
Re. 25,122 R. E. PAGE 

SAFETY-FIRST UNDERWATER BREATHING APPARATUS 

Feb._ 13, 1962 

2 Sheets-Sheet 1 Original Filed March 29, 1954 

2 Air 

Roey E4 P4 65, 
INVENTOR. 

BY 

4911M 



R. E. PAGE Re. 25,122 
SAFETY-FIRST UNDERWATER BREATHING APPARATUS ' 

Feb. 13, 1962 

2 Sheets-Sheet 2 Original Filed March 29, 1954 

A R02)’ Pnes, 
IN V EN TOR. 

Mia/21km 
UJJLQMQMA/ . rrauwvsy 



United States Patent O??ce Re. 25,122 
Reissued Feb. 13, 1962 

25,122 
SAFETY-FIRST UNDERWATER BREATHING 

" ' ' APPARATUS 

Rory Everett Page, Garden Grove, Calif., assiguor, by 
mesne assignments, of one-half to Charles L. Hope and 
Boneva L. Hope, and one-half to Rory E. Page and 
Beverly Jo Page ' " 

Original No. 2,823,670, dated Feb. 18, 1958, Ser. No. 
" 419,195, Mar. 29, 1954. Application for reissue Mar. 

19, 1959, Ser'. No. 800,609 ' 
‘ ' ' 18'Claims.v (Cl. 128-142) 

Matter enclosed in heavy brackets [ ] appears in the 
original'patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made ‘by reissue. ' 

The present invention relates to an underwater breathing 
system'of the opemcircuit type, and which incorporates 
safety'mechanism for alleviating the dangers attendant 
upon‘ theuadmission of water into the system through the 
diver’s mouthpiece. [The present invention relates to 
the general ?eld of under-water diving equipment, and 
more particularly to an improved breathing apparatus for 
use in conjunction with ‘diving devices of the aqua-lung 
type." Although the aqua-lung diving apparatus distrib 
uted by US Divers Co. of 1045 Broxton Avenue, West 
Los Angeles, California, has been developed to the ex 
tent that there isbut a most remote possibility of its mal 
functioning, and with the aqua~lung experienced divers 
have been able to descend to'depths as great as 300 feet, 
the previously available breathing apparatus used in as 
sociation therewith has been found to have several major 
operational disadvantages] 
r‘ The ‘present application is an application for reissue 
of United States Patent No. 2,823,670 issued'Februa'ry 
_18, 1958. ' 
For the sake of clarity‘ in vthe explanation of the in 

vention it will be helpful to distinguish diving apparatus 
of the open-circuit type from, the old-style closed-circuit 
system». ‘In general, the closed-circuit system includes 
a chemical unit from which breathable gas is generated 
'in accordance with the diver’s requirements. Breathed 
‘gases exhaled by the diver are returned to the chemical 
unit, which absorbs themi. Closed-circuit systems are 
sometimes referred to as re-breathers. 

The open-circuit system is a more modern develop 
ment and is characterized by a self-contained supply of 
breathable air or gas carried in a pressure vessel. M ech 
anism is also ‘provided in the systemv for tapping o? 
breathable air or gas from the pressure vessel at a re 
duced pressure level, and for supplying it at [the lower 
pressure level in ‘accordance with the diver’s require 
ments. The open-circuit system is further characterized 
by the fact that the exhalation products are not retained 
in the system‘, but are discharged into the surrounding 
water through a discharge valve mechanism. Diving 
apparatus of the open-circuit type is often called an aqua 
lung, hence the term aqua-lung will be used rather gen 
erally in the present application to identify or refer to 
any system of the open-circuit type. 

The basically di?e‘rent modes of operation of the two 
types of systems are readily understood by considering 
the results of admitting water into the breathing appa 
ratus. In the closed-circuit system there is no means pro 
vided for disposing 'of exhalation products by discharging 
same into the surrounding water, and there is likewise no‘ 
means provided for disposing of water that is accidentally 
admitted into the system. The presence of water in the 
system is undesirable since the diver is likely to breath a 
certain amount of water along with the air or gas. F ur 
thermore, the nature of the chemical unit is generally 
such that when water reaches the chemical unit it either 
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2 
disturbs the normal operation of the unit for producing 
the desired breathable gas, or else causes the chemical 
unit to produce gases which are toxic to the diver. ' Thus, 
a basic premise of the closed-circuit type of diving sys 
tem is that water should at all times be excluded and that} 
the only safety protection against water which might ac 
cidentally'enter the system is to prevent it from‘ doing 
so. 

In the open-circuit system, on the other hand, mech 
anism is included for discharging exhalation products 
into the surrounding water, and this same mechanism may 
also be used for the purpose of discharging undesired 
water from the system. Prior to the present invention 
there was a considerable risk to the diver when water en 
tered the breathing apparatus. However, the present in; 
vention has removed substantially all danger to the diver 
from this source. ' i V 

More speci?cally, the conventional open-circuit system 
includes a pressurized air supply unit as well as an as». 
sociated pressure reduction mechanism. An air supply 
tube conducts breathable air from the air supply unit to 
the diver’s mouthpiece, while an air discharge tube con 
ducts exhalation products away from the mouthpiece. 
The discharge tube is provided with a discharge mech 
anism for discharging the exhalation products into the 
surrounding water. The mouthpiece is coupled between 
the air supply tube and the air discharge tube, and is 
simply supported in the diver’s mouth by being grasped 
between his teeth, rather than being supported by straps 
from the diver’s head as is the face mask of the closed 
circuit system. 

In using the open-circuit system it frequently happens 
that the diver momentarily loses control of his mouth~ 
piece, with the result that water is admitted through the 
air compartment of the mouthpiece into the air supply 
tube and the air discharge tube. It is the danger re-‘ 
sulting from such accidental or inadvertent admission of 
water into the system which the safety mechanism of 
the present invention is designed to alleviate. 

Expelling water from the open-circuit system‘ was a‘ 
di?icult task which, prior to the present invention, could 
be accomplished only by the most expert divers. Failure 
to expel water from the system created a hazard in that 
the diver in the act of inhaling air was likely to take water 
into his lungs along with the air. Experienceddivers. 
simply accepted the fact that there was a‘ certain danger 
of drowning when the undesired water was present within 
the breathing apparatus. For inexperienced divers this 
danger was even greater. Particularly if an inexperienced 
diver became exhausted or frightened‘ upon losing his 
mouthpiece, he was likely to drown before being able to 
restore the normal operation of the breathing equipment. 
[In using the aqua-lung the diver breathes through a 

mouthpiece which is part of a tubular T-sh'aped member, 
the oppositely disposed legs of which are connected to a 
source of air and to an air discharge tube respectively: 
Occasionally in the past a diver has inadvertently dropped 
or had the mouthpiece displaced from his mouth while 
submerged, whereby the mouthpiece becomes ?lled With 
water] It is extremely di?‘icult for even the most skilled 
diver to remove the water from the mouthpiece by blow 
ing. The hoses used in supplying air‘ to and permitting 
air to be discharged from the mouthpiece are of an annu 
lar corrugated'cons'truction, and Water tends to remain’ in 
the depressed portions thereof. [Even if a diver is aware 
of the presence of water in‘the hoses, he may inadver 
tently draw a portion of the water into his mouth when 
he inhales, which causes him to" choke or cough. > ‘Such 
choking'or coughing may result in displacement of the 
mouthpiece from the diver’s mouth to again become 
?lled with Water, thus‘augmenting a serious ‘situation 
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which has endangered and may have been the cause of 
the loss of a number of lives.] 
[A further operational disadvantage of previously avail 

able aqua-lung apparatus resides in the fact that as the 
diver exhales, the exhaled air carries an appreciable per 
centage of carbon dioxide therewith which to a degree 
is mixed with fresh incoming air, and this mixture is then 
inhaled by the diver. Thus, in using such equipment the 
diver at no time is able to use the aqua-lug to its maxi 
mum ef?ciency, for the pure air discharged from the 
pressure cylinder associated therewith is contaminated by 
exhaled carbon dioxide before the diver has an oppor 
tunity to breathe the same. The degree of such contam 
ination is not known, but it is known that in dives of 
greater than thirty-three feet deep, if the carbon dioxide 
present in the incoming air exceeds a certain percentage, 
it is lethal] 

It is, therefore, an object of the invention to provide 
an open-circuit diving system which is safe for the diver 
despite the presence of water in the system. 
Another object of the invention is to provide an open 

circuit diving system from which undesired water may 
be readily expelled by the diver simply by breathing into 
the mouthpiece, 
An additional object of the invention is to provide an 

open-circuit diving system which can be concurrently used 
by two or more divers, by swapping the mouthpiece back 
and forth from vone diver to the other,‘ thus providing 
safety protection for one of the divers whose equipment 
may have become inoperable due to either an external or 
an internal cause. 
A further object of the invention is to provide addi 

tional safety protection in an open-circuit diving system in 
the event that the discharge mechanism, utilized for dis 
charging exhalation products, should become damaged. 

Yet another object of the invention is to provide a 
safety-?rst underwater breathing apparatus which is inex~ 
pensive, simple in operation, and easily disassembled for 
purpose of inspection or repair. 
[The major object of the present invention is to pro 

vide a breathing apparatus for use with underwater equip 
ment which may be removed from the diver’s mouth 
under water, yet when the diver blows into the mouth 
piece thereof, the water contained therein may be dis~ 
placed therefrom] 

[Other objects of the invention are to provide a breath 
ing apparatus of the character described that eliminates 
substantially all possibility of the incoming air becoming 
contaminated by the carbon dioxide contained in exhaled 
air; permits unimpaired operation of the aqua-lung equip 
ment associated therewith should the ?ipper valve thereof 
be damaged or displaced therefrom; permits dives of long 
duration to be made in that additional aqua-lung units 
may be lowered to the diver as his air supply becomes 
depleted; eliminates the annoyance and inconvenience to 
the diver caused by gurgling of water in the equipment 
hoses; and which removes the element of fear experienced 
by many divers in anticipating that the breathing appara 
tus might be dislodged and become ?lled with water] 
[A further object of the invention is to supply a breath 

ing apparatus for divers that is extremely simple in oper 
ation, may be readily assembled and disassembled to per 
mit easy check on the operating condition of the compo 
nent parts thereof, and may be fabricated from standard 
commercially available materials whereby it can be re 
tailed in the medium-priced merchandising ?eld.] 

[Yet another object of the invention is to supply a 
breathing apparatus that is foolproof, and which operates 
in such a manner that should the emergency arise, several 
divers could alternately use the same mouthpiece for 
breathing when under water] 
[A still further object of the invention is to furnish a 

diving apparatus that is extremely safe in operation and 
eliminates substantially all of‘ the remaining hazards of 
diving with equipment of the aqua-lung type] 
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4 
In accordance with a ?rst basic feature of the inven 

tion a unidirectional valve mechanism is provided on the 
inlet side of the mouthpiece, between the mouthpiece 
breathing compartment and the air supply tube. This ?rst 
valve mechanism prevents water which enters the mouth 
piece breathing compartment from getting into the air 
supply tube. At the same time, normal breathing usage 
of the apparatus is not interfered with. 

In accordance with a second basic feature of the inven 
tion a unidirectional valve mechanism is provided on the 
outlet side of the mouthpiece, between the mouthpiece 
breathing compartment and the air discharge tube. This 
second valve mechanism prohibits water which has gotten 
into the air discharge tube from ?owing back into the 
breathing compartment of the mouthpiece. Although 
such water is present within the system, it is not danger 
ous to the diver, and hence need not be removed from 
the system. 

Thus the invention in’ its preferred form utilizes a pair 
of unidirectional valve mechanisms, one on each side of 
the mouthpiece breathing compartment. The only water 
which presents a safety problem, therefore, is the water 
which occupies the breathing compartment of the mouth 
piece, and which the diver upon regaining control of his 
mouthpiece must dispose of before resuming normal 
breathing. The volume of this breathing compartment 
is made small, relative to the lung capacity of the diver, 
so that even an exhausted diver has su?icient air remain 
ing in his lungs to force the undesired water into the air 
discharge tube where it can no longer create any danger. 

Thus, a diving system which was formerly not safe 
even for expert divers is now safe for the novice. 

[These] The foregoing and other objects and advan 
tages of the invention will become apparent from the fol 
lowing description of a preferred and alternate forms 
thereof, and from the drawings illustrating [these inven 
tions] the invention, in which: 
FIGURE 1 is a perspective view of [the present inven 

tion in position on an aqua-lung unit] an aqua-lung as 
modi?ed by the present invention; - 
FIGURE 2 is a plan view of the breathing apparatus; 
FIGURE 3 is a vertical cross-sectional view of the 

breathing apparatus taken on the line 3—3 of FIGURE 2; 
FIGURE 4 is an elevational view of one form of valve 

utilized in conjunction with the present invention; 
FIGURE 5 is a vertical cross-sectional view of an alter 

nate form of valve; 
FIGURE 6 is a side elevational view of the valve 

shown in FIGURE 5 with a portion of the valve body cut 
away to show the structure of the valve member; 
FIGURE 7 is a side elevational view of an alternate 

form of valve; 
FIGURE 8 is a vertical cross-sectional view of the 

alternate form of valve shown in FIGURE 7 taken on 
the line 8—8 thereof; and 
FIGURE 9 is a vertical cross-sectional view of an 

aqua-lung taken along line 9——9 of FIGURE 1. 
Diving apparaus of the aqua-lung type has three major 

parts: a bottle of air compressed to 150 atmospheres. 
which is normally strapped to the diver’s back; a two‘ 
stage pressure reduction mechanism which automatically‘ 
supplies air on demand to the diver at a pressure equal 
to that of the water surrounding him, the structure of 
which is shown in FIGURE 9; and a loop of ?exible 
tubing leading out of and back into the pressure reduc 
tion mechanism, through which tube the diver inhales 
and exhales by means of the breathing apparatus. The 
present-day aqua-lung differs from earlier compressed 
air devices that relied on manually controlled valves and 
a continuous wasteful ?ow of air for operation thereof, 
in that an ingenious two-stage air pressure regulator is 
employed therewith, which forms no part of the present 
invention. However, an understanding of the manner 
in which this regulator operates is essential to a full 
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eomprehepsion gf the novelty 9f the present breathing 
apparatus ‘ " Y ' ‘ ' ' ‘ " 

Although the detailed structure of the present-day 
aqua-lung" may differ slightly’ from the form shown in 
FIGURE‘ 9, the essential operation "of both devices is 
the same. The aqua-lung ‘regulator R shown includes 
a noz'Zle N to which air at 3000' pounds pressure to the 
square inch is delivered from a suitable cylinder C as 
shown in FIGURE 1. A'two-stage pressure reducing 
valve V, actuated by two‘ springs 10 and 11, admits air 
into a chamber 12 defined’ by a‘ diaphragm :13 and the 
interior surface of a housing 14.’ Air is delivered into 
this‘chamb'er at a slightly higher pressure than that of 
‘the water'surrounding the device. ‘ 
Air passage 15 extends through housing 14 to a rela 

tively large ‘air reservoir 16 situated therebelow. The 
lower end‘of'the air reservoir is closed by a resilient 
diaphragm 17, the exterior surface of which contacts 
the‘ water surrounding the diver. Passage 15 terminates 
in a port 18 forming a part of a demand valve 19'. The 
balance of the demand ‘valve is formed by an L-shaped 
member that has one leg 20 normally disposed to the 
interior‘ center portion of diaphragm 17 and a?ixed there 
to, and another leg '21 positioned substantially parallel 
to the diaphragm is pivotally sup-ported at an intermedi 
ate position by a rigid member 22 that depends into 
the reservoir from housing 14. As pressure of the .water 
contacting the surface of diaphragm 17 increases, the 
diaphragm deforms inwardly to pivot leg 21 in a clock 
wise direction to separate a valve member 23 mounted 
on the free extremity thereof from engagement with 
port 18. " Air then ?ows into the reservoir through port 
*18 until the air pressure within the reservoir is slightly 
in excess of the water pressure on the exterior surface of 
diaphragm 17 
‘A second chamber 24 having perforated sidewalls is 

situated below the reservoir 16; “A ?rst length of ?ex 
ible tubing 25 extends outwardly from reservoir 16 and 
is in communication with the breathing apparatus, which 
apparatus is also connected to a second length of tubing 

that extends to the interior‘of the perforated cham 
"ber. ‘In previously available aqua-lung equipment a por 
tion of the‘ diver's exhaled breath would pass through 
tube 26, ‘and the balance thereof, contaminated with 
carbon dioxide, would mix with fresh air ?owing to the 
‘breathing apparatus through tube 25, but in the present 
invention, exhaled air is vdischarged through tube 26 
any.‘ An exhale valve 28, or ?ipper valve as it is some_ 
times referred to, is formed from resilient, thin-walled 
material, and mounted on the discharge 'end of tube 
26 positioned within the con?nes of the perforated cham 
ber. Valve 28 prevents upward ?ow of water in tube 
26 when the pressure therein is lowered when the diver 
breathes. 
As a diver inhales through the aqua-lung mouthpiece, 

the pressure .within reservoir '16 is reduced whereby ‘the 
‘diaphragm 17 is deformed inwardly due to the surround 
ing water pressure, to .open port 18. Air is then vdis 
charged through passage‘ '15 into reservoir 16 until the 
air pressure is slightly greater than that of the .water 
.on the exterior of the diaphragm, and the diaphragm 
is deformed outwardly to cause valve member 23 to 
pivot in a counter clockwise direction until it again en 
gages port 18 and prevents further discharge .of air there— 
from. 
The structural details of the presently preferred em- - 

‘bodiment of the breathing apparatus of the present in 
vention, which eliminates the dangerous e?‘ects of water 
entering the sytem [appreciable intermingling of fresh 
air-‘and contaminated air], may best be seen in FIG 
URE§ 2 and 3; The device includes a relatively rigid 
tubular T-shaped member generally'designated by the 
numeral 30, that has two oppositely disposed legs 31 
and 32, and a third 'leg :33 ‘normally disposed thereto 

,inieommunicaition therewith. T ~30 may be fabri 
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6 
cated from metal, plastic or any desired material that 
is not subject to corrosion when‘ exposed to salt water,‘ 
and which will not break or fracture when subjected to 
physical shock. Leg- 31, as may best be seen in FIG 
URE 3, has a ?ange 31a extending outwardly from the 
end portion thereof, on which ?ange‘ threads'3lb are 
formed on the exterior circumferential surface thereof. 
Similarly, a leg 32 is provided with a ?ange 32a em 
bodying threads 32b on the outer circumference there 
of. Flanges 31a and 32a are formed with annular re 
cesses 31c and 32c, respectively. The dimensions of 
recess 31c are such’ as to accommodate the outer pe 
ripheral portion of a circular and relatively thin valve 
body 34 in which a centrally disposed longitudinal tapped 
bore 35 is formed. Valve body 34 is provided with a 
plurality of ports ‘36 which are preferably spaced around 
the central portion thereof in a selected pattern. One 
pattern which has proved most successful in practice is 
to position ports of triangular con?guration in side-by 
side relationship whereby the adjacent edges of the ports 
de?ne a number of radially disposed legs 37 extending 
from the center of the valve body to the circumferential 
portion thereof, as shown in FIGURE 4. 

' A circular valve member 38 formed from a resilient 
sheet material is provided, the diameter of which is such 
that the circumferential edge thereof is adjacent to, but 
does not contact the interior surface of tubular leg 31, 
as may best be seen in FIGURE 3. Valve member 38 
is a?ixed to the interior face of valve body 34 by means: 
of a screw 38a which extends through ‘an opening in the 
valve member .to engage the tapped bore 35. Valve 
body 34, together with a resilient gasket 39, are rigidly 
held within the con?nes of recess 31c due to contact with 
a circumferentially extending body shoulder 40 formed 
in a ‘tapped ?ange 41 that rerno-vably engages threads 
31b. A tubular portion 42 extends from ?ange 41, to 
form a tapered section 43 and develops at the lower ex; 
tremity thereof into a tube 44 of smaller diameter than . 
tubular portion 42. Tube 44 is of such external diamp 
eter as to permit slidable insertion thereof within the 
con?nes of the outer free extremity of tube 25, and the 
two tubes are rigidly held together by an encircling 
clamp 45 of conventional design, of the type employed 
in making hose connections. _ 

It will be noted in FIGURE 3 that with the valve ‘body 
and member disposed in the tubular T as shown, that air 
may ?ow from tube 44 into the con?nes of the T when 
.the valve member 38 moves inwardly to the position 
shown in phantom lines, but that movement of air from 
the con?nes of the T back into tube 44 is prevented in 
this particular valving arrangement. The importance of 
this arrangement of the valve will be described in detail 
hereinafter. 

In FIGURE 2 it will be noted that the ?ange 32a of leg 
32 is considerably larger in diameter than ?ange 31a, but 
is provided with a second valve identical to the valve 
previously described, except that it is of larger diameter 
in order that it may l?l'. in recess 32c. Threads 32b‘ on 
the ?ange are engaged by an internally tapped tubular 
member of the same general structure vas the one ‘asso 
oiated with the opposite leg of the tubular T. The struc 
ture of the second valve and the associated tubular mem 
ber mounted in recess 32b need not be described due to 
its similarity to the one previously described. As a re 
sult of this similarity, corresponding parts of the second 
valve and tubular member will ‘be identi?ed ‘by the same 
numerals used ‘in identifying component parts of the ?rst 
valve and tubular member, but with a prime added there 
to. 

It will be particularly noted in FIGURE 3 that the 
outer edge pout-ions of ‘the ports [36'] correspondinglto 
ports 3.6 in valve body 34 of the valve body 34' are ?ush 
.withthe interior surface of the [legs 31yand] leg @219 
permit water that may have entered the con?nes of tubb 
in" member 30 to ?ow therefrom with a minimum of 
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interference through the valve body 34' and past the 
valve member 38'. The valve member 38' is so disposed 
that both water and air can ?ow from the tubular mem 
ber 30 into the hose 26, but cannot re-enter the tubular 
member 30 from‘ the hose. 

In FIGURES 2 and 3 it will be seen that the leg 33 
with which the mouthpiece 50 communicates, has a cross 
section that is elongate in the same direction as the longi 
tudinal axes of legs 31 and 32. Furthermore, this in 
terior cross section of leg 33, which in FIGURE 3 is 
identi?ed by the numeral 50a, is disposed mid-way on 
one side of tubular T 30 to minimize the possibility of 
Water ?owing therein should it enter the con?nes of the 
T. The mouthpiece 50 mounted on the outer extremity 
of leg 33, includes an elongate curved ?ange 54 which 
engages the diver’s lips and portions of the cheeks when 
he holds the mouthpiece by gripping UWO laterally spaced 
outwardly extending members 55 between his teeth. This 
breathing apparatus is used in the same manner as ap 
paratus formerly supplied with the present ‘aqua-lung 
equipment. 
As the diver inhales, the pressure is lowered momentar 

ily in tubular member 30 between the valve members 38 
and 38'. This lower air pressure creates a greater dif 
ferential between it and the air pressure existing on the 
exterior surface of valve member 38', whereby member 
38' is forced into tighter sealing contact with valve body 
34’ than before to effect a ?uid-tight seal therewith and 
prevent entry of any water that may have been discharged 
into tubular member v42’, 44’ or the ?exible tube 26. 
However, this momentary lowering of the air pressure in 
the con?ned space between the valve members 38 and 38' 
has a completely different action on the valve member 
38, in that this valve member tends to move inwardly 
to the position shown in phantom line in FIGURE 3 to 
permit air to pass from tube 25 into the con?ned space 
and equalize the pressure. 
The valve member 38 has a certain amount of resili 

ency, and tends at all time, unless subjected to a deform 
ing force, to remain in a plane parallel to that of the 
exterior surface of the valve body 34 in which position 
the valve member is in fluid sealing contact therewith. 
Air ?owing from the ?exible tube 25 into the con?ned 
space between the valve members 38 and 38’ to equalize 
the pressure, momentarily causes lowering of the air 
pressure in tube 25. As pressure in the tube 25 lowers, 
air ?ows from the reservoir 16 to equalize the pressure 
in the tube, whereby the air pressure in the reservoir is 
lowered, causing the diaphragm 17 to be deformed in 
wardly due to the pressure of the water ‘in contact with 
the exterior surface thereof and this movement of the 
diaphragm results in separation of the valve member 23 
from the port 18 and air is then discharged from port 18 
‘into the reservoir until a pressure is attained therein that 
is slightly higher than that on the water contacting the 
exterior surface of the diaphragm 17. When the reser 
voir pressure rises above the water pressure against dia_ 
phragm 17, the diaphragm deforms outwardly and pivots 
the arm 21 in a counter-clockwise direction to return 
valve member 23 into a sealing position with port 18. 
Valve member 23 when thus disposed prevents further 
discharge of ‘air through reservoir 16 until the pressure 
therein is ‘again lowered when the diver breathes, and the 
above described cycle is repeated. 
The diver than exhales the air he has inhaled, which 

of course contains carbon dioxide. With the previously 
available diving equipment a portion of such exhaled air 
would enter tube 25 although the major portion would - 
be discharged from tube 26. However, in the breathing 
apparatus of the present invention when air is exhaled 
into the con?nes of tubular T 30, the air pressure therein 
increases, creating a pressure differential between it and 
the air on the side of diaphragm 38' within the con?nes 
of tubular members 40', 44’ and ?exible tube 46. This 
di?erential in pressures causes the valve member 38’ to 
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8 
momentarily deform outwardly to assume the position 
shown in phantom line in FIGURE 3, and permit passage 
of exhaled air through the port in valve body 34’ to tube 
26, where it in turn ?ows to the exhale valve forming 
a part of the aqua-lung equipment. 
As the air pressure in the tubular T 30 increases due 

to exhaling on the part of the user of the invention it can 
?ow in only one direction, and that through the valve 
:body ports 36’ past the valve member 38'. It is impos 
sible for water or air to enter tube 25 as the diver exhales, 
for any increase in pressure in the con?ned space be 
tween the two valve members 38 and 38' simplyincreases 
the pressure differential between the interior face of valve 
member 38 and the exterior face thereof. This increase 
of pressure differential between the two valve members 
38 and 38’ simply increases the force with which the valve 
member 38 engages the interior face of valve body 34, 
to increase the e?‘iciency of the sealing contact made 
therewith. 
From the above description it will be seen that sub 

stantially all of the carbon dioxide exhaled by a diver 
is discharged past the valve member 38', before the valve 
member 38 is deformed inwardly to permit entrance of 
fresh air from tube 25 into the con?nes of tubular T 30 
for subsequent withdrawal through the mouthpiece leg 33 
into the 'diver’s mouth. A diver is thus able to utilize 
the quantity of air in the cylinder associated with the aqua 
lung equipment at substantially maximum e?iciency that 
may be achieved therewith. 

In the several immediately preceding paragraphs the 
normal operation of my improved underwater diving sys 
tem has been described. That is, the ?ow 0)‘ air in the 
system during its normal usage by the diver has been de 
scribed in detail, and it has been explained in detail how 
and wherein the novel structural features provided by the 
present invention result in improved e?‘iciency of the sys 
tem. Far more important, however, is the improved oper 
ation which is brought about by the present invention 
during the abnormal or unexpected usage of the system. 
Thus, in the situation where the diver loses contact with 
his mouthpiece, and subsequently recaptures it, the im 
proved performance provided by the present invention, as 
compared to previously known systems, is of vital sig 
ni?cance. 

In previously known systems of the aqua-lung type, when 
the diver lost his mouthpiece it was possible for water to 
enter not only the breathing compartment immediately 
associated with the mouthpiece but also to enter the air 
inlet tube 25 and the air discharge tube 26. When the 
diver regained his mouthpiece and applied air pressure to 
the system by blowing into the mouthpiece, the water 
located in air discharge tube 26 and in the mouthpiece 
breathing compartment could be largely disposed of 
through the discharge valve 28. Water which had en 
tered the air inlet tube 25 could not be gotten rid of, how 
ever, but remained in the system to imperil subsequent 
breathing of the diver. Furthermore, the total volume 
of air discharge tube 26 and of the mouthpiece breathing 
compartment was such that an exhausted diver might not 
be able to expel su?‘icient air to dispose of all the water 
contained therein. 

The present invention provides a complete solution to 
vthe above problem. Inclusion of valve 38 in the system 
between air inlet tube 25 and the mouthpiece breathing 
compartment provides assurance that, when the diver 
loses his mouthpiece and water enters therein, the water 
will be entirely precluded from ?owing into air inlet tube 
25. Thus, valve 38 avoids the di?‘iculty of getting water 
into the system in a portion thereof such that the diver 
is completely helpless in trying to eject it. 

Furthermore, with respect to air discharge tube 26 and 
the mouthpiece breathing compartment, in prior systems. 
it was conceivable that a very small amount of water 
entering the mouthpiece could be forced by the exhala 
tion of the diver to the far end of air discharge tube’26, 
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adjacent discharge valve '28, but that upon the next in 
halation the diver this residual water might be drawn 
either by air pressure, gravity ?ow or the dynamic move 
ment of the system, or a combination of these factors, 
back to the mouthpiece and hence into the diver’s lungs. 
The provision in accordance with the present invention of 
valve 38' between the mouthpiece and the input end of 
air discharge tube 26 substantially eliminates the above 
‘problem. In using the improved system provided by the 
present invention it is not necessary that water entering 
the mouthpiece be completely eliminated from the system 
‘to avoid interfering with safe breathing by the diver, but 
it is only necessary that the water be ejected out of the 
mouthpiece breathing compartment and through valve 38' 
into the air discharge tube. 

It may be readily demonstrated that this improved 
operation which the present invention provides constitutes 
a di?erence in kind rather than merely a di?erence in 
degree. The lung capacity of the normal adult person is 
approximately 8 to 10 liters of air. A person who has 
inhaled fully can expel, by exhaling a normal amount, 
approximately 3 to 4 liters, of air and other gases. After 
such normal exhalation the average adult is still capable 
of forcibly expelling about 1 to 2 additional liters of air 
or gas, when confronted with an emergency which so re 
quires. The remaining air or gas contained in the lungs 
vcannot be exhaled, even forcibly, or else the lungs will 
collapse. Thus, an exhausted diver who loses his mouth 
piece is ordinarily capable of exhaling 1 liter of air or 
gas upon recovering the mouthpiece. Since the size and 
volume of the mouthpiece breathing compartment, air 
inlet tube, and air discharge tube are established to con 
form to the physical proportions of the person by whom 
the apparatus is to be used, it can be shown by simple 
calculation that a diver recovering his lost mouthpiece can 
not safely rely on being able to expel water both from 
the mouthpiece breathing compartment and also from the 
air discharge ‘tube. On the other hand, by using the im 
proved system provided by the prcsent invention, he can 
safely rely on expelling water from the breathing com 
partment alone, hence the previously existing danger of 
drowning is substantially eliminated. 

Although the circular valve body 34 and valve member 
38 previously described have been found from experience 
to be quite satisfactory in use, it is possible to use valves 
of different design with the breathing apparatus and se 
cure equally good results therewith. One such alternate 
form is shown in FIGURES 5 and 6. A circular rigid 
plate-like valve body 60 is provided that has one ?at face 
61, and an oppositely disposed ?at face 61a formed with 
a circumferentially extending portion 62 which tapers out- ' 
wardly and inwardly toward face 60. A central longi 
tudinally extending bore 63 is formed in ‘the valve body 
(FIGURE ,5), as Well as a number of triangularly-shaped 
.ports 64 disposed around the bore 63 in a predetermined 
pattern to de?ne a number of radially extending legs 65. 
A valve member 66 is provided, the central portion of 
which is of greater thickness than the balance thereof, 
‘generally designated 67. Valve member 66 includes a 
circular sheet of resilient material in which a circumferen 
tially extending portion 67a is formed that tapers out 
wardly and inwardly toward the face 62 of the valve mem 
ber. A neck 68 projects from portion 67, which neck has 
,a slightly conical enlargement formed on the outer portion 
thereof that ‘serves as a stop to hold valve 66 in the desired 
position on the valve body 60 after enlargement 69 has 
been drawn through bore 63 to the position shown in 
FIGURE 5. The valve shown in FIGURES 5 and 6 is 
used in precisely the same manner in the breathing ap 
paratus as the valve shown in FIGURES 2 and 3. 
A third alternate form of valve adapted for use in con 

junction with the present invention is disclosed in FIG 
URES 7 and 8. This valve may be formed as an integral 
unit, and includes a ring-like body 70 of approximate size 
to ?t into either the recesses 31c or 32c. The inner cir 
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cumferential surface 71 of the ring de?nes a circular open 
ing 72 that is normally closed by a U-shaped ?ap 73 that 
depends from the upper portion of the ring, with the inner 
peripheral portion of the ?ap adapted to movably engage 
a recessed complementary seat 74 formed in a portion of 

valve body 70.' The valve shown in FIGURES 7 {and is adapted for use with the breathing apparatus showp in 
FIGURES 2 and 3 in the same manner as ‘the valves dis 
closed therein. 
The operation and use of the invention has been de 

scribed in detail in connection with the form of the valve 
shown in FIGURES 2 and 3 and need not be repeated as 
to the ‘second and third alternate types disclosed in FIG 
URES 5 to 8 inclusive. In the use of breathing vapparatus 
shown in FIGURES 2 and 3, it has been found convenient 
to provide a ring 80 that extends along the exterior sur 
face of the tubular leg 33, to which two outwardly extend< 
ing ?exible strips 81 and 82 are a?ixed. These strips may 
befabricated of any ?exible material that is not adversely 
a?ected by sea water. Each vstrip is provided with coni 
plernentary fastening means 83 and 84 on the ends thereof 
whereby they may be placed in an encircling position 
around the neck and held in position when the fastening 
means are engaged. Encircling strips 8-1 and 82'prevent's 
movement of the mouthpiece beyond a certain predeter 
mined distance from the mouth, should it become in 
advertently dislodged during the diving operation. 
Although the breathing apparatus herein shown and de 

scribed is fully capable of achieving the objects and pro 
viding the advantages hereinbefore mentioned, it ‘is to be 
understood that it is merely illustrative of the presently 
preferred embodiments of the invention, and that there is 
no intention of limiting the patent protection sought to 
the details of construction other than as defined in the 
appended claims. 

I claim: 
1. Underwater breathing apparatus adapted for use with 

air supply and air discharge tubes from which water may 
be completely discharged when submerged which iii 
cludes: a tubular T having ?rst and second coaxially 
aligned legs, and a third leg disposed substantially normal 
thereto; ?rst and second ring-shaped ?anges extending out 
wardly from the extremities of said ?rst and second legs 
respectively, which ?anges are provided with threads on 
the outer circumferential portions thereof, and recesses 
that extend outwardly from the inner circumferential 
edges thereof to de?ne ?rst and second body shoulders 
respectively; a ?rst circular valve body in which a plu 
rality of ports are formed, said body being adapted to be 
removably positioned in said ?rst recess; a ?rst valve 
member associated with said ?rst valve body that only 
permits ?uid ?ow into said tubular member when the air 
pressure on the interior of said T is lower than that on 
the exterior thereof; a second circular valve body in which 
a plurality of ports are formed, which is adapted to be 
removably disposed in said second recess, with said ports 
extending outwardly beyond the inner surface ,of said sec 
ond leg to permit discharge of all water entering said ‘T 
to pass t-herethrough; a second valve member associated 
with said second valve body that only permits flow of air 
and water through said ports in said second ‘body when 
the air pressure ‘within said T is greater than that on the 
exterior thereof; ?rst threaded means which removably 
engage said threads of said ?rst ?ange to’ hold said ?rst 
valve body in ?uid-sealing contact with said ?rst body 
shoulder, said air supply tube communicating with said 
ports in said ?rst valve body; second- threaded'means 
which removably engage said threads of said second ?ange 
to hold said second valve body in ?uid-sealing contact 
with said second body shoulder and said air discharge 
tube; and a mouthpiece a?ixed to the extremity of said 
third leg to permit said ‘apparatus to be held in a breathing 
position by a diver. " 

2. An underwater breathing apparatus as de?ned in 
claim 1,-said ?rst and second valve members of which are 
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circular sheets of a resilient materi-al removably disposed 
on the interior face of said ?rst valve body and the ex 
terior face of said second valve body and normally effect 
a ?uid-tight seal therewith. 

3. An underwater breathing apparatus as de?ned in 
claim 1, said ?rst and second valve members of which are 
circular sheets of a resilient material removably disposed 
on the interior face of said ?rst valve body and the exterior 
face of said second valve body, with said second valve 
member being larger in diameter than said ?rst valve 
member and extending outwardly beyond the interior 
surface of said second leg. 

4. An underwater breathing apparatus as de?ned in 
claim 1, said ?rst and second valve bodies of which have 
centrally disposed, longitudinally extending bores formed 
therein, and said ?rst and second valve members are cir 
cular sheets having projecting portions adapted to be re 
movably disposed in said bores to hold said ?rst sheet in 
?uid-sealing contact with the interior face of said ?rst 
valve body, and said second sheet in ?uid-sealing contact 
with the exterior face of said second valve body, said ?rst 
and second valve members normally being in ?uid-tight 
contact with said ?rst and second valve bodies, 
respectively. 

5. An underwater breathing apparatus comprising, in 
combination: an air supply tube; an air discharge tube; 
a T-shaped tubular member having ?rst and second co 
axially aligned legs, and a third leg disposed substantially 
normal thereto; ?rst and second ring-shaped ?anges ex 
tending outwardly from the extremities of said ?rst and 
second legs, respectively, which ?anges are provided with 
recesses that extend outwardly from the inner circumfer 
ential edges thereof to de?ne ?rst and second body shoul 
ders, respectively; ?rst and second circular valve bodies 
in each of which a plurality of ports are formed, each 
valve body having a circular longitudinally extending bore 
formed therein, said ?rst and second valve bodies being 
adapted to be removably disposed within said ?rst and 
second recesses, respectively, in removable engagement 
with the respective body shoulders thereof; ?rst and sec 
ond circular valve members made of resilient sheet ma 
terial and associated with said ?rst and second valve 
bodies, respectively; ?rst and second valve necks asso 
ciated with said valve members, respectviely, each valve 
neck extending normally outward from the associated 
valve member at substantially the center thereof and hav 
ing a conical enlargement formed on the outer portion 
thereof, each valve neck being disposed within the bore 
of the associated valve body so that the conical enlarge 
ment thereof is on the opposite side of the valve body from 
the associated valve member; means connecting said air 
supply tube to said ?rst ?ange in communication with the 
ports in said ?rst valve body, said ?rst valve member being 
positioned on the side of said ?rst valve body which faces 
toward the interior of said T-shaped tubular member to 
normally cover said ports in said ?rst valve body; means 
connecting said air discharge tube to said second ?ange, 
said second valve member being positioned on the side of 
said second valve body which faces toward said air dis 
charge tube so as to normally cover the ports in said sec 
ond valve body; and a mouthpiece affixed to the ex 
tremity of said third leg to permit said apparatus to be 
held in a breathing position by a diver. 

6. An underwater breathing apparatus as de?ned in 
claim 5 wherein each of said valve bodies includes six 
ports de?ning six radially disposed legs. 

7. An underwater breathing apparatus. as claimed in 
claim 5 which also includes means for supplying air to 
said air supply tube at a regulated pressure which is 
measurably greater than the pressure then existing within 
said air discharge tube. 

8. Underwater breathing apparatus from which a1} 
paratus water may be completely discharged while sub 
merged when subjected to air pressure, which includes: 
‘?rst and second pressure sensitive valves each formed 
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12 
from a ring of solid material from which a resilient ?ap de 
pends and normally effects a ?uid-tight seal with a curved 
recessed valve seat formed on the side portion of said 
ring on which said ?ap is positioned; a tubular body 
formed with a centrally disposed port, said valves closing 
the ends of said body on opposite sides of said port to co 
operatively de?ne a compartment, said ?rst valve permit 
ting ?ow of air into said compartment only when the pres 
sure on the upstream side of said valve is greater than 
that on the downstream side thereof, said second valve 
so disposed as to permit ejection of all water entering 
said tubular body therethrough into an air discharge tube, 
and said second valve permitting ?ow of air and water 
from said compartment only when the pressure on the 
upstream side thereof is higher than that on the down 
stream side thereof; breathing means communicating with 
said compartment through said port of said body; means 
to removably connect an air supply tube to said body 
communicating with said ?rst valve; and means to remov 
ably connect said air discharge tube to said body com 
municating with said second valve. 

9. Underwater breathing apparatus from which ap 
paratus water may be completely discharged while sub 
merged when subjected to air pressure, which includes: 
?rst and second pressure sensitive valves each formed 
from a circular thin valve body having a plurality of ports 
spaced around the center portion thereof, and a circular 
valve member formed from a sheet of resilient material 
that is held against one side of said body by fastening 
means that engage both said [member] body and said 
central portion of said valve member, and said valve mem 
ber normally occupying a ?uid-sealing position with said 
valve body; a tubular body formed with a centrally dis 
posed port, said valves closing the ends of said body on 
opposite sides of said port to cooperatively de?ne a com 
partment, said ?rst valve permitting ?ow of air into said 
compartment only when the pressure on the upstream side 
of said valve is greater than that on the downstream side 
thereof, said second valve so disposed as to permit ejec 
tion of all water entering said tubular body therethrough 
into an air discharge tube, and said second valve per 
mitting ?ow of air and water from said compartment 
only when the pressure on the upstream side thereof is 
higher than that on the downstream‘side thereof; breathing 
means communicating with said compartment through 
said port of said body; means to removably connect an 
air supply tube to said body communicating with said 
?rst valve; and means to removably connect said air dis 
charge tube to said body communicating with said sec 
ond valve. 

10. Underwater breathing apparatus from which ap 
paratus water may be completely discharged while sub 
merged when subjected to air pressure, which includes: 
?rst and second pressure sensitive valves each formed 
from a circular thin valve body having a downwardly 
and outwardly tapered circumferentially disposed side 
portion, and a plurality of ports spaced around the center 
portion thereof, and a circular valve member formed 
from resilient sheet material but of such rigidity that a 
circumferentially extending tapered lip portion may be 
formed therein, said valve member being provided with a 
centrally disposed elongate stem projecting outwardly 
therefrom in the same direction as said lip, said stem being 
adapted to support said member on said valve body by re 
movably engaging a bore formed in said central portion 
of said valve member, and said lip normally engaging said 
tapered side portion to effect a fluid-tight seal therewith; 
a tubular body formed with a centrally disposed port, 
said valves closing the ends of said body on opposite sides 
of said port to cooperatively de?ne a compartment, said 
?rst valve permitting flow of air into said compartment 
only when the pressure on the upstream side of said valve 
is greater than that on the downstream side thereof, said 
second valve being so disposed as to permit ejection of 
all water entering said tubular body therethrough into an 
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air discharge tube, and said second valve permitting ?ow 
of air and water from said compartment only when the 
pressure on the upstream side thereof is higher than that 
on the downstream side thereof; breathing means com 
municating with said compartment through said port of 
said body;' means vtb removably connect an air supply tube 
to said body communicating with said ?rst valve; and 
means to removably connect said air discharge tube to 
said body communicating with said second valve. 

11. An underwater breathing system of the type in 
which breathable gas to be breathed by a diver is main 
tained under pressure and is supplied in accordance with 
the inhalation demands of the diver at a pressure level 
slightly above ambient pressure, and in which substan 
tially all the gas exhaled upon each exhalation of the 
diver is immediately discharged into the surrounding 
water without any recirculation thereof within the sys 
tem, said system comprising: a container for compressed 
gas; a pressure reducing and pressure regulating mecha 
nism coupled to said container; a ?exible air supply tube 
having one end thereof coupled to said pressure reducing 
and regulating mechanism, the operation of said pressure 
reducing and pressure regulating mechanism being such 
as to selectively supply gas from said container to said 
air supply tube at a pressure slightly above ambient 
pressure; a ?exible air discharge tube having one end 
thereof coupled to said pressure reducing and regulating 
mechanism; a discharge valve on said one end of said 
air discharge tube; a hollow body having ?rst, second 
and third openings therein, the other end of said air 
supply tube communicating with said ?rst opening, the 
other end of said air discharge tube communicating with 
said second opening; a mouthpiece adapted to be remov 
ably held in the diver’s mouth and communicating with 
said third opening; a ?rst pressure-sensitive unidirec 
tional valve supported from said hollow body in a posi 
tion to selectively close said ?rst opening, and operable 
both to permit unused gas to flow from said air supply 
tube into said hollow body, and to inhibit ?ow of either 
water or gas in the reverse direction; and a second pres 
sure-sensitive unidirectional valve supported from said 
hollow body in a position to selectively close said sec 
ond opening, and operable to permit either water or gas 
to flow from said hollow body into said air discharge 
tube while inhibiting their ?ow in the opposite direction; 
said ?rst and second valves and said hollow body to 
gether de?ning a compartment whose volume is relatively 
small compared to the combined volume of said air sup 
ply and air discharge tubes. 

12. An underwater breathing system as claimed in 
claim 12 in which each of said valves includes a rela 
sageway means extending substantially entirely across 
said second opening whereby the application of air pres 
sure to said mouthpiece by a submerged diver is su?icient 
to force substantially the'entire amount of any water con 
tained in said compartment to ?ow through said second 
valve into said air discharge tube, thus permitting the 
inhalation by the diver of a fresh supply of breathable 
gas from said air supply tube via said ?rst valve. 

13. An underwater breathing system as claimed in 
claim 12 in which each of said valves includes a rela 
tively rigid valve body that is transversely disposed with 
in the corresponding opening of said hollow body and 
?rmly supported thereby in ?uid-sealing contact there 
with, and a valve member movably supported from said 
valve body. 

14. An underwater breathing system as claimed in 
claim 12 in which said hollow body is a tubular T-shaped 
member having ?rst and second legs whose ends pro 
vide said ?rst and second openings, respectively, and a 
centrally disposed port providing said third opening; and 
in which each of said valves includes a relatively rigid, 
circular thin valve body which is transversely disposed 
within the corresponding leg end and ?rmly supported 
thereby in ?uid-sealing contact therewith, said valve body 
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14 
having at least one ?uid passage presided therein, and 
a valve member normally occupying a ?uid-sealing posi 
tion with said valve body. ' " ' v “ ' 

'15. An underawter breathing system as claimed in 
claim 14 in‘which each of said'valve bodies has .a plu 
rality of ports spaced around the center portion‘ thereof, 
and each of said valve members __is formed from a sheet 
of resilient material that is held against one side of the 
corresponding valve body by fastening means that en 
gage both said member and said central portion of said 
valve body. 

16. An underwater breathing system as claimed in 
claim 14 in which each of said leg ends is recessed on 
its inner circumferential edge to define a body shoulder, 
and each of said valve bodies is removably disposed with 
in a corresponding one of said recesses in engagement 
with the body shoulder thereof, each leg end being adapt 
ed to be removably engaged about its outer circumfer 
ential surface for coupling the associated air tube end 
thereto. 

17. An underwater breathing system of the type in 
which breathable gas is supplied to a diver in accordance 
with his inhalation demands and in which upon each ex 
halation of the diver substantially all the exhaled gas is 
immediately discharged into the surrounding water with 
out any circulation thereof within the system, said system 
comprising: a container for compressed gas; a pressure 
reducing and regulating mechanism coupled to said con 
tainer; a ?exible air supply tube having one end thereof 
coupled to said pressure reducing and regulating mecha 
nism, the operation of said pressure reducing and regu 
lating mechanism being such as to selectively supply gas 
from said container to said air supply tube at a pressure 
slightly above ambient pressure; a ?exible air discharge 
tube having one end thereof coupled to said pressure 
reducing and regulating mechanism; a discharge valve on 
said one end of said air discharge tube; a hollow body 
having ?rst and second tubular legs with open outer ends, 
and a centrally disposed port therebetween; a mouth 
piece communicating with said port of said body and 
adapted to be removably held in the driver’s mouth; sepa 
rate means removably coupling the other ends of said 
air supply tube and said air discharge tube to said ?rst 
and second leg ends, respectively, in communication 
therewith; and ?rst and second pressure-sensitive unidi 
rectional valves each including a relatively rigid circular 
valve body having at least one ?uid passageway therein 
and a resilient valve member movably supported from 
said valve body and normally occupying a ?uid-sealing 
position therewith, said ?rst valve body being removably 
transversely disposed within said ?rst leg end in ?uid-seal 
ing engagement therewith and having its associated valve 
member on the mouthpiece side thereof, said second 
valve body being removably transversely disposed within 
said second leg end in ?uid-sealing engagement there 
with and having its associated valve member on the air 
discharge tube side thereof; said ?rst and second valves 
and said hollow body together de?ning a compartment 
from which water may be completely discharged through 
said second valve into said air discharge tube in response 
to the application of air pressure to said mouthpiece. 

18. A system as claimed in claim 17 in which said sec 
ond valve body has ?uid passageway means formed there 
in extending substantially entirely across said second leg 
end. 
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