F. C. WEBER.
SUBTERRANEAN PUMPING SYSTEM.

APPLICATION FILED JAN, 21, 1909,

1911.

‘Patented Apr. 18,

990,085

A o a

YA

S

- BT
4_.... v__-.l.l - - * -

_\...\ LT T W T, O,

?

T T W W T T

]

A i
., R

27

-
3R e, iy

;Mz

ﬁ X

|

2 R

r"""”hhu “r\\—\k\.ﬁk.'

T " s

...ﬂ_._r. ._._Hfiaml_lul-.”d.ﬂ.. jﬁ!ﬁ

0 N

R

¥5

NNSS

.r
LU

ﬂ

N

SRR

i -
[ ] o)
; B
i i 1
Y
N ' ]
o
. k|
.-—.I
-y [ 1

TN
T ta

l._r:___ I_H-_"_-__fr _l._.l.l___.rF el ..!_f._l....-_ lll.”_-...uf. :___._...... -

- -
. T, i, W e I W EE WS N EE N L W N L NN NN . WL - ol e R,

- ._J.._f._...r.___ hrfl#r L l.__i..-..li.’ __U_... ™ :
. v v el s iy, W vl A S e P O A . A PO A Wy, AP, il ol " A i A W O A

1

IR WY - SRR ot

o

kel ———

L "]

) "
Y H
1 : ) .
VAT RS
. : i . ¢ .
. i _ _ ’f :
! - — :
n

N X

. F...-m ﬂ.ﬁ.ﬂ....lr..r,..l,’.lr.l.l..
D

e ———— T —

R N R TR AT AR S & AT

L 5 T T T 1 ¥ 9 %

e

. B o H N

% . p,
.__fllﬁ .‘F.’J _f..l.__..a..._ __.. i # - &

— %""‘i’ff; __ﬂr....u...n

&)

gy % R
LARLE RN

SO A 1A

=ty T,
Vel T rpp—

A "Ff#""j‘.‘""i .h_,._l.._l_...l__._l_. T T T T R e W "W W W W W A N e T T W W il e . v " s il

“ERTE & L, e ....?........A .I./..qu gﬂ oy Aaﬂr1iﬁ]]
1 .

WO Y 4 Yy A\

S

II
]

QEEWmR _Flf

‘ .

n 4
-, - RSl RN L1

VAT

mh
L]

. . ol

1 re—t——
[

=" ™«

%
4

»
L] L]
r *

————t— e T 1+ e e T

- 2
é_ﬂra

LI L3 "
...uu.l ﬁ AL r'...-f.f. o - H-

A A e st s delE SR bk A AR & T AR AR

77 [ rtbaratiot
o s s i o)
. - '_4_..'.' l""l‘//ﬂ.—..’lﬂm.lrn

. " B,
ALY IREE FULRRE FOE,

il 3

:
s o

N

o N

!

e N VL L L L L L

4 e

INVE

SES

ATTORNEYS

M
B
&
R




10

15

20

25

30

40

UNITED STATES PATENT OFFICE.

'FREDERICK .C. WEBER, OF NEW YORK, N. Y.

SUBTERRANEAN PUMPING SYSTEM.

990,085.

Specification of Letters Patent. (Patented 'Apl'. 18, 1911.

- "AppHcation filed January 21,:1809. Serial No.:473,518.

To 61t whom, it may concern: -'
Be it known that I, Freoerick C. WEBER,
a citizen of the United States, residing 1n

the city of New York, county and State of-

New York, have invented certain new and
useful Improvemients in Subterranean
Pumping Systems; and I do hereby declare

‘the following to be a;full, clear, and exact de-

scription of the invention, such as will en-

able others skilled in the art to which it ap-

pertains to ‘make, construct, and use the
same, reference being had to the accompany-
ing drawings, and to.letters of reference
marked thereon, forming a part-of this speci-
fication. - | .

My invention relates to that class of pump-
ing systems wherein compressed air 1s util-
1zed as the motive power for elevating the
widter from a deep subterranean water level
to'the surface of the ground, and operates
upon the -general plan of the well known
force-pump. I dispense however, with the
usual plunger piston of the force-pump, and
utilize ‘the pressure of air in an inclosed
chamber for elevating the water through
the system. - o

- The essential parts of 2 éomplete plant

consist of an air compressor, an air receiver,
an automatic reversing valve together with

the air and water pipes, and the necessary

pump valves, and my invention relates par-

ticularly ‘to improvements in the reversing

valve and in the'means for forming the lig-

uid chamber and the valves connected there-

with. _ - .
The accompanying drawings illustrate an
embodiment of my invention, wherein—

- Figure 1 illustrates a eomplete plant show- |

ing two wells connected to a single delivery
pipe; and Fig. 2 illustrates in vertical sec-
tion, the details of the reversing valve.

Similar letters of reference refer to like

- parts throughout the specification and draw-

45

Ings. *
| ﬁ Fig. 1, the reference numeral 1 is the
air compressor which may be of any usual
or desired type; 2 is the compressed air re-

~celver located in proximity to the air com-

b0

pressor 1 and connected with the .compres- |

sion side of the compressor by the pipe con-

nection 3. 4 1s the reversing valve, the de-

tails of which will be hereinafter explained.

" The two wells A and 'B mag' ‘be water, oil,

85

salt, or other wells, or the drainage outlets

for mines. In'Fig. 1 of the drawings, I have '

| shown the two wells A and B as provided
with different structures to meet different

conditions, and whiie such structures em-

body the same generic principles, yet they
differ in details. 'In the well A, I provide a
tubular ‘well casing 5 extending from the
surface to a point :below -the level of the
liquid. to- be pumped, and this casing is util-

1zed 1n the formation of the liquid chamber

85

hereindfter to be deseribed. The upper end

60

of the casing 5°1s provided with the liquid

discharge 6 to which it i1s connected by means
of the elbow 7. Loeated at the lower end of

the casing 5, 1s:the intake 8, to the upper -

end, _of ‘-Whicl} .1s secured ‘the valve cage
9, within which cage is located the ball
check valve 10, said vilve resting upon a

valve seat 11, as clearly shown in the draw-
ings. This valve cage 9 1s provided with the

openings ‘12 .forming a passageway between

70

75

the - lower intake 8 and the chamber above

the valve 10, said chamber being formed by
means of the liquid seals 13'and 21, the de-
tails 6f which will be fully described far-
ther on. | - | .

To the upper end of the valve cage 9 is
secured a second valve  casing 14, within
which 1s'located a ball check valve 15 resting

upon a valve seat 16. The'upl]):)er end of the

valve casing 14 is connected by means of a
pipe 17, with a ported casting 18, said cast-
Ing being provided with a central and later-

ally deflected port '19, which connects di-
rectly with the liquid chamber 20. Secured

to -the upper side of the casting 18, is an
upper liquid seal 21. These liquid seals 13
and 21 are substantially alike in structure
and operated in the same manner from the
same source of fluid pressure. They consist
of ‘the tubular castings 22, provided with
upper and lower flanges 23, and between

.80

85

90

9b

these flanges, and directly secured to the tu-

bular portions of the castings, are located
the flexible seals proper, said seals consist-
ing of tubes of rubber or other suitable
fabric, which are made both water and air
tight by securely connecting the upper and
lower ends of said seals to the tubuF

tions of the parts 22, just inside of the
flanges 23, as clearly 1llustrated in the draw-
ings. The methods of securing may be ac-
complished by means of wrapping wire
around the extremities of the ﬂexigle-'tﬂbing,
30 as to secure the same 1n air tight connec-
tion with the tubular portions of the cast-

ar por-

100

105

110
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ings 22, so as to form a liquid chamber be-
tween the tubular portions 22. -

Compressed air is admitted to the space |
between the flexible tubing and the tubular

portions of the castings by means of the pipe

24, leading from the compressed air reser-

10

15

20

29

30

voir 2, suitable passages being provided in
the castings 22 and 22 for that purpose, so

that when air pressure is admitted to the

space between the flexible tubings and the
castings 22 and 22, the flexible tubing will
expand outwardly into contact with the tu-
bular casing 5, and thereby form an air and

liquid tight chamber between the upper and

Jower seals 21 and 13. In this manner, I
am enabled to utilize that portion of the
casing 5 between the upper seal 21 and the
lower seal 13, as a liquid chamber; the pur-

pose of which will be hereinafter set forth.

~In the well B, which is intended to illus-
trate a well 1n which the use of the casing 5
extending to and below the liquid level in
the well, would be impractical, I have shown
such casing 5 as extending down only a short

distance, and from the upper end of such

casing, 1s supported the interior tubing 26,
such tubing extending down to a suitable
distance and carrying at its lower extremity,
the casting 27, similar.1in all respects to the
casting 18, having 'the passage 19 located
therein, in the same manner as the passage

- 19 1n the casting 18.

35

40

Secured to the casting 27 and extending
downwardly therefrom into the interior of
the well, is the tube 28, forming the chamber
29. At the lower extremity of the tubing
28, 1 have provided a valve casting 30, the
lower end of which 1s provided with a valve
seat 31, upon which rests the ball valve 32.

Within the casting 30 and contiguous to

‘the ball-valve 32, are the webs 33, which

form guides for the ball valve 32 in its rise

-~ and fall during the operation of the valve.

49
50

9B

Located above the webs 33, 1s the second
valve seat 34, upon which 1s seated the ball-

valve 35, said ball valve being inclosed 1n a

valve casing 36. The upper end of this valve

casing 36 1s connected to the casting 27 by

means of the interior tube 37, said tube 37
forming a passageway betweén the interior

of the valve casing 36 and the tube 26,

through' the passage 38 in the casting 27.
The upper end of the tube 26 connects with
the discharge 39, which leads to the common
discharge 40 from the other well.

_ Leading from the ports of the reversing

~valve 4, are the tubes 41 and’'42, said tubes

60

66 I will now proceed to describe the details '

passing through the elbows 7 and 43, located
upon the upper ends of the casings 5, and
connected therewith by the glands 44, to

render them air.and water tight. 'Thege
tubes 41 and 42 lead downwardly into the
interior of the casings, and to the ports 19

in the castings 18 and 27.

el

upon- each end the two

‘side of a diap

990,085

| of the reversing valve 4. This reversing

valve consists of the valve casing 45 and the
port casting 46. The valve casing 45 1s pro-

vided with a tubular chamber 47, within

which is located the valve casting 48, having 70

_ pistons 49. The
chamber 47 1s closed at either end by means
of the heads 50. The two pistons 49 are con-

nected together by means of the integral

web 51, In the center of which is located a
vertical aperture 52, in which is guided the
stem 53 of the double-D valve 54, said valve
resting upon the valve seat 55, which 1s a
part of the port casting 46. The two pis-
tons are identically the same 1n structure,
that upon the right-hand being shown in
section as hollow, and provided with a small
by-pass 56, it being understood that each pis-
ton 49 1s provided with such a by-pass.

- Ports 57 and 58 are shown leading from

the chamber 47 through the port casting 46
to the release valves hereinafter to be de-

scribed. Through the valve seat 55 of the

79

80

83

port casting 46, are also the ports 59 and 60,

leading to the pipes 41 and 42, and the cen-
tral or exhaust port 61. Pressure 1s admit-
ted into the interior of the valve chamber 47

between the pistons 49, through the pipe 62

from the air reservoir 2. Located 1n the
upper part of the chamber 47, is a horizontal
shaft 63, said shaft projecting laterally out-
side of the valve casing 45, and provided
upon its outer extremity with the handle 64.
Upon that portion of the shaft 63 which 1s

‘inside of the valve casing 45, 1s the down-

wardly extending arm 65, which projects
into the vertical aperture 52 of the piston
web 51. By operating this handle 64 from
the exterior of the valve casing, it will be
readily understood that the pistons 49 and
valve 54 may be operated from the exterior

by hand, to set the same in either of their

From the port 57 leads

extreme positions.

the short pipe 66, said pipe connecting with

the globe check valve 67. This check valve
is provided with the chambers 68 and 69,

connected by the passage 70, which forms a

seat for the upwardly opening valve 7I.
The stem 72 of the valve 71 extends up-
wardly through the gland 73, and carries
upon its upper end a spring seat 74. The
compression spring 75 rests upon the spring

seat 74, the upper end bearing upon the
‘spring cap (6, said spring cap bein

nected to the flanges of the gland 73 by
means of the adjusting rods 77. The tend-

‘ency of the spring 75 in this structure is to

maintain the valve 71 upon 1ts seat, so as to

retain the pressure within the left-hand end -

of the chamber 47 of the valve casing 45.

~ "Po the lower side of the 'valve 71 1s se-
cured a downwardly projecting stem 78,
‘through a gland 79, to bear upon the upper

hragm 80, this diaphragm be-

ing secured in the manner shown to form

con-.
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the diaphragm Qhamber 81. This chamber

81 is connected by. tubing 82 to. the tube 42
‘as clearly shown. From the port 58 leads
the short tube 83 to the globe valve 84, simi- |

lar 1n all respects to the globe valve 67, with
the exception that the valve 85 opens down-

wardly instead of upwardly as in valve 67.

The upper side of this valve 85 is provided
with the valve stem 86, connected at its up-
perend to a spring cap 87, with the compres-

sion spring 88 located between said spring

~ cap and the upper end of the gland 89. The

15

20

25

~ will result in-unseatin

30

35

connection with the diaphragm

tendency of the spring 88 is to maintain the
valve 85 upon its seat to retain the pressure
within the valve casirg 45. |
- Extending from the lower side of the
valve 85, is ‘a stem 89" connected to the
center of the diaphragm 90, said diaphragm
forming a diaphragm chamber 91, similar in

-all respects to the diaphragm chamber 81.

This diaphragm chamber. is connected by
means of the
chamber 81,
1t will be understood that if pressure is ad-
mitted to said diaphragm chamber, sufficient
to overcome the tension of the spring 75, it
the valve 71, and
thereby open the port 57 to the atmosphere,
whereas, 1f a vacuum is established in the

diaphragm chamber 91 sufficient .to over-

come the tension of the spring 88, the valve
85 would be unseated, and thereby the cham-

‘ber 47 would be open to the atmosphere.
From the exhaust port 61, leads the suction |

pipe 93 to the suction side of the air com-
pressor. | '

I will now proceed to describe the opera-

~ tion of the pump.

40

It will be understood that the compressor |
1 has been in operation a sufficient length of

time to store the reservoir 2 with air to g
sufficient pressure, and such. compressor be-
ing constantly 1n operation, results in main-

~ taining such pressure to a predetermined

45

point. The pressure from the reservoir 2 is
led to the valve casing 45 through the pipe

- 62, passing from the same through the small

50

55

ports 56 in the ends of the pistons 49, com-
pletely filling the chamber 47, the port 57
and the chamber 68 above the valve 71. The
pressure also passes around the double-D
valve 54 through the ports 60 into the pi

42, from which it is carried into the liquid
chamber 29. This pressure exerted upon the
surface of the water which is contained in

- this liquid chamber, will result in unseating
- the valve 35, thereby forcing the liquid up

60

65

through the tube 37 to'the discharge tube
39, and out through the final discharge - 40.

At the same time that this operation is go-

Ing on, the suction side of the compressor
1s 1n connection with the corresponding

liquid chamber 20 of well A, thereby creat-

Ing a vacuum 1n said liquid chamber 20
through the exhaust port 61, port 59, and

pipe 92 to the tube 42. In

| tube 41 and port 19, resulting in causing a

A

rise of the water from the well past the
valve 10 to fill said liquid chamber 20.

It will be understood that when the air is
being forced through the pipe 42, to force

“the water in liquid chamber 29 into the pipe

37 and to the discharge 89, that this pres-
sure 1S constantly rising and being free to
pass through the pipe 82 to the diaphragm
chamber 81, it is clear that when said pres-

70

70

sure has-arrived at a point sufficient to over-

come the spring 75, the valve 71 will rise
and thus open the port 57 to the atmosphere,
This sudden exhausting of the port 57 and
that portion of the chamber 47 at the left-
hand end thereof,
pressure at the other end to suddenly drive
the two pistons 49 to the left-hand end of

the chamber, thus shifting the valve 54 to
the opposite end of its throw, and uncover-

.ing the port 59 to the interior of the valve

casing and the port 60 to the exhaust port
61. This shifting is due to the relative sizes
of pass 56 and port 57, pass 56 being about
1/50 of the cross-section. of port 57.

It 1s understood now that the liquid cham-

80U

permits the stored-up

85

50

ber 20 i1s full of water, while the Hquid
chamber 29 is nearly exhausted of water.

Now the conditions being reversed, the con-
tinued operation of the compressor will re-
sult 1n withdrawing the previously com-
pressed air and forming a vacuum in cham-
ber 29, and permitting pressure to pass from
the reservoir 2, to the surface of the water
in chamber 20. This vacuum in chamber 29
will continue to build up until the degree of
exhaustion therein, and also in the pipe 42,
which it 1s understood is in connection with
the pipe 92, will result in eventually unseat-
ing the valve 85, this occurring when the de-
gree of vacuum shall be suflicient to over-
come the tension of the spring 88. The un-
seating of the valve 85 results in opening the
port 58 to the atmosphere, when the pressure
which has been passing through the port 56
in the left-hand piston 49, will drive the pis-
tons 49 to the right-hand end of the chamber

| 47, thereby reversing the valve 54.- Thus, it

will be seen that by creating an, alternate
condition of vacuum and pressure in the
liguid chamber 29, the valve 54 is alternately
reversed, to permit the alternate filling and
exhausting of the water in the. chamber 29,
and while this is going on, the alternate ex-
hausfing and filling of the chamber 20. .

In Fig. 2, I have shown the entire opera-

90

10C .

105 -

110

1156

120

tion of the reversing valve 4 as depending

upon the alternate

conditions in the chamber 29. Under these

‘conditions, it will be noted that the liquid
' chamber 20 1s at no time depended upon to

pressure and vacuum

125

operate the reversing valve, so that the well

A and the parts connected therewith may,

1f' conditions so  require, be entirely dis-
pensed with. If however, it is desired to

180



operate two wells it is only mnecessary

H

10.

pipe 42, 1

15

ik

connect the pipe 41 with the second well A,

and 1its parts as shown. Where two wells |

are to be operated, I may utilize two of the

vacuum chambers 91, instead of the pressure
- diaphragm chamber 81. When this form

is used, I substitute for the globe valve 67,
with 1ts upwardly opening valve 71, a valve
identical in all parts with the valve 84, with
1ts downwardly opening valve 85, and 1in-
stead of connecting the valve across to the
connect the corresponding pipe
for operating such diaphragm
hand tube 41. Under these conditions, it
will be noted that the operation of the re-
versing valve will-depend solely upon the
height to which the water is drawn into the

liquid chambers of the two wells due to the

20

degree of the vacuum in said liquid cham-
bers. On the other hand, I may use two of
the upwardly opening globe valves 67 for

operating the reversing valve, instead of the .

construction just described, substituting a

- small globe valve 67 for the globe valve 84.

25

Under these conditions, the right-hand valve
67 will be cross-connected to the
and the left-hand valve with the pipe 42, as
clearly illustrated in connection with said

valves in Fig. 1. Under these conditions,

30

the two operating valves 71 will be operated
to reverse the reversing valve through the

pressure which may be exerted in the corre-

sponding pipe 41 or 42, and this pressure

“will be due to the height to which the water

35

has been forced in the discharge pipes 6 and
39, 1t being understood that the governing

springs 75 have been so adjusted, that the

- wvalve 71 will trip,

when a predetermined

height.of water shall have been attained.

40

- From the above description, it will be ob-
served that after a predetermined pressure
has been attained in the reservoir 2, and the

compressor 1s operated to maintain such
pressure, the air in the system is made to

circulate from. the reservoir through the re-
versing valve to the liquid chambers 20 and

29, until the predetermined heights of water

have been attained, and then back from said

liquid -chamber through. the valves to the

o0

55

compressor, whence 1t is again sent to the
reservoir 2, and the only loss of air which
the system sustains during this operation is
that ‘which escapes through the globe valves
67 and 84, due to the unseating of said valves
and the shifting of the reversing valve.
This loss slight though it ‘may be would in

time amount to enough to seriously affect the

60

to a

system, and in order that the system may be

replenished with air, I have provided in the

suction pipe 93, an intake check valve 94, so
that when the vacuum in' the pipe 93 and
the ports with which it is connected comes

to y pheric air into

to the left-

pipe 41,

closing the ‘same.

to a predetermined:.point . of exhaustion,
sald check valve will*open and admit atmds-

890,085

plenish 1t. o
It will be understood that conditions may

the system, and thereby re- 65 |

arise, where the installation of the well sys-

tem as 1illustrated at B, will be advisable,

and other conditions where the well system

A can best be installed, and still other con-

ditions where but a single well exists.
Under all of these conditions, it will be seen

“that my system 1s applicable, and -that the

well end A operates upon identically the
same principle as the well end B. -
In order that proper adjustment of the

springs 75 and 88 may be provided for, I

have shown a pressure gage C, located in
the pipe 82, so that the pressure gage will
indicate the degree of pressure in the sys-

tem, at which point, it is desired that the =

reversing valve shall operate.

70

80 -

It will be understood that with either of -

the forms of operating valves 67 or 84, a
pressure gage may be located in the corre-
sponding pipe 82 or 92, and this, for the
purpose only of determining the degree of

pressure or vacuum at which the correspond-

ing valves are to operate to change the posi-
tion of the reversing valve. -

As above indicated, either the structures

85

90

shown in well A or in the well B may be |

‘used either independently or together as con-

ditions may require. Where but a single
well .1s intended to be in operation, the con-
ditions will dictate which form is to
stalled. ,' _
- When but a single well 1s in operation, it
1s understood that the reversing valve .4

‘will be coupled up as indicated in Fig. 2.
‘Under these conditions, the port 59 should

remalin closed, or some provision made for
This I have shown in
Fig. 2 by providing the pipe 41 with a shut-
off valve 95, it being understood that only

a sufficient amount of pipe is necessary to .

provide such a shut-off valve, or if desired,
the port 59 can be closed with a solid plug

in place of the short length of tubing.

These of course are features which will
occur to any one skilled 1n the art to which
my' invention pertains. I may also accom-
plish the same purpose by inserting-a check
valve 957, in the pipe as shown.

Iclaim: - | |

1. In a pumping system, the combination

of-a source of fluid pressure supply, with a

95

be in-

100

105

110

115

liquid chamber, a pipe connection between

sald supply and said chamber, a reversing

- valve 1n said pipe connection for alternately

admitting pressure to and exhausting the

same from said chamber, means for shifting
said valve comprising a duplex piston, a

casing therefor, a bypass in each head of

sald piston to permit the slow accumulation

of pressure on each side thereof and theéreby

balance said piston, means controlled by the

120.
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degree of pressure or vacuum in said cham-

ber and pipe connection for releasing said
accumulated pressure alternately from oppo-

‘site ends of said duplex piston:

2. In a pumping system, the combination
of means for creating a fluid pressure and a
vacuum, a liquid chamber provided with in-
let and outlet valves normally submerged in
liquid to be pumped, a pipe connection be-

tween said means and said chamber, an auto-

matic reversing valve located in said pipe
connection, a balanced duplex piston for op-
erating said valve, a by-pass ih each head of
sald piston to permit the equalization of

pressure on all sides thereof, supplemental
‘release valves for permitting a predeter-

mined maximum pressure in said liquid
chamber to release the pressure on one side
of, and thus disturb the balanced pressure on
salq piston and permit the direct pressure to

shift said piston and reversing valve to per-

mit the creating of a vacuum in said cham-
ber and . thereby cause the rise of liquid
therein through said inlet valve.

3. In a pumping system, the combination
of a hiquid chamber having valved inlet and
discharge passages at its lower end, said in-
let passage designed to be normally sub-
merged 1n liquid to be pumped, means for

causing alternate conditions of pressire and

vacuum 1in said chamber, sald means includ-
ing a reversing valve, a duplex pressure bal-
anced piston for operating said valve and
release valves for disturbing the pressure
balance upon said piston, said release valves

- belng respectively actuated by the alternate

40

45

50

conditions of pressure and vacuum in said
chamber, whereby liquid is caused to be
drawn into said chamber and thereafter
forced out from sald chamber through said

~discharge passage.

4. In a pumping system, the combination
of a liquid chamber having valved inlet and
discharge passages at its lower end, said in-
let passage being normally submerged in the
liquid to be pumped, means for causing
alternate conditions of pressure and vacuum
1n sald chamber, whereby liquid is caused to
be drawn into said chamber through said
valved inlet passage and Jthereafter forced
out from said chamber through said valved

~ discharge passage, said means including a

00

80

reversing valve operated by direct pressure
and auxiliary valves operated by the prede-
termined conditions of pressure and vacuum
to cause dgutomatically a reversal of said
conditions. : - :

5. In a pumping system, the combination

of a liquid chamber, with means for creating -

alternate and predetermined conditions of
fluid pressure and vacuum in said chamber,
valved inlet. and discharge passages in the
lower end of said chamber, automatic means

ber from vacuum to pressure, .
9. In a pumping system, the combination
with means for producing air pressure and

8

vacuum in said chamber, said means includ-
Ing a reversing valve operated by the direct
fluid pressure and auxiliary valves depend-
ing for its operation upon the predetermined

degree of pressure and vacuum within said

chamber. _

6. In a pumping system, the combination
of means for producing a fluid pressure and
a vacuum, a liquid chamber provided with

‘inlet ahd discharge valves normally sub-

merged 1n liquid to be pumped, a pipe con-
nection between said means and said cham-
ber, a reversing valve and casing located in

~sald pipe connection and, a duplex piston in

sald casing and connected to said reversing
valve for operating the same, auxiliary re-
lease valves connected to said casing, means
for permitting a predetermined pressure or
vacuum 1n said pipe connection to alter-
nately actuate said release -valves thereby
permitting direct fluid pressure to actuate
said -piston and reversing valve to alter-
nately connect said liquid chamber with said

~pressure and vacuum producing means.

7. In a pumping system, the combination
with pressure and vacuum producing means,
a reversing valve and casing therefor, and a
liquid chamber, pressure and vacuum pipes
connecting said valve casing with said pres-
sure producing means and said vacuum pro-
ducing means respectively, a pipe connecting
sald casing with said liquid chamber, re-
lease valves connected to said casing, and to

-sald liquid chamber pipe, one of said release

valves actuated by a predetermined maxi-
mum pressure and the other release valve
actuated by a predetermined maximum vacu-
um 1n said liquid chamber pipe to operate
sald reversing valve to alternate the condi-
tions of pressure and vacuum in said liquid
chamber. | .

8. In a pumping system, the combination
of a liquid chamber having valved inlet and
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discharge orifices at its lower end, a dis-

charge pipe connected with said discharge

. v . . “»
‘orifice, means connected with said liquid

chamber for producing alternate conditions
of pressure and vacuum in said chamber, and
a reversing valve in said connection operated

110

by direct pressure, means for operating said

reversing valve including an auxiliary valve

‘actuated by the pressure in said chamber to

reverse the condition in said chamber from

_pressure to vacuum, and means‘including an-

auxilary valve actuatéd by the vacuum in
sald chamber for operating said reversing
valve to reverse the condition in said cham-

vacuum, of a reversing valve comprising a
valve casing, préssure and vacuum ports and

pipes connecting said casing with said means,

for reversing the conditions of pressure and | a service port and pipe leading from said
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casing, a valve member within sald casing

operated by the direct pressure and means

actuated by the alternate and predetermined
conditions of pressure-and vacuum In sald
service pipe whereby the direct pressure 1s

utilized for shifting said valve member to
alternately connect said service pipe with

- said pressure and vacuum pipes respectively.
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respectively.

~ 10. A reversing valve for pumping systems,
comprising a valve casing, pressure and vac-

uum pipes leading to said casing, a service

pipe leading from said-casing to a .liqmd

chamber, a valve within said casing in direct

communication with said pressure pipe,means

‘actuated by the alternate and predetermined

condition of pressure and vacuum in sald
service pipe whereby the

..

pipe with said vacuum and pressure pipes

11. In a pumping system, the combination

‘of a liquid chamber having a valved inlet
at its lower:extremity, a valved discharge |

pipe extending into said chamber, a com-
bined vacuum and compressor pump for
producing alternate conditions of vacuum

and pressure within said chamber to cause.
liquid_to rise into said.chamber and force

the same out through said valved discharge
pipe, arid an automatic reversing valve actu-
ated by direct pressure and auxiliary valve
actuated by the predetermined conditions of

: pressure 1n the
lead-in pressure pipe 1s utilized for shifting |
said valve to alternately connect said service’

vacuum or of pressure in sald chamber to

automatically reverse said conditions.
12. In a pumping system the combination
of a source of fluid pressure supply with a

“pair of liquid chambers and a reversing valve,

a pipe leading from said pressure supply to
said valve, and pipes leading from said valve

to said chambers, a pressure balanced piston

for reversing said valve to alternately con-

nect said pressure supply with said chambers

and to exhaust the same respectively, and

supplemental release valves actuated by the

predetermined- maximum and minimum.
pressures in said ‘chambers to release .the

balanced pressure on one side of said piston
to cause a reversal of said valve and a con-
sequent reversal of the condition of pressure
and exhaust in said chambers respectively.
13. In a f];ﬂ]lll]_:):ing system, the combination
of means fo
a vacuum, a pair of liguid chambers each
having inlet and outlet valves normally
submerged in liquid to be pumped, a pipe
connection between said means and said
chambers, an automatic reversing valve lo-

cated in said pipe connection, a duplex

direct-pressure-actuated balanced piston for
operatinz said valve, a by-pass in each part

of said piston to permit the accumulation of"
pressure on both sides thereof, an .auxiliary
valve for releasing said accumulated pres- |
sure from one side of said piston, means for

r creating a fluid pressure and

~_ Of. q.
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permitting a predetermined maximum. of
pressure in one of said chambers to actuate

said auxiliary valve, whereby the exhaust of
pressure upon one side of said
79

the direct . |
piston will shift said reversing valve to per-

| mit the creation of a vacuum in one of said
chambers and a simultaneous pressure in the

other chamber.

14. In a pumping system, the combinatiOn |
of a pair of liquid chambers each having
valved inlet and dischargé passages at.its

lower end, said inlet passages being: nor-
mally submerged in liquid to be

75

pumped,

means for causing a condition of predeter-

| mined pressure in one chamber and a condi-.
tion of predetermined vacuum in the other

chamber, together with means including a

reversing valve operated by-direct pressure

and auxiliary valves actuated by pressure
and vacuum in said liquid chambers for

85

simultaneously alternating said conditions .

in said chambers, whereby liquid is simul-
taneously drawn into one of said chambers

and discharged from the other' chamber

‘through the corresponding inlet and dis-
charge passages, and thereafter forced out

90

from said first-named chamber and drawn
into said second-named chamber through the

corresponding inlet and discharge passages.
 15. In a pumping system, the conhination .

of a pair of liquid chambers each having in-
let and discharge passages at its-lower end,

merged in liquid to be pumped, means for

causing alternate and predetermined con-
ditions of pressure and vacuum and vacuum

!

and pressure in: said respective chambers,

| whereby liquid is caused -to be drawn into
one of said chambers, and simultaneously

discharged from the other chamber and
thereafter discharged from the first-named
chamber and simultaneously drawn into said
second-named chamber, said means inclad-
ing a reversing valve operated by direct pres-
sure and auxiliary valves operated by alter-

nate and predetermined conditions of pres--
‘sure and vacuum to cause automatically a

reversal of said conditions.

16. In a pumping system, the combination
pair of liqguid chambers with means for
creating a condition of fluid pressure m one
of said chambers, and a simultaneous condi-

95

‘said inlet passages belng normally .sub-

100
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tion of vacuum in the other of said cham-

bers, valved inlet and discharge passages at

the lower ends of each of said chambers,
automatic means for reversing the conditions
of pressure and vacuum in each of said

chambers, said means comprising a_balanced

120

piston, a reversing valve connected. thereta,
and an auxiliary valve for releasing pres- A2¢&

sure from one side of said piston, said auxil-
jary valve depending for its operation upon
the degree of pressure within one of said
chambers. ' L
17. In a pumping system, the combina-
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tion of a pair of liquid chambers, each hav- |

- ing valved inlet and discharge orifices at its

, Ot

lower end, a discharge pipe connected with
each of said discharge orifices, means for

producing alternate conditions of pressure
and vacuum in each of said chambers, com-

~prising a duplex piston, a casing therefor,

a bypass in each head of said piston to per-

mit the accumulation of pressure on Dboth
10

sides thereof, a reversing valve connected to

~;sa1d piston, and an auxiliary valve actuated
- by pressure in one of said chambers to re-
- lease the balanced pressure upon one side

16

of -said piston and thereby permit direct
pressure to gperate said reversing valve to
reverse the condition in said chamber from

~ pressure to vacuum and: simultaneously
- change the condition in the other chamber

from vacuum to pressure.

20 " 18, In a pumping system, the combina-
- tion of a pair of liquid chambers each hav-
“1ing inlet and discharge orifices at its lower
- end, a discharge pipe connected with each

25

30

‘of said discharge orifices, means connected

with each of said liquid chambers for pro-

~ducing alternate conditions of pressure and

vacuum 1n one of -sald chambers and simul-
taneous alternate conditions of vacuum and
pressure 1n the other chamber, a duplex pres-

sure balanced piston, a reversing valve con-

nected thereto an auxiliary valve actuated

by pressure in one of said chambers to dis-

85

turb the pressure balance upon one end of
said piston a second auxiliary valve actuated

by the vacuum in said chamber for disturb-

- Ing the pressure balance upon the other end
- of said piston, to alternately reverse the

40

conditions in each of said chambers re-
- spectively. "

L

19. In a pumping systen_l, the combina-

. .tion with means for producing air pressure
- --and vacuum, a reversing valve comprising

- a valve casing, pressure and vacuum ports
and pipes connecting said casing with said

45 means, a pair of service ports and pipes lead-

. .1ng
- member within said casing operate

valve
by the

]

from said casing, a reversm‘f

. direct air pressure and means including
“auxiliary valves actuated by the alternate

50

and predetermined conditions of pressure
and vacuum in said service pipes for shift-

1ng the reversing valve member to alter-

nately connect. said service pipes with said
~ pressure and vacuum pipes respectively.

b5
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20. A reversing valve for pumping sys-

tems, comprising a valve casing, pressure
‘and vacuum pipes leading to said casing, a
pair of service pipes leading from said cas-

Ing to a pair of liquid chambers respectively,

a valve within said casing operated directly
by the pressure in said pressure pipe, means
“actuated by the alternate and predetermined

. condition of pressure and vacuum in one of

sald service pipes for permittine the bpres-

said

to alterilately connect said service pipes with

said vacuum and pressure pipes respectively.

21. In a pumping system, the combination
of means for creating a fluid pressure and a
vacuum, a liquid chamber provided with in-

let and. outlet valves normally submerged

in liquid to be pumped, a pipe connected to
said liquid chamber for introducing the fluid
pressure or vacuum, a reversing valve con-
nected to said pipe, pressure and vacuum
pipes connected to said valve; a reciprocating
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piston for operating said reversing valve,

sald piston being operated by the direct fluid
pressure, auxiliary valves for permitting the
direéct fluid pressure to operate said revers-

80

ing valves and means for operating said aux-

1liary valves by the predetermined condi-
tions of pressure or vacuum in said liquid
chamber, whereby said conditions in said
liquid chamber are reversed. -

22. In a pumping system, the combination
of means for creating a fluid pressure and
a vacuum, a liquid chamber provided with
inlet and outlet valves normally 'submerged
in ]icllu'id to.be pumped, a pipe connected to

1quid chamber for introducing the fluid
pressure or vacuum, a valve chamber con-

89
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nected to said pipe, inlet and exhaust ports

for said valve chamber, a fluid pressure pipe
connected to said inlet port and a vacuum
pipe connected to said exhaust port, a
reversing valve for alternately- connectin

sald 1nlet and exhaust ports with said -liquiﬁ
chamber pipe, whereby said liquid chamber
may be subjected to alternate conditions of
pressure and vacuum, a reciprocating piston

1 the path of said inlet port for operating

sald. reversing valve, said piston being re-
ciprocated by direct pressure of the fluid in
said' inlet pipe, auxiliary valves for per-
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mitting the operation of said reciprocating

piston, said aukiliary valves being operated

| by predetermined conditions of pressure or

vacuum 1n said liquid chamber, whereby said
reversing valve is operated to reverse said
pressure or vacuum conditions in said liquid
chamber. | ' |

23. In a pumping system, the combination
of means for creating a fluid pressure and a
vacuum, a liquid chamber provided with in-
let and outlet valves normally submerged in
liquid to be pumped, a pipe connected to said
liquid chamber for introducing the fluid
pressure’ or vacuum, a valve chamber con-
nected to said pipe, inlet and exhaust ports

for said valve chamber, a fluid pressure pipe
connected to said inlet port and a vacuum

pipe connected to said exhaust port, a re-
versing valve for alternately connecting said
inlet- and exhaust ports with said liquid
chamber pipe, whereby said liquid chamber
may be subjected to alternate conditions of

pressure and vacuum, a double headed re-
cinroecatine nictnn in tho nath Af caid inlat
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of said piston heéads being provided with by- | valve, whereby the previous condition of 10

passes whereby the pressure on the.piston | pressure or vacuum.In said liquid chamber - -
1s balanced, auxiliary valves operated by a | 1s reversed. . o
predetermined condition of pressure or This specification signed and witnessed =
“vacuum in said liquid chamber, the opening | this 9th day of December 19038.
of either of said auxiliary valves disturbing. o FREDERICK C. WEBER. - =
the balance of said piston, thereby permit- Witnesses: | - o
ting the direct pressure in said inlet cham-}| H. La Croix,

‘ber to operate said piston and the reversing ] ~  WILLiAM HARGRAVES.
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