
United States Patent (19) 
Kasahara et al. 

54 OPEN CIRCUIT BREATHING APPARATUS 
75 Inventors: Mikio Kasahara; Yozo Sato, both of 

Akashi, Japan 
73) Assignee: Kawasaki Jukogyo Kabushiki 

Kaisha, Kobe-city, Japan 
(22 Filed: Mar. 19, 1973 
21 Appl. No.: 342,451 

30) - Foreign Application Priority Data 
Mar. 18, 1972 Japan................................ 47-27073 
Mar. 18, 1972 Japan................................ 47-27074 

ta 

52 U.S. Cl............. 137/102, 128/145.6, 128/145.8 
51) Int. Cl..... A62b 7/04, A61m 16/00, F16k 7100 
58) Field of Search............. 137/63 R, 102,505.25, 

1371505.28; 128/142.2, 145.5, 145.6, 145.8, 
146.4, 146.5 

(56) References Cited 
UNITED STATES PATENTS 
9/1950 
12/1955 
10/1956 

2,523,906 
2,726,790 
2,766,752 

Holmes............................... 1371 102 
Woelfer......................... 137.1505.25 
Meidenbaur, Jr................ 128/142.2 

11, 3,866,622 
(45) Feb. 18, 1975 

3, 145,721 8/1964 Miller................................ 137163 R 
3,216,41 6 1 / 1965 Mitchell............................ 137163 R 
3,362,429 lf 1968 Volsk................ ... 137/63 R 
3,375,839 4/1968 Crenshaw........................... 136/02 
3,522,818 8/1970 Suchy ............................ 37.1505.28 
3,548,822 12/1970. Seeler.............................. 128 fl45.5 
3,602,219 8/1971 Warncke.......................... 1287 46.5 
3,698,425 - 10/1972 . Fisher............................ 137.1505.25 

FOREIGN PATENTS OR APPLICATIONS 
799,225 8/1958 Great Britain................... 281146.5 

1,384.52 l l l l 1964. France.............................. 37/63 R 

Primary Examiner-William R. Cline 
- Assistant Examiner-George L. Walton 
Attorney, Agent, or Firm-A. Yates Dowell, Jr. 

(57) ABSTRACT 
An open circuit breathing apparatus having demand 
and exhaust valves and including structure for direct 
ing the flow of fresh air, oxygen, or other gases dis 
charged by the demand valve in such a manner as to 
promote easier respiration while simultaneously in 
creasing the effective sealing capacity of the exhaust 
valve. 

4 Claims, 7 Drawing Figures 
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OPEN CERCUIT BREATHING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to an open 

circuit breathing apparatus having a primary pressure 
reducing valve and a demand valve assembly. More 
particularly the invention relates to an open circuit 
breathing apparatus which is activated in response to 
the normal respiration of a person using the apparatus 
and includes a demand valve assembly having an air 
inlet for discharging air into a chamber in response to 
the negative pressure within the chamber created dur 
ing inhalation, a breathing tube extended from the 
chamber, and an exhaust valve assembly for discharg 
ing air out of the chamber according to the positive 
pressure created during exhalation. 

2. Description of the Prior Art 
Open circuit breathing apparatus are commonly used 

to provide a regulated oxygen supply to persons under 
water and in thin, poisonous or other noxious atmo 
spheres. Such apparatus supply air which is regulated 
to approximately standard atmospheric or other de 
sired pressure by means of a primary pressure-reducing 
valve. 
Many demand valve apparatus incorporate a flexible 

diaphragm to actuate the demand or air intake valve. 
The flexible diaphragm is connected to a valve actuat 
ing member and forces the actuating member to open 
the demand valve in response to the decreased pressure 
within the valve chamber caused as a person using the 
apparatus inhales and thereby allows fresh air or oxy 
gen to flow into the valve chamber and be inhaled to 
the use's respiration system. When the pressure in the 
valve chamber is increased as the user stops inhaling 
and begins exhaling, the flexible diaphragm returns to 
its balanced or closed position. As the pressure in the 
valve chamber increased above the pressure surround 
ing the apparatus, an exhaust valve assembly is opened 
permitting the air exhaled by the user to be discharged 
from the valve chamber to the environment. 

It is of primary importance that the demand valve ap 
paratus permit easy breathing, that is, that fresh air or 
oxygen flow out through the demand valve into the 
valve chamber and be inhaled by the user with ease. 
Generally speaking, with the demand valve apparatus, 
a higher pressure is established within the valve cham 
ber as the air enters from the demand valve, or air inlet 
valve, in response to the lower pressure within the valve 
chamber caused by inhalation. Subsequently, as a re 
sult of the movement of the flexible diaphragm toward 
a closed position by the increased pressure in the valve 
chamber, the demand valve is urged to a closed posi 
tion and thereby a greater resistance to respiration is 
created. These defects are apt to become greater as the 
respiration volume per unit time is increased. 
One example of various apparatus which have been 

designed to alter these shortcomings in the demand 
valve apparatus of the prior art is characterized by hav 
ing a baffle board installed within the valve chamber of 
the demand valve apparatus and thereby directs as 
much air as possible from the outlet of the demand 
valve to an opening in the breathing tube. However, 
there remain several problems associated with a de 
mand valve apparatus of this type, including the high 
cost owing to the increased time for assembly of the 
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2 
baffle board and also the air flow fluctuation caused by 
the baffle board unless it is suitably mounted. 

Further, with demand valve apparatus of the prior 
art, more consideration has been given to directing the 
air stream created by inhalation than that created dur 
ing exhalation. Generally speaking, an air discharging 
outlet is provided on a side of the valve chamber and 
includes an exhaust valve disposed on the outer surface 
of the valve chamber which operates to form an effec 
tive seal with a valve seat associated therewith when 
the pressure of the valve chamber is less than that of 
the surrounding environment. When this difference in 
pressure is negligible, which often occurs between in 
halation and exhalation, an exhaust valve lip is pro 
vided to press against the valve seat. However, when 
this valve is aged or when fine particles or other obsta 
cles are deposited between the lip and the valve seat, 
the sealing effect is decreased making possible the dan 
ger that water or poisonous or other noxious gases may 
flow into the valve chamber. If a hardener or less resil 
ient material is used for the lip to overcome these de 
fects, the resistance to exhaled air increases and 
thereby creates yet another problem. 
Further, with the structures of pressure reducing 

valves of the prior art which are used to supply air from 
an oxygen tank or similar container to a demand valve 
apparatus, the pressure of the supplied air has a ten 
dency to vary as the pressure of the air source or tank 
is decreased. With some pressure reducing valves, the 
pressure of air supplied to a person using the open cir 
cuit breathing apparatus is caused to be lowered, and 
with others, is caused to be raised. 

OBJECTS OF THE INVENTION 

1. It is an object of this invention to provide an im 
proved open circuit breathing apparatus which creates 
less resistance to inhalation, is simply constructed, and 
can be assembled easily. 

2. It is an object of this invention to provide an im 
proved open circuit breathing apparatus which creates 
less variation in the resistance to inhalation even during 
changes in the breathing volume. 

3. It is an object of this invention to provide an im 
proved open circuit breathing apparatus which has an 
exhaust valve assembly having less resistance to exhala 
tion and offering an effectively tight seal. 

4. It is another object of this invention to provide an 
open circuit breathing apparatus comprising an im 
proved primary pressure reducing valve which enables 
air pressure to be maintained constant regardless of the 
pressure variation within the air supply tank. 

5. It is another objectof this invention to provide an 
open circuit breathing apparatus comprising an im 
proved pressure reducing valve which enables one to 
adjust the air pressure with ease. 

SUMMARY OF THE INVENTION 

The above mentioned objects of this invention are 
attained by the provisions and considerations as fol 
lows: 
With the present invention, the low resistance to in 

halation is attained by providing a channel in the valve 
chamber of the demand valve apparatus which is dis 
posed between the outlet of the demand valve and an 
opening to a breathing hose. In this case, a portion of 
the fresh air entering the valve chamber from the dis 
charging outlet of the demand valve is directed to the 
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opening of the breathing hose through the channel, 
while the remaining fresh air bypasses the opening of 
the breathing tube and is whirled along the wall of the 
valve chamber and directed back to the opening after 
passing through the under part of the demand valve and 
the channel. The two fresh air streams as mentioned 
above create an ejective effect by which the air existing 
in the upper part of the valve chamber or near the flexi 
ble diaphragm is partially sucked or evacuated there 
from, thereby enabling the resistance to inhalation to 
be maintained at a low level even if the breathing vol 
ume is increased. At the same time, the demand valve 
apparatus can be constructed cheaply because it is not 
a necessity that it be formed of a specific material nor 
does it require any extra time to assemble. 
Furthermore, a receiving wall is installed in the valve 

chamber to guide the air blowing out from the dis 
charging outlet of the demand valve block into the 
opening of the breathing hose and is also effective in 
decreasing the resistance to inhalation. The receiving 
wall can easily be provided by extending a portion of 
the breathing tube into the valve chamber. The func 
tion of the receiving wall is to guide not only a portion 
of the air entering the valve chamber from the demand 
valve to the opening of the breathing hose, but also to 
guide the remaining air introduced during inhalation 
around the valve chamber without any complicated 
turbulent flow. Therefore, with this invention, the 
shape of the receiving wall surface and the inside sur 
face of the case or valve chamber are such that the re 
maining portion of the air flow is caused to whirl 
around the valve chamber helping to create a negative 
pressure adjacent the flexible diaphragm while being 
guided smoothly to the opening. 
With the exhaust valve of this invention, a portion of 

the air blowing out of being whirled around the valve 
chamber from the discharging outlet helps to create a 
negative or lower pressure adjacent a wall-like portion 
of the exhaust valve. This decreased pressure is created 
along the inner surface of the exhaust valve thereby 
creating a pressure that is lower than the pressure 
against the outer surface thereof. As the result of this, 
a valve lip of the exhaust valve is pressed against an as 
sociated valve seat, thereby preventing fluid from en 
tering the valve chamber. 
With the primary pressure reducing valve of this in 

vention, the valve body is provided with a cap by which 
the pressure of the reduced air flow can easily be ad 
justed to maintain a balanced pressure controlled only 
by the response to the change of the air pressure of the 
reduced air flow through the valve. In greater detail, a 
mechanism is provided to adjust the stiffness of a pres 
sure reducing ratio setting spring associated with the 
cap and thereby change the pressure setting point to 
reduce air flow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal cross-sectional view of the de 
mand valve apparatus of this invention. 
FIG. 2 is a top view of the demand valve apparatus 

of this invention with the lid and the flexible diaphragm 
removed. 
FIG. 3 is a cross-sectional view taken along line III - 

III of FIG. 2. 
FIG. 4 is a partial view looking from point IV of FIG. 
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FIG. 5 is a longitudinal cross-sectional view of an em 

bodiment of the exhaust valve assembly of this inven 
tion. 
FIG. 6 is a view similar to FIG. 5, showing another 

embodiment of the exhaust valve assembly of this in 
vention. - 

FIG. 7 is a longitudinal cross-sectional view of an em 
bodiment of the primary pressure reducing valve used 
for the demand valve apparatus of this invention. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

With detailed reference to FIGS. 1, 2, 3 and 4, the 
demand valve apparatus includes a cylinder-like case 1 
and lid 2. A flexible diaphragm 3 is located between 
case 1 and lid 2, and includes a brim or enlarged pe 
ripheral portion which is secured or clamped between 
the case 1 and the lid 2. The case 1 and lid 2 are con 
nected by a clamp, clip ring or other such device 4, as 

0 shown in FIG. 1. 
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A sealed valve chamber 5 is formed between the case 
1 and the flexible diaphragm 3. A conventional demand 
valve apparatus 6 is provided having its inner end ex 
tending through the side wall of the case 1 adjacent the 
lower portion thereof and the outer end connected to 
a source of compressed air or other fluid (not shown). 
A valve actuating lever 7 is connected at one end to the 
inner end of the demand valve apparatus 6. The other 
or free end of the valve actuating lever 7 is normally 
disposed adjacent to, or in contact with, the flexible di 
aphragm 3. The bottom surface of the case 1 is stepped 
and includes an intermediate portion or channel 8 and 
a raised portion 12. A breathing tube 9 is inserted 
through and fixed to the raised portion 12 adjacent to 
the intermediate portion 8. The breathing tube 9 
projects outwardly from the case 1 and is used to guide 
air to a face mask or directly to the mouth of a person 
using the apparatus. 
A discharge outlet 11 of demand valve assembly 6 di 

rects compressed air along the intermediate portion 8 
toward an opening 10 in one end of the breathing tube 
9 when the lever 7 is operated. The remaining portion 
of the breathing tube 9, which is remote from demand 
valve assembly 6, extends into the valve chamber 5 
above the raised portion 12 of the case and forms a re 
ceiving wall which directs a portion of the air entering 
the valve chamber into the breathing tube 9 after the 
air has flowed through recess 8. However, all of the air 
discharged from demand valve assembly 6 is not guided 
into breathing tube 9. Rather, a portion of the air is 
guided or whirled past the breathing tube along the cas 
ing wall of the valve chamber and under the demand 
valve assembly 6. 
On another portion of the bottom surface, indicated 

at 18 and located generally opposite to opening 10, an 
exhaust opening is provided which normally is closed 
by a conventional exhaust valve 14 having a lip 14'. A 
wall-like member 15 is disposed around all or a portion 
of the opening for the valve 14. The height of the wall 
like member 15 is such that the air stream flowing 
along the wall of case 1 creates a negative or decreased 
pressure along the reverse or inner side of the wall-like 
member 15 and therefore the decreased pressure is cre 
ated adjacent to the exhaust valve 14. With an under 
water breathing apparatus, the wall-like member 15 is 
of substantially constant height and is disposed along a 
portion of the exhaust valve opening, as shown in FIG. 
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5, so that water which has seeped into the apparatus by 
some reason may be discharged with ease. However, 
when used on land, an exhaust valve wall 15' may be 
provided, as shown in FIG. 6, which extends entirely 
around the exhaust valve opening and is tapered from 
one side to the other. 
The form and size of channel 8 is such that the air or 

other fluid entering from the discharge outlet 1 1 of the 
demand valve assembly 6 into the apparatus, is guided 
to the opening 10 directly. However, the shape of the 
bottom and side walls of the case 1 is designed so that 
a portion of the air entering the apparatus in response 
to the demand or decreased pressure as the user in 
hales, flows along and around the valve chamber. Fur 
thermore, the shape of channel 8 and the raised bottom 
portion 12 are designed so that they may be formed si 
multaneously by press work or the like. 
When the device is to be used on land, an opening 

(not shown) may be provided in the lid 2 to allow the 
surrounding or environmental air pressure to act di 
rectly on the flexible diaphragm 3. An actuating button 
16 also is provided so that the flexible diaphragm may 
be manipulated manually. The actuating button 16 is 
mounted in such a manner that it normally is urged 
away from the flexible diaphragm by means of a spring 
17. If the actuating button 16 is pushed against the ten 
sion of the spring, the flexible diaphragm 3 is urged 
downwardly into the valve chamber causing the de 
mand valve assembly 6 to be opened by the lever 7 re 
gardless of the pressure within the valve chamber 5. 
As a person using the apparatus inhales, the pressure 

within the valve chamber 5 is lower than that of the en 
vironmental or surrounding pressure and thus the force 
of pressure is directed inwardly and urges the flexible 
diaphragm 3 into the valve chamber thereby forcing 
lever 7 to open the demand valve assembly 6 allowing 
fresh air or other gas to enter the chamber 5 from dis 
charging outlet 11. Most of the fresh air is guided 
through channel 8 toward opening 10 of the breathing 
tube 9, however, a portion of the fresh air is directed 
along and around the inner periphery of the valve 
chamber 5 causing the upper part of the valve chamber 
to be under reduced pressure and, as a result, resis 
tance to inhalation is very slight. 
When a person using the apparatus begins to inhale, 

the air in the chamber 5 is withdrawn through the 
breathing tube 9 to create a reduced pressure in the 
chamber which causes the diaphragm 3 to collapse 
which in turn causes the lever 7 to open the demand 
valve assembly 6 and introduce additional air into the 
chamber 5. Most of the air being discharged through 
the demand valve discharge outlet 11 passes directly 
into the breathing tube 9; however, a portion of such 
air passes the breathing tube, impinges on the wall 15 
and flows over the top of such wall. The flow of air 
across the wall 15 creates a venturi effect in the area 
behind the wall and thereby reduces the pressure adja 
cent to the exhaust valve 14. At this time the pressure 
acting on the exhaust valve within the valve chamber 
is less than the pressure within the main portion of the 
valve chamber and therefore the surrounding environ 
mental air or water pressure maintains the exhaust 
valve tip 14' seated agains the casing 1. When the inha 
lation of air from the valve chamber 5 is substantially 
completed, air from the demand valve assembly 6 fills 
the chamber 5 and causes the diaphragm 3 to return its 
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6 
normal expanded condition and the lever 7 closes the 
demand valve assembly 6. 
When the pressure within the valve chamber in 

creases during exhalation above that of the environ 
mental or surrounding pressure, the valve lip 14' on 
valve 14 is forced open allowing air within the valve 
chamber to be discharged. When the pressure within 
and surrounding the valve chamber are substantially 
the same or equal, as normally occurs with decreased 
exhalation, the exhaust valve is caused to be closed, 
and an inhalation is initiated the exhaust valve is firmly 
seated and thereby establishes an effective seal be 
tween the valve chamber and the surrounding environ 
ent. 

With detailed reference to FIG. 7, the primary pres 
sure reducing valve 101 of this invention is shown 
therein to include an inlet 102 and an outlet 103. The 
inlet 102 and outlet 103 are interconnected by air inlet 
and outlet passages 105 and 106, respectively, and a 
valve chamber 104. Within the passage 105, a ring-like 
valve seat 107, constructed of flexible material such as 
teflon, is fixed by ring-like valve seat holder or retainer 
108. A snap-ring 110 is used to fix an O-ring and filter 
109 to valve seat holder 108. One end of a valve body 
111 is slidably disposed through a guide bore or hole 
112 into valve chamber 104 which communicates with 
air passages 105 and 106. Further, the primary pressure 
reducing valve 101 is provided with ring-like foot or 
flange member 113 which extends parallel to the guide 
hole 12. 
An inner ring 114 is slidably disposed along the inner 

surface of the flange 113. The outer girth or portion of 
flange 113 is threadedly received within a cap 115. An 
outer ring 16 is also provided along the outer girth of 
flange 113 between the valve body 101 and cap 15. 
Although the outer ring 116 and cap 15 are shown as 
being separate members, it is possible that they may be 
constructed in a single body. 
The outer ring 116 and the inner ring 114 are provide 

with beveled portions 117 and 118, respectively. Each 
of the beveled portions 117 and 118 form a portion of 
a bearing seat which is interconnected or completed 
through a plurality of holes 119 disposed through the 
flange 113 and thereby form a plurality of bearing 
seats. Two ball elements 120 are carried by each of the 
bearing seats. 
A ring shaped recess or opening 121 is provided in 

the head portion of cap 15 and receives a piston mem 
ber 122 of the valve body 111. When the piston mem 
ber is so disposed, the outer surface 123 of piston mem 
ber 122 is in slidable engagement with the inside sur 
face of the cap head. A hole or bore 124 is provided in 
the center of the valve body 111, the diameter of which 
is enlarged near the piston member 122 thereby form 
ing a recess 125. An upstanding or flanged center por 
tion 126 of the head portion of the cap is inserted into 
the recess in such a manner that a gap is formed be 
tween the recess 125 and the flanged portion 126 and 
thereby serves as an air passage. An inner piston 128 
is slidably mounted within a chamber 27 of the 
flanged portion 126. A small tube 129 is connected to 
the top of inner piston 128 and is coextensive with a 
bore 130 through the inner piston 128. The small tube 
129 extends through bore 124 of valve body 11 and 
is fixed to the upper end thereof. The gap formed be 
tween bore 124 and small tube 129 also serves as an air 
passageway which cooperates with the outer valve 
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chamber 104 of the valve body 111 by way of a bore 
131 formed through the upper end of valve body 11 
and which extends generally perpendicular to the tube 
129. 
A spring element 132 is supported within a chamber 

133 and is engageable with the piston 122 and inner 
ring 114. A bore 134 in cap 115 is provided to allow air 
to enter the chamber 133. 
When the reducing valve is in use, the outlet valve of 

the air tank or container (not shown) is retained in co 
operative alignment with air inlet passage 102 by a han 
dle mechanism 136 which is mounted on the valve 
body 101 by a connecting frame 137. The outlet 103 
of the valve body 101 is connected to the demand valve 
block of the demand valve apparatus through a hose 
(not shown). When the reducing valve is not in use, an 
inlet cap or cover 135, indicated by the dotted line in 
FIG. 7, is retained by the handle 136. 
Under normal operating conditions, the piston 122 of 

the valve body 11 1 is forced downwardly by the spring 
132 opening the valve head of the valve body 111 from 
the valve seat 107. When this valve is opened, gas such 
as oxygen or air supplied from a tank or suitable con 
tainer is allowed to flow into the demand valve appara 
tus after passing through inlet 102, filter 109, inlet pas 
sageway 105, valve chamber 104, outlet passageway 
106, and outlet 103. At the same time, a portion of the 
gas flows through the bores 131 and 124 into the gap 
125 formed between the piston 122 and the cap 115 
and thereby acts as a thrusting force urging the piston 
122 against the spring 132. A further portion of the gas 
flows through the small tube 129 and bore 130 through 
the inner piston 128 into the chamber 127 of the 
flanged portion 126 and inner piston 128 and urges the 
inner piston 128 upwardly. 
Therefore, the forces acting on the valve body 111 

are directed both upwardly and downwardly. The up 
wardly directed force is created by the pressure of the 
gas acting on piston 122 and the inner piston 128. The 
downwardly directed force is created by the pressure of 
the gas acting on the valve head in combination with 
the spring force. When the upwardly directed force is 
greater, the valve body 11 1 is urged upwardly and the 
valve body 111 is seated against the valve seat 107 
thereby prohibiting the flow of gas into the valve cham 
ber 104. When the valve head is thusly seated, the pres 
sure of outlet 103 acts through bore 129 and gap 125 
to urge the piston 122 upwardly as the spring 132 acts 
on the piston 122 downwardly. As the area of inner pis 
ton 128 acted upon by the pressure through bore 130 
and tube 129 is substantially the same as that of the 
area of the valve head acted upon by pressure within 
bore 105, the forces directed against these members 
will be substantially balanced. 
From the above description, valve body 111 is con 

structed so that it will move in pursuit of a balanced 
condition between the force of the spring and the force 
of the gas pressure within outlet 103 which acts on pis 
ton 122. As the area of the piston, on which air acts, is 
constant, the force of spring 132 can be chosen accord 
ing to the pressure desired within outlet 103. When the 
pressure within outlet 103 decreases, the spring force 
causes the valve body 111 to be urged downwardly, and 
as a result, air from an air tank or container enters the 
pressure reducing valve. When the pressure of outlet 
103 increases, the valve body is urged upwardly caus 
ing the valve head to engage the valve seat. 
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8 
Thus, valve body 11 1 is moved accordingly to the 

pressure within outlet 103. In order to establish a 
proper air pressure within the pressure reducing valve, 
the cap 115 is adjustable. If higher air pressure at the 
outlet 103 is desired, cap 115 is screwed-in, forcing a 
ball 120 inwardly by the action of the leveled portions 
117 thereby causing the inner ring 114 to be urged 
downwardly compressing the spring. Consequently, the 
pressure within outlet 103 is increased. When cap 1 15 
is unscrewed, the pressure within the outlet 103 is de 
creased. 
Therefore, the primary reducing valve of this inven 

tion can be easily adjusted for proper air pressure re 
gardless of the pressure within the air tank or con 
tainer. 
We claim: 
1. An open circuit breathing apparatus comprising a 

case, demand valve assembly means mounted on said 
case and including a demand valve outlet means dis 
posed in said case, demand valve control means within 
said case responsive to decreases in pressure within 
said case to open said demand valve outlet means and 
responsive to increases in pressure within said case to 
close said demand valve outlet means, a breathing tube 
mounted on said case and having an opening disposed 
generally toward said demand valve outlet means, 
channel means extending from adjacent said demand 
valve outlet means toward said opening to said breath 
ing tube whereby a first substantial portion of a stream 
of gas entering said case from said demand valve outlet 
means flows directly into said opening to said breathing 
tube and a second portion of the gas bypasses said 
opening to said breathing tube and flows around the in 
side of said case, exhaust valve means disposed through 
said case, a rim of limited height extending into said 
case and disposed along at least a portion of said ex 
haust valve means, said rim directing the flow of the 
second portion of the stream of gas which is flowing 
around the inside of said case over at least a portion of 
said exhaust valve means whereby the passage of gas 
directed by said rim over said portion of said exhaust 
valve causes a decrease in pressure adjacent said por 
tion of said exhaust valve. 

2. The invention according to claim 1 in which said 
demand valve control means includes a flexible dia 
phragm sealing said case and responsive to pressures 
both interior and exterior of said case, and actuating 
means extending from adjacent said flexible diaphragm 
to said demand valve outlet means. 

3. The invention of claim 1 in which said rim of lim 
ited height is disposed around said exhaust valve and 
includes a first portion adjacent one side of said ex 
haust valve and a second portion adjacent a second side 
of said exhaust valve, and said first portion of said ex 
haust valve is greater in height than said second por 
tion. 
4. An open circuit breathing apparatus comprising a 

case having inner and outer surfaces, demand valve as 
sembly means mounted on said case and including a de 
mand valve outlet means disposed in said case, demand 
valve control means within said case, said demand 
valve control means including a diaphragm means re 
sponsive to pressures inside and outside of said case 
and actuating means extending from said diaphragm 
means to said demand valve outlet means, said demand 
valve control means being responsive to decreases in 
pressure within said case to open said demand valve 
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outlet means and responsive to increases in pressure 
within said case to close said demand valve outlet 
means, a breathing tube mounted on said case and hav 
ing a portion thereof extending into said case, an open 
ing in said portion of said breathing tube disposed gen 
erally toward said demand valve outlet means, channel 
means extendng from adjacent said demand valve out 
let means toward said opening to said breathing tube 
whereby a first substantial portion of a stream of gas 
entering said case from said demand valve outlet means 
flows directly into said opening to said breathing tube 
and a second portion of the gas bypasses said opening 
to said breathing tube and flows around the inside of 
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10 
said case, exhaust valve means disposed through said 
case and having means for forming a seal along a por 
tion of said outer surface of said case, a rim of limited 
height extending into said case and disposed adjacent 
at least a portion of Said exhaust valve means, said rim 
directing the flow of the second portion of the stream 
of gas which is flowing around the inside of said case 
over at least a portion of said exhaust valve means 
whereby the passage of gas directed by said rim over 
said portion of said exhaust valve causes a decrease in 
pressure adjacent said portion of said exhaust valve. 
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