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plan view on the line ¢ ¢, Fig. 4.

UNITED STATES. PATENT OFFICE.

GUSTAVE A. LOEBEN, OF PHILADELPHIA, PENNSYLVANIA.

GAS AND AIR MIXER.

SPECIFICATION forming part of Letters Patent Wo. 701,590, dated June 3, 1902

..

&pplicatioﬁ_.ﬁled Mﬁy 15, 1901, S:erial'ﬁu. 80 ,380 (No model.)

To all whom it may concern:

Be it known that I, GUSTAVE A. LOEBEN, a
subject of the Emperor, of Germany, and a
resident of Philadelphia, Pennsylvania, have
invented certain Improvements in Gas and
Air Mixing Apparatus, of which the following
is a specification. | o

The object of my invention is to provide
means whereby a flow of gas under pressure
is caused to compress air for admixture there-
with, the apparatus providing for the admix-

1 oatlet ellamberé and the_: chambers 4 and 5 of
the main casing is controlled by valves 14,

ture of air and gas in any desired relative

volumes for use in connection with gas-burn-

ers, gas-engines, or for other uses where mix-

tures of air and gas are required. =

In the accompanying drawings, Figure 118
a longitudinal section of an air and gas mix-
ing apparatus constructed in accordance with
my invention. Fig. 2 is asectional plan view
of the same on the line a a, Fig. 1. Iig. 81s
a sectional plan view on the line b b, Fig. 1.
Fig. 4 is a longitudinal section of a gas and
air mixing apparatus embodying my inven-
tion and intended for supplying a larger vol-

ume of air than gas. Fig. 5 is a sectional

Fig. 6 1s a
longitudinal section of another form of the
same class of apparatus, and Fig. 7 is a lon-
gitudinal section of a single-acting apparatus
embodying my invention. S

In Figs. 1, 2, and 3 of the drawings, 1 rep-

‘resents the outer casing of the apparatus,

whieh is divided into air-chambers 2 and 3
and gas-chambers 4 and 5 by means of three
flexible diaphragms 6, 7, and 9, each of these
diaphragms consisting of a central rigid disk
connected by means of a flexible bellows struc-
ture to a flange on the inside of the casing 1,the
flange which carries the central diaphragm 6
being much deeper than that which carries
the two outer diaphragms 7 and 9, whereby
the central diaphragm is of considerably less
area than said outer diaphragms.

At one side or at the bottom of the casing
1 is a casing 10, containing a gas-inlet cham-
ber, and at the other side or top.of the casing
1is a easing 11, containing a gas-outlet cham-

ber, the gas-inlet chamber communicating |

with a gas-supply pipe 12, and the gas-outlet
chamber communicating with a discharge or
delivery pipe 13.

Communication between the gas inlet and

operated in the manner described hereinai-
ter by the vibrating diaphragms of the appa-
ratus, said diaphragms being connected by a
central rod 15, 80 as to move in unison,which
construction is permitted because of the use

of the ceniral diaphragm 6.

Each of the chambers 4 and 5 contains a
rock-shaft 16, the rock-shaft of the chamber
4 having arms 17 and 19, engaging, respec-
tively, with the diaphragms 6 and 7, while the
rock-shaft 16 of the chamber 5 has like arms
17 and 19, engaging, respectfully, with the
diaphragms 6 and 9, so that as said dia-
phragms move to and fro within the casing
1 vibrating movement will be imparted to
said rock-shafts 16. L

Each rock-shaft has in the gas-delivery

chamber an arm 20, slotted for engagement

with a projecting pin on a slide-rod 21, mount-
ed in suitable bearings on the casing 11, and
thisrod has eollars 22, adapted to engage with
one arm 23 of a four-armed lever mounted in
the delivery-chamber, other arms 24 and 26
of said lever engaging with the-slotted stems
of the valves 14 and the fourth arm 26 being
acted upon by a coiled spring 27 and being
slotted for engagement with a stop-pin, which
determines thelimit of its movementin either
direction. Asimilararrangementisemployed
for operating the valves 14 in the gas-reciv-
ing chamber, and the valves are so disposed
and so operated thatone valve in each cham-
ber is open when the other is closed, the valve
in the delivery-chamber being open when its

corresponding valve in thereceiving-chamber

is elosed, and vice versa.

One valve in each chamber governs com-
munication with the chamber 4 of the casing
1 and the other with the chamber 5 of said
casing. Ience gas will be admitted to one
chamber while it is being disecharged from the
other, the gas entering the chambers alter-
nately. Thus- supposing the flexible -dia-
phragms to be in the position shown in Fig.
1, the gas-inlet of the chamber 5 being open
and the outlet closed and the gas-inlet of the
chamber 4 being closed and the outlet open,
free access of gas in the chamber 4 to the de-
livery-pipe 13 is permitted and gas under pres-
surehas free access to the chamber 5. Hence
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owing to the difference in area between the
diaphragm 9 and the central diaphragm ¢ the
series of diaphragms will as soon as the pres-
sure 1n the pipe 13 falls sufficiently below that
in the pipe 12 be moved in the direction of
the arrow, Iig. 1, the chamber 5 gradually
expanding in capacity and filling with gas,
while the chamber 4 is gradually diminishing
in capacity, the gas being driven therefrom
into the outlet-pipe 13.

The air-chambers 2 and 3 of the apparatus
are each provided with an automatic inlet
check-valve 29 and an outlet check-valve
30, the outlet - valve chests communicating
through branches 31 with the gas-delivery
pipe 13. When, therefore, the flexible dia-
phragms in the casing 1 move in the direction
of the arrow, air will be expelled from the
chamber 3 through the outlet check-valve 30
of said chamber and through the branch 31
into the gas-delivery pipe 13, in which pipe
said air will be mixed with gas, and at the
same time air will be drawn into the chamber
2 of the apparatus, the pressure of the deliv-
ered air being thesameas that of the gas deliv-
ered from the chamber 4, since it isdue to the
same compressing force—namely, the pres-
sure exerted upon the left-hand side of the
diaphragm 9 in excess of that exerted upon
the right-hand side of the same and of the
diaphragm 7.

When the position of the valvesis changed,

a reverse movement of the diaphragms takes |

place, gas entering the chamber 4 and being
expelled from the chamber 5. and air being
expelled from the chamber 2 and drawn into
the chamber 3. In order that quick move-
ment of the valves may be effected, so that
the inlet and outlet valve of either chamber
4 or 5 will'never be open at the same time,
the collars 22 upon the slide-rod 21 are so dis-
posed that the lever-arm 23 will only be acted
upon thereby when the diaphragms are ap-
proaching the limit of their movement in
either direction, the movement thereby im-
parted to the lever being sufficient to shift it
from one extreme position to a position just
beyond the center in the other direction,

whereupon the lever comes under the infly- |

ence of the spring 27 and is quickly moved to
its extreme limit in that direction.

The slotting of the stems of the valves 14

for engagement with the arms 24 and 25 of
the lever prevents any movement of either of

sald valves while the lever is being moved by |

the action of the collars 22 thereupon, only
the quick movement of the lever due to the
action of the spring 27 being imparted to the
valves. |

That embodiment of my invention shown
in Ifigs. 4 and 5 is intended to provide a much
larger volume of air than gas, and in said ap-
paratus the air-chamber 2 of the casing con-
tains a bellows 32 and the chamber 3 contains
a like bellows 33, one of the rock-shafts 16
being located between the bellows 32 and dia-
phragm 7 and the other betiween the bellows

701,590

| 33 and the diaphragm 9, said rock-shafts oc-

cupying a central position in the casing and
each shaft having curved arms 34 and 35 se-
cured thereto and projecting in opposite di-
rections therefrom, one of said arms engag-
ing with the bellows 32 or 33 and the other
with the diaphragm 7 or 9. Arms 36 and 37
likewise project in opposite directions from
each rock-shaft; but these arms are loosely
mounted on the shafts, being intended simply

toaid in the guidance and support of the bel-

lows-headsand movable diaphragms. Owing
to this connection of bellows-head and dia-
phragm, they move from and toward each
other and are simultaneously expanded and
contracted. Kach bellows is provided with
an inlet-valve 39 and an outlet-valve 40, the
outlet-valve chests communicating through
branches 41 with the gas-outlet pipe. Hence
when the disks of the bellows 32 and dia-
phragm 7 move toward each other and the

disks of the bellows 33 and diaphragm 9 move
| away from each other air will be expelled from

the chamber 2 and bellows 33 and drawn into
the chamber 3 and bellows 32, and when the
movement 18 in the opposite direction the air
will be expelled from the chamber 3 and bel-
lows 32 and drawn into the chamber 2 and
bellows33. IHencethevolumeof airsupplied

will be considerably in excess of the volume
of gas, and this may be varied as desired by
a proper proportioning of the parts.

In the apparatus shown in Fig. 6 the two
gas-chambers 4 and 5 are separated by a flexi-

| ble diaphragm 42, and each gas-chamber is

separated from the adjoining air-chamber by
a solid partition 43, these partitions having
stuffing-boxes for a rod 44, which is connect-
ed to the diaphragm 42 and to the diaphragms
of the bellows 32 and 33. A rock-shaft 16 in
each gas-chamber has arms 45 connected to
the diaphragm 42, and these rock-shafts op-
erato the valves 14 in the gas inlet and outlet
chambers in the manner before desecribed.

Fig. 7shows a single-acting apparatus hav-
ing but a single gas-chamber 4 and a single
alr - chamber 2, separated by a single dia-
phragm 7, which is raised by the pressure of
2asin thechamber4and depressed by a weight
46, the rock-shaft 16 being connected to the
diaphragm by arms 19 and serving to operate
valves 14 in the gas inlet and delivery cham-
bers in the usual manner.

While I prefer in all eases to employ mov-
able diaphragms as a means of separating the
various chambers of the apparatus one from
another, it will be evident that pistons mov-
able in cylinders between the chambers may
be employed, if desired, especially where the
gas-pressure is comparatively heavy. IHence

the term ““movable diaphragm ” as used in the
| claims is intended to cover a movable piston
or like modification on the diaphragm as well.

Inapparatusof the character shownin Figs.
1 and 4 springs—such, for instance, as shown
by dotted lines at 47 in Fig. 1 and at 49 in Fig.
| 4—may be employed to act upon the dia-
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phragms mterposed between the gas and air | bers, and a pa,lr of air-chambers, valve-pas-

chambers in opposition to the pressure of the
gas, and when such springs are employed
a solid partition between the gas-chambers
may replace the partition with movable dia-
phragm 6.
Having thus descubed my invention, I

clalm and desire to secure by Letters Pat-'

ent—

1. A gasand air mixing apparatus in which
are combmed_ a casing ha,vlnﬂ' valved inlef for
external air and closed against outflow there-
to and containing a gas-chamber and an air-
chamber,valve mechanism governing the flow
of gas into and from said ﬂas-chamber a mov-
able diaphragm acted upon by the gas in the
gas-chamber, and means whereby the move-
ment of said diaphragm 18 caused to effect
compression of air in the air-chamber for ad-

mixture with the gas, substantmlly as spec1-~

fied.

2. Agagand air mixing appa,mtus in which
are combmed a casing ha,vmfr valved inlet for

external air and elosed against outflow there-

to and containing a pair of gas-chambers and

a pair of air-chambers, valve mechanism gov- |

erning the flow of gas into and from said gas-
chambers, one or more movable diaphragms
acted upon by the gas in the gas-chambers
and caused to move by the difference in pres-
sure of the gas in said chambers, and means
whereby the diaphragm movement is caused
to effect inflow of air into one air-chamber si-
multaneously with the expulsion of air under
pressure from the other air-chamber for ad-
mixture with the gas, substantially as speci-
fied.

3. Agasand air mixing apparatusin whicl
are combined a casing having valved inlet for

external air and closed againstoutflow there- |

toand containing gas :;md air chambers,valvo
mechanism governing the flowof gasintoand
from said ﬂ&S«Ghalnber a movable dlaphraﬂm
separating sald gas and air chambers, and
means whereby the flow of gas into and from
the gas-chamber is caused to effect movement
of the diaphragm separating the gas and air
chamber and thereby compress airin the air-
chamber for admixture with the gas,substan-
tially as specified. |

4, A gasand air mixing appa,'ra,t,us in which
are c’ombined a casing having valved inlet for
external air and closed against outflow there-
to and containing a gas-chamber and an air-

chamber,valve-passages governingthe flowof |

gasintoand from said gas-chamber,a movable
diaphragm acted upon by the gas in the gas-
chamber, means whereby the movement of
sald dlaphraﬂm is caused to effect compres-
sion of air in the air-chamber for admixture
with the gas, and valve-operating mechan-
ism actuated bythe movable diaphragm,sub-
stantially as specified. |

5. A gasand air mixing apparatusin which
are combmed a casing havmcr valved inlet
for external air and closed again'sh outfiow
thereto and containing a pair of gas-cham-

sages governing the flow of gasintoand from

said gas-chambers, one or more movable dia-

phragms acted upon by the gas in the gas-

chambers and caused to move by reason ot

the difference in pressure in said gas-cham-
bers, means whereby the diaphragm move-
ment is caused to effect inflow of air into one
air-chamber simultaneously with the expul-
sion of air under pressure from the other
chamber for admixture with the gas and
valve operating mechanism actuated_ by con-
neection with the movable diaphragm strue-

ture of the apparatus, substantially as spem-
fied.

6. A gasand air mixing appamtus in Whlch |

are combined a casing ha,vmﬂ' valved inlet
for external air and closed against outflow

thereto and containing gas and air chambers,
valve-passages governing the flow of gasinto

and from said gas-chamber, a movable dia-
phragm separatmg said gas and air cham-
bers, and means whereby the flow of gas into

and from the gas-chamber eifects movement_

of the dmphraﬂ'm separating the gas and air

15

30

Q0

chambers, means whereby such movement of

the diaphragm is cansed to compress air in
the air-chamber for admixture with the gas,
and valve-operating devices actuated by con-
nection with the movable diaphragm, sub-
stantially as specified.

7. A'gasand air mixing apparatus in which
are combined a casing having two gas-cham-

bers and two air-chambers, movable dia-

95

100

phragms separating said gas and air cham-

bers, and having connection with each other
inside of the casing, valve mechanism where-
by the gas is admitted to and exhausted from
the gas-chambers alternately, and the dia-

phragms are caused to move by reason of the

difference in pressure in the two gas-cham-
bers, and means whereby the movement of
the diaphragms iscaused to effectinflow of air

into one air-chambersimultaneously with the
‘expulsion of air from the qther air-chamber

for admixture with the gas, substantially as

smelﬁed

. A gasand air mixing apparatusin which
are combmed a casing ha,vmn' two gas-cham-
bers and two air- ehambels, movable dia-
phragms separating said gas and air cham-
bers, and having connection with each other
inside of the casing, valve-passages whereby
the gasisadmitted to and exhausted from the

ogas-chambers alternately so as to cause move-
ment of the diaphragms by reason of the dif-

ference of pressure in the two gas-chambers,
means whereby the movement of the dia-
phragms is caused to draw air into one air-

chamber simultaneously with' the expulsion

of air under pressure from the other air-cham-
ber for admixture with the gas, and valve-op-
erating devices actuated by connection with
the movable diaphragm structure of the ap-
paratus, substantially as specified.

9. Agasand air mixing apparatus in which

| are combmed a casing ha.vmg a pair of gas-
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chambers separated by a movable diaphragm,
!
|

pres-.

a pair of air-chambers separated from said
gas -chambers by movable diaphragms of
greater area than that which separates the
gas-chambers, valve mechanism for control-
ling the flow of gas intoand its discharge from
each gas-chamber, and means whereby the
movement of the diaphragms is caused to ef-
fect compression of air in the air-chambers
alternately for admixture with the gas, sub-
stantially as specified.

10. The ecombination in a gas and air mix-
ing apparatus, of a casing havmﬂ‘ a pair of
ﬂas-chambels separated by a movable dia-
p}ll agm,a pairof air-chambersseparated from
sald gas-chambers by movable diaphragms of
greater area than that which separates the
gas-chambers, valve-passages for controlling
the flowof gasintoand itsdischarge from each
gas-chamber, means whereby the movement
of the diaphragms is caused to effect compres-
sion of air in the air-chambers alternately for
admixture with the gas, and valve-operating
mechanism actuated by connection with the
movable diaphragm structure of the appara-
tus, substantially as specified.

11. A gas and air mixing apparatus in
which are combined a casing having a gas-
chamber, an air-chamber containing a bel-
lows, valve mechanism governing the flow of
air and gas into and from said gas-chamber,
adiaphragm acted upon by the gas in said gas-
chamber, and means whereby the movement
of said diaphragm is caused to effect move-
ment of the bellows in the air-chamber and
thereby alternately draw air into and expel
it under pressure from said air-chamber and
bellows for admixture with the gas, substan-
tially as specified.

12. A gas and air mixing apparatus in
which are combined a casing having a gas-
chamberand an air-chamber containing a bel-
lows, valve-passages governing the flow of gas
into and from said gas-chamber, a movable
diaphragm acted upon by the gas in the gas-
chamber, valve-operating mechanism actu-
ated by connection with said diaphragm, and
means Whereby the movement of the dia-
phragm is caused to operate the bellows in
the air-chamber and thereby alternately draw
airinto and expel it under pressure from the
air-chamber, and bellows, alternately for ad-
mixture with the gas, substantially as speci-
fied.

13. A gas and air mixing apparatus in
which are combined a casing having a gas-
chamber and an air-chambercontaining a bel-
lows, a movable diaphragm separating said
gas and air chambers, valve mechanism gov-
erning the flow of gas into and from the gas-
chamber, and means whereby the movement
of the dmphraﬂm under the varying
sures in the gas-chamber is caused to effect
the operation of the bellows in the air-cham-
ber and thereby alternately draw air into and
expel 1t under pressure from the air-chamber

701,590

and the bellows for admixture with the gas,
substantially as specified.

14. A gas and air mixing apparatus in
which are combined a casing having a gas-
chamber and an air-chamber containing a bel-
lows, valve-passages governing the flow of
gas into and from said gas-chamber, a mov-
able diaphragm separating the gas and air
chambers and deriving its movement from
the gas in the gas-chamber, and means where-
by said movement of the dla,phratrm is caused
to effect ‘the operation of the bellows in the
air-chamber g0 as to alternately draw air into
and expel it under pressure from said air-
chamber and bellows, and valve-operating
mechanism actuated by connection with the
movable diaphragm, substantially as speci-
fied.

15. A gas and air mixing apparatus in
which are combined a casing having a pair of
cas-chambers and a pair of air-chambers each
containinga bellows, valve mechanism where-
by the lowof gasinto and from the gas-cham-
bersis governed so as to cause one chamber
to fill with gas as the other is being dis-
charged, oneor more movable diaphragms ac-
tuated by reason of the difference of pressure

of thegasin the two gas-chambers,and means

whereby the diaphragm movement is caused
to actuate the bellows in the air-chambers so
as to alternately draw air into and expel it
from said air-chambers and bellows, substan-
tially as specified.

16. A gas and air mixing apparatus in
which are combined a casing having a pair of
gas-chambersand a pair of air-chambers each
containing a bellows, valve-passages for gov-
erning the flow of gas into and from the gas-
chambers so that one chamber fills with gas
as the other is being discharged, one or more
movable diaphragms whose movement is
caused by difference of pressure of the gas in
the two gas-chambers, means whereby the
bellows 1n the air-chambers are operated by
the diaphragm movement so as to alternately
draw-air into and expel it under pressure
from said bellows and air-chambers, and
valve-operating mechanism actuated by con-
nection with the movable diaphragm strue-
ture of the apparatus, substantially as speci-
fied.

17. A gas and air mixing apparatus in
which are combined a casing having a pair of
gas-chambers, and a pair of air-chambers each
air-chambercontaining a bellows,valve mech-
anism governing the flow of gas into and its
discharge from each gas-chamber, movable
diaphragmsseparating the gas-chambersfrom
the air-chambers, and means whereby the
movement of the diaphragms by reason of
the difference of pressure of the gas in the
two gas-chambers iscaused to operate the bel-
lows in the air-chambers and thereby alter-
nately draw air into and expel it under pres-
sure from said bellows and air-chambers, sub-
stantially as specified.
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18. A gas and air mixing apparatus in
which are combined a casing having a pair of
cas-chambersand a pairof air-chambers,each
of said chamberscontaining a bellows, valve- |
passages controlling the flow of gas into and
its discharge from each of said gas-chambers,
movable diaphragmsseparating thegas-cham-
bers from the air-chambers, means whereby
the movement of said diaphragms under the
influence of difference of pressure of the gas
in the two gas-chambers is caused to operate
the bellows in the air-chambers and alter-

5

' naﬁe]y draw air into and expel it under pres-

sure from said bellows and air-chambers, and
valve-operating mechanism actuated by con-
nection with the diaphragm strueture of the
apparatus, substantlally as specified.

In testimony whereof I have signed my

name to this specification in the presenee of

two subsecribing witnesses.
GUSTAVE A. LOFBEN

Witnesses:
F. K. BECHTOLD,
Jos. H. KLEIN.
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