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¢ Claims.

The object of the invention is to provide im-
provements in gas injectors for liquid systems,
but especially one which is adapted for use in
devices such as those designed for the injection
of air info water systems and into the air cham-
bers thereof, in order to insure regular flow of
the water therefrom, even where the water is
initially impelled by intermittent or reciprocatory
pumping means.

As is well known, in the case of the myriad
forms of reciprocatory and many other types of
pumps, whether intended for shallow or deep
wells, it is desirable that their irregular pump-

ing action shall be transformed into a relatively
steady and uniform flow of the water propelled
‘thereby, particularly when the discharge is not

made first into a gravity storage tank; -but is
direct to the faucets, valves, or other forms of
discharge outlets. For this purpose these pumps

"have heretofore been provided with an air chiam-

ber separate and distinct from the main line of
the system as it leads from the pump, and in
order to maintain a substantial quantity of air
in such chambers, to replace that which becomes
dispersed in and led with the water therefrom,
a separate pump has invariably been provided,
such pump usually being operated by the regu-
lar water pumping mechanism and in parallel
therewith.

An object. of the present invention, therefore,
is to provide an improved type of air pump, which

may be interposed directly in the main channel
Jeading from the pump, or may be attached to a
‘laterally directed T or similar form of branch
line, or which may be attached to and in com- &

munication with the interior of the storage tank,
which in such a case is closed at the top, and in
such latter case may either be confrolled by the
level of the water in such tank, as by means of
3 float, or may be left free to operate.entirely

‘independently of such water level.
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" The broad principle upon which the improved

inijector operates resides in the provision of a

"casing, within which is positioned a resilient ex-
‘pansible element, such as an elastic tube, into

or through which the water flows from the pump
and which is alternately expanded by the inter-

.mittent pressure of such water, until it substan-

tially or entirely fills the interior of said casing,
the flow of air into the space between said ele-
ment and the walls of said casing, and from
said space and into the main water line or chan-

‘nel, being controlled by suitable automatic valves.

" A modification of this construction, but which

4D

80

functions within ‘the scope of the same -broad 65

prineiple, comprises a casing and an expansible
bellows or equivalent ‘element therein, the water
pressure from the pump -in such case being ex-
erted -upon -the outside .of such element (within
said -casing), while .an -air inlet valve connects
the interior of said -element with the.outside of
said casing; and an-air.gutlet valve connects the
interior of said.element with the interior of said
casing, so that a collapsing -and. consequent .ex-

pulsion .of air from -within said: element serves
to force such air into the water within the line,

and -a replacement ‘of :such expelled .air ‘being
effected by an expansion of.said element, where-

upon fresh air is {faken therem from  without
‘sa.ld casing.

Still -another .object is .to -provide .in conjunc-

tioh with the form of injector -first referred to

(that is, when positioned directly «in the water

line) -an -improved check -valve, which operates
$0 provide a temporary reverse.or-back pressure,
for the purpose of :operating :the .expansible ele-

ment, until such check valve has functioned. to
release and permit the flow.of water.in the main

line therethrough, and by which time said ele-
‘ment has been able to force .air surrounding it
‘into said -water line.

And. a still further cbiect is-to provide a modi-
fied -form of the device, by which no air is in-<
Jjected -into the -system, but which device oper-

-ates-as a.shock- or pulsation-absorbing umt -and
-aside from -a protective casing primarily ‘com-
-prises the insertion -in the direct water ot other
‘liquid line of .a radially elastic tube, which

alternately -expands and -contracts with wvar-
iations in- the ‘liquid -pressure, -resulting from
uneven pulsations” from the -pump in one
direction, or -from suddenly closing & wvalve or
the like, and-thereby in the .epposite direction .
arresting the flow of liquid with equal suddén-

-ness,-in-such’ latter case- ‘the-inertia of the flow-
ing hquld bemg absorbed by the expa,ns1ble tube,
‘instead of eausing:the well known pounding er
-“hammer” against the Valve :0r other -arresting

means.
‘With -the objects: thus broadly stated, the:in-
vention comprises further details of construetion

-and operatlon ‘which are -hereinafter -fully
-brought -out in ‘the following description, when
read in -conjunction -with the accompanying

drawings, in-which Fig. 1 is -4 transverse. longi-
tudinal -section of an injector showing -one -em-

~bod1ment of the invention in its float-opera,ted

form, ‘Pig, 2-is a transverse sectlon on ‘theé :line

] of Flg 1; ‘Fig. 3-is-g sunllar sectmn of a

-slightly modlﬁed form minus- -the ‘fioat of Fig. 1
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Fig. 4 is a similar section of a still further but
only slightly modified form of the device shown
in Fig. 3, connected directly in the water line
leading from a pump, or in an equivalent position
in which water flows through it; Fig. 5 is a ver-
tically longitudinal section through substantially
the same form of injector as that shown in Fig, 4,
but connected in this instance to an improved
type of check valve; Fig. 6 is a similar section of
a, different form of injector, but which also em-
bodies substantially the same principles of op-
eration; and Fig. 7 is a longitudinal section

through a modification of the invention, in which -

the device is not intended to inject air into the
system, but operates directly to absorb pump and
similar pulsations, and the so-called “water ham-
mer” when g valve is closed suddenly. o

Referring to Figs. 1, 2 and 3, a small portion

I of the upper wall of a tank adapted to hold
water or other liquid, is shown as being provided
with a threaded: aperture 2. This tank, in addi-
tion to: serving as a reservoir, also is intended to
contain a variable quantity of air in its upper
portion in: order to thereby function as an air
dome or equivalent for insuring a uniform flow
of water from such-tank, when and as may be
desired under the control of faucets, valves, or
other types of-conftrolling means.

- Into the aperture 2 is secured the similarly
threaded reduced end portion 3 of a coupling 3’,
the relatively larger. internally threaded opposite
end portion 4 of which receives in threaded en-
gagement a cylindrical body member 5, having
its opposite end closed by means of an imperfo-
rate cap or other suitable form of closure 6, also
in threaded engagement therewith. - The body
portion 5, together with the attached members
3’ and 6, cooperate to form:a casing which is
here disclosed as being made in probably the
most economical form, but which instead may be
cast as, for instance, in the form shown in Fig. 5,
and hereinafter described. :
- Within the opposite end portions of the body
member 5 are secured similarly constructed par-
tition units which are, therefore, interchangeable.
- Each of these units comprises.an outwardly posi-
tioned rigid gasket 1, formed. of metal or other
suitable material and of a diameter slightly
smaller than that of the interior of said body
member. - Adjacent to each of these gaskets is
positioned a rubber or other form of elastic gasket
8, while upon the opposite or inner face of each
of these elastic gaskets -is positioned g metallic
ring 9, the adjacent surfaces of which are in
cross section represented . by reverse or O-G
curves, and the several -parts of each partition
unit being secured together in binding relation
by means of c:rcumferenha’ly spaced screws or
bolts 10.

. Each of these pa.rt1t10n units is provided Wlth
an axially positioned bore 11, through which ex-
tend the opposite end portions-of a radially resil-
ient rubber or equivalent tube 12. - Within the
lower portion of this tube, in the form of the de-
vice shown in Figs. 1 and 2, there is positioned
an annular ferrule 13, having an axial down-
wardly tapering bore {4, forming a valve seat
for a correspondingly tapered portion I5 of a rod
{6, the lower end of which rod extends down-
wardly through and freely from the restricted
portion 3 of the member 3’, and carries a float 17
positioned within the upper portion of the tank 1.
The upper portion. 18 of the rod 18 extends freely
(with sufficient clearance tp ;pass air) through
an axial bore {9 in an annular ferrule 20, which
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is positioned in the upper end portion of the
tube 2. These ferrules 13 and 20, being in the
same planes as the respective gaskets 8, also
serve to prevent a collapse of the adjacent por-
tions of said tube {2, as it is compressed radially
inwardly, and which is thus secured in position
by a radially inward contraction of the gaskets 8,
as they are compressed by the screws 10 between
the gaskets T and the rings 8, when at the same
time said gaskets 8§ also tend to expand radially
outwardly in binding cooperation with the in-
ner surface of the casing member 5. The func-

" tional result of this construction permits the ad-
~justable positioning of the respective partition

units readily in any desired positions within the
casing member 5, and similarly permits them to
be withdrawn therefrom for repair or replace-

-ment whenever the same may be desired. Also,

a distinct advantage of such a unit resides in the
fact that it forms such a positive seal, that it is
adapted for use in many other ways, as for in-
stance in the connection of two pipes, tubes, bars
and tubes, et cetera.

The body member 5 is provided preferably sub-
stantially centrally with an aperture 21, within
which is secured any suitable form ‘of air (or
other gas) inlet valve 22, whereby a gas can enter
the space 23 between the tube (2 (during its
collapse) and the surrounding casing. member
5. The several elements of the said partition
units are provided with aligned apertures which,
together, form bores 24 in which are positioned
air outlet valves 25 of any suitable type, the same
for convenience preferably being valves which are
interchangeable with the air inlet valve 22.

In the form of the device shown in Figs. 1 and
2, as the water level rises within the tank { and
the . float . IT is thei'eby raised, the valve 15 is
similarly raised and accordingly opens the pas-
sageway through the lower ferrule {3. Each sub-
sequent . pulsation of a supply pump conducting
addltlonal water into said tank thereupon forces
air into. and radially expands the tube 12, sub-
stantlally or completely- into the dot- and dash
position {2’ shown in Fig. 1, with the obvious
result that the air previously trapped within the
space 23 .is forced outwardly through the valves
25 and into the upper portion of the tank f. Air
passing the upper valve 25 flows radially inwardly
beneath-the casing closure 6, thence through the
bore {9 in the upper ferrule 20 and downwardly
through the tube 12 into the tank, while air
passing the lower valve 25 flows directly into said
tank. With the release of the temporary excess
pressure by opening a valve or other outlet con-
trolling means, the resilient characteristics of the
tube 12 cause it to return to its normal collapsed
position shown in Fig. 1, thereby drawing air
into the casing member § through the inlet valve
22,  This cycle of operation is thereupon contin-
ued until the proper volume of air is restoréd

within the tank and the pressure of such air pre-

vents.the. further operation of the tube 12, until
such pressure is again relieved by and upon draw-
ing- water from said tank, without its being re-
plenished at the same rate by the pump or other
liquid impelling means.

--Referring to Fig. 3, since there is no valve stem
or float present in this instance, the ferrules 13

and 29 of Fig. 1 are replaced by simple, uni-

formly bored ferrules 26. Howeéver, while the
simple cylindrical ferrules 26 would obviously be
supplied in new valves in which there is no in-
tention.to use a float and valve stem, the device
shown in F1g 1. may be used :as shown in Fig, 3
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without alteration or-substitution for the ferrules
13 ‘and 20 other than thé mere elimination of
the said valve stem and float. When using the
form shown in Fig. 3, this valve operates in the

same manner as that hereinbefore deseribed, but

is not restricted to functioning only after the lig-
uid level within the tank reaches a given pre-
determined height in order to thereby raise the
float and release the valve .15. Accordingly, this
slightly simplified form of the device begins to
operate as soon as the air above the liquid level
within the tank reaches sufficient pressure - to
cause the tube {2 to expand sufficiently-to com-
‘press air in the space 23 and thereafter upon col-
lapsing forcing such air into the tank.

-Referring to Fig. 4, the horizontally dlsposed
valve here shown is given the same numerals as
are applied to the device as illustrated in Fig. 3.
However, it will be noted that in this instance the
reduction fitting 3’ is duplicated upon both ends
of the body member & As a consequence of this
construction, and by connecting this simple form
of air pump directly in the pipe line leading from
the liquid pump, the intermittent positive pres-
sure exerted by such pump against the back pres-
sure of the liquid beyond the improved air pump,
will result in causing correspondingly intermit-
tent radial expansion of the elastic tube 12 with
intervening contractions of said tube, thersby
alternately forcing air from the space 23 in op-
posite directions through the two air outlet valves
.25, directly into the water line and causing re-
-placement air to be drawn into the space 23 by
way of the air inlet valve 2%2.

Referring to Fig.-5, a cast form of the improved
injector is here shown as comprising a centrally
bellied body porticn 80, within and between the
opposite relatively restricted ends 31 of which
are secured the opposite end portions of a radially
elastic tube 32 by means of hollow annular fer-
rules 33, having conical faces 34 in contact with
the ends of said tube, said ferrules being forced
into operative position by means of hollow an-
nular nuts 35, which are removably pogitioned
within the internally threaded end portions 36
“of the device. -The central portion 30 is provided
substantially centrally with an air inlet aper-
ture 37 controlled by a valve 38, while one side
of the device is provided with g radial enlarge-
ment- 39 through which extends longitudinally
a bore 48 opening through apertures 4i and 42,
respectively, into the air space surrounding the
tube 22 and into the water line, preferably beyond
one or other of the two ferrule-sealing nuts 33,
and the flow of air through this channel being
restricted to one direction only by means of a
second valve &3 of any desired type, but prefer-
ably interchangeable with the valve 38.

In conjunction with the form of the injector
last described, and through which liguid is in-
tended to flow in the direction of the arrow, there
is preferably connected to the discharge end of
said injector a check valve of any suitable type,
but for which purpose there is here illustrated a
simple form which is characterized by high effi-
ciency, as well as economy in construction. This
valve primarily comprises an inlet channel 4%
and an outlet channel 46, between and separating
which is a vertical channel 41, said last-mentioned
channel terminating downwardly in an annular
tapered valve seat €8 through which communi-
cation is had with the inlet channel 45. A grav-
ity actuated valve 49 is adapted to rest upon said
valve seat, while the wall of the central channel
47 is provided with an aperture 58 in direct com-
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munication with the outletchannel 48, the lower
side of the aperture 50 being ‘spaced dhove said

‘valve séat, and consequently above the lower sur-
face of said valve when in ‘its lowermost posi-

tion. "The upper portion of the central chan-
nel 47 is also -connected with the outlet channel

“46-by means of a by-pass 51, both for the purpose

of relieving pressure -upon the upper surface of
the valve as it rises, and also for the purpose of
positively seating said:- valve bstween positive
pulsations of' the ‘pump connected to the oppo-
site ‘end of ‘the injector.

The positive seating of the valve 438-is effected
by reason of the differential of the areas. of-its

‘upper and lower surfaces, while access to this

valve may be had by and. upon removing a’plug
or equivalent closure 52 for the upper portion of
the central channel 47. In the operation of the
composite structure shown in Fig. 5, pressure
originating with the pump (not shown) will build
up within®and cause expansion of the flexible
tube 32, until the valve 49 has raised sufficiently
to permit such pressure to be relieved by exit of
the temporarily confined liquid through the aper-
ture 89 into the discharge chaunel 46 of said
check valve, Thereupon, as soon as the tempo-
rary pump pressure has been released; the weight
of the valve £8, combined with the back pres-
sure of the water or other liquid upon the upper

‘surface- of this valve -will cause if %o drop into

its- lower posmon and thereby block any revelse
flow of ‘water through the injectot.:

Referring now to Fig. 6, a modified form-of air
injector is here shown as comprising ‘a lower

tubular portion 59, which is normally secured

within an aperture:56 ia the ‘upper- wall-57°0f a
tank. The member ‘85 also comprises g fange

‘68, to which'is securéd by screws 59 the fianged

portion 68 of a preferably tubular ¢asing 61, the
upper portion of which is closed by a wall 62,
except for a central aperture-63, in which is se-
cured an air inlet valve 64 by any suitable means.
Positioned within the upper portion of said casing
and with its interior in communication with the
valve 64 is a metal bellows 65, the lower wall 65
of which is apertured at 67 and communicates
through an air outlet valve 68 with the under
side of a corrugated metal diaphragm 89, the
upper wall 19 .of which diaphragm is suitably
secured so as to move-in unison with the lower
wall 66 of said bellows. - The lower portion of said
diaphragm is thereupon provided with a radially

-outwardly extending annular flange T1, which is

tightly held between the flanges 58 and 68 of
the surrounding casing. In the operation of this
form of the device, pulsations from a pump sup-
plying water to the tank 57 cause the upper wall

‘of the diaphragm ‘to alternately rise and fall,

thereby causing a corresponding rise and fall

-of the lower wall 66 of said bellows, with the

obvious result that air is alternately drawn past
the valve €4 info and expelled bpast the valve
68 into the upper portion of said tank.
Referring to Fig. 7, the modified form of the
device here shown comprises a preferably bel-
lied or -equivalently shaped casing 75, having a
laterally directed opening 17§, spanned by a per-
forated or at least porous cover 11, by which for-
eign particles and dust are prevented from enter-
ing the space between said casing and an ax-
ially positioned, radially elastic tube 78 positioned
therein. - Said tube is secured in cperative posi-
tion by means of ahnular ferrules-and nuts 19
and 89, while said casing is adapted to be con-

‘nected directly in the main line of the system by
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‘means of threaded end portions, or equivalent
means. Thus, except for the injection principle,
the modification shown in Fig. 7 is structurally
similar in the details mentioned to that shown
in Fig. 5, and pulsations in the body of liquid
caused by the pump are absorbed by the radial
expansion of said tube, while in a similar manner
the inertia of flowing liquid, as when the device
is placed in a line between a tank or other sup-
ply and a valve, is absorbed by said tube upon
suddenly closing such-valve, and thereby elimi-
nating the so-called “hammer” effect. Instead
of the porous cover T1, the opening 16 may be
closed by a valve which normally permits a free
flow of air in both directions, while contact of a
liquid with such valve, as when the tube may
leak, operates to positively close the valve and
prevent escape of liquid from the system.

The broad idea underlying the principles em-
bodied in the present invention, and defined by
the appended claims, is to be understood as an-
ticipating the many changes in details of con-
struction which may be made in the several forms
.of the injector hereinbefore described, while still
operating to function in accordance with the
prineiples herein set forth.

Having thus described our invention, what we
claim as new and desire to protect by Letters
Patent of the United States is:

1. A gasinjector pump for liquid systems, com- 3

prising a casing, a distortable member within and
spaced from said casing, adapted to be distorted
by positive pressure within the system to occupy
the space between said casing and said mem-
ber, adjustable distortable sealing means to con-
nect said casing with said member, a gas inlet
valve extending through said casing and con-
necting the space between said casing and said
member with the exterior of said casing, and a
gas outlet valve extending through said sealing
means and connecting the said space with the
system.

2. A gas injector for liquid systems, comprising
a casing having an enlarged portion, a radially
expansible tube secured at spaced regions to the
inner walls of said casing upon the opposife sides
of said central portion to provide a space there-
between, an inlet valve connecting said space
with the exterior of said casing, a second valve
connecting said space with said system, said cas-
ing being connected to the upper air chamber of
a liquid containing tank, and the interior of said
tube being in communication with said air cham-
ber.

3. A gas injector for liquid systems, compris-
ing a casing having an enlarged portion, a radi-
ally expansible tube within said casing, parti-
tion units sealing- the space between said tube
and said casing adjacent to each end of said tube,
an inlet valve connecting said space to the ex-
terior of said casing, the interior of said casing
being connected to the upper gas chamber of a
liquid containing tank, and an outlet valve ex-
tending through one of said partitions and con-
necting said space with said gas chamber,

4. A gas injector for liquid systems, compris-
ing a casing having an enlarged portion, a radi-
ally expansible tube within said casing, partition
units sealing the space between said tube and
said cesing adjacent to each end of said tube,
an inlet valve connecting said space to the ex-
terior of said casing, said casing being connected
to the upper gas chamber of a liquid containing
tank, and outlet valves extending through said
partitions, one valve leading from said space di-
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rectly into said gas chamber, and the other valve
leading into said gas chamber by way of said
tube. -

5. A gas injector for liquid systems, compris-
ing a ecasing having an enlarged portion, a radial-
ly expansible tube within said casing, partition
units sealing the space between said tube and said
casing adjacent to each end of said tube, an inlet
valve connecting said space to the exterior of
said casing, the interior of said casing being con-
nected to the upper gas chamber of a liquid
containing tank, an outlet valve extending
through one of said partitions and connecting
said space with said gas chamber, a ferrule hav-
ing a valve seat and distending the normal lower
portion of said tube, a valve for said seat, and
a float depending from and adapted to raise said
valve from said seat upon liquid in said tank
reaching a predetermined level, whereby when
said valve is raised said tube functions in ac-
cordance with variations in pressure upon the
liquid by extraneous impelling means,

6. A gas injector for liquid systems, compris-
ing a casing having an enlarged portion, a radi-
ally expansible tube within said casing, partition
units sealing the space between said tube and
said_casing adjacent to each end of said tube,
an inlet valve connecting said space to the ex-
terior of said casing, the interior of said casing
being connected to the upper gas chamber of a
liquid containing tank, an outlet valve extending
through one of said partitions and connecting
said space with said gas chamber, a ferrule hav-
ing a valve seat and distending the normal lower
portion of said tube, & valve for said seat, a float
depending from and adapted to raise said valve
from said seat upon liquid in said tank reaching
a predetermined level, whereby when said valve
is raised said tube functions in accordance with
variations in pressure upon the liquid by extrane-
ous impelling means, a stem rising from said
valve, and a ferrule in the normal upper portion
of and distending said tube, and through which
said valve stem passes loosely as a guide.

7. A gas injector for liguid systems, compris-
ing a casing having an enlarged portion, a radi-
ally expansible tube within said casing, partition
units sealing the space between said tube and said
casing adjacent to each end of said tube, an in-
let valve connecting said space to the exterior of
said casing, said casing being connected to the
upper gas chamber of a liquid containing fank,
outlet valves extending through said partitions,
one valve leading from said space directly into
said gas chamber, and the other valve leading
into said gas chamber by way of said tube, a fer-
rule having a valve seat and distorting the nor-
mal lower portion of said tube, a valve for said
seat, and a float depending from and adapted
to raise said valve from said seat upon liquid in
sald tank reaching a predetermined level, where-
by when said valve is raised said tube functions
in accordance with variations in pressure upon
the liquid by extraneous impelling means.

8. A gas injector for liquid systems, comprising
a casing, a bellows attached to and closed upon
one side by said casing, an inlet valve extending
through said casing into said bellows, an axially
yieldable diaphragm spanning said casing be-
neath and operative to actuate said bellows, an
outlet valve connecting the interior of said bel-
lows with the lower side of said diaphragm, and
means to secure said casing to and in communi-
cation with an air chamber in a liquid system.

9. A gas injector for liquid systems, comprising
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a casing, a bellows within and having one side interior of said bellows with the opposite side
fixed with respect to a wall of said casing, an in- of said diaphragm, and means to secure said cas-
let valve extending through said casing into said ing to and in communication with a gas cham-
bellows, a diaphragm spanning said casing upon ber in a liquid system.

the opposite side of said bellows, and connected &

to said bellows so as to alternately collapse and GEORGE H., McMULLEN.

distend the same, an outlet valve connecting the JOSIAH M, HADDAWAY,




