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To all whom it may concern:

Be it known that I, Burr O. Gagg, a citi-
zen of the United States, residing in War-
ren, in the county of Worcester and State
of Massachusetts, have invented an Improve-
ment in Pumping-Engines, of which the
following description, in connection with the
accompanying drawings, is a specification,
like letters on the drawings representing
like parts. :

This invention relates to a pumping en-
gine, and especially to the pump proper of
a double acting, independent air pump for
use in connection with condensing steam
engines.

The peculiar nature of the operation of
an air pump for discharging the contents
of a condenser of a steam engine and main-
taining a high vacuum therein is such as
to call for special construction of the pump
proper, and it has been found, heretofore,
that for an independent air pump, especially
of the twin type, a single acting bucket
pump is most effective, and such construc-
tion has been most commonly adopted for
independent twin air pumps.

I have devised a double-acting piston
pump capable of producing and maintain-
mg a high vacuum, and being more compact
and economical of space than the bucket
pumps heretofore commonly used, and hav-
g the advantages of easy maintenance and
ready accessibility of parts for repair or re-
placement, when required.

Figure 1 is a front elevation of a double
acting twin air pump embodying this in-
vention, one of the pumps being shown
partly in section; Fig. 2 is a sectional plan
thereof on line 2%, Fig. 1; and Fig. 8 is a
vertical, longitudinal section through one of
the pumps on line 2* of Fig. 2.

The invention is shown embodied in a
twin pumping engine, and the general ar-
rangement is the same as in twin air pumps
heretofore used, the engine comprising a
pair of pumps 2, 3 (see Fig. 1) having suc-
tion and discharge chambers common to
both, and connected by uprights 4 with a
base plate 5 for the actuating engine or
steam cylinders 6, 7, corresponding to, and
in line with the pump cylinders, the pistons
of the steam cylinders being each connected
by a piston rod 8 with the piston of the
corresponding pump, so that each steam cyl-

inder and piston with the corresponding
pump constitutes a direct acting pumping
engine. The piston rods of the two pump-
ing engines are connected by a rocking beam
9 which causes the pumps to operate in
unison, but to make their strokes in opposite
directions, the power of both steam cylinders
thus being exerted in each stroke, and trans-
mitted to the pump pistons in accordance
with the load on each, at any given stroke
or time in the stroke.

The organization thus far considered, ex-
cept for the construction of the pumps,
which will be hereinafter described, and the
fact that pistons, instead of buckets or
valved pistons, are used in the pumps proper,
1s substantially the same as has been hereto-
fore used in independent twin air pumps,
and the construction of the steam cylinders
and their appurtenances, including the valve
mechanism, may be of any suitable or usual
construction, and, if desired, a single steam
cylinder might be used connected directly
to the piston of one of the pumps, and
through the rocking beam 9 to the piston
rod of the other pump, so as to operate the
pump pistons in unison but in opposite di-
rections, the same as when two steam cyl-
inders are employed.

The structure of the pump comprises four
principal components, viz., the base portion
10 containing the suction chamber common
to both pumps, and the two cylinder pieces
or sections 11, 12, and the discharge cham-
ber 13, common to both cylinders, and
mounted upon the cylinder pieces 11, 19,
and constituting the direct support for the
frame work of the actuating cylinders or
steam end of the pump.

The construction of the individual pumps
is best shown in Fig. 8. The base 10 con-
tains the suction chamber 14, provided with
a suitable inlet passage, as indicated at 140,
Figs. 2 and 8 (being structurally similar to
the outlet passage 27 shown in Fig. 1, but
at the rear of the pump),said suction cham-
ber being of annular form where it is adja-
cent to the end of the cylinder proper, the
base portion 10 containing a recess 15 within
the suction chamber 14, corresponding in
position to the cylinder proper 16 and of
larger diameter or sectional area, so as to
afford a space between the wall of the cyl-
inder proper and the inner wall of the suc-
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tion chamber 14, as shown at 17, Figs. 2 and
3, the lower end of the cylinder proper 16
extending down into the recess 15 in the

base portion, and having its lower end a

substantial distance below the level of the
top of the suction chamber 14.

Rach cylinder piece contains the cylinder
proper 16 and a surrounding wall or casing
extending to the outer wall of the suction
chamber 14, and having a space between it
and the cylinder proper divided by a verti-
cal partition 18, as best shown in Fig. 2,
thus forming two separate intermediate
chambers 19, 20, which together surround
the cylinder .16, above the base casting and
suction chamber, which latter communicates
with both of the said intermediate chambers
through' openings controlled by upwardly
opening valves 21 which may be such as
commonly employed between the suction
chamber and cylinder or barrel of a pump.

The cylinder piece is provided with a
flange 22 extending. around one side of the
cylinder 16, from one to the other of the
partitions 18, which flange seats upon the
base piece above the inner wall of the suc-
tion chamber 14, as shown at the left hand
in Fig. 8, and thus cuts off communication
between the intermediate chamber 19 at that
side of the vertical partitions 18 and the
chamber 15 communicating with the lower
open end of the cylinder proper 16, while
the intermediate chamber 20 at the other

side of said partitions 18 is in free communi- .

cation through the space 17 (see Figs. 2 and
3) with the recess 15 in the base piece and
with the lower end of the cylinder 16 which
opens directly into said recess.

The wall of the cylinder proper 16 is ex-
tended at one side of the vertical partitions
18 to the top of the cylinder piece, thus cut-
ting off communication between the inter-
mediate chamber 20 and the upper end of
the cylinder, as is clearly shown in Fig. 3,
while at the other side of the said partition
18, the cylinder wall terminates a little be-
low the upper end of the cylinder chamber,
thus leaving a passage or space 23 which
affords communication between the inter-
mediate chamber 19 and the upper end of
the cylinder. The piston 24 may be of any
suitable or usual construction, and by reason
of the construction thus far described, it
will be seen that the cylinder 16 communi-
cates at its lower end only with the inter-
mediate chamber 20, and at its upper end
only with the intermediate chamber 19, and

" that the upper end of the cylinder com-

municates with the upper end of the inter-
mediate chamber 19 near the top wall of
said chamber, and the lower end of the cyl-
inder communicates through the passage 17
with the intermediate chamber 20 at the
hottom of the latter.

~ The discharge chamber 25 in the top sec-
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tion of the pump portion of the engine over-
lies both of the cylinder pieces 11 and 12
substantially to the outer wall, and thus lies
above both intermediate chambers 19, 20 of
both pumps, and communicates with said
intermediate chambers through openings
controlled by upwardly opening valves 26
which are opened to permit the flow of fluid
from the intermediate chambers into the
discharge chamber to prevent the reverse
movement of the fluid, as is usual in pumps.
The top section 13 is provided with a suit-
able discharge outlet 27 common to both
pumps, as best shown in Fig. 1.

The upper section 13 has openings com-
pletely through it above the cylinders, each
opening receiving the corresponding cyl-
inder head 28 which is made cup-shaped, as
best shown in Fig. 3, so as to aiford a cup-
like or open top chamber or recess above the
piston head, and surrounded by the dis-
charge chamber, which recess in the cylinder
head receives any liquid which may leak
through the stuffing box so that the said
liquid tends to prevent the passage of air
or vapor through the stuffing box.

The outer wall of the cylinder sections 11
and 12 is contracted toward the cylinders 16
contained therein in the space between the
suction and discharge chambers, as shown
at 30, which reduces the capacity of the in-
termediate chambers 19 and 20, and gives
comparatively small clearance space between
the piston and the inlet and outlet valves.

Hand holes with removable covers are
provided in the cylinder pieces and in the
top and base sections, as shown at 32, 33, 34,
Fig. 1, for affording access to the valves
which may thus be repaired or replaced,
without having to obtain access to the inte-
rior of the cylinder, as is the case with ref-
erence to the valves in the bucket of a single
acting bucket pump. :

While the invention has been herein
shown and described as embodied in a twin
pump or pair of pumping engines connected
for simultaneous and equalized operation by
a rocking beam, the invention, so far as 1t
relates to the novel construction of the pump
cylinder and parts directly codperating
therewith, is embodied in a single one of
the pumps and codperating parts, and Fig.
3, for example, may be understood as repre-
senting the pump end of a complete pump
embodying the invention, it being under-
stood that there is a suitable inlet to the suc-
tion chamber 14 and outlet from the dis-
charge chamber 25, whether the cylinder
works alone or in combination with the
other cylinder of a twin pump.

By reason of the nature of the material
being pumped, part being liquid, and part
being vapor or gaseous, the operation is
somewhat different at the two ends of the
cylinder, and the operation of the parts in
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communication with the lower end of the
cylinder during a stroke is as follows: When
the piston has completed its down stroke
which extends clear to the bottom of the cyl-
inder 16, under usual conditions when the
pump is in continuous operation, the gaseous
material and a part of the liquid will have
been expelled through the discharge valves
26 and the intermediate chamber 20 which is
in_ communication with the lower end of the
cylinder, as well as the space 15 below the
cylinder, and the connecting passage 17 will
be full of liquid. When the piston makes
its upstroke, the liquid will follow it
through the open, lower end of the cylinder,
and will descend in the intermediate cham-
ber 20, the liquid following the piston from
the intermediate chamber into the cylinder.
During or toward the latter part of the up-
stroke of the piston, the pressure in the in-
termediate chamber will have been so re-
duced that the slight pressure in the suction,
chamber 14 is sufficient to open the valves
21, and the air and vapor from the suction
chamber will pass through the said valves
into the intermediate chamber 20, and if lig-
uid begins to pass before the liquid in the
chamber has been drawn down to the level
of the lower end of the cylinder, no air will
pass into the cylinder, but the air and vapor
will
ber 20 above the level of the liquid therein.
In the down stroke of the piston, the liquid
will be forced from the cylinder through
the passage 17 into the intermediate cham-
ber 20, and rising therein will expel the air
and vapor through the discharge valves 26,
and finally if there is more than enough lig-
uid to fill the intermediate chamber or clear-
ance space between the piston and the dis-
charge valves 26, some liquid will be dis-
charged through the said valves 26, leaving
the said clearance space entirely filled with
liquid at the end of the stroke. Thus, in the
usual operation, the level of the liquid out-
side the cylinder will not at any time de-
scend below the level of the lower end of the
cylinder, and the vapor will not enter the
cylinder, so that the piston, for the most
part, acts directly against liquid rather than
gaseous material. If, however, the liquid in
the intermediate chamber, together with
that entering the same in the upstroke of the
piston is insufficient completely to fill the
lower part of the cylinder, its level outside
the cylinder would descend, and when it
arrived at the lower end of the cylinder, the
gaseous material would pass into the cylin-
der and accumulate between the piston and
the column of liquid therein. In the next
down stroke of the piston, however, the
gaseous material would be entirely expelled
from the cylinder, and rising to the top of
the chamber would pass out through the dis-
charge valves 26, or remain above the liquid

accumulate in the intermediate cham--

8

in the intermediate chamber 20, and at the
next upstroke the piston would be followed
by the liquid material entering the cylin-
der, as previously described. In the case of
the other intermediate chamber 19 which
communicates with the upper end of the cyl-
inder, the said chamber  will, in the usual
operation, remain filled with liquid at all
times up to the level of the upper end of
the cylinder. When the piston has com-
pleted its upstroke, the slight space above
it and the intermediate chamber 19 com-
municating with it will usually be filled with
liquid up to the level of the valve 26 through
which some of the liquid has been discharged
after the gaseous material has been dis-
charged. When the piston makes its down
stroke, the liquid above the level of the top
of the cylinder will lie upon the piston and
travel down with it in creating the vacuum
in the upper part of the cylinder, and in the
slight space ‘above the level of the upper
end thereof, until the pressure is sufficiently
reduced to cause the pressure in the suction
chamber 14 to open the valves 21 when the
vapor or gaseous material will first pass up
through the liquid from the chamber 19 into
the space in and above the cylinder above
the piston. When more Liquid follows
through the suction valves 21 from the suc-
tion chamber it will flow over the upper
edge of the cylinder and down into the cyl-
inder upon the liquid already resting on the
piston therein. When the piston makes its
upstroke, it will first discharge all the gase-
ous material through the discharge valves
26, and thereafter if the liquid contents are
greater than the clearance space, will dis-
charge liquid through the discharge valve
26, the entire space between the suction and
discharge valves being full of liquid at the
end of the stroke in the usual operation.

It sometinmes happens, especially in start-
ing the pump, that sufficient liquid does not
enter or accumulate in one of the chambers,
and, at the suction stroke of the piston, the
rarefaction of the air by expansion from the
intermediate chamber into the eylinder does
not reduce the pressure to that in the suction
chamber, or enough below it to cause the
valves 21 to be lifted, and in such event the
air would merely be compressed to about at-
mospheric pressure at the next forcing
stroke, and again expanded at the next suc
tion stroke of the piston, without causing
any draft from the suction chamber. In
such event, others of the intermediate cham-
bers will have become wholly or partially
filled with the liquid as the operation con-
tinues, and the equalizing conuecting duct 35
will permit some of the liquid to flow from
the chambers relative to which the piston is
making its forcing stroke to the chamber
relative to which the piston is making its
suction stroke, so that the liquid will enter
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the latter and thus reduce the clearance space
for the gaseous material, so that on the suc-
tion stroke it will be sufficiently rarefied to
cause the suction valves to open and the
pumping action to go on properly. This
equalizing, connecting passage or duct
should be of relatively small capacity, and
when all of the chambers contain sufficient
liquid to insure the proper working, the flow
through said equalizing duct will be very
slight, and may, if desired, be entirely shut
oft by valves provided for that purpose, as
shown at 36.

As the piston operates to discharge the
fluid at both strokes, it may be made of half
the sectional area required for the bucket
piston of a single acting pump of otherwise
equal dimensions, and the setting of the cyl-
inder so that its lower end is well below the
upper part of the suction chamber permits
the height of the pump portion or pump end
of the pumping engine to be correspondingly
reduced,so that a relatively compact structure
is produced, which is an extremely desirable
feature for pumps of this character, which are
frequently used where the greatest economy
of space is a requisite. The reduction of the
sectional area of the piston thus made possi-
ble by utilizing its complete pumping action,
(suction and discharge) at both strokes, ad-
mits of the piston itself, and the piston rod
and moving parts associated therewith, be-
ing made much lighter than in a single act-
ing pump of equal speed in strokes per min-
ute, and of equal capacity, which lightening
of the moving parts affords a substantial ad-
vantage in construction and operation, as
the momentum of heavy moving parts is ob-
jectionable in the operation of pumps of this
character.

- The construction and arrangement of the
pump cylinder, suction and discharge cham-
bers, and intermediate chambers, are such
that the valve controlled. openings, through
which the fluid is discharged, are at the
highest point relative to the space from
which the fluid is discharged, so that no air
or gaseous material is trapped at any point,
and, furthermore, the construction is such
that, in the continuous regular operation,
the piston is at all times in direct contact
with the liquid, and there is always a com-
plete separation of the liquid and gaseous
contents, with the gaseous portion when
present always in the upper part of the in-
termediate chambers and adjacent to the dis-
charge valves, so that if there is liquid
enough to fill the clearance space, the gas-
eous material will be entirely expelled at
each forcing stroke of the piston. The fact
that ‘the piston works in contact with the
liquid contents tends to prevent or reduce
leakage past it, and that fact coupled with
the relatively small piston area and mo-
mentum of the moving parts, reduces the ob-

972,857

jectionable shock such as is experienced
when a bucket or plunger or piston makes
the first part of its stroke in the gaseous ma-
terial, and encounters the surface of the lig-
uid below the gaseous material when said
piston is at mid-stroke and in rapid move-
ment, so that a violent blow is struck upon
the surface of the liquid.

In the present construction, there is no im-
pact or blow struck by the piston against the
liquid, even when the amount of liquid in
the clearance space is insufficient to fill the
cylinder. In that event, gaseous material
will enter the cylinder at its lower end, and
will lie between the piston and the liquid
when the piston has arrived at the end of its
upstroke, but, in the next down stroke, the
gaseous material between the piston and the

' liquid will force the liquid downward out of

the cylinder in advance of the piston, and

- will then itself be discharged from the lower

end of the cylinder, and will rise through
the liquid in the intermediate chamber and
be expelled through the discharge valve, and
the piston will encounter the surface of the
liquid only at the moment when the piston
is practically at the end of its downward
stroke, so that no appreciable impact will be
experienced.

I claim:

1. A pumping engine comprising, in com-
bination with an actuating cylinder and
piston, a pump cylinder and piston; and a
base for said pump cylinder, %mving a suc-
tion chamber surrounding the lower end of
said cylinder, and forming therewith a re-
cess surrounded by and normally cut off
from said suction chamber and communicat-
ing with the lower end of said cylinder; and
separate intermediate chambers one com-
municating with the lower end only, and
the other with the upper end only of said
pump cylinder; and a discharge chamber
above said intermediate chambers; and
valves controlling communication between
the suction chamber and intermediate cham-
bers, and located substantially at the junc-
tion of said chambers and said recess, and
valves controlling communication between
the intermediate chambers and discharge
chamber, substantially as described.

2. A pumping engine comprising, in com-
bination with an actuating cylinder and
piston, a pump cylinder and piston; and a
base for said pump cylinder, having a suc-
tion chamber surrounding the lower end of
said cylinder, and forming therewith a re-
cess surrounded by and normally cut off
from said suction chamber and communicat-
ing with the lower end of said cylinder; and
separate intermediate chambers one com-
municating with the lower end only, and
the other with the upper end only of said
pump cylinder; and a discharge chamber

.above said intermediate chambers; and
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valves controlling communication between
the suction chamber and intermediate cham-
bers, and located substantially at the jurne-
tion of said chambers and said recess, and
valves controlling communication between
the intermediate chambers and discharge
chamber, said pump ecylinder having 1ts

- lower end open in said recess of the base
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below the level of the top of the suction
chamber, substantially as described.

3. A pumping engine comprising, in com-
bination with an actuating cylinder and
piston, a pump cylinder and piston; and a
base for said pump cylinder, having a suc-
tion chamber surrounding the lower end of
said cylinder, and forming therewith a re-
cess surrounded by and normally cut off
from said suction chamber and communi-
cating with the lower end of said cylinder;
and separate intermediate chambers one
communicating with the lower end only,
and the other with the upper end only of
said pump cylinder; and a discharge cham-
ber above said intermediate chambers, and
valves controlling communication between
the suction chamber and intermediate cham-
bers, and located substantially at the junc-
tion of said chambers and said recess, and
valves controlling communication between
the intermediate chambers and discharge
chamber, said intermediate chambers sur-
rounding the pump cylinder and having
their outer walls contracted toward the
pump cylinder which constitutes the inner
wall thereof, substantially as and for the
purpose described.

4. A pumping engine comprising, in com-
bination with an actuating cylinder and pis-
ton, a pump cylinder and piston; and a base
for said pump cylinder, having a suction
chamber surrounding the lower end of said
cylinder, and forming therewith a recess
surrounded by and normally cut off from
said suction chamber and communicating
with the lower end of said cylinder; and
separate intermediate chambers one com-
municating with the lower end only, and
the other with the upper end only of said
pump cylinder; and a discharge” chamber
above said intermediate chambers; valves
controlling communication between the suc-
tion chamber and intermediate chambers,
and Jlocated substantially at the junction
of said chambers and said recess, and valves
controlling communication between the in-
termediate chambers and discharge cham-
ber; and a cup-like cylinder head, closing
the upper end of the cylinder and sur-
rounded by the discharge chamber, substan-
tially as described.

5. A pumping engine comprising, in com-
bination with an actuating cylinder and
piston, a pump cylinder and piston; and a
base for said pump cylinder, having a suc-
tion chamber surrounding the lower end of

S

said cylinder, and forming therewith a re-
cess surrounded by and normally cut off
from said suction chamber and communi-
cating with the lower end of said cylinder;
and separate intermediate chambers one
communicating with the lower end only, and
the other with the upper end only of said
pump cylinder; and a discharge chamber
above said intermediate chambers; valves
controlling comimunication between the suc-
tion chamber and intermediate chambers,
and located substantially at the junction of
said chambers and said recess, and valves
controlling communication between the in-
termediate chambers and discharge cham-
ber; and an equalizing duct affording com-
munication between said intermediate cham-
bers, substantially as and for the purpose
deseribed. \

6. A twin pumping engine, comprising, in
combination, two pump cylinders and pis-
tons and piston rods connected therewith,
and a rocking beam connecting said piston
rods for simultaneous operation in opposite
directions; a steam cylinder and piston con-
nected with one of said rods; a base having
& suction chamber common to both pump
cylinders, and separate intermediate cham-
bers cobperating with each cylinder, one
communicating with the lower end only, and
the other with the upper end only of said
cylinder; a discharge chamber common to
both pump cylinders located above the inter-
mediate chambers; and valves in the upper
wall of the suction chamber around the
cylinder, controlling communication between
the suction chamber and intermediate cham-
bers, and valves at the upper ends of the in-
termediate chambers around the cylinder
head, controlling communication between the
intermediate chambers and the discharge
chamber, substantially as described. ,

7. A twin pumping engine, comprising, in
combination, two pump cylinders and pis-
tons and piston rods connected therewith,
and a rocking beam connecting said Ppiston
rods for simultaneous operation in opposite
directions; a steam cylinder and piston con-
nected with one of said rods; a base having
a suction chamber common to both pump
cylinders and surrounding the same to form
recesses between said suction chamber and
the lower ends of said cylinders, and sepa-
rate intermediate chambers codperating with
each cylinder, one communicating with the
lower end only, and the other with the up-
per end only of said cylinder; a discharge
chamber common to both pump cylinders;
automatic valves controlling communication
between the suction chamber and intermedi-
ate chambers and located substantially at the
junction of said chambers and said recess,
and automatic valves controlling communi-
cation between the intermediate chambers
and discharge chamber; and an equalizing
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duct affording communication between all of

said intermediate chambers, substantially as

and for the purpose described.

8. In a pump of the class described, in
combination, a casing provided within it at
its lower end with an annular suction cham-
ber whose inner wall forms a well within
said casing normally disconnected from said

-suction chamber, and having at its upper end

an annular discharge chamber, a cylinder
located in said casing and extended from
near the discharge chamber into said well
to form with the inner wall of the suction
chamber an annular space or recess about the
lower end of said cylinder, means extended

longitudinally of the cylinder to_ separate

the space between the cylinder and the cas-
ing between the suction and discharge cham-
bers into intermediate chambers, means to
cut off one of said intérmediate chambers

from said well, automatic valves for said

suction and discharge chambers, the auto-
matic valve for said suction chamber being
located substantially on a level with the
junction of the said recess with one of said
intermediate chambers and a piston in said
cylinder of the internal diameter of the lat-
ter, substantially as described.

9. In a pump of the class described, in
combination, a cylinder open at its upper
and lower ends, a piston therein, a casing
surrounding said cylinder and provided with
means for reducing the width of the space
between the cylinder and casing between the
top and bottom of the latter, a suction cham-
ber communicating with said space below
the reduced portion and surrounding the

Jower end of said cylinder to form therewith

a recess, a discharge chamber communicat-
ing with the said space above the reduced
portion, automatic valves located substan-
tially on a level with the junction of said
recess with one of the intermediate cham-
bers-and controlling communication between
said suction chamber and said intermediate
chamber, antomatic valves controlling com-
munication between the intermediate cham-
bers and the discharge chamber, means for
separating said space into chambers between
said suction and discharge chambers, and
means for cutting off one of said intermedi-
ate chambers from the lower end of said

-cylinder, substantially as described.

55

10. In a pump of the class described, in
combination, a cylinder open at its upper
and lower ends, a piston therein, a casing
surrounding said cylinder, a suction cham-
ber within said casing whose inner wall

forms a well normally cut off from said suc-

tion chamber and within which the lower
end of the cylinder is extended to form a re-
cess about said eylinder, said suction cham-
ber having a fluid inlet, and a fluid outlet in
close proximity to -the upper end of said
fluid inlet and substantially on a level with

972,357

the uppet end of said recess, an automatic
valve controlling said fluid outlet, a dis-
charge chamber communicating with the
casing above the open upper end of said cyl-
inder, and provided with a fluid inlet from
said casing, an automatic valve controlling
the fluid inlet for said discharge chamber,
means extended longitudinally of said cyl-
inder between said suction chamber and said
discharge - chamber to form intermediate
chambers with one of which only the upper
end of the cylinder communicates near the
bottom of the discharge chamber, and with
the other of which only the lower end of
the cylinder communicates near the bottom
of said intermediate chamber, and means to
cut off said well from the intermediate cham-
ber with which the upper end of the cylinder
communicates, substantially as described.

11. In a pump of the class described, in
combination, a cylinder open at its upper
and lower ends, a piston therein, a casing
surrounding said cylinder, a suction chamber
within sald casing whose inner wall forms a
well which is normally cut off from said
suction chamber and into which the lower
end of said cylinder is extended to form a
recess about said cylinder, a discharge cham-
ber within said casing, located above the
cylinder in proximity to its upper end,
means for separating the space between the
said cylinder and casing into intermediate
chambers, means to cut off one of said cham-
bers from the said well and leave the other
of said chambers in open communication
with said well at the bottom of the said in-
termediate chamber, automatic valves lo-
cated substantially on a level with the junc-
tion of said chambers and said recess, and
automatic valves controlling communication
between said intermediate chambers and said
discharge chamber, substantially as de-
scribed. ’

12. In a pump of the class described, in
combination, a cylinder open at its upper
and lower ends, a piston therein, a casing
surrounding said cylinder and provided at
its lower end with a suction chamber having
a fluid inlet in the casing and provided with
an annular inner wall within the casing
forming a well and an annular upper wall
located in close proximity to the upper part
of the said fluid inlet, the lower end of said
cylinder being extended into said well to
form an annular space or recess between the
cylinder and the inner wall of said suction
chamber, an annular discharge chamber sup-
ported by said casing above the upper end
of the said cylinder, automatic valves lo-
cated in the upper wall of said suction cham-
ber and the bottom wall of said discharge
chamber substantially on a level with the
upper end of said recess, means to separate
the space between said suction and discharge
chambers into intermediate chambers, one of
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which is in open communication at its bot-
tom with said well by said annular space,
means codperating with said cylinder and
the inner wall of said suction chamber to
close a portion of said annular space and
thereby cut off the other of the intermediate
chambers from said well, means to restrict
the diameter of the intermediate chambers
between said suction and discharge cham-

10 bers, and means for connecting one interme-

diate chamber in open communication with
the other, substantially as described.

In testimony whereof, I have signed my
name to this specification in the presence of

‘two subscribing witnesses.

BURT O. GAGE.

Witnesses:
Jos. P. LiverMore,
M. E. CovenEy."



