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3,343,536 
SPACE SUIT HEAT EXCHANGER WITH LIQUID 

BOILING POINT CONTROL 
Edgar H. Brisson, Hazardville, Conn., and Kenneth L. 

Hower, Longmeadow, Mass., assîgnors to United Air 
craft Corporation, East Hartford, Conn., a corporation 
of Delaware 

Filed Aug. 27, 1964, Ser. No. 392,402 
5 Claims. (Cl. 12S-142.5) 

This invention relates to pressurized suits, such as space 
suits, and more particularly to the method and apparatus 
of regulating the temperature of the ñuid, such as air or 
oxygen, being supplied the space suit occupant. The in 
vention described herein was made in the performance of 
work under a NASA contract and is subject to the pro 
visions of the National Aeronautics and Space Act of 
1958, Public Law 85-568 (72 Stat. 426; 42 U.S.C. 2451), 
as amended. 
As the activity of the space suit occupant varies, the 

metabolic heat load from the space suit occupant can 
vary between 1600 to 400 B.t.u./ hour. It is therefore neces 
sary to control the temperature of the fluid being provided 
to pressurize the space suit and to permit the occupant 
to breathe so that the iiuid being provided the space suit 
does not di?er drastically in temperature from the body 
temperature of the space suit occupant. 

It is an object of this invention to control the tem 
perature of the iluid being provided to a pressure suit. 

It is a further object of this invention to control the 
temperature of the ñuid being provided to a pressure suit 
utilizing a water boiler heat exchanger comprising con 
trolling the temperature of the air being provided to the 
occupant by controlling the pressure within the water 
boiler and hence controlling the saturation temperature 
and pressure of the water and thereby the boiling point 
of the water in the heat exchanger. 

Other objects and advantages will be apparent from the 
specification and claims and ̀ from the accompanying draw 
ings which illustrate an embodiment of the invention. 
FiG. 1 is a showing of a pressurized suit, such as a 

space suit, with occupant carrying a lite support system. 
FIG. 2 is a simplified schematic of the pressurized 

suit life support system. 
FIG. 3 is a front view of the water boiler (liquid-gas) 

heat exchanger of the life support system. 
FIG. 4 is a side view of the heat exchanger of the life 

support system. 
FIG. 5 is similar to FIG. 4 but is a cross-sectional 

showing of the heat exchanger of the life support sys 
tem. 

FIG. 6 is a showing of the closure member which is 
part of the heat exchanger and which envelops the thermal 
bulb. 

FIG. 7 is a showing of the wick sensor which is posi 
tioned between the closure members shown in FIG. 6 
and which also envelops the thermal bulb of the heat 
exchanger. 
FIG. 8 is a cross-sectional showing through steam out 

let valve showing its cooperation with the thermal bulb. 
Referring to FIG. 1, we see pressure suit 10 which 

may be a space suit or other type of pressure suit and 
which comprises basically a helmet or head closure 12, 
pressurized suit body 14, including gloves 16 and boots 
18, and portable life support system 20. 

Referring to FIG. 2 we see a simplified schematic of 
the pressurized suit life support system 20 comprising 
pressurized Ventilating fluid reservoir 22, which is prefer 
ably a gaseous oxygen (O2) reservoir and which is con 
nected through shutoff valve 24 and regulator valve 26 
to supply line 28, maintaining the pressure level of the 
gas in the system. Recirculating oxygen gas passes through 
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line 28 and into space suit 10 and then to the extremities 
of the body of the occupant through an intake supply 
system and then therefrom through an exhaust system 
to exhaust line 30. In passing over the body of the space 
suit occupant, the gas controls body temperature and 
absorbs perspiration. After passing through the C02 re 
mover 32 and vblower 34, the recirculating gas is passed 
through water boiler heat sink 36 where cooling of gas 
and condensation of water vapor occurs, then through 
water separator 38 where condensed water removal occurs 
and then through line 40 to rejoin the supply line 28. 

Referring to FIG. 3 we see water boiler heat exchanger 
36 in a front view with the water reservoir 42 showing in 
the plane of the paper. A predetermined amount of water 
is admitted to water reservoir 42 through water charging 
port 44. Steam is generated and escapes from the Water 
boiler core 56 through steam outlet valve 46. The lluid, 
such as air or oxygen with perspiration vapor therewith, 
which has passed through the pressure suit and has passed 
into life support system 20 through line 30 enters heat ex 
changer 36 through duct 48. The condensed water and 
gas (air or oxygen) leaves heat exchanger 36 through duct 
S0 and enters the water separator 38. In the Water sep 
arator 38 the water is separated from the gas and while 
the gas passes through duct 40, the separated water passes 
to heat exchanger 36 through line 52. 

Referring to FIG. 4 we see a side View of heat ex 
changer 36 and it will be noted that heat exchanger 36 is 
basically a sealed vessel contained within wall S4 and 
including three sections, namely, Water reservoir section 
42, heat exchanger core section 56 and steam exit header 
58. 

Referring to FIG. 5 we see a cross-sectional showing of 
heat exchanger 36 including wall 54, Water reservoir 
section 42, heat exchanger core section 56 and steam 
exit header 58. Air or oxygen from duct 48 (FIG. 3) 
enters sealed chambers 60, 62, 64 and 66 through a con 
ventional header (not shown) and passes through these 
chambers following the paths defined by corrugated sheets 
such as 68 positioned between top and bottom plate mem 
bers 7l? and 72. Pressure members 60' through 66 are 
sealed at their ends by closure channels such as 74 and 
76. The oxygen passages or closure members 60 through 
66 are of a sealed, sandwich construction and constitute 
the gas, oxygen or air side of the heat exchanger and 
present parallel passages such as 78 and 80 which run 
the length of the heat exchanger between headers which 
communicate with inlet duct 48 and outlet duct 50 (FIG. 
3). The gas, such as air or oxygen, which has passed 
through space suit 10, is passed for temperature control 
purposes through passages 7,8 and 80 of heat exchanger 
36. Elements 60 through 86 comprise the gas side or 
unit 82 of the heat exchanger 36. 

The water side or unit 84 of heat exchanger 36 in 
cludes water reservoir section 42, sections 86, 88, 90', 92 
and 94, which are positioned alternately with sections 6l) 
through 66 of the gas side 82 of heat exchanger 36, and 
also includes steam header 58, which connects to steam 
outlet valve 46 (FIGS. =3 and 4) and sections 42 and 86 
through 94. Water reservoir 42 and sections 86 through 
94 are ñlled -with wicking material such as Refrasil B~100 
which becomes saturated with the water introduced to 
Water reservoir through water charging port 44 (FIGS. 
3 and 4). Due to the capillary action of the water with 
in the wicking material in sections 42 and l86 through 94, 
the water is placed in immediate contact with the plate 
members, such as 70 and 72, and closure members 7-4 
and 76 of the gas enclosure members 60 and 66, there 
by producing maximum heat transfer results. 

It is the object of this invention to control the boiling 
point of the liquid on the liquid side 84 of heat exchanger 
36 so as to control the temperature gradient between 
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the liquid side 84 and the air side 82 of heat exchanger 
36 and thereby control the temperature of the gas being 
passed through the gas side unit 82. 

While the boiling point of water on the earth sunface 
is 2li2° F., the boiling point of water in space is _160° 
F. or lower. 
The control of the gas temperature within gas pas 

sages or unit S2 of heat exchanger 36 is accomplished by 
means of thermal bulb or sensor 100, which is located 
in heat exchanger 36 and is in good thermal contact with 
both the gas side unit 82 and the liquid side unit 84 of 
heat exchanger 36. Thermal bulb 100- causes shaft 102, 
projecting therefrom, to translate in response to tempera 
ture changes and thereby control steam outlet Valve 46 
to control the pressure Within heat exchanger 36 and 
thereby the saturation pressure and temperature of the 
liquid therewithin and hence the boiling point of the 
liquid therewithin. 

Referring to FIG. 8 We see thermal bulb or sensor 100 
and translating shaft 102 projecting therefrom. Translat 
ing shaft 10-2 encounters piston member 104 and as tem 
perature increases within heat exchanger 36 shaft 102 
becomes extended from thermal sensor 100 and forces 
piston or valve 104 off valve seat 106 so that steam from 
steam exit header 58 may be discharged to space vacuum 
through ports 108. Spring 110, which projects between 
movable piston or valve member 104 and housing 112, 
brings piston or valve 104 back against seat 106 when 
thermal sensor 100 causes shaft 102 to retract when there 
is a temperature reduction in the heat exchanger 36. 
As it is essential to have good heat transfer between 

thermal sensor 100 and the gas side unit 82 of heat ex 
changer 36, heat exchanger gas or oxygen passages or 
closure members 60 through 66 are sealed at one of their 
ends by closure channels such as 76, 'best shown in FIG. 
6. Closure channel 76 includes elongated member 120', 
which is best shown in FIG. 5 to be channel shaped at its 
end, and circular member 122 which closely defines an 
accurately sized circular hole 124 which is machined to 
a high polish and with great accuracy so as to provide 
good thermal contact with the outer wall of sensor 100’, 
which is »also polished and accurately machined for this 
purpose. Circular member 122 is split at one end at split 
126 and includes bolt holes 128 Which receive conven 
tional bolts (not shown) for closing split 126 and there 
by causing circular aperture 124 to firmly engage the 
outer wall of sensor 100. 
To place the liquid side of the unit 84 of heat ex 

changer 36 in close thermal contact With thermal unit 
100, wick sensors 130, best shown in FIG. 7, are pro 
vided. Wick sensors 130 extend through areas 86 through 
94 and have a circular aperture 132 at one end thereof 
sized to snugly engage the outer surface of member 100. 
It has been found that sensor wick such as 130 can be 
accurately machined if the wicking material is saturated, 
then frozen, then machined. 

Operation 
As the pressure suit occupant increases his metabolic 

activity level, more heat is transferred into the gas or 
oxygen stream. The transient heat load is transferred into 
the water boiler heat exchanger 36 and from the water 
boiler into the thermal sensor 100 which in turn controls 
a back-pressure valve which controls ythe saturation tem 
perature and saturation pressure of the water side 82 of 
the heat exchanger 36. More particularly as the space 
suit occupant increases his activity level, he warms up 
the voxygen stream and this increase in temperature is 
transferred into the thermal bulb or thermal sensor 100 
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4 
by the following means: The increased heat load is 
transferred into the thermal bulb 100 through the part 
ing sheets '70 and 72, lins 68 and closure channel 76. 
The 'primary mode of heat transfer is conduction. 
To control the decreasing heatload case corresponding 

to a reduced metabolic output of the space suit occupant, 
the following mode of heat transfer takes place. The 
temperature of the gas or oxygen stream decreased caus-A 
ing less steam generation on the water side 84 of the heat 
exchanger 36 which in turn reduces the pressure on the 
water side for a particular valve position. The saturated 
wicks 130'Which surround the thermal sensor 100 Will 
begin to boil to remain in equilibrium with the satura 
tion pressure which wvill result in a subtraction of heat 
from the bulb 100 which causes the shaft y102 to retract 
and decreases the steam escape area in the valve. To 
summarize this, the thermal sensor is controlled for the 
increasing heat load condition by conduction and for 
the decreasing heat load condition by boiling water at 
the surface of the thermal bulb 100. 

It is to be understood that the invention is not limited 
to the specific embodiment herein illustrated and de 
scribed but may Ibe used in other ways without departure 
from its spirit as defined by ̀ the following claims. 
We claim: 
1. A pressure suit, a lift support system connected to 

provide gas to and extract gas from said suit, a gas-liquid 
heat exchanger forming part of said life support system, 
said heat exchanger including a gas passage system 
through which the suit gas is passed, a liquid reservoir in 
heat exchanger arrangement with said gas passage sys 
tem and a steam exhaust system, and means responsive 
to the temperature of the gas extracted from said suit 
to regulate the pressure in said steam exhaust system and 
said liquid reservoir to control the boiling point of said 
liquid and hence the temperature differential between the 
liquid and gas to regulate the temperature of the gas pro 
vided to said suit. 

2. Apparat-us according to claim 1 wherein said gas 
passage system comprises at least one sealed sandwich 
unit including top and bottom plate members with a cor 
rugated sheet extending therebetween to form a plurality 
of parallel passages therewith and with closure members 
at opposite ends thereof. 

3. Apparatus according to claim 2 wherein said liquid 
reservoir includes wicking material in contact »with said 
gas passage system plate members and closure members 
and said wicking material being saturated lwith liquid. 

4. Apparatus accordng .to claim 3 wherein said tem 
perature responsive means includes a temperature sensor 
contacting at least one of said gas passage system closure 
members and said wicking. . 

5. Apparatus according to claim 4 and including a 
steam exhaust valve operatively connected to said tem 
perature responsive means and communicating With said 
steam exhaust system and said liquid reservoir. 
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