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Filled Apr. 26, 1962, Ser. No. 190,317 
4 Claims. (Cl. 165-96) 

This invention relates to a thermally stabilized environ 
mental system for an enclosure such as a completely en 
closed protective suit. 
When a person is exposed to a highly uncomfortable 

or uninhabitable environment, it is necessary to provide 
protection against noxious fumes and vapors that may 
be encountered. Such protection is normally provided 
by a protective suit that totally encloses the user. How 
ever, when a completely enclosed protective suit is util 
ized, it has been found that unless an adequate environ 
mental system is provided for conditioning and ventilat 
ing the atmosphere within the suit, the user may be sub 
jccted to physical discomfort which can result in fatigue, 
tension, and possible physical disability. 

It is therefore an object of the present invention to 
alleviate or remove the above di?iculties by providing 
an independent, self-contained, thermally controlled en 
vironmental system that may be utilized to supply the 
occupant of a completely enclosed protective suit With 
a constant ?ow of conditioned breathable ?uid. 

It is a further object of the invention to provide an 
environmental system of the aforementioned type that 
can be assembled and worn as a pack, which may be 
strapped on the user’s back and/or incorporated within 
his completely enclosed protective suit. 

It is another object of the invention to provide an en 
vironmental system of the aforementioned type having 
means to cool its user when the protective suit is used 
in unusually high ambient temperatures and to warm its 
user when the protective suit is used in very cold en 
vironments. 

It is still another object of the invention to provide 
an environmental system of the aforementioned type 
wherein the ?uid within the protective suit is maintained 
at any predetermined temperature by an automatic ther 
mal control operating in conjunction With a high tem 
perature heat source and a low temperature source utiliz 
ing the cooling capabilities of cryogenic ?uids. 

It is a still further object of the invention to provide 
an environmental system of the aforementioned type 
wherein the fluid in the protective suit is maintained 
under pressure to retard or prevent noxious fumes or 
vapors from permeating into the suit. 

Still another object of the invention is the provision 
of a heat exchanger having a heat source disposed to 
provide thermal energy to supplement the sensible and 
latent heats generated by the user of the protective suit 
when the temperature of the ?uid within the suit drops 
below some predetermined level. 

Other and further objects of the invention will be 
apparent from the disclosure in the following speci?ca 
tion, appended claims and drawings, wherein: 

FIG. 1 is a perspective view of a portable container 
for the environmental system supported inside the pro 
tective suit; 

FIG. 2 is a perspective of the environmental system 
in the container with the cover of the container removed; 

FIG. 3 is a schematic representation of the environ— 
mental system shown in the container in FIG. 2; 

FIG. 4 is an enlarged sectional view of the thermal 
control valve employed in FIG. 3; and 
FIG. 5 is a longitudinal section through the heat ex 

changer taken on line 5-5 of FIG. 3. 
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Referring to FIG. 3 of the drawings, there is shown 

a schematic representation of an environmental system 
designed to provide a continuous ?ow of conditioned 
breathable ?uid at a preselected temperature to a pro 
tective suit and helmet, as shown in phantom in FIG. 1. 
The suit and helmet form no part of the subject inven 
tion and may be of any type that totally encloses its 
occupant and a?ords protection from hostile environ 
ments or excessively hot or cold atmospheres. 
The environmental system is adapted to be assembled 

and contained within an independent, portable pack con~ 
tainer to having an outer casing 11. In use the pack 
container 18 may be located and secured on the user’s 
back, utilizing a conventional shoulder harness and waist 
strap as shown in FIG. 1. When used in this manner 
both the pack container and the user are completely 
enclosed in the protective suit. 
The environmental system includes a conventional 

double walled cryogenic storage vessel 13 having a duct 
14 connected to the bottom thereof. The storage vessel 
is ?lled to a predetermined level with a supply of liquid 
air, liquid oxygen or any liquid, breathable ?uid which 
is conveyed to the vessel through the duct 14 and a ?ll 
port 15 controlled by a check valve 16. A vent port 18 
is connected to the top of the vessel and is provided with 
a bleed valve 19 to vent the gaseous ?uid above the liquid 
?uid in the vessel to the atmosphere when the liquid ?uid 
is conveyed to the vessel through the duct 14 and ?ll 
port i5. 
A portion of the liquid ?uid in the duct 14 is diverted 

through a duct 20 to a pressure buildup coil 21 where 
it is converted to a gaseous ?uid by the absorption of 
heat. The gaseous ?uid flows from coil 21 through duct 
22, pressure closing valve 23 and pressure buildup valve 
24 to the space 26 above the liquid ?uid in the storage 
vessel 13 where the energy built up by the heat absorbed 
in the coil 21 is utilized to pressurize the liquid ?uid in 
the vessel. With the pressure buildup valve 24 in the 
open position, the gaseous ?uid continues to ?ow through 
duct 22 to the space 26 in vessel 13 until the pressure 
in space 26 reaches a preselected value sut?cient to close 
valve 23. A relief valve 28 is provided in duct 22 to 
prevent the pressure in space 26 from exceeding a pre 
selected value. 
The preselected pressure maintained in the space 26 

above the liquid ?uid is adequate to force liquid ?uid 
through the duct 14 to a vaporization coil 30 within a 
heat exchanger 31. The heat exchanger has an inlet 
passage 32 having a venturi shaped portion 33 for direct 
ing a ?ow of ?uid in heat transfer relationship to the 
coil 5% to vaporize the liquid ?uid therein, and a condi 
tioned ?uid outlet 34 connected to a ?exible hose 35. 
A valve 36 is secured to the bottom of the heat exchanger 
31 for draining the water and condensate from the ex 
changer. 
Means are provided for controlling the temperature of 

the fluid in the heat exchanger inlet 32 and include a 
recirculating and thermal control valve, indicated gen 
erally at 38, having an outlet duct 39, a ?rst passage 45} 
adapted to receive ?uid from the protective suit, and a 
second passage 41 connected to the discharge 4-2 of a 
heat exchanger 43 having a high temperature heat source. 
An ejector nozzle 45 is positioned in the duct 39 to 

induce ?uid to flow through the passages 46 and 41. The 
nozzle 45 is joined to the outlet of the vaporization coil 
39 by a conduit 46 having a ?ow initiator valve 47. 
As the vaporized or gaseous ?uid issues from the nozzle 
45 it mixes With the induced ?uid ?ow from passages 
40 and 41 and the ?uid mixture is discharged through the 
heat exchanger inlet 32. 

‘Pivotally disposed within the thermal control valve 38 
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at the junction of passages 46 and 41 
48 that rotates about an axis 49 to proportion the ?uid 
?ow through the passages 40 and 41 in accordance with 
the temperature sensed by a thermal sensor unit 56 dis 
posed in the passage 4%. The thermal sensor unit per se 
forms no part of the invention and may be of the usual 
commercial type having a material that expands and con 
tracts in response to changes of temperature in the 
passage 40 to modulate a pin ‘51. As the pin 51 modu 
lates it contacts a lever arm 52 to rotate it about an' 
axis 53. The lever arm 52 and the valve member 48 
are hingedly connected at 54 so that linear actuation of 
the pin>51 produces rotary movement of the valve mem 
ber 48. 
The high temperature heat source in the heat exchanger 

43 includes a sealed inner pressure vessel 57 containing 
a material 58 having the ability to supply large quantities 
of heat. In the present example the material 58 is lithium 
hydride and thermal energy storage input is accomplished 
by means of an electric heating element 59 having means 
(not shown) for connection with an electrical power 
source. _ A pressure sensing and indicating device 64) is 
a?ixe-d to the pressure vessel 57 to allow constant monitor 
ing of the state of the lithium hydride in the vessel. 

Although lithium hydride and an electric heating ele 
ment comprise the heat source in the present example, 
it is to be understood that other types of heat sources 
may be utilized in the inner pressure vessel 57. For 
example, the heat source may comprise a material capable 
of releasing large quantities of heat, for example, through 
an exothermic chemical reaction,.as in combustion, or 
through crystallization, as will be apparent to those 
skilled in the art. 7 

In order to control thermal output, the inner vessel 
57 is wrapped in insulating material 62 and the material 
is encased in a shield 63. Spaced from the shield 63 to 
form a passage 64 thereabout is a wall 65, The passage 
64 has an inlet 66 for the admission of ambient ?uid and 
an outlet 42 adapted to be connected to passage 41 of 
the thermal control valve 38, as noted above. To retain 
as much of the initial heat as possible, a second thermal 
barrier is provided comprising insulating material 68 held 
in place by a shield 69 disposed around the wall 65. ' 

All the components of the environmental system are 
enclosed within the casing 11. The casing has a remov 
able cover formed so asto allow access to the operating 
controls, thatis, the bleed valve 19, the pressure buildup 
valve 24, and the ?ow initiator valve 47, when the cover 
is in place. . 

In operation, the internal energy of the lithium hydride 
in the pressure vessel 57 is raised by permitting an elec 
tric current to ?ow in the heater element 59. The cur 
rent is allowed to ?ow until the pressure sensitive device 
60 indicates that the material 58 has reached a pre 
determined temperature level. The heat source at this 
time is in operable condition. 
With the ?ow initiator valve 47 and the bleed valve 

19 closed, the pressure buildup valve 24 is opened to 
permit gaseous ?uid to ?ow from the pressure buildup 
coil 21 through the pressure closing valve 23, the pres 
sure buildup valve 24 and the relief valve 28 to the space 
26 in the storage vessel 13 to pressurize the system. 
When the pressure in the space 26 reaches the preselected 
value the valve 23 closes. 

After the pack container is secured on the back of 
the wearer and the protective suit and helmet is donned, 
the ?ow, initiator valve 47 is opened, the hose 35 is con 
nected to a distribution system (not shown) within the 
suit, and the suit is closed. If desired, a predetermined 
portion of the ?uid vin the suit may be discarded through 
a suitable differential pressure controlled overload dump 
valve (not shown), to prevent an undesirable buildup of 
carbon dioxide in the suit. 
With the ?ow initiator valve 47 open, the liquid ?uid 

?ows under pressure through the vaporization coil 30, 

is a valve member 
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absorbing heat from the ?uid mixture ?owing from the 
inlet pasasge 32 of the heat exchanger 31: As the liquid 
?uid passes through the coil 30 his converted to a gaseous 
?uid and energy is built up by the absorption of heat. 
The vaporized gaseous ?uid passes from the coil 30 
through duct 4-6 and the ?ow initiator valve 47 and issues 
from the ejector nozzle 45 at substantially constant pres 
sure, constant temperature and constant ?ow rate to in 
duce ?uid to ?ow from the protective suit through the 
passage 40, and from the high temperature heat source 
through the passage 41. 
The ?uid flowing through passages 40 and 41 combines 

with the gaseous ?uid issuing from the ejector nozzle 45 
and the combined ?uid mixture is discharged through 
the duct 39 into the inlet 32, makes two passes through 
the heat exchanger 31 wherein it is cooled by the liquid 
?uid in the coil 36, and is ducted into the protective suit 
through the conditioning air outlet 34 and hose 35. 
Moisture removed from the ?uid mixture during the 
cooling process is drained from the heat exchanger 
‘through the valve 36. The gaseous ?uid issuing from the 
ejector nozzle 45 increases the pressure of the ?uid 
‘mixture to compensate for suit pressure losses and to 
prevent the entrance of toxic fumes in the event of a tear 
or leak in the suit. 
As the ?uid is drawn from the protective suit through 

the passage 40, the thermal sensor unit 50 modulates the 
pin 51 to position the valve member 43 in accordance with 
the temperature of the ?uid in the passage. For exam 
ple, if the temperature of the ?uid ?owing from the pro 
tective suit through passage 40 falls below a preselected 
level‘the pin 41 is retracted and the valve memberIiS 
moves in the clockwise direction to increase the ?ow of 
?uid through passages 41 and 64. Heat ?owing from 
the material 58 in the pressure vessel 57 raises the tem 
perature of the ?uid in passage 64. The hot ?uid is 
drawn from passage 64 through passage 41 to the inlet 
passage 32 of the heat exchanger where it mixes with 
the ?uid ?owing from the suit through passage 40 and 
the gaseous ?uid issuing from the ejector nozzle 45 to 
increase the temperature of the ?uid mixture ?owing 
through the heat exchanger to the suit. 

Conversely, if the temperature of'?uid ?owing from 
the protective suit through passage 4%) rises above a pre 
selected level the pin 51 is extended and the valve member 
48 moves in the counter-clockwise direction to decrease 
the ?ow of hot ?uid through passages 41 and 64. This, in 
turn, decreases the. temperature of the ?uid mixture ?ow 
ing through the heat exchanger to the suit. Modulation 
'of the pin 51 continues until a balance is achieved between 
the thermal losses to ambient and input from the heat sink. 

While the invention is ‘described as utilized in an 
environmental system for a completely enclosed protec 
tive suit, it is to be understood that its utility is not lim 
ited' thereto since it may be utilized in other enclosures, 
such as tanks, compartments and many other applications, 
as will be apparent to those skilled in the art. 
We claim: a 

-1. An environmental system for an enclosure, com 
prising: . e 

a source of liquid breathable ?uid; 
heat exchange means having a vaporization coil, an 

inlet passage disposed to convey ?uid in heat trans 
fer relationship with said vaporization coil, and a 
conditioned air outlet communicating with the en-‘ 
closure; 

means for conveying liquid ?uid from said source to 
said vaporization coil wherein the liquid ?uid is con 
verted to a gaseous ?uid; 

a duct communicating with said inlet passage; 
a ?rst passage for conducting ?uid from the enclosure 

to said duct; 
a high temperature heat source; 
a second passage in heat transfer relationship with said 

heat source for conveying heated ?uid to said duct; 
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ejector means disposed between both of said ?rst and 
second passages and said vaporization coil of said 
heat exchange means upstream of said vaporization 
coil; 

conduit means for conducting gaseous ?uid from said 
vaporization coil to said ejector means, the ejector 
means being disposed so that the gaseous ?uid issuing 
therefrom induces ?uid to ?ow through said ?rst and 
second passages into said inlet passage and mix with 
said gaseous ?uid whereby the combined ?uid mix 
ture is circulated over said vaporization coil and 
back to the enclosure; 

and means for proportioning the ?uid flow through said 
?rst and second passages in response to the temp-era 
ture of the ?uid in said ?rst passage. 

2. An environmental system for an enclosure, com 
prising: 

a source of liquid breathable ?uid; 
a heat exchanger having a ?rst pass comprising a 

vaporization coil; 
duct means connecting said source of liquid breathable 

?uid with said vaporization coil; 
means for circulating fluid from the enclosure through 

a second pass in said heat exchanger in heat transfer 
relationship with said vaporization coil and back to 
the enclosure; 

a high temperature heat source having means for in 
troducing heated ?uid into said circulating means; 

ejector means disposed in said circulating means up 
stream of said heat exchanger; 

conduit means for conducting gaseous ?uid from said 
vaporization coil to said ejector means, the ejector 
means being disposed so that the gaseous ?uid issuing 
therefrom will aspirate ?uid from the enclosure and 
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from the high temperature heat source into said cir- 35 
culating means whereby the combined mixture of 

6 
gaseous ?uid from the ejector means, ?uid from the 
enclosure, and ?uid from the high temperature heat 
source will be circulated over the vaporization coil 
and back to the enclosure; 

and means responsive to the temperature of the fluid 
in the enclosure for modulating the ?ow of heated 
?uid into said circulating means. 

3. An environmental system for an enclosure accord 
ing to claim 1 wherein said source of liquid breathable‘ 
?uid comprises a container for storing and supplying liquid 
breathable ?uid, and means for pressurizing said con 
tainer. 

4. An environmental system for an enclosure according 
to claim 1 wherein said high temperature heat source 
comprises a chamber, material in the chamber capable 
of storing heat, and means for supplying heat to said 
material. 
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