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This invention relates in general to breath warmer ap 
paratus and more particularly relates to exceedingly light 
weight breathing apparatus adapted to be associated with 
the human mouth for the purpose of transferring heat 
and moisture from the exhalant breath to subsequential 
inhalant breath. 
The concept of utilizing the heat and moisture of the 

exhalant breath to humidify and heat incoming inhalant 
air has been known for a considerable number of years. 
The devices hereinbefore proposed have not met with 
commercial success for a variety of reasons, including, 
for example, extreme bulkiness, heavy weight, gmany 
moving parts, inability to manufacture at a reasonable 
cost, tortuous passageways which cause extra expenditure 
of energy on the part of the human during both inhala 
tion and exhalation, tendency of the air passages to be 
come clogged with ice crystals formed from the moisture 
of the exhalant breath, etc. 

It is a general object of this invention to provide an 
apparatus which overcomes the aforenoted disabilities of 
the prior art devices. More particularly, it is an object 
of this invention to provide a lightweight breathing ap 
paratus which is economical, lightweight, and is easy to 
manufacture, store and is easy to use by a human, there 
being no moving parts therein. _ _ 
A still further object of this invention is to provide a 

lightweight breathing apparatus which weighs under 
twenty grams in total weight, having a casing which is 
made of an insulating type material which is nonmoisture 
absorbing. 

It is a further object of this invention to provide an 
apparatus of the type aforedescribed wherein the appara 
tus has a ?lm of metallic material disposed interiorly of 
the lightweight casing, said ?lm having a surface area 
considerably greater than the total surface area of the 
interior of the casing. 

It is a further object of this invention to provide a heat 
exchange element which is a lightweight ?lm which is 
corrugated or convoluted in a manner to afford good 
heat transfer and to prevent frost or ice formation on the 
intake edges and further affords a large area surface for 
retention of the moisture condensed thereon ‘during the 
exhalation cycle. 

It is a further object of this invention to provide a struc 
ture of the aforenoted type which has relatively direct 
air ?ow passageways which offer a minimum of resistance 
to air ?ow and of the type wherein the overall effective 
length of the air passageways is relatively small so as to 
minimize the retention of CO2 gas during cycles of ex 
halation-inhalation. 

Still another object of this invention is to provide a 
device of the above-aforenoted type which is suf?ciently 
strong for normal handling and may be, for example, 
carried in the pocket of a human being, is of a construc 
tion which is basically nonabsorptive of moisture and 
which may be easily rinsed clean under a water faucet or 
the like. 
A still further object of the invention is to provide a 

device of the type aforedescribed which may be disposed 
either directly in the mouth to act as an extension of the 
breathing passages of the mouth, or may be associated 
with a mask which covers the nose and mouth singly or 
together. 
The novel features that are characteristic of the inven 

tion are set forth with particularity in the appended 
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claims. The invention itself both as to its organization 
and its ‘method of operation, together with additional 
objects and advantages thereof, will best be understood 
by the following description of speci?c embodiments when 
read in connection with the accompanying drawings in 
which: 

FIG. 1 is a perspective view of the lightweight breath 
ing apparatus associated with a mask and the disposition 
thereof on a human head; 

FIG. 2 is a plan view, partially in section, showing an 
embodiment of lightweight breathing apparatus; 

FIG. 3 is a partial View of the embodiment shown in 
FIG. 2; 

FIG. 4 is a right hand end view of the embodiment 
shown in FIG. 2; 
FIG. 5 is a view of an alternate embodiment of ap 

paratus shown associated with the face mask; 
FIG. 6 is an exploded view of a portion of the appara 

tus shown in FIG. 5; 
FIG. 7 is a top plan view, partially in section, of the 

embodiment shown in FIG. 6; 
FIG. 8 is a side view of the apparatus shown in FIG. 7, 

said apparatus being shown as it is being cleaned by a 
stream of water from a faucet or the like; 
FIG. 9 is a sectional view taken along lines 9-—9 of 

FIG. 7; and 
FIGS. 10A and 10B are enlarged ‘fragmentary views 

showing various upsets in the foil structure to provide 
both spacing of adjacent layers of foils and to increase 
the surface area of the foils. 

Returning now to FIGS. 1 through 4, the lightweight 
breathing apparatus 10 may be used “as is” and inserted 
in the human mouth, or it may be attached to a mask 
12 by suitable fastening means such as shown in FIG. 1. 
The apparatus 10 essentially comprises a lightweight 
casing 14, having an internal chamber 16, the embodi 
ments shown in FIGS. 2, 3 and 4 being generally in the 
shape of an angularly bent pipe. The casing 14 may be 
composed of two complementary pieces 18 and 20 and 
preferably are formed of plastic. For example, foamed 
polystyrene, particularly when the closed cell variety is 
used, admirably serves to provide requisite structural 
rigidity, is economical, is light in weight, is an insulator 
and is nonmoisture absorbing. The open cell varieties of 
expanded plastic may be used, although it is preferable to 
coat this type of plastic unless the interstices in the open 
cell varieties of plastics are so convoluted and tortuous 
that great pressure is required to cause the passage of air 
therethrough. Other types of material that are suitable for 
the casing 14 are sheet plastics, paper or structural card 
boards with coatings and balsa wood with a suitable 
coating, the main requirement being that it be lightweight, 
economical and nonmoisture absorbing while providing 
requisite structural rigidity and low heat migration. It is 
to be noted that the total weight of the casing should be 
under ?ve grams in weight and preferably not more than 
three grams in weight so that the total unit 10 may be 
kept to a weight under twenty grams and preferably in 
the neighborhood of ?fteen grams. 
The breathing apparatus 10 has inlet means 22 and 24 

associated with each end of the casing 14 and an outlet 
means 26 associated with the mouthpiece means 28 which 
is ?xed to an aperture in casing 14 disposed intermediate 
the ends 22 and 24 and in a manner which connects 
with the chamber 16. The inlet means and outlet means 
respectively serve the function of being the inlets and out 
let of the breathing apparatus during the inhalation cycle 
and serve the reverse functions respectively of the out 
lets and inlet during the exhalation cycle. The mouthpiece 
28 may be dispensed with when the mask 12 is utilized 
with the casing 14 or conversely it may be retained if it 
is desired. When the mouthpiece is dispensed with, then 
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the mask is fastened directly to the casing 14 so as to sur~ 
round the outlet aperture so that there is suitable com 
munication to the interior 16 of the casing 14. 

Lightweight heat exchange elements 30 are inserted in 
termediate the inlet means and the outlet means. In the 
embodiments shown in FIGS. 2 through 4, the heat ex 
change elements 30 are in the form of a convolutely 
wound coil means of a material such as aluminum foil 
or the like wound on a plastic bobbin 32. The elements 
30 are loosely wound so as to satisfy the criteria of pro 
viding a plurality of spaced apart portions which pro 
vide a plurality of relatively straight through passage 
ways for air while exposing a large surface area to the 
air. This may be accomplished in a variety of ways as, 
for example, by pretreating lightweight, thin gauge, 
aluminum foil by crinkling it, prior to winding same, so 
that the individual layers of the convoluted coil are spaced 
from each other. Also, for example, a plurality of light 
weight longitudinal spacers may be disposed at spaced 
points between individual layers of the convoluted coil. 
Still another way of accomplishing desired results is by 
puncturing the foil means in a plurality of places so that 
the margins surrounding the punctures are distorted or 
give a greater apparent thickness relative to the nominal 
thickness so that the various layers of a coil are spaced 
from each other. 
The elements 30 have a length, as measured along the 

axis of the casing 14, which is less than one-half of the 
length of the casing. Thus, there is a chamber interme 
diate the two interior ends of the elements 30 which is re 
latively unobstructed and allows relatively free passage 
of air from the mouthpiece to the two exterior ends of the 
casing 14 on the exhalation portion of the cycle of breath 
ing through the apparatus. The overall total length of 
the apparatus as measured along the axis is preferably 
under ?ve inches and it will be noted that the pathway 
for air on exhalation is relatively short. Due to the rela 
tive shortness of the path of the exhalant air, very little 
CO2 gas will be trapped within the apparatus for recycl 
ing into the inhalation cycle. It will be noted that the 
total amount of surface area of the heat exchange ele 
ment is quite large. This is important because it is nec 
essary to have a fast extraction of heat due to the short 
length of the exchange element. 

In testing various devices of the type shown and de 
scribed, it has been found that ambient air at a tem 
perature of minus 17° F. may be inhaled through the 
inlet means and upon repeated cycling will deliver air 
at the outlet means 26 in the range of 72° F. to 94° F. 
depending upon the precise construction used. When de 
vices such as 10, 10a, 10b and 10c aregused in an am 
bient temperature below zero, an important considera 
tion in the prevention of the clogging of the heat exchang 
er element or elements with ice. As is well known, ex 
halant breaths have a temperature very close to the tem 
perature of the human body and have a high moisture 
content. This occurs because the lungs of the human 
being have a surface area in the neighborhood of one 
and one-half times the total exterior surface area of the 
human body which quite thoroughly warms the inhaled 
air. Thus, the exhalant breath, as it flows through the 
heat exchange element 30, causes condensation of mois 
ture on the substantially cooler surface areas. By having 
a large number of relatively straight through, relatively 
small passageways in the heat element 3%, a large area is 
provided for extracting heat and for condensing moisture 
but the individual discrete passageways simultaneously 
prevent the moisture from acculating in one large puddle. 
Thus, as the incoming air on the inhalation cycle is 
warmed up by the heat exchange element or elements, the 
incoming air in turn picks up the separated relatively 
small droplets of water, thus, taking moisture back into 
the human mouth. 
The embodiment 10a shown in FIG. 1 distinguishes 

over the embodiment 10 in that instead of having the 
casing 14a annular in shape like the casing 14, it is made 
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4 
roughly rectilinear in cross section. The heat exchange 
elements 30 internally thereof are ovoid in cross section 
or may be formed in a roughly rectilinear form, but basi 
cally except for these changes the device 10a is substan 
tially the same to the device 10. 
The device 19b shown in FIG. 5 is substantially simi 

lar to the device 100 shown in FIGS. 6 through 10B 
and still to be described in detail. The essential difference 
of the device 1% relative to 100 is that it does not have 
the tabs 74 and 76 for strap attachment and instead is 
?tted into a mask arrangement 12b. The operation of the 
device 10b will become apparent through the discussion 
of the device 100. 
The device 10c is a lightweight breathing apparatus 

having a single inlet means and outlet means in distinction 
to the double inlet means of the device depicted in FIGS. 
1 through 4. More particularly, the device 100 comprises 
a two part plastic molded casing having an upper portion 
34 and a lower portion 36. Each of the portions 34 and 
36 are rather channel-like in shape and when assembled 
together de?ne an inner chamber 38 intermediate the ends 
thereof. Heat exchanger means 40 is adapted to be dis 
posed interiorly of the major portion of the chamber 38 
as perhaps best perceived in FIG. 6. The heat exchanger 
element 40 is basically shown as a sandwich form com 
prising a sharply accordion pleated metal foil element 42 
which is separated from the next layer by thin separator 
elements 43, the latter being either foil or paper. 
A different element 42a, in convoluted form, is show 

in sandwich assembly 40a in FIG. 10B. As perhaps best 
perceived in FIG. 6, the pleats run coextensive with the 
long dimension of the casing so as to provide relatively 
straight through air passageways offering wide surface 
area for the heat exchange moisture condensing and ab 
sorption to take place. 
The lower end 44 of casing portion 36 (as viewed in 

FIGS. 6, 7 and 8) is formed with a plurality of apertures 
46 generally transverse to the long dimension of the 
casing to form the inlet means 48 for inhalant breaths 
through the apparatus 100. The construction also aids in 
the prevention of ice obstructions adjacent the end of the 
heat exchange means 40. The outlet means 50 adjacent the 
opposite end is adapted to be inserted in the human mouth 
so that apparatus 100 acts as an extension of the breath 
ing passages of the mouth of the human body. It will be 
noted that the overall con?guration of the apparatus in 
100 is that of being relatively thin and ?at except for the 
angularly disposed mouthpiece portion. Its size and con 
?guration is such that it is readily adapted to be disposed 
in the pockets of human clothing. 
The lower casing member 36 is formed with a head 52, 

said head being closely adjacent to the apertures 46. The 
bead also runs up the lower terminal interior of sides 56 
and 58 and together with spaced projections 54a (see 
FIG. 6) serve to retain the sandwich elements 42 from 
shifting in the chamber 38. The spaced projections 54 
serve as a baf?e means and conceal the foil elements. The 
projections and the bead 52 are preferably molded inte 
grally with the casing portion 36 and it will be observed 
that the projections 54 are preferably fairly widely spaced 
apart and spaced from the upper edge of the foil elements 
so that it will interrupt the ?ow of air to only a slight 
degree. Also, the projections 54 may be dispensed with in 
certain embodiments as long as there is some means for 
retaining the stack of elements interiorly of the chamber 
38 and concealing is not a requirement. 
Member 36 is necked down at 60 to facilitate insertion 

within the human mouth. A raised portion 62 serves to 
provide a convenient gripping point for the teeth on por 
tion 60. It will be observed that the mouthpiece portion 
is angularly disposed relative to the main body portion so 
that the device 100 will not project directly outwardly 
from the human mouth. This is important from the stand¢ 
point of human vision, ease of carrying it in the human 
mouth unsupported.byanwauxiliary means such. as a mask; 
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or strap, and further has the ‘advantage of turning the 
inlet means 48 fairly closely adjacent to the human body 
rather than outwardly therefrom for any subsidiary bene 
?ts that accrue such as slight preheating of the air or at 
least protecting it somewhat from super chilling due to 
direct exposure to winds that may be prevalent in the am 
bient air. 
The upper member 34 is similarly and complementally 

formed to lower member 36. To this end the casing is 
formed with parallel side portions 62' and 64 which are 
adapted to meet with portions 56 and 58 respectively to 
de?ne the interior chamber 38. A bead 66 is disposed 
adjacent the lower end similar to beads 52 and pro 
jections 68—68a similar to projections 54—54a are formed 
at the upper end (as viewed in FIG. 8) for retaining the 
upper end of the stack 40 and forming the other half 
of the baf?e and foil concealing means. The upper half 
of the casing 34 also has a mouth portion 70 which is 
similarly necked down and is formed with a raised rib 72 
for cooperation with the upper human teeth. Perforated 
laterally extending tabs 74 and 76 are provided on the 
casing portion 34 for convenient attachment to a neck 
band when this is desired. The lower end 74 of the up 
per member 34 is con?gured to close off the end of the 
stack leaving su?’icient space for an interior passageway. 
The end 74 meets with the end of portion 44 so as to 
de?ne a right angle bend in the interior chamber. 
As shown in FIG. 8, the device may be readily cleaned 

after use by a simple ?ushing operation with a spray of 
water and/ or a flow of disinfectant or the like. As will be 
appreciated, the moisture that condenses on the stack 40 
will tend to trap dust particles and bacteria and the like 
and an occasional ?ushing of the device may be desir 
able. The relatively straight through passageways between 
the pleated foils 42 allow a relatively free movement of 
air therethrough with very little pressure being created. 
From the foregoing description it will be seen that I 

have described various embodiments of an economical, 
structurally rigid, lightweight, nonmoisture absorbing 
breath warmer apparatus which may be readily ‘disposed 
in the human mouth or attached to a mask. The device is 
simple in operation and has no moving parts, has a rela 
tively short, enclosed area to minimize retention of CO2 
for rebreathing, is easily cleaned, and otherwise well 
adapted for the purposes for which it was designed. 
Although the speci?c embodiments have been shown 

and described, it is with full awareness that many modi?~ 
cations thereof are possible. The invention, therefore, is 
not to be restricted except in so far ‘as is necessitated by 
the prior art and by the spirit of the appended claims. 
What is claimed as the invention is as follows: 
1. Lightweight breathing apparatus for conditioning in 

halant ambient air comprising casing means having inlet 
means and outlet means, said casing being substantially 
impervious to water vapor and air, means associated with 
said outlet means adapted to be associated with the hu 
man mouth, metal foil means disposed within said casing 
and intermediate said inlet and outlet means, said foil 
means comprising a plurality of closely spaced substan 
tially imperforate portions providing a combined surface 
area substantially exceeding the interior surface area of 
the casing, the closely spaced portions of said foil means 
forming a series of discrete through passageways generally 
parallel with each other and to at least a portion of the 
casing containing the foil means, and chamber means in 
termediate said foil means and said outlet means and 
being at least as large as the maximum transverse dimen 
sion of the foil means, said chamber means located im 
mediately adjacent the foil means and communicating di 
rectly with the discrete through passageways thereof to 
enable air to be transmitted through each of said passage 
ways upon exhalation of human breath, said apparatus 
when associated with the human mouth and when dis 
posed in an ambient temperature less than the internal 
temperature of the human body, being capable of taking 
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heat and moisture out of exhalant human breath and 
returning the heat and moisture to the human during sub 
sequent inhaling of the human breath. 

2. The apparatus set forth in claim 1 wherein the unit 
has a total weight below 20 grams and the casing is 
formed of foamed polystyrene. 

3. The apparatus set forth in claim 1, wherein the 
mouthpiece means is connected to mask means, said mask 
means being of a con?guration and size so as to cover a 
substantial portion of the human face including the nose 
area, and means independent of the mouthpiece means as 
sociated with said mask means for retaining the mask in 
close ?tting engagement with the human face. 

4. The apparatus set forth in claim 1, wherein said 
foil means is aluminum foil crinkled in a uniform manner 
to provide passageways substantially parallel to the short 
est line of ?ow between the inlet means and outlet means 
of said casing. 

5. The apparatus set forth in claim 1 wherein said 
casing is formed of ?rst and second mating portions de 
?ning a generally rectilinear chamber and is generally 
rectilinear in outer con?guration with the inlet means 
and outlet means at opposite ends thereof, said foil means 
being in a sandwich form of a plurality of discrete sheets 
of corrugated foil separated by thin spacer units disposed 
in said chamber, the corrugations in said individual sets 
being disposed generally parallel with the longitudinal 
axis of said rectilinear casing. 

6. The apparatus set forth in claim 1 wherein said cas 
ing is generally annular in cross section and said ‘foil 
means is in the form of a convolutely wound member 
with adjacent convolutions spaced for de?ning passage 
ways substantially parallel with the axis of said annular 
housing. 

7. The apparatus set forth in claim 6 wherein said 
casing has ?rst and second end portions de?ning said in 
let means and said outlet means is dis-posed substantially 
intermediate said ?rst and second end portions, and there 
are ?rst and second convolutely wound foil means dis 
posed within said casing having a length less than half 
the length of the casing as measured along the long axis 
of said annular housing. 

8. The apparatus set forth in claim 1 wherein said cas 
ing comprises ?rst and second interconnected members, 
said ?rst member being formed of molded plastic and be 
ing channel shaped in cross section, said mouthpiece 
means is integrally molded to one end of said channel 
shaped member and perforated extension means associ— 
ated with the other end of said channel shaped member, 
said ?rst member being further characterized as having 
perforated abutment means disposed across and within 
the con?nes of said channel shaped member for retention 
of one end of said foil means, said second member ?tting 
over said ?rst member to de?ne an inner chamber for 
receipt of said foil means, said ?rst member also having 
a second abutment means for retention of the other end 
of said foil means within the inner chamber of said 
casing, said ?rst and second members when assembled to 
gether with the foil means trapped therebetween providing 
a lightweight breath warming device. 
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