere components are lost. 
However,  as the press.ure builds up 
aga,in, the 02 per cent should increase 
slowly if the pressure increase is pro- 
duced solely by accumulating 02. Nu- 
merically this would amount to an in- 
crease ~of 3.1 per cent of oxygen be- 
tween 1700 and 1800 hours (Fig. 2).  
This value was derived in terms of the 

per cent of inert gas lost .by pressure 
bleed. A similar loss of  inert gas oc- 
curred at 1900. When the total pres- 
sure returned "to its initial value of 330 
ram. Hg. at 2100 hours one would 
have expected the 02 per  cent to have 
increased approximately 6 per cent. 
Since the temperature increased less 
than 10 degrees through this period, 
this magnitude of equ'ivalent reduction 
of 02 per cent cannot be explained on 
the basis of a 1 + D mechanism as 
will be shown numerically later. 

The 20 per cent increase in 02 per 
cent between 1400 and 0600 hours can 
be accounted for by the pressure bled 
to maintain capsule pressure. The two 
indications o.f rapid increase in '02 per 
cent at 2400 and 0600 hours (Fig. 2) 
do n,ot have an obvious explanation. I f  
the oxygen converter suddenly re- 
leased sufficient oxygen to produce an 
increase of several per cent the total 
capsule pressure should have increased 
correspondingly. The 14 ~ F. decrease 
in temperature through this. period 
could account for approximately 2 per 
cent increase in oxygen per cent based 
on a B + 2  mechanism. I t  is not reas- 
ona,ble to expect a shift  in PN2o or 
Pco~ so quickly. These indications of 
rapid changes must 'have been largely 
instrumental error. 

Between 0700 and 1100 hours o,f the 
second day (Fig. 2) values of 02 per 
cent calculated from the repo.rted data 
indicate a 6 per cent decrease. T'his 
appears to be a 1 + D situation in 
which pressure increase dtte to in- 
creas,ing temperature was offset by 
metabo.lic oxygen demands producing 
a ,decrea'sed 02 per cent. However,  
the 35 ~ F. increase in temperatu're 
during this period would accou.nt for 
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an increase of capsule pressure from 
280 mm. H'g. to only 300 mm. Hg. It  
actually increased to 340 mm. Hg. and 
the value of 02 per cent decreased 6 
per cent. 

The PH:O increases 9.2 ram. Hg. 
when :conditions change from 35 ~ F. 
and 40 per cent relative humidity to 
70 ~ F. and 60 per cent relative humid- 
ity. 6 This would account for an in- 
crease of capsule pressure to 310 mm. 
Hg. 

A 1 per cent increase of carbon 
dioxide would correspond to a Pco., 
of 3.0 ram. Hg. This would account 
for a total pressure of 340 mm. Hg. 
At 1100 hours, a 3 per cent carbon 
dioxide level was measu'red. I f  this 
accumulation of CO2 occurred entirely 
after  0700, which is unlikely, 3 per 
cent ,of the capsule volume would 
'have been displaced by CO~, and 
cotfid ~ccount for 3 ,per .cent of the 
decreased 02 per cent using a I + D  
mechanism. The remaining 3 per cent 
of .decrease in 02 per cent may be 
accounted for at least partly by instru- 
mental error. 

DISCUSSION 

In early space missions of several 
days' duration there will necessarily be 
a limited reserve of  oxygen. The 
more closely the composition of the 
atmosphere is monitored, the better 
command the astronaut will have of 
its condition including the regenera- 
tion system, and the earl'ier he can 
detect a leak of the capsule or other 
difficulties. 

An accurate sensitive oxygen- 
quantity gauge would be very helpful 
in the early detection of a leak, but 
not the whole answer because changes 
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in other factors, such as temperature, 
can temporarily increase oxygen de- 
mand to give the appearance of ex- 
cessive flow. Changes in the percent- 
age of oxygen should be an even more 
sensitive indicator. The manual opera- 
t, ion of the atmosphere controls during 
the period at altitude during the Man- 
high [I flight greatly facilitated inter- 
preting changes in the atmosphere. I f  
similar evaluation of a flight that used 
the automatic regulation was desired, 
measurement of the volume of gas 
vented vs time would be most helpful. 

Considerable difficu'lty was en- 
countered interpreting the excessive 
decrease in 02 per cent during ascent, 
the rapid increase in 02 .per cent at 
2400 and 0530 hours of the second 
day, and the excessive drop in 02 per 
cent ~the second morning. The inter- 
pretation of the data would have been 
greatly facilitated and ambiguities re- 
solved if volume output of the oxygen 
converter (including boiloff) had been 
available. Rate of flow, alone, might 
not be sufficient because of the danger 
of not noticing the flow rate .during a 
short period when it is 'high. This is 
particularly true of an automatic de- 
mand system. The importance of 
meas.uring the cumu'lative volume out- 
put of the converter would be even 
greater if there was n.o measurement 
of the volume of gas bled from the 
capsule. In any case, a much clearer 
picture of the factors influencing a 
sealed cabin atmosphere and their 
relative importance will emerge if the 
data obtained is three times more 
accurate. 

In addition to the parameters pre- 
viously measured, direct knowledge of 
the PH2O and Pco2 will help. I f  full 
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advantage is to be taken of  all the in- 
format ion I:hus obtained dur ing a flight 
it may  well be necessary to feed it to 
a small computer  which accou~lts for  
the interacting factors and than indi- 
cates to the pilot whether  there is any 
malfunction.  As  an alternative, the 
data could be telemetered to the 
g round  and the g round  personnel re- 
turn their interpretation of  it to the 
astronaut.  

SUMMARY 

The  factors  involved in the selec- 
tion of  a sealed cabin atmosphere for  
space flight are so numerous  and some 
of  ~the trade-offs so close that the final 
decision must  .be based on the specific 
needs of the mission concerned. The 
needs of  the Manhigh flights lead to 
the selection ,of a cabin total pressure 
of  300 ram. Hg. ,  60 per  cent oxygen,  
20 per cent helium, and  20 per cent 
nitrogen. The factors tending to de- 
crease capsule pressure include a pres- 
sure leak, decrease in temperatu, re, 
absence o f  oxygen  supply, animal 
metabolism, pressure bleed, and de- 
crease in Pr,2o or  Peo2. Seven ways in 
which these factors can combine to 
change the oxygen  per  cent are re- 
lated to  its changes dur ing the Man- 
high I[ flight. The  ambiguities and 
uncertainties ar is ing f rom the attempt 
to interpret  the awilable  data would 
have been great ly reduced i f :  (1)  
accuracy of  measurements  had been 
increased by  a factor  of  three ; (2) the 
cumulative volume flow f rom the 
oxygen supply had been measured;  
and (3)  the Pn2o and Pco2 had been 
measared directly. Ins t rumentat ion 
that permits  the as t ronaut  to  know at 
all times what  is 'happening to 'his at- 
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mosphere will be very  important  in 
extended space flight. 
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