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Ohio 
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4 Claims. (Cl. 12S-142.2) 

This invention relates -to apparatus for supplying breath 
able gas from oxygen in liquid form, such as from a body 
of liquid air or liquid oxygen, to support life in a hos 
tile atmosphere. The invention is particularly useful when 
embodied in a back or hand pack for use in zero gravity 
environment or situations requiring all position use. 
The principal object of the present invention is to ob 

tain optimum use of the exhaled gas in keeping the water 
and carbon dioxide content down to tolerable levels with 
out the use of chemical absorbents, this being accom 
plished by freezing them out through heat exchange with 
the body of liquid air or liquid oxygen and by proportion 
ing the flow of exhaled gas to the freezeout chamber to 
a flow directly back to the mask for reinhalation. 
Another object is to maintain the recirculated gas at a 

suitable breathing temperature. 
Another object is to provide such apparatus operating 

at a small positive pressure so as to eiiminate the need 
for both pressure reducers and also for heavy walled ves 
sels. 

Another object is to release «oxygen or air from the 
liquid body only in gaseous form, a filter being provided 
for this purpose. 
Another object is to provide such apparatus which will 

operate properly at zero gravity or in inverted positions, 
a special finned heat exchanger being provided through 
which the apparatus remains operative as long as the 
fins make some contact with the liquid air or oxygen 
or cold vapor thereof. 
Another aim is not only to eliminate the need for 

chemical absorbents but also to provide apparatus which 
can be easily readied for reuse by urging or draining a 
freeze-out chamber. 

Another object is to provide such apparatus which will 
be operative for a long period of duration due to the 
860:1 ratio in expansion of oxygen from liquid to gas. 

Another object is to minimize moving parts thereby to 
achieve a high level of reliability. 

Other objects and advantages of the invention will be 
apparent from the following description and ydrawing 
which is a diagrammatic representation of apparatus for 
practicing the present invention. 
The apparatus is desirably in the form of a hand held 

or back pack and includes a liquid air or oxygen storage 
container 1 which can be of conventional cylindrical 
form, with end heads 2 and 3 and surrounded by a 
jacketing she-ll 4, the space 5 between the container 1 and 
its jacketing shell 4 preferably containing a thermal insu 
lation. The chamber within the container 1 in which the 
liquid air or oxygen is stored is designated at `6. 
A feature of the invention comprises the employment 

of a shell '7 within the container 1 and forming a freeze 
out chamber 8. In order to render the apparatus operative 
at zero gravity or inverted positions, the shell 7 forming 
the freeze-out chamber 8 is provided with a plurality of 
external heat exchange tins 9 which radiate outwardly and 
reach to the internal surface of the container 1 and are 
arranged in spaced relation to each other and which are 
also provided at their peripheries with notches or open 
ings 10 so that the liquid or boiled olf air or oxygen with 
in the container 1 is free to circulate throughout this c011 
tainer. 
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The container 1 can be filled with liquid air or oxygen 

by means of an inlet line 15 connecting with the end 
head 2 and having a lill valve 16. A line 18 connects 
with the other end head 3 and is provided with an abso 
lute pressure regulator 19 which vents to the atmosphere 
in the event of an excess pressure developing within 
the container 1. This line 18 can also be provided with 
a manually operated vent valve 20. 
The numeral 23 represents a face mask for the user 

of the apparatus and forming a breathing chamber 24. 
This breathing chamber connects with an exhale line or 
conduit 25 containing a check valve 26 which opens away 
from the breathing chamber 24. This exhale line or con 
duit connects with a proportioning valve 27 containing 
a valve member 28 which can be moved to discharge a 
regulated proportion of the exhalation gas into either 
a recirculation line or conduit 29 or a line or conduit 30. 
The recirculation line 29 connects with an inhalation line 
32 communicating with the breathing chamber 24 of the 
mask 23 and containing a checkv valve 33, between the 
line or conduit 29 and mask 23, which opens toward the 
mask 23. 
The line or conduit 30 extends through the end head 

2 of the container 1 for the liquid air or oxygen and is 
connected to the shell 7 forming the freeze-out chamber 
8 so that the part of the gas as exhaled by the user de 
livered by the proportioning valve 27 into the line 30 e11 
ters this freeze-out chamber 8. On contacting the walls of 
this chamber the water vapor and carbon dioxide freeze 
out of the gas due to heat exchange with the surrounding 
liquid air or oxygen in the chamber 6 within the con 
tainer 1. Purged of its water vapor and carbon dioxide, 
the exhaled gas passes into the inhale line or conduit 32 
for rebreathing, this purged gas joining the Warm re 
circulated exhaled gas being delivered from the recircu 
lation line or conduit 29 to the inhale line or conduit 32. 
The liquid air or oxygen in the chamber 6 within 

the container 1 is used to support the user’s life in a hos 
tile atmosphere. Boil-off of liquid oxygen or air for this 
purpose is obtained from heat driven from the exhala 
tion delivered to the freeze-out chamber 3. It is desirable 
that no liquid escape from the liquid air or oxygen cham 
ber 6 and to this end an outlet filter 35 is provided at 
each end head 2, 3 these ñlters allowing the passage of 
gas but ‘being made of porous bronze or the like so that 
the surface tension of the liquid prevents the escape of 
liquid therethrough. The lines 36 from these filters 35 
serve a common line 38 delivering the boiled off gas or 
liquid oxygen to the recirculation line or conduit 29. 

In the use of the apparatus the valve member 28 0f 
proportioning valve 27 is set so as to deliver the optimum 
proportion of exhalation from the breathing chamber 24 
to the lines 29 and 30. This gas is supplied by the eX 
halation Iof the user into the breathing chamber 24 through 
the exhale line or conduit 25 past the check valve 26. 
The proportion of the exhalation delivered into the re 
circulation line or conduit 29 returns to the inhale line 
or conduit 32 for the mask 23 and passes the check valve 
33 into the breathing chamber 24 when the user inhales. 
The portion of exhalation delivered to the line 30 is con 
ducted to the freeze-out chamber 8. In this freeze-out 
chamber the water vapor and carbon dioxide are frozen 
out in heat exchange with the liquid air or oxygen con 
tained within the chamber 6 of the container 1. By this 
means the concentration of the Water vapor and carbon 
dioxide is kept down at tolerable levels, the gas escaping 
from the freeze-out chamber 8 through the inhale line 
or conduit 32 to the mask 23. On mixing with the exhala 
tion returning directly through the line 29 this cold gas 
is heated to a usable level. 
Through this heat exchange and freeze-out within the 

freeze-out chamber 8, a part of the liquid air cr oxygen 



3,366,107 
3 

contained within the chamber 6 ofthe container 1 is boiled 
olf and escapes, in gaseous form, through the ñlters 35. 
These filters are of such design as to prevent the escape 
of liquid, the surface tension of the liquid preventing its 
passage through these filters. From these filters the boiled 
off gas or air is delivered through the lines 36 and 38 
to the recirculation line or conduit 29 and thence through 
the inhale line or lconduit 32 to the breathing chamber 24 
of the mask. 

It will particularly be noted that the above freeze-out 
and boil-off in the chambers 8 and 6, respectively, will ob 
tain as long as the ñns 9 make some Contact with cold 
liquid or vapor within the chamber 6 of the container 1 
for the liquid air or oxygen. Accordingly the apparatus 
is operative under zero gravity or inverted conditions and 
also is operative beyond the duration of boil-olf of the 
full contents of liquid air or oxygen from the chamber 
6, such duration being extremely long in comparison to 
weight of the apparatus due to the 860:1 expansion of 
oxygen from liquid to gas. 

It will also be noted that the proportioning valve 27 
can be adjusted to allow sufficient exhalation to pass 
through the freeze-out chamber S to accomplish (a) 
freeze-'out of water and carbon dioxide sufliciently to keep 
their concentration in the recirculated gas down to tol 
erable levels, (b) 'boil-off of sufficient liquid air or oxy~ 
gen to make up for the consumed oxygen and (c) main 
taining the inhaled gas at a suitable breathing tempera 
ture. 
From the foregoing it will be seen that this present in 

vention accomplishes the objects set forth in a very light 
weight and reliable apparatus. 

I claim: 
1. Apparatus for supplying breathable gas from oxygen 

in liquid form, which comprises a container for said oxy 
gen in liquid form having an outlet therefor, a shell with 
in said container and surrounded by said oxygen in liq 
uid form to provide a freeze~out chamber, an inlet to said 
freeze-out chamber extending through the wall of said 
container, an outlet from said freeze-out chamber ex 
tending through the wall of said container, a face mask 
having a breathing chamber, an exhale conduit connect 
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4 
ing said breathing chamber directly with said inlet to said 

- freeze-out chamber to deliver exhaled gas containing car 
bon dioxide and Water evolved from the user’s respira 
tion to said freeze-out chamber to freeze out both such 
carbon dioxide and water so delivered thereto, a check 
valve in said exhale conduit and opening toward said 
freeze-out chamber, an inhale conduit connecting said 
outlet from said freeze-out chamber with said breathing 
chamber, a check valve in said inhale conduit and open 
ing toward said breathing chamber, a recirculation con 
duit connecting said exhale conduit with said inhale con 
duit between its check valve and said freeze-out chamber 
and another conduit providing communication for said 
outlet from said container Iwith said inhale conduit be 
tween its check valve and said freeze-out chamber. 

2. Apparatus as set forth in claim 1 wherein a propor 
tioning valve is included in the connection ‘between said 
exhale conduit and said recirculation conduit to regulate 
the proportion of gas exhaled by the user which is de 
livered to the freeze-out chamber and to the lrecirculation 
conduit. 

3. Apparatus as set forth in claim 1 wherein a filter is 
arranged across said outlet of said container to permit 
the ñow of gas and to bar the flow of liquid. 

4. Apparatus as set forth in claim 1 additionally in 
cluding heat transfer fins on the exterior of said shell 
reaching to the adjacent internal surfaces of said container 
and serving to render said freeze-out chamber operative as 
long as cold liquid or gas exists in said container in con 
tact with said fins. 
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