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- This invention relates to
resplra.tory appa,ratus |
The device may be used for dwmg in water in

‘the form of a diving suit, helmet or mouthplece
or diving bell.

sure conditions in tunnels or other enclosures.

It is the object of the invention to pmwde’

In the alternatwe ‘the device
_may be used to pmmor,e proper respiratory pres-

improvements 111 |

e

‘the apparatus shown in. Fig 1 as IL &DDEH«I‘S 011-'_ '
the line 2—2 of Fig. 1. |

Pig. 3is a. view sumlar to Fig.. 2 showmg frag-—f =

| mentaruy a modlﬁed emba-.:lunent of the 1nven-
'?tmn IR

Fig, 4 is a fragmentaly vww in. 31dﬂ elevatmn

' of ‘g further modified embodlment of the inven-

‘novel and improved means for supplying in

proper proportions and at pmper pressures any

SN ‘natural or artificial mlxture of oxygen with other
-~ gases for respiration purposes such mixture be-

ing heremafter referred to as air, whether it

:J- A |
| *dmgrammatmally in Sectmn the devme lllllstl ated' |

-consists of oxygen and nitrogen or, as is pr efe1 red

~ for diving purposes, of a mixture of oxygen with

~helium, or some other 1elat1ve1y physmlogmally
inert gas. |

More spem ucally 1t is one of t11e ob;lects of

‘the invention to provide, in preferred embodi-
two sources of gas avaﬂable to the
respxratc}ry corgans of the user, one source. plef-

‘erably. constituting pure cxygen delivered at a

substantially constant rate to replace the 00Xy~
gen consumed to meet metabehc reqmrements

and the other source comprising air supplied

20
~ tion

under the direct control of the operator to main-

~ 7 tain the appropriate pressure in the dress or
- "}chamber without altering the ratio of oxygen.
It is another specific object of the invention
- to provide a circulatory respiratory. system with
~means for handling the variation of displace-~

30 N
of a diving suit to hold the pants unit-and jacket

ment cccasioned by the brcathmg of the oper- -

ator, and means for automatically removing car-

bon dioxide impurities and replacing the con-

sumed oxygen at a substantlally constant rate

 irrespective of pressure, the pressure being sepa.'-. '

‘rately controllable by the opeéerator.
- Another specific object of the mventmn 15 t‘:}

~ - provide a device of this character with suitable
- automatically and manually controllable means
~ for regulating the constituent proportmns direc-~
~ tion of flow, and pressure of gasces in a closed
- system which are used for respira,tmn by an op- |

erator within the system.

Other objects have to do'wmth means for giv- ' _
- ing the operator a direct reading of the propor-_ .
- tionate censtituents

of the air which he is

breathing at any given time. Still other ohiects

-will be apparent to tlwose skilled in the- art from

- the following disclosure of the mventwn
- In the drawings: = |

.o
(Y

tlon used partlcularly for sha,llow diving or for |
mine work. |

Mg, b is a view 011 an enlarged scale showmg

in Fig. 4. - | -
Flg G is - view 111 sectlon thmugh a dwmg.-__

bell in whmh the invention is incorporated. .
“Fig. 7 is a detail view of a modified gauge for .

111d1mtmg the pmportwnate canstltuents of the
air. -

It is made in thh_.e units to compvlse a
helmet 10, a jacket ll and a pants unit, 12, - The .

units 10 anc‘[ i{ are. connected together m ‘the
“manner indicated -in section  in Fig. 1.
Jjacket unit {1 is made of flexible material such
-as ruuber ending in a tubular neck portmn 9 .
‘which is beaded over at 16 to engage over-the
| '5h0ulaered terminal tube T of the helmet- 'md

is clamped thereon by the clamp ring  18.

- 'The

e

similar clamp ring 8 is used at the: waist

unit togetnel " The jacket unit is prowded with
tight cuffs or with integral mitten or glove ex- .
tensions 28 and the pants unit has 1ntegra1 shoe

‘or boot extensions at 2{ so that the whole suit
18 hermetlcally sealed about the operator. -
‘space within the flexible diving dress communi-

‘cates freely with the space within the helmet., -
~ The respiratory apparatus comprises a mask!-!_._
at 25 which fits closely about- the meuth, or

mouth and nose, of the operator so that the air

The

- which he breathes is not drawn dlrectly from

.~ Fig. 1is a view in side elevation of a d;.vmﬂf .
© . dress embodying the invention, this dress bemg

y - particularly designed for- deep diving. -

| Fig. 2 is a magrammatlc wﬂw of a pO'I'b}.UI]. of 5.: |

the interior of the suit but from the valve cham-

ber 26 into which he also resp1res The plug 21
removably screwed into the front of valve cham-
ber 26 furnishes a, speedy way of giving the ODBI’—- .

“ator access to exterior air when desu'ed

"The valve chamber 28 commumcates at one s:.d e
W1th the intake chamber 28 which in turn com-

50 municates through opening 29 with the interior
- of the helmet and consequently with the entire

interior of the suit. A check valve at 38 pre-

vents any return of gases tc} the suit thmugh me_ o
'mta,ke chamber 28. L

At the- crther su:le the valve chamber 25 com—- |

Like pELl ts are identified by the same referencel_“_ R o
characters throughout the several views.
The suit shown in Fig. 1 is of special construc- -



2

municates through check valve 31 with an cutlet
chamber 32 from which a pipe 32, preferably
constructed integrally with the helmet, at the
exterior thereof, leads around the helmet, to
the rear, where connections are made to a flex-
ible pipe 34. A similar flexible pipe 35 leads
the purified return air back intc the diving suit
through the rear of the helmet.

The pipes 34 and 38 aifford communication with
the air proportioning, purifying and pressure reg-
ulating mechanism carried by the case 36 which
is suspended, as by chains 37, on the operator’s

back. The mechanism which may desirably be
housed within the case 36 is shown diagram-
matically in Fig. 2 without any effort to show the
parts in any necessary relative position, the ar-
rangement being a matter of design. |

The exhaled air delivered through pipe 34 to
the case 36 passes to the bottom of a canister 38
which may be filled with any usual means (such
as soda and lime) of absorbing carbon dioxide.
Iime is one of the ingredients usually used for
this purpose. The exhaled breath of the oper-
ator passes upwardly through the lime or other
chemical purifying agent incorporated at 39 in
the canister and issues from the top oi the can-
ister into pipe 35 for return o the diving suit.
" Tt will be understood that when the alr was
taken into the operator’s lungs ils oXygen was
consumed and carbon dioxide was substituted.
‘Consequently the removal of the carbon dioxide
from the air in the canister 38 leaves the air
with insufficient oxygen to supply the require-
ments of the operator.

Conseauently - a flask of oxygen under high
pressure is supplied at 40 within case 36. A
cut-off valve 41 controls the flow of ithe oxygen
‘to the reducing valve 42 in which its pressure is
cut down to any desired low level which the me-
tering apparatus can conveniently handle. An-
other manually controlled valve may be incor-
porated at 43 in the pipe 84 which leads to the

‘metering orifice 45.
At any given setting of reducing valve 42 the

orifice at 45 will pass oxygen at a substantially i:

constant rate of flow to pipe 46 which leads to
pipe 35, whereby the oxygen is mingled with the
oxygen-depleted air which is being restored from
the canister to the diving suit. The entire in-

terior of the diving dress acts as g mixing cnam-

ber within which the oxygen is freely mixed with
the depleted air before being consumed by the
operator through the mask 23 as previously de-
‘seribed. The diving dress also acts as a bel-
lows, expanding and contracting slightly to com-
pensate for the expansion and confraction of
the operator’s lungs as he breathes. There 1s
really very little bellows movement of the div-
ing dress required because the operator, as he
‘breathes, moves his chest and diaphragm in such
.4 wWay as to increase the space within the diving
dress in proportion to the decrease of capacity
of his lungs and vice versa.

A pressure gauge at 48 enables the operator’s

assistants io know, before he commences his

dive, how much pressure he is supplying through
the reducing valve 42, and consequently the rate
of oxygen flow.is readily ascertainable. Such
a gauge might be mounted inside the -helmet. for
observation by the-diver or might be omitied or
removed when the proper flow has been, deter-
‘mined. |

For emergencies a by-pass valve is provided .at
49 in the by-pass pipe 99 whereby the operator
can supply himself with additional oxygen:as de-
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~which has a cut-off
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sired to compensate for any special exertion on
his part without changing the metereq flow of
oxygen as established by the reducing valve 42
and the metering orifice 43.

It is a big advantage of the type of respira-
tory apparatus herein disclosed that it is not nec-
essary to use air as a means of supplying fresh
oxygen, and it is not necessary to use undiluted
oxygen as a means of compensating for the in-

creased. pressures enceuntered in submersion,
Pressures are compensated for by a separate

supply of air under pressure in the container 352

valve B3, a reducing vailve

54, and a manually operable exposed cut-off valve

55 which the operator may manipulate at will to

supply additional air to the suit as he descends.
This additional air is preferably supplied tc the
tube 34 through which the gases exhaled from
his Iungs pass to canister 38.

In the greatly simplified apparatus shown in
Fig. 3 the operator wears no helmet to enclose
his head. He need not even have a complete
mask, but may simply hold the mouth grip 57 in
his mouth, inhaling from and exhaling into the

valve chamber 260 from which the exhaled air

passes through check valve 31 to the outiet cham-
ber 32 and thence through pipe 330 to a con-
tainer which he carries on his back and which

holds the apparatus shown in Fig. 1 and Fig. 2.
The purified and re-oxygenated air is returned

through pipe 350 directly to the inlet chamber
38 where it enters the valve chamber 260 subject
to control by the check valve 30. In this in-

stance a bellows 98 is connected to the return

pipe 350 as a means of receiving surpius air dur-
ing the exhalation of the operator and supplying
the gases to the operator during his inhalation,
thus making it possible for the operator to keep
his nose closed and to breathe 1in and outf through
his mouth in a closed respiratory system which

funections without loss of air.

Still greater simpilification is achieved in the
device shown in Pig. 4 and Fig. 5, in which the
valves are not directly associated with the mouth-
piece, In this device the mouthpiece 57 corre-

_spond_s exactly with that shown in Fig. 3, as do
‘the pipes 330 and 358 which receive gases from

and return air to the mouthpiece. Within the
case 360 pipe 333 terminates in a rubber check
valve 59 of well known type which is disposed in
one end of the canister 3880. Within the canister
is a removable cartridge §0 which contains the
purifying chemicals and from the outlet of the
chamber a check valve 6f permits the return of
the air through pipe 350 to mouthpiece 57. Xven
though the check valves are located in remote
ends of the pipes 3306 and 359 respectively, they
nevertheless maintain a unidirectional fiow of
gases through said pipes to and from the mouth-

_plece.

In this device there is no means for supplying
air under pressure since the device 1s intended
only for light work either out of water or in shal-
low water. The oxygen is housed in the cylin-
der 40 as above described, which is supplied with
a shut-off valve 41, and reducticn valve 42 beyond

which a pipe 63 leads to pipe 64 which affords
communication between the bellows 5§ and the

end of the canister 388.
In the diving bell 63 (Fig. 6) the breathing of
the operator is unconfined and the air is purified

by circulating the air within the bell constantly

through the mass of chemicals at 66 by imneans of
9 fan 671. Similar apparatus may be used in
caissons and cother confined places.



percent helium. -

- The oxygen cylmder 40 W1th 1ts usua,l cut-cff

| va.lve 41 and reducing valve 42, supphes oxygen to
- a metering orifice at 45 from which the oxygen.
: 1ssues dlrectly into the interior space of the div-
0 ing bell
- teract the Water pressures enccuntered as the
. bell descends, air is admitted - from - the cem-_'_
+ - pressed air receptacle 63 under the contrcl of the
o .-;_ihe,nd valve 69. e :
7 When the a,lr in the bell 65 becomes deﬁment 1ni'-'
“. 7o .-oXygen, as may be the case When there is: any'
-~ unusual exertion required of the occupants, the
-~ occupants may open the by- -pass valve 49-to per-
-+ mit an additional fiow of oxygen from the cylm-r o
-+ - der 40 directly into the interior of the bell with-
©. out changing the setting of the metering valve 45
. or reducing valve 42 which normally me,mta,me |
o - an inflow of oxygen exactly calculated to serve. .
- the requirements of the operator or cperetors |

When air pressure is desxred te ccun-

- It is not easy for the operators to ascerta,m by

their own feelings when the supply of oxygen is .
g ‘becoming deficient or excessive.

Two such gauges are

IB,JE‘ia‘gL 1?:1-(3 : .'

5

'f,r(}f

a. mixture excesswely rich in cxygen which?

- would involve a mixing problem, or to expel from
‘the diving suit the proportion of inert gases which = -

would become excessive as the oxygen was con-

sumed. This would necesmtate too bulky and
| hea,vy storage flasks.

- Respiratory’ apparatus. embcdymg thls mven- '

;-thIl is self-contained in the sense that it may be

worn: or used without requiring supply lines,. The

operator is unhempered and unrestmcted 111 the

'sense that he would be if he were required to

15

-As a means of
-+ . indicating the proportion of oxygen in the air
-~ which they are breathing within the bell, it is
- 'possible to provide a gauge. |
+ . shown in Figs. 6 and 7 respectively, which may be |
T __used either in the diving suit or in the bell."

~In Fig. 6, I have 1lluetre,ted three .smell ceges‘

o percent helium. As the heavy oxygen constitu-
=" -ent of the air mthm the diving bell cr other en-

1

R clesure varies, its bueya,ncy Wlll very end e,ccord-' |

©. . range of oxygen centent
- .70 should rise it w111 1ndlcete the presence cf an
. excess of oxygen. If the balloon in cage TI
“ .- - ghould fall it wculd indicate an oxygen defici ency |

" which would become" extreme 1f the ba&lccu in
o '_ca,ge 12 should fall. ST |

© flask 52 or 8.

o ‘the air.

The gauge shown in Fig, 7 uses e, emgle balloen

~at 13 inflated with 3, mixture of gases and in-
- cluding - exygen and helium or other inert: gee.
- buoyed from a carefully balanced ‘pointer 14

~which is pivoted and suspended by a very llght

spring at 75. The free end of the pcmter moves

',:f ‘over a calibrated scale 76 which would indicate
- the proportion of oxygen in the elr on- Whlch the

balloon 13 is buoyed.

. As above indicated, helium is preferf‘ed te ni~-
‘trogen as an inert gas with which to make up the
- artificial air to be used within the respiratory -
. apparatus emd stcred under higsh pressure m the
S It is 1mpertent that such ELII‘ ccnn-_ (G,
. tains oxygen in the desired proportion to the
~ " “‘inert gas also conta.med therem so that When_
. auxiliary aar ig mtrcduced to cempensa,te for
. change in pressure it is not necessary to vary 11__ |
~ any way the normally auteme,tlc feed of ox ygen
R ---1111;0 the apparatus. - | |

It is also important that the cxygen cente,_ned

“ingly the balloons will rise or fall to indicate the
- .approximate proportions. of the constituents of
' The balleons are mdlce,ted in the p051-
4.

20 -
- will result in a very substantial change in its
bueyency The chenge in bucyency weuld be

- maintain a hose affording communication be-{ N

tween his helmet and a source of air supply. - -
~The indicating apparatus herein’ disclosed wﬂl.-_

functmn setlsfactorlly when helium is used as the
‘inert gas for admlxture of oxygen to constitute
 the artlﬁcml air breethed by the operator.-

The

-molecular weight of oxygen is 32 and the weight
‘of helium is only 4. -Consequently a compara-

tively slight change in composition of the: air

much less easily percept1b1e 1f the oxXygen were_.

. mlxed with nitrogen.

ST at 10, 11 and 72, within which T have provided
. -~three small balloons inflated to like dimensions
. under like pressures. ‘These balloons contain
© varying proportions of oxygen and inert gas.
. For example, the balloon in cage 10 may contain

- thirty percent of oxygen and seventy percent of

- helium. The balloon in cage 7| may contain

- twenty-one percent of oxygen a,nd seventy mne' |

| The belleen in cage 12 may B
- contain fifteen percent oxygen and eighty-five

30

In the apparatus shown in. Figs 4 and 5 the
-.apperetus should preferably be flushed with pure.
- oxygen before being used.
- mitting - additional oxygen in this apparatus
- would be indicated by the partial collapse of the
‘bellows.
to a depth of sixty feet for a period of three hours
without injury, the admission of oxygen is prefer- -
“ably under the direct control of the operator, no
automatic control being provided.. Optlenally o
3 this apparatus can be used for some. purposes in -
connection with the cemplete diving suit. This =
- would make ‘it unnecessary to employ a. bellcws o
~ and the compression tank 52 could be. ellmmeted R

The necessity of ad-~

In this device, which. can be used down | '

_'_'_er like tank 40, it could be filled with oxygen.-

Smnlerly in Fig, 3, in.which the air pressure is .

~‘used only to distend the bellows §8, it is possible

3

If the balleen 111 cegﬂ o

t}i}

S |

e ¥

- for some purposes, to dlspense w1th the air and
| _tﬂ Use pure oxygen as in Fig. 5 =

“While T have referred to the ﬁe,sk 01 ccmpres-'.'

'swn chamber 40 as containing pure oxygen, it = -
will be understood that a mixture of gases ex-
tremely rich in oxygen might be substituted

~without change in principle so far as the broad = -
purposes- of the invention are concerned, this
being in contradistinction to the use of flask or

~ compression chamber 52 for the storege of air or

other gaseous mixtures of an OXygen centent sub-

stantially like that required by the cperetcr SO
“that the ccntrolled admission of the air frcm'

this tank will not disturb the belenced rate of

- oxygen edmmsmn f1 em the ethel tenk

(;

0

I clalm

viding a closed '-respirete'ry ClI’Cllib, an chgen

_bressure chamber communicating with said cir-
“cuit and provided with means for

automatlcelly
supplylng eubstantmlly constantly in accordance

- With the oper ator’s requirements a, predetermmed o
| admlssmn of oxygen to said circuit, and an air
_' pressure chamber ccmmumcetmg wzuh said ecir- |

~cuit and provided with a control valve independ-

~ent of said oxXygen supplymg means and 1nde-— -

- pendently manually operable for the edmlssmn'

. m the air pressure tank is not relied upon to sup- '
<o ply the metabolic requuements of the user. If
it were, it would be necessary either to-make up

-3

Gt

“having an

of air to said circuit for controlling the pressure -
-__therem said air pressure chamber ccntalmng air
| oxygen content eubstentlally corre- -
~sponding to the operator’s requirements, where-

~ by the admission of air to the circuit will not up-

- set’ the predetermmed rate
| thelete

of supplymg oxygen -
said system compnemg a self—contamed'_ A
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“portable unit, all of which is assembled to be
carried by a person using the system and to whom
said air admitting control valve is directly acces-
- sible.

'9.In a device of the character described, &
face-piece adapted to supply air to the user and
to receive air from the user, a circulating system

including an air purifier and valve controlled
pipes affording communication between said
face-piece and purifier in a closed system, and
means comprising a flexible wall in said system,
together with means for supplying oxygen to said
system at a substantially censtant rate propor-
tioned to the consumption of oxygen in sald sys-
tem by respiration and independent means Ior
varying the pressure exerted interiorly of said
system on said wall, said independent means
comprising a source of air under pressure in ex-
cess of that to which said system is subject, said
air containing oxygen in substantially the pro-
portion at which oxygen is maintained In said
system by said oxygen supplying means, the
whole device bzeing unitarily assembled for self-
carrying by the user, and said independeni pres-
sure varyving means including a valve controlling
“the admission of air to said system and directly
manually operable by the person carrying the
system, |

3. A diving helmet provided internally with a
mask for controlling the user’s inspiration and
expiration, an air conditioner communicating
with said mask, and valve means controliing suci
communication for inducing unidirectional air
flow between said conditioner and mask.

4 Tn a device of the character described, the
combination with a diving helmet, of an internal
‘mask adapted to fit the diver’s face to receive his
~breath and return to him air for breathing, air
conditioning apparatus, and means built into said
helmet providing communication from sald mask
to said apparatus and from said apparatus to said
mask, said means including air passage means
provided with check valve means for unidirec-
tional flow, said passage means communicating
with the interior of said helinet and sald helmet
having an extension provided with a flexible wall.

5 The combination with an enclosure contain-
jng air in predetermined volume comprising oxy-
“gen in predetermined proporuion, of carbon diox-
ide absorbing means, means for admitiing oxygen
substantially constantly to said enciosure at sub-
stantially the rate of oxygen consumption, where-
by to avoid substantial change oi volume, and
means for admitting air containing oxygen In
substantially said proportion whereby to vary the
volume of air without substantial change 0f oXy-
gen proportion, said enclosure and means being
mechanically connected in unitary assembly and
said air admitting means comprising a valve op-
erable independently of said oxygen admitiing
means and positioned to be directly subject to the
control of a person providing the air of said en-
closure.

6. A device of the character described, compris-
ing a closed respiratory circuit including a re-
~ gpiratory chamber having chemical means for

absorbing carbon dioxide from the air in said

circuit, means for directing air circulation in
gaid circuit over said chemical means, an oXygell
‘tank containing oxygen under pressure, and
means affording communication between the
tank and circuit and comprising a reducing valve
and a metering orifice for introducing oOXygen
into the air of said circuit at a substantially con-
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of consumption of oxygen from said air in respi-
ration, whereby the introduction of oxygen does
not vary the volume of air in said circuit, together
with a by-pass pipe and a control valve for the
emergency admission of additional oxygen from
said tank to said circuit without disturbing the
setting of said reducing valve and orifice.

7. In a device of the character described, the
combination with a diving helmet, of an internal

mask adapted to fit the operator’s face, to receive
his breath, and to return to him air for breathing,

air conditioning apparatus, and meang built into
said helmet providing communication from said

‘mask to said apparatus and from said apparatus

to said mask, said air conditioning apparatus in-
cluding means for absorbing carbon dioxide and
means for supplying oxygen to the air at a sub-
stantially constant rate substantially propor-
tioned to the consumption of oxygen by the oper-
ator, means for augmenting the supply of air
without substantial change of oxygen proportion,
and means built into the helmet providing closed
circuit communication from said mask to said
apparatus and from said apparatus to said mask,
said means including air passage means provided
with check valve mechanism for unidirectional
flow, said passage means communicating with the
interior of the helmet and the helmet having an
extension provided with a flexible wall.

8. A completely self-contained respiratory sys-
tem comprising the combination with a breathing
chamber applicable to the person of a user, of
means providing a closed respiratory circuit in-
cluding said chamber and substantially open to
operate at substantially equal pressures through-
out, said circuit including means for removing
carbon dioxide from air circulating therein .and
means providing a. flexible wall whereby pressures
in said circuit approximately correspond to ex-
ternal pressures, an oxygen pressure chamber
communicating with said circuit, means ccntrol-
ling flow from said oxygen chamber to said cir-
cuit at a rate adapted to maintain substantially
continuous oxygen deliveries to said circuit at a
rate approximately equal to metabolic require-
ments of the user, and means independent of said
oxyvgen flow-controlling means ior regulating
pressures within said chamber, said pressure reg-
ulating means comprising an air pressure cham-
ber communicating with said circuit and an in-
dependent control valve for the admission of air

10 said circuit, said air pressure chamber contain-

ing air having an oxygen content substantially
corresponding to metabolic requirements of said
user, whereby the admission of air to the circuit
will not upset the predetermined rate of supply-
ing oxygen thereto. |

9., A self-contained respiratory system com-
prising, in unitarily portable assembly adapted to
be carried by the user of the system, the combi-
nation with a respiratory air circuit having a
breathing connection available to the user and
open to function at approximately equal pres-
sures throughout and having a flexible wall,
whereby the pressures within said circuit will ap-
proximately correspond to exXternal pressure; of
means for maintaining the oxygen content of air
in said circuit substantially constant and com-
prising carbon dioxide eliminating means, a res-
ervoir of oxygen under pressure, and means for
the introduction of oxygen to the circuit substan-
tially continuously at a rate satisfying metabolic
}'equirements of sald user; and means for increas-
Ing air pressures within said circuil in. accord-

_stant rate substantially proportioned to the rate 756 ance with increase in pressures externally of said
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~ chamber whereby to Keep said wall frem undue

- distortion, said pressure increasing means com-
- prising an air pressure. reservoir contammg air
| under pressure and having an oxygen content
~substantially corresponding to said metabolic.
requirements, and means mcludmg a separate

and independently operable valve pI‘OVldl”lg con-

- to seld elrcmt oxygen ma,mta.mmg elements ep-

-erable independently *of air admission to said
~circuit for maintaining a substantlally constant

 proportion of oxygen in the air of said circuit

) i

trolled communication between. said air pressure -
reservoir and said circuit wholly independently of

the admission of oxygen to said. circuit from said

- oxygen reservoir, said valve being operable solely
1o increase pressures within said circuit without

~ affecting the prc}pertlona,te oxygen content ef air

In said circuit. .
- 10. A respiratory system cemprlsmg in uni-

tarily portable combination a series of elements

‘assembled for carrying by the user of the system

.- said combination of elements comprising ele-
- ments constituting a closed resmretery air mrcmt o
© <. including a breath receiving and delivering means 2
. personally applicable to a user, a flexible wall,
"~ - and purifying means for removing carbon diox-
- ide from air in said circuit; an oxygen reservoir

_element cemmumee,tmg with said circuit and

~ containing oxygen under pressure and provided -
- 'with means for automatically releasing oxygen
SRR "_substantmlly constantly to said circuit at sub-
~+ stantially the rate of metabolic requlrementa and

pressure determining elements entirely mdepend-

o ent of said oxygen reservoir element and the con-
-- - trol thereof, said pressure determining elements
© . comprising a reservoir containing under pressure
~  higher than the maximum to which said flexible
- wall is subject a supply of air containing oxygen

: substantmlly in the propertmn required to satisfy

~ metabolism of said user, and a valve positioned to

" be freely accessible for manipulation by a person
-carrymg the system, said valve being independent
. of the oxygen supplying element and being
- adapted to be opened and closed as required to
.~ raise the pressure in said circuit to a pressure suf-
~ . ficient to compensate for external pressures on
. said flexible wall without varying the predeter-— o
mined ratio of oxygen in said circuit. RN
© . 11, A respiratory system comprising a self- -
L --":_conta,med unitary combination of elements as-
"~ sembled for carrying by the person using the
'systems said cembmetmn of elements mcludmg"
- elements constituting a closed respiratory air cir-

cuit, containing a ﬂexible wall; a pressure regu-

- lating element for maintaining pressures within
© -said circuit at values compensatory for increas-
- ing external pressures to which said wall is sub-
©© ject and comprising an air reservoir containing
* under pressure exceeding such external pressures
© . air having an oxygen content in predetermined
- - proportion to meet metabolic requlrements and

- valve means accessible to a person carrying said
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apprommately corresponding tc the proportion of

OxXygen in the air of said reserveir, said last-men-
-tioned element including carbo'n dioxide elimi~

nating means exposed to the air trzwersmg said
circut, an oxygen reservoir containing oxygen un-

der pressure, and means for the controlled admis-
sion of oxygen substantmlly constantly to said

circuit at a rate to satisfy metabolic requirements '. |

by replacing oxygen converted by respiration into

~ carbon dioxide and removed as. earbon d10x1de
1H | |

from said circuit.

12. The device of claim 11, ia which the oxygen

- maintaining elements comprise a by-pass pipe

- from the oxygen reservoir to the air circuit, and a B
- control valve for said by-pass pipe chrectly sub-
- ject to manipulation of the person using the sys-

~tem for the emergency admission of additional
~ oxygen to the circuit without disturbing the rate
. of controlled oxygen admlsswn as prowded in Lhe '_

A
L

structure of claim 11.

13. A resplratory system comprlsmg a self con-

taining unitary combination of elements assem- =~

- bled for carrying by the person using the system,
- said combination of elements including elements

20

LWL
- |

zl {}_

constituting a closed respiratory air circuit con-

taining helium and oxygen in a proportion to sat-

isfy the metabolic requirements of the person
- using the system, said circuit. including means
‘making the air of said circuit accessible to said

person, an air reservoir containing under pres-
sure helium and oxygen in substantially the pro-

portion in which such helium and oxygen are L

incorporated in the air of said circuit, means in- .

cluding an air valve directly accessible to a per-
son carrying the system for the controlled admis-

sion of air from said reservoir to said mreult a

- carbon dioxide ehmmatmg means expesed to the o
- air of said circuit, an 6xygen reservoir, and means

for the: controlled and substantlelly censtant ad-

“mission of oxygen from said reservoir at a rate

5 to maintain said predetermmed proportion of
oxygen and helium in the air of said circuit, said =~

 oxygen admitting means and said air valve being =

. entirely independent, whereby the helium and

oxygen centent of the air of said circuit wﬂl be -

Y maintained automatically substantmlly comtant_ L

-~ during the use of said circuit by a person carry- -

-ing the system, irrespective of pressure, the oxy-

- gen consumed being replaced and the helium -

“conserved, and whereby the pressure in said sys-

553 tem may be increased subject to the direct con-

‘trol of the user without disturbing the proportmn’f' o

of oxygen a.nd hehum in smd clrcult

System for the contrelled adm1ssmn of suCh alr_

MAX EUGENE NOHL
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