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UNITED STATES PATENT OHFIO

FREDERICE C. WIBER, OF NEW TOBE,

W

PUMPING STSTEM.

1,136,070,

Specification of Zetters Patent.

Patented Apy, 20,1915,

Applicgtion filed February 29, 1812, Serial ¥o. g80,884.,

7o all whom it may concern: :

Be it known that I, Freoerics C, WeskRr,
a citizen of the United States, and a resident
of the city, county, and State of New York,
have invented certain new and useful Im-
provements in Pumping Systems, of which
the following is a specification.

In my prior Letters Patent No. 990,085,
dated April 18, 1911, T have illustrated and
described a pumping system wherein I have
utilized compressed air and vacuum as a
means for elevating water or other liquid
from great depths. This system is particu-
larly adapted. for use in mines or deep oil or
Artesian wells. In a later Patent No.

998,059, dated July 18, 1911, T have shown

the basic principle adapted for use in con-
nection with what I have called a.suburban
type or isclated pumping plant. This latter
type is also adapted for deep well pumping,
but is of a type requiring more or less atten-
tion. The principles involved, however, are
substantially the same as those set forth in
the first patent above named, although many
improvements are set forth in the later pat-
ent. In my present form, I have introduced
many improvements designed to render the
system entirely automatic and self replen-
ishing whenever any draft is made upon the
system, and so long as pressure-is main-
tained in the air receiver. The details of
my present invention, I will now proceed to
set forth. They are fully disclosed in the
accompanying drawings wherein,

Figure 1¢ illustrates the air reservoir,
gages, and regulating valve, together with
the pipes leading therefrom to the pump
proper. = Fig. 1° illustrates the reversing
valve and mechanism located at the top of
the well tube. Fig. i° illustrates an inter-
mediate section of the well tube and its
parts. Fig. 19 illustrates the bottom section
of the well tube with the valves and the pip-

.- ing system. Figs. 12 1% 1°, and 1% are to be

45

50

55

considered together as g single figure illus-
trating the complete system. Fig. 2 illus-
‘trates a vertical section of the regulating
valve and its details. Fig. 3 illustrates a
vertical sectional view of the reversing valve.
Fig. 4 illustrates another view of the revers-
ing valve partly in section at right angles to
the view shown in Fig. 8. Fig. 5 illustrates
a sectional view of the diaphragm valve and
its piping system, hereinafter more particu-
larly referred to. Fig. 6 illustrates a trap
which may be used on one of the pipes, as

4

=

hereinafter referred to. Fig. 7 represents
the surface, intermediate, and bottom sec-
tions of a duplex system. ¥ig. 8 is a side
plan view partly in section of one of the re-
versing valves used in the duplex system.
In carrying out my invention, I make use
of any desired or preferred air pumping sys-
tem {not shown), for the purpose of main-
taining air pressure in'the air receiver 1.

Leading from thig air receiver is the air pips -
2, running to the reversing valve 2.

In the
pipe 2, I Hrst interpose the pressure gage 4
by means of which the air pressure in the re-
ceiver 1 may be at any time defermined. The
ordinary globe valve 5 is also interposed in
the pipe 2, for the purpose of shutting the
air off from the system whenever desired. I
also interpose in the pipe 2, & valve 8, said
valve being what is known as the straight-
way type, for the purpose of regulating the
size of the opening in the pipe 2. There is
also interposed adjacent to the valve 6, what
I term the regulating valve 7, the details of
which will be hereinafter more fully ex-
plained. :

The well tube consists substantially of a
curb tube 8 extending down into the well any
desired distance, but usually down to some
impervious stratam as rock or hardpan. At
the top of the curb tube 8is mounted 2 cap §
as clearly shown in Fig. 1*. Within this cap
and projecting above it is a second well tubs
10, the latter extending down into the well
for a considerable distance, and being wro-
vided at its lower end with a coupling nipple
11, and from said nipple sxiends-a compara-
tively short reducing nipple 12. Next fol-
lows the coupling nipple 13 secured to the
reducing nipple 12, and into the lower end
of nipple 18 is screwed the by pass casting
14, said casting being provided with a sep-
arating diaphragm 15, and a reduced inter-
nally threaded lower end 16. This casting
as clearly illustrated in'Fig. 1° is provided
with the passage 17 surrounding a portion
of the diaphragm 15, said passage communi-
cating with. the upper well chamber formed
by the tubes 10 and paris 11, 12, and 13, all

of which are in open communication with

the lower pipe 18, which latter carries at its
lower end the usual ball valve and casting
19. 1 also extend below the valve 19, a pipe

- 20, said pipe extending nearly o the bottom

of the well chamber as clearly shown in Fig.
1%, Fxtending downwardly from the casi-
ing 14 is the coupling nipple 21, the latter
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supporting at its Iower end the tube 22,
which laiter carries the usual intake ball
valve 23. The ball valves 19,and 28 are sub- "

" stantially the same as the valves illustrated

(73
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in my prior patent above referred to, and
‘need no specific description at this point.

Serewed npon the upper end of the pipe-
10 and resting upon the cap 9 is a second
coupling 24, and from said-coupling cap the
air chamber pipe 25 extends downwardly,
nearly to the lower end of the tube 10, and
into the vicinity of the pumping water level
as indicated in Fig. 1% From the dpper
end .of the coupling cap 24, I extend. the

5 short nipple 26, leading to the standard T

27, and from the latter, I lead the discharge
pipe 28. Upon the upper:opening of ‘the
T 27 is the gland 29, and through the in-
terior of this gland 29, I extend the air ‘pipe
30, continuing the same down through the:
intevior of the well tubes 8, 10 and/25 to
the vicinity of the reducing nipple 12, ‘and
at its lower end, I provide the reducing nip-
ple 31 from which extends a shdrt séctio/ia”/'
of pipe 32, the lower end of which lattér’

pipe is screwed into the diaphragni.15, ag -

it 8
clearly shown. In this manner it will :be

seen that the upper pipe 10 and thedgwer -

pipe 22 form chambers separated fromi éach
other by the diaphragm 15, and thit said-
chambers have no communication with eich
other, except through the valve 19 at the
lowermost end of the pipe 18. Upon the
apper end of the pipe 30 I secure the T 383,
and from its lateral opening 34, I extend a
pipe 35 to the lower end of the reversing
valve 3, as clearly shown in Fig. 1°. The
upper opening of the T 33 ig provided with
a gland 86 through which extends the pipe
37 down through the interior of the pipe 80
to its lowermost extremity through the pipe
32, where it is screwed into a by pass 88 in
the by pass casting 14 from which by pass
leads a pipe 89 down to 2 point somewhat
below the upper discharge valve 19,

From the above deseribed piping system -
it will be noted that the pipes 10 and 25
form- an annular chamber 40, closed at the
top and open at the bottom. This chamber
forms the air chamber, the purpose of which
will be more fully hereinafter explained. In
the discharge pipe 28, I may, if desired, in-
sert at the coupling 41’ what I term a ca-
pacity disk, that is to say, a disk or dia-
phragm located in the discharge opening of
the pipe 28, having a central aperture there-
through, which aperture has a diameter less
than the internal diameter of the pipe 28, so
that the capacity of the pumping system
may be reduced below the normal- capacity
of the ‘discharge pipe 28. The discharge
pipe 28 leads to the closed house plumbing
system, and it is to be understood that such
system is normally closed and opened only
when water is to be drawn from some one

‘chamber 44, and a lower valve head 52, the
" latter fitted to the passages 46 and 48. "The-

1,136,070

of the faucets connected up with said dis-
charge pipe 28. As above indicated the pipe
2 from the reservoir leads to the reversing
valve 3 which is also connected bv means of
the pipe 85, with the air line pipe 30.

I will now proceed to describe the details

“of the reversing valve. This valve consists

of the case 41 provided with the upper and
lower coupling flanges 42 and 43, the latter:
affording means for connection with the air
pipe 85. The interlor of the case is divided
into several chambers, first, the upper piston
valve .chamber 44 leading to the annular
chamber 45, which latter chamber communi-
cates directly with the pipe 2 leading from
the air receiver 1. This annular chamber
communicates with a cylindrical passage 46

%0 a lower air chamber 47.in the center of

which is located ‘an exhaust passage 48, the
latter leading out through the orifice 49 to

‘the exterior of the case. Thé passage 48 is
.of the same diameter as the passage 46 and

their diameters are slightly less than the di-
ameter of the upper chamber 44. The an-

‘nular chamber 47 is in direct eommunica-

tion with the air pipe 85. Located in the
charmber 44 and lower passage 48 is the spool
piston valve 50. This piston valve consists.
of an’upper head 51 neatly fitting the upper

lIower end of the head 52 is slightly conical

70
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as at 53, so as to fit the valve seéat 54. Com-

municating with the exhaust passzge 49 and
coupled to the flange 55 of the casting 41, is
what I term a throttle valve elbow 56 hav-

160

ing the passage 57 registering and communi- -

cating with the exhaust passage 49." The

lower -opening of the passage 57 forms a . .
105

valve seat for the puppet valve 58, the stem’
59 of which extends up through. the body
of the elbow; as shown and has’at its upper
extremity the pair of set nuts 60.” Beneath
said nuts and bearing upon the cup 61 is
the tension spring 62. The tendency of this
tension spring 62 is to hold the puppet-valve
58 upon its seat and thus throttle the ex-
haust.: If desired, the throttle elbow 56 mav

110

be conneeted by the pipe 63 with thé well

curb pipe 8, as illustrated in Fig. 1%, so that
in case there should be any excessive noise
it may be muffled or any water drip will be
discharged directly back into the well.
Coupled to the upper end of the case 41
through the flange 42 is' the supplemental

115

120

piston valve case 64. ~ This latter case’ispro- -

- vided with the upper piston and valve cham:

ber 65 and the lower vilve chamber 66.
The lower chamber 66 is formed by counter-
boring the lower end of 64, screwthreading

“the same for o considerable distance and

then inserting the screvi-threaded thimble 67
therein. This thimble 67 is provided with a

-central aperture 08, so as to form a com-

munication between the chamber 66 and the

125
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pressure within said passage 88, s preg
sure will be equalized in the exhaust pass

4% at the lower end of the exhaust valv

also in the chamber 65 between the 1S

f !
such pres-
dissipated through

75 and 76, and ot the same tims
sure will ke gradually
the small vent 90.

- The diaphragm valve 87 consists of the -

main casting 51 provided with the aperiures
92 arnd 93, the former being connected with
the pipe 86 to the upper end of the chamber
65 of the reverse valve heretofore referred
to. This passage 92 also communicates by
means of the drip pipes 94 with the curbing
tube 8 50 that any overfiow of water may
pass through the valve 87 and find iis way
back into the well. TIn the pips 91 I locate

~ the loop 94’ "so as to form a trap or wate
seal, the purpose of which will be herein.
after explained. The lower passage 93 is
connected directly with the central tube 87
leading down into the interior of the air
pipe 80 as heretofore deseribed. Covering
the passages 92 and 93 is the flexible dia.
phragm 95 held in position by the cham-
bered casting 96, the chamber 97 .of which
permits the diaphragm 95 to have a congid-
erable movement therein,
the chamber 97 is the pipe 98 connected to
some part of the discharge pipe 28, as for
example, to the horizontal branch of the T
27, and branch 99 where this pipe 98 leads
back to the regulating valve 7.

The regulating valve 7, shown in vertical
cross_section in Fig. 2 is as heretofore
stated, located in the air pipe 2 leading from
the air receiver to the reversing valve. This
valve consisis essentially of the lower cash-
ing 100, the intermediate casting 101 and the
upper casting 102. The lower casting 100
is provided with the two chambers 103 ang

3 &

104, separated by the diaphragm 105, hav- .

1 na

ing therein the passage 108. The upper side
of the diaphragm 105 is formed info a valve
seat 107. Upon the upper side of the cast-
ing 100 is secured by means of the flange
bolts 108, the casting 101, said casting be-
ing provided with the valve chamber 109
opening into the chamber 103 and separated
therefrom by means of & ganze screen 110.
Within the chamber 109 is located the hol-
low valve plug 111, the lower end of which
'is provided with the leather packing 112, fo
bear upon the seat 107. The upper side of
the valve plug 111 is recessed as at 118, to
receive the compression spring 114, the up-
per end of which bears upon the under side
of the puppet valve 115. The puppet vaive
stem 116 extends upwardly through the cast-
ing 101, and projects into an upper chamber
117 in said casting, through a packing
gland 138, the latter being interposed io
make the stem air tight. Just above the

Leading from .
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valve 115 is formed a valve seat 119. At
the lower end of the small chamber 120, an
exhaust port 121 leads from the chamber
120 to the open atmosphere. The upper part
~of the casting 101 is hollowed out as at 122
to form a shallow chamber. From this
chamber the passage 123 opens communi-
cating with the pipe 99 leading from the

pipe 98 heretofore referred to. The cham-

ber 122 is formed by means of a flexible
diaphragm 124 made of rubber, specially
treated leather or other material impervious
to water. This diaphragm 124 is held in
position by the flange 125 of the upper cast-
ing 102, by means of the bolts 126. Secured

is-a downwardly extending boss 127 which
extends into the chamber 117, Upon the
upper side of the diaphragm is secured the
fiat spring seat 128 with its upwardly pro-
jecting boss 129, for supporting the lower
end of the compression spring 130. Upon
the upper end of the spring 130 is located
the cap 181 which has marginal slots taking
over the internal guide ribs 132, so as to
.prevent the rotation of said cap 181. The
compression of the spring 130 is effected by
means of a screw 133, which is scréwed into
the central aperture of said cap, said screw
being provided with a collar 134 which bears
upon the under side of the domelike top of
the casting 102. The upper end of the bolt
183 projects outside of the dome and is

squared as at 135, so-that the bolt may be

turned by means of a wrench when it is de-

sired to adjust the compression of the.

spring 130. The plug valve 111 is made to
move easily within the chamber 109 with a
very slight clearance, so that air pressure

coming through the pipe 2 into-the chamber .
103 may gradually find its way from said’

chamber 103 into the chiamber 109, so as to
equalfize both above and below the valve 111,
or if desired, the valve 111 may be made to
-fit the chamber 109 quite closely and the
leakage from the chamber 103 into chamber
109 be provided for by a small by pass, at
136. .

Having now fully déescribed the structure
of the various parts of my improved pump-
ing system, I will Now proceed to describe
its operation. It will be understood at the
beginning that the well is compdratively
deep and its upper ‘end ‘is sufficiently en-
larged as at 187 to receive the parts of the
structure illustrated in Iig: I° and that
said enlarged upper end of the well is cov-

ered with the cover 138; while the pipes 2.

and 99 lead laterally to the air regervoir and
.parts contiguous thereto above the ground
level, such air.receiver being usually located
1t is
“also to be understood that pressuie in the
reservoir 1, is to be maintained at a com-
paratively high point and that the degree of

.

1;138,070

such pressure will be registered upon the

gage 4. With the valve 5 open, air pres-

sure will be admitted into the chamber 103,
where it will pass beneath the valve 111, and

-if there is normal air pressute in the cham-
ber 109, said valve will be raized from its

seat 107, and such pressure will pass from

:the chamber 103 into the chamber 104 and

thence along the pipe 2 to the annular cham-
ber 45 of the reverse valve, thence it will
pass down through the passage 47 through
pipe 33, thence through the by pass casting
14 to the liquid chamber formed by the pipe
29. Normally the lower end of the pump
tube should be immersed to a depik sub-
stantially as indicated in Ifig. 1. Under

- such conditions. the water will find its level
_in the interior of the lower liquid chamber

22, through the valve 23. ‘The air pressure
coming down through the pipe 80 and
through the by pass casting 14, exerts itself
upon the surface of the liquid in the liquid
chamber 22, with the result that the liquid
or water is forced up through the interjor
pipe 20 past the valve 19 into the pipe 18,
thence through the by pass casting 14, and.
to the upper pump secticn -10, and within

the chamber 40. As above described, this "

inner tube 25 is in direct conwnunication
with the discharge pipe 28 through the T
27. As the water or liquid is forced up
through the upper pump section, the air in

-the annular chamber 40 formed by the pipe

25 and the pipe 10 is trapped in such 2 man-
ner as to form a compression chamber. At
the beginning, the discharge pipe 28 leading
to. the “house plumbing system is left open
until a solid eolumn of water fills the dis-

-charge pipe 28, and all of the various pipes

in_the house plumbing system. When the
level of the water within the lower lquid
chamber 22 drops below the lower extremity
of the pipe 39, which of course takes place

90

95

100

only when some one or more of the faucets -

connected .with the house plumbing system

is open and the pressure in the discharge:
‘pipe 28 correspondingly lowered, the excess

of pressure in the hquid chawber 22 will
force the water upwardly through the pipe
39, the by pass 33 and the pipe 37 to the

"The upward air pressure in the pipe 89,
the by pass 38, and the pipe 37, is partially
balanced by the'weight or head of the liquid
in this columm. "It must be understood that
this column has‘a comparatively smiall cross
section. “As the liguid level in the chamber
22 lowers, air of course will have access to

the lower end of the pipe 39 and bubbles of -

air will shoot up through this water column

superpesed. water ahead and not only pro-
duce a “water hammer”
diminish the head and overbalance the pres-

effect but also’

110

P 115
diaphragm valve 87 through the passage 93.. . - -

bt

20 -
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- and as'they approach the top, will drive the -

sure on the opposite side of the diaphragm 389
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95 resulting, of course, in unseating the dia-
phragm and permitting this excess of pres-
sure to escape into the passage 92 thence
through the pipe 86 to the chamber 65 at the
upper end of the reversing valve 3. This
action it must bs understood is very quick,
in fact too quick for the excess of pressure
to escape around through the pipe 94 to the

upper end of the well curbing tube 8. The .

loop 947 in the pipe 94 forming as it does, a
water seal, also adds to the retardation of
the fiow of the excess of water through the
pipe 94 This retardation permits the quick

action of the pressure through the passage.

92, and pipe 86 to the chamber 65. Thé ac-
tion is somewhat similar to the principle of
the “ water hammer,” which is produced in
a pipe through which water is flowing and
suddenly stopped by the turning of a valve
in such pipe. The frictional resistance in
passing the water seal 94’ adds materially
to the effect of this “ water hammer ” action.
Inasmuch as the chamber 65 contains only
atmospheric pressure below the piston 78,
the quick “ water hammer” pressure coming
through the pips &6 will suddenly depress
the piston 76 against the force of the com-
pressicn spring 83 and the lower end of said
piston 76 will contact with the upper end of
the plug piston 75, with the result of de-
pressing the valve 70, from its seat 69 and
thus venting the chamber 66. The sudden
venting of the chamber 86 will gradually
vent the chamber 4% in the reversing valve
case and permit the differential pressure
upon the spool valve 51 and 52, to raise said
valve off the lower seat 54. The raising of

this valve from the seat 54 will first cut off -
“the passage 47 down through the pipe 35 and

finaily. when s=aid sponl vaive with the pis-
ton 51 has risen to the upper end of the
chamber 44, the pipe 35 wiil be open to the

exhanst passage 49 through the passage 47.

The spring 62 controlling the puppet valve
i 13 1

58 is ordinarily comparatively weak and

sufiicient ouly o hold the puppet valve 58 in
its seat, when the pressure in the passage is

1

.about 2 pounds above atmospheric pressure.

This results in the great bulk of the pressure
in the pipe 35 throughout this system, being

“exhaunsted with cnly the retention of about 2

of pressure now finds its way from the pas-
sage 49 throush the by pass 88 back to the
chamber 63, with the result that such pres-
gure is exerted upen the under side of the
piston 76, andd heing added to the upward
tension by the spring 83 will vesuls in lifting
the piston 76 from the upper end of the
piston 75 and thereby relieve the upper end
of the valve stem 71 from the pressure due
to piston 76. The air pressure however. in
the chamber 65 enn only escape siowly
through the vent 90, so that it will be exert-
ed upon the upper sic & plug piston 75,

‘self filled with water

ponnds in the system. This 2 pounds excess

&

and ss such pressure is dissipated, the spring -
74 beneath the puppet valve 70 will slowly
restore said puppet valve to its seat. This
retardation of the valve 70, I find of con-

siderable advantage, because otherwise, if

the puppet valve were suddenly restored to
its seat, it would result in the accumulation
of the differential pressure in the chamber
44 above the valve head 51 and consequently
restore said valve to the position illustrated
in Fig. 8, before the other parts of the struc-
tare had performed their necessary and-
proper functions. The spring 74 within the
chamber 66 will now restore the puppet
valve 70 fo its seat and permit the air pres-
sure which has been trapped above the head
51 and from the pipe 2 to gradually leak by
the piston 51 through the capillary by-pass
51" (the latter being considerably smaller in
cross-section than 68) and restore the pres-
sure in the chamber 44. This will result in
the gradual lowering Jf the piston 51 and
a consequent.seating of the cone valve upon
its seat 54 thereby reopening communica-
tion between the pipe 2 and the pipe 35. In
the mean time, during the period of exhaus-
tion of pipe 35, the pressure having been
removed from the surface of the liquid in
the lower liquid chamber 22, the water-in the
well will rise therein, through the valve 23
and seek its level within said chamber 22.
With the pump tubes and the discharge it-
and the house plumb-
ing system closed off, the entire system is
readly for operation at a moment’s notice,
simply by opening any one or more of the
faucets connected with the house plumbing
system by way of the discharge 28. Ordi-
narily slight drafts of water from the dis-
charge pipe 28 will-be taken care of by the
air expansion in the chamber 40 aud the au-
tomatic valves will operate only when the
level of the liquid in the liquid chamber 22
has dropped to a point below the lower end .
of the pipe 89. - .
I have described the initial operation of
the system whereby the pipes are filled for
the first time, thereafter with the pipes lead-
ing from the discharge pipe 28 ordinarily
closed ‘with only an occasional draft of
water therefrom, the air pressure coming
through the regulating valve and -the re.
verse valve 3 and the pipe 85, will gradually
drive the level of the water in the liquid
chamber 22 downwardly and force the water
up throngh the interior pipe 20 past the
valve 19 and up into the discharge 28.
When. however, this level has been foreed
down below the bottom end of the pipe 39,
the automatic operation will take place as
above indieated, bt the initial charging of
the system with water, as above describad,
will compress the air trapped in the an-
nular chamber 40 formed by the exterior -
tube 10 and the interior tube 25, and
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thus form a compression chamber in the
upper end of the system, whereby the nor-
mal water pressure in the house plumbing
system will'be maintained substantially uni-
form and produce a continuous flow which
would otherwise be intermittent. In prac-
ticé, air, chamber 40 may be slowly ex-
haugted of its air by leakage through imper-
fect joints of the structure, so that it be-
comes quite umportant that means be pro-
vided wheveby the air in this chamber
should. be veplenished. " In order to meet
such a condition, I provide a small aperture

140 in the water line pipe 20 below the valve

19 and at a poitit on a level with the lower
end of the pipe 39, so that whenever the air
pressure i the Hiuid chamber 2% forces the
water level down to or below such aperture

, 140, the air will have access to the interior

of ‘the pipe 20.  This air, under the heavy
pressure- to which ity is subjected, will pass
“through the aperture 140 and trickle up
past. the valve 19 through the water column
to the upper water chmmber formed by the
pipe 10, In order to prevent the alr bnb-
bles from rising into the water discharge
pipe 28 through the pipe 25, T provide a de-
flector 141 mounting the same upon the pipe
30 just beneath the lower extremity of the
pipe 25, In this manner, the rising bubbles
will be dirvected into the annular chamber
40, between ghu pipes 10 and 25. In this
manner I am able to maintain the normal
supply of air in the chamber 20 against any
leakage throngh imperfect joints. ‘

It 35 possible for this means of replenish-

ing the air in the chamber 40 to supply more
air than is necessary for actual practical
use, and in orvder to dispose. of any surplus
air, that is, more than is required for main-
taining the uniform pressure in the cham-
ber 40, I provide a gmall aperture 140" in
the side of the pipe 25 at a predetermined
height . above its lower énd, so that when
the
forced below the aperture 110" the surplus
air will escape into-the discharge pipe 28
and’ the’ pressure within the chamber 40
will be corrvespondingly- reduced. Immedi-
ately upen venting the chamber 40 through
the aperturve 1407 the lsvel of the water in
said chamber will rise until equilibrium is
again restored. When water 1s drawn from
the discharge pipe 28, it might be thought
that the air pressure’ in the chamber 40
would not operate to continne ghe discharge
of water after the level in the chamber 40,
has passed below the aperture 140°. This
is not the case. for the reason., that when
water is drawn frony the discharge pipe 28,
it is under what may be considered two
heads of pressure, namely, that in the cham-
ber- 40 and that which comes throngh the
pine 85 into the liquid chauber 220 Con-

giderable drofits of water may be taken from

_to form the goose neck 94

water level within the chamber 40 is--

1,136,070

the discharge pipe 22 and the expansion of
the aiv in the chamber 40 will follow the
liquid level therein, below the aperture 140
to o considerable distance before any econ-
siderable amount of air in the chambeér 40

~will have had time to escape through the

aperture 1407, so that, practically the entire
length of the pipe 256 may be utilized as a
compression air chamber. .

In ovder to insure suflicient water friction
in the pipe 94, I have, as above indicated,

interposed the water seal or.loop 947 in the

pipe 94 Under ordinavy circumstances,
where the water 1ift 1s not too high, I find

that this means affords suflicient water fric--

tion in the pipe 94. It mayv be desirable how-
ever, nunder certain circumstances to pro-
vide additional means of producing fric-
tion in the pipe 94 and to this end, I may
interpose a trap substantially as illustrated
in Fig. 6. In this case the pipe 94 enters the
upper end of cylindrical chamber 942 The
lower end of this chamber receives the lower
section of the pipe 94 and such pipe extends
up into the chamber 94* for a considerable
cistance. and then is turned back upon itself
At the very
uppermost part of the turn 1n the goose
neck 945 1 locate a minute vent as 944
This trap serves the same purpose as the

Toop & and its action is substantially as

follows: _

The surplus or overflow of water from the
valve 87, it will be vemembered must be dis-
posed of, and yet it must bhe vetarded in
its discharge. In Fig. 1° the structure is
shown as depending solely upon the friction
of the water in the pipe . In Fig. 3, o
add to this friction and form a water zeal,
the loop 94, is inserted, but wheve increased
friction is desired, the structure in Fig. §
is uzed. Water from the pipe 94 is dis-
charged into the chamber 94%. This chara-
ber being hermetically sealed otherwise than
by way of the inlet pipe 94 and the dis-
charge goose neck 94% the air which the
chamber coutains mnst, upon the acecnmila-
tion ot water therein. find an outlet through
a sutail vent 94%. No siphoning action of
the goose neck however, takes place until

water has aceumulated in the chamber to-

a height above,the upper turn of the goose

-3
9

I
i

8¢

130
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neck 94%, at which point the accumulation”

of the watet in the chamber 94° above the
veut 94* will discharge, and thus leave the
trap veady for immediate action at any time.
The vent 04* prevents siphoning after the
level of the water goes below said vent.’

It may be and frequently is advisable for
the water pressure in the house plumbing
system to be registered, and in order to pro-
vide such means in a convenient loégsion, T

_place the registering gage 142 in the pipe 24

Thiz gage, 1t will be noted, will register all
of the fluctuations of the pressure in the dis-
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‘charge pipe 28, which of course means the

water pressure in the house plumbing sys-
temn. rﬂvm‘ ground.
mtemusmom of the regulating valve
is for the purpose of mutcmg off the air
from the air receiver 1, from the
b}":ﬁeﬂl at times when excessive
: the discharge pzpe

t. 1t is a fact
asnemb. % is
) rmﬂ ’om’f:
* tight. Teakages in-
aces h“q aently occur and
ain the air in the res er‘mh
and pravent iis slow leakage, by way of the
pipe 5 2, beyond the regulating valve 7 and the
discharge passage 49 to the e*"mL"* vent 90,
throngh 1mpariect1v operating valves or the
like. Absuch ¢ fimes the press sure in the house
mumomg or closed service pipes will be
maintzined hv the accumulsied pressure in
the air chamber 40, and inasmuck as the wa-
fer in the hous plumbing system is tvappsd
sbove the valve 19, such pressure will meet
si" ht or even 0161*1 vy drafts upon the same.
When however, such drafts ave sufficient to
reduce tHL level oi bh(“ water in the laver
i md namner 22 below the 1o\yer end of
z;h pipe then the antomatic action, as
he"etom*c deccrmeu will take place, and the
supply of air under pressure will “gfun ba
admitted to the syctem‘ The m urpose of the
regulating valve 7 is t0 stop off the air from’
the pumping system after the smu“ has been
supplied with an initial charge and then per-
mit that charge to be e\haus(ed to o certain
point, then a new charge of air is addnitted
to the system from the receiver 1. In this
manner, the air receiver, into which goes the
prm(m‘n cost of 1 mmtenance, is isolated
irom the pumping system execept ab times
when the air in said system nesds replen-
ishing,

As hitherto Geacrzbm by pumping system
15 fa}maml le to wells of ordinary or medm'n

lepth; but in 01’&0*' to adapt it to wells of
g"c ater depth, I find it advisable to e?e\a te
the water from the well by “*w‘ns and for
that reason the dnplex form, as illustrated
in Fig. 71s used: In this case it 15 necessary
also to slightly modify the reversing valve 3

npw. ai i
18¢ 1 teJ SIENIY
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Ozlm Gf
it isin o \161 w vt
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s¢ that for the duplex system the Valves 3
and 3* are so interconnected as io operate
alternately. In Fig. 7 the air recsiver 1, the

gage 4, ’ﬂooe valve 3, cut ¢ff valve 8, 1efmiai;-
ing alve 7, and the pipd 99 with its gage .

143, are Lho same in purpose and arrange-

ment as snnwn in Fig. 1= ifx practice T find

Ivisable to prov ide o safety vaive 160 at

o muvem cwz‘r‘}w a"frmfr the

e pipe 2 is Xea irom § e ahove

2id T e!nfr con-
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i auy

nected as shown in ¥ ig o the pair of regu-
Inting val* es 31 and 3. These rngvhmng
valves are in the main thes same as the regu- .

the same char
nuctloh as sh
valve, valve st
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underst T
the 't .;m‘w ;L:; of the 3 5
its axis "hz‘fm&,ﬁ an rg ¢
sets upon the lower valve cast" In 115
practice however, the paris are a8
shown in Fig. 7. The mte o of
the lower castin ng 417, together 6l
valve, ports and p wssages there cal’
inall resnccts s 0 in connection 130
with ¥ig. 3, so 1} at fm* her rip-
tion of said pﬁ'";s is

Seenred to the uppe; e 437

is the valve casting 84 se- .
enring may be by any cas 125
for example, by means and

165 pa ssm«“ through 41 ar

asting 647 into nh flan
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the lower end of which is screwed the cap
67’ centrally apertured as at 68’ to form a
communication between the chamber 66" and
the chamber 44%. The valve seat 69’ is pro-.
vided in the upper end of the chamber 66
for the reception of the puppet valve 707,
said valve being guided by means of the stem
71’ in the easting %’ as shown. Directly
above the puppet valve 707 is located the
small chamber 72° and leading from if is an
exhaust passage 73" to the open atmosphere.
The stem 717 projects into an opening 65
which opens laterally outside of the casting.

The spring 74’, located within this chamber

66’ serves to hold the puppet valve 70" upon
its seat. - ,

Adjacent to the opening 65 I locate the
bell erank 164 with one arm thereof project-
ing/intoc the chamber €5’ for contact with
the upper end of the valve stem 71°. A cor-
responding bell crank 165 is connected to the

twin reversing valve in identically the same

manner- and for the same purpose. These
bell cranks 164 and 165 are connected to-
gether by the rod 166 so that they operate
in unison but in opposite phases; that is to
say, when the inwardly projecting arm of
“the lever 164 swings down to depress the
valve 70, the corresponding inwardly pro-
jecting arm of the bell crank 165 is raised to
permit the seating of the corresponding pup-
pet valve in the other reversing valve mech-
anism, and vice versa. In order to prevent
accidental isplacement of this toggle link
and lever arrangement, I provide a collar
187 upon the widdle portion of the link 166,
said collar being V shaped in cross sectiog,
for cobperation with the V shaped spring
snap 168, which is secured in place by means
of the bolt 162. From this construction it
will be seen that the toggle lever and link
mechanism will shift so that the collar 167
will first be upon oue side of the spring snap
168 and then upon the cther, the spring serv-
ing as a yielding means for preventing acci-
dental shifting of the parts. '

'The casting 647 is provided with an upper
chamber 652 for the reception of the pisten
76’. This piston is sltightly different fromi
the corresponding piston illustrated in Fig.
8, inasmuch as it is provided with a valve
762 1.pon its upper end for codperation with
the valve seat 79%, the puirpose’of which will
be hereinafter fully described. The piston
76" is further provided with a depending
gtem 76* which passes through an aperture
in the casting and extends into the chamber
$5 in position to engage the inner arm of
the teggle lever 164. I provide the chamber
652 with a lateral discharge or exhaust open-
ing 743 to correspond with the passage 88 of
the valve shown in Fig. 4
shown this opening as connected across to
the correspondingvopening in the reversing
valve 8% by means of the pipe 85 with »

In Fig. 7 I have.

1,138,070

connection -88¢ down from said pipe 88 to

- to the exhaust T 56’. In the pipe 88% is a
minute vent 90, S

Above the valve 762 the valve stem 78"

extends for a considerable distance through

the plug 80" which closes the upper end of

chamber 652 and is provided 4t its upper end -

with a pair of adjusting set nuts 82 for the
purpose of -adjusting the tension of the
_spring 83’ in exactly the same manner as the
corresponding parts illustrated in Fig. 3, are
operated. The upper end of the chamber

70

%

652 is closed by the casting 80" in which the .

valve seat 76 is formed. The valve 76 is
for the purpose of closing off the chamber
652 from the pipe 86”. Reference to Fig. 7
will show that the pipe 37 is coupled di-
reetly with the pipe 86 and that in the pipe
86’ I have located a T 86 with a drip pipe
862, The corresponding pipe 86* leads into
the valve 87’ which as above described is in

all respects the same as the diaphragm valve

- 87 illustrated in Fig. 5. .
It is to be understood that each of the
valves 8! and 3% may be provided with a side
passage 88 leading from the exhaust passage
49 up to the upper castings 64" in the same
manner as is shown in Fig. 4; but in such

80 .

85

90

case, I would dispense with the pipe 88* and - '

its commection ith the.exhaust T 56’. I
prefer however, in the duplex system to omit
said side passages 88 from the valves 3! and
3%, 'and use as a.substitute, the pipe 88* with
% connection 83 to the T 56 and locate in
said connection a needle valve “as 89" for
throttling the retained two pounds of pres-
sure from the exhaust T 56",  The latter
construction is solely for the pufpose of re-
ducing the number of parts to be looked
‘after ~and  adjusted. This duplex system
operates as follows: Air pressure is admitted

95

100

105

from the receiver 1. throngh the regulating

valve 7 to the T 161 where it is admitted to
the chambers within the valve casting 41" to
operate .ih substantially the manner de-
_scribed i{n connection with the reversing

120

valve illustrated in Fig. 3. It must be un-

“derstoodithat one or the other of the puppet

valves 70’ of the reversing valves 3* and 3%

will be unseated thereby permitting the cor-

115

responding upper chamber 44’ to be vented -

through the orifice 68" and the exhaust open-

ing 73’. . /At such time the spool valve cor- -

‘responding to the valve 50 will be raised so
as to.exhaust the corresponding liquid cham-
ber 227 or'22%  In the position of the part
shown in-TFig. 7 the lower chamber 227 is
being exhausted of its air throngh the corre-
sponding’ pips 35” and reversing valve 3.

This will permiu an #aflux of water from the

jnto the lower cham-
Simultaneosly with this operation
the corrveésponding puppet valve 707 in the
reversing waly ’ '
lated preg

wall past the valve 287
ber 227 ;

te in the corresponding chamber

'

ve 3% is claged and the accumu--

120
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except by way of the upper iiquid ¢hamber

222 and its discharge pipe 182  Moreover, I

- find that the method aboye described for re-
- plenishing the tank 282 with air, by way of-
5 the pipe 87° and the small aperture 140% is.

adequate. However, in case, the two stages

are separated, as in the case of their operat--

ing in separate wells, I may if desired, pro-
vide an aperture in the short section of pipe

below the valve 19’ corresponding in all re-
spects to the aperture 140% in the pipe 202,
_ 80 that this replenishing of the chamber 282,

by thé means illustrated, would be substan-

tially the same; but such a structure would

be substantially the same as that illustrated
in ‘connection with Figs. 17, 1°, and 1%, and
the two wells would-each have a duplicate
of that structure. The duplex reversing

~ valve in such a.two well system would be

20

25

30

35

substantially the same as that illustrated in
Figs. 7 and 8, except that each of the valves
3! and 3% could be
phragm valve 87’

provided with.the dia- .
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exhaust passage therein, with a throttling
valve in said exhaust passage. . - .

4. In apumping system, the combinatiot of
a source of fluid pressure supply, a source of
liguid supply, a liquid chamber, a valved in-
let connection from said liqhud supply to

-said chamber, a valved and normally closed

65

discharge pipe leading from said chamber

to a level higher than that of said liguid
supply, a reversing valve'for admitting pres-

sure supply to said liquid chamber, said

valve actuated by differential pressure from

:said ‘fluid pressure supply to exhaust said

I have not shown'the two drip pipes 86
and 94° as connected back to the well, but

it should be understood that these pipes may
be connected back so as to discharge into the
well in:the same mgapner as the pipe 94
shown in Fig. 1%, if*d¢sived. These changes
of partsito meet different conditions in-prac-
tice, I do'not regard as modifications in any
respect, bt consider them as part and parcel
‘of the entire structure and to be used as and

where conditions may require.

I claim, |

1. In a pumping system, the combination
of a source of tinid presgure supply, a liquid
chamber having inlet and discharge valves,

- 'a reversing valve for admitting fluid pres-

490

45

nl vs 0

55

sure from said supply to said chamber, and

~ for exhausting said pressure therefrom, and

means for throttling the exhaust from said
liquid chamber. :

2. In a pumping system, the combination
of a source of fluid pressure, a liguid ¢ham-
ber, inlet and dis?arge valves. for said
chamber, a reversityy valve for admitting
pressure from said supply fo-and exhausting
the same’ from said liquid chamber, and a
‘differential pressure. operated means actu-
ated by the lowering of the liquid in said
Jiquid chamber to admit seid fluid pressure

4o and for actuating said reversing valve to

exhaust the pressure from said liquid cham-

In a’pumping system, the combination
source of fluid pressure supply and a
of liguid supply, a liquid chamber, a
Jmnlet connection between said chamber
1 ‘said liquid supply, a normally closed

harge. pipe leading from said chamber,
ersing valve for admitting fluid pres-
Arom. said fluid supply to said liguid

fluid pressure from said liquid chamber, and

means for creating said differential of pres--

sure for actuating said reversing valve.

5. In a pumping system, the combination

of a liquid chamber having a valved inlet
and a valved discharye pipe, a reversing
valve for introducing air pressure to and
exhausting the same from said chamber,

and means for actuating said valve operated-
. by a ‘differential of pressure between said

discharge pipe and said liquid chamber.

6. In a pumping system, the combination
of a liquid chamber, a valved inlet and a
valved and normally closed discharge pipe
for said chamber, a valve for exhausting the

_pressure from said chamber to cause an in-

flux of liquid thereto, through said valved
inlet and for permitting fluid pressure to
said chamber to cause a discharge of the
liguid therefrom, means actuated by the dif-
ferential of pressure between sa.d discharge
pipe and said liquid chamber for actuating
said valve to exhaust said liquid chamber.

7. In.a pumping system, the combination
of a liguid chamber, a valved liquid inlet
and a valved and-normally closed discharge
pipe having a valved counection with said
Hiquid - chamber, 4 reversing valve for ex-

-hausting préssure from said chamber to

cause a rise of liquid-therein, and for admit-
ting pressure thereto to cause a discharge
of liquid therefrom into said discharge pipe,
means comprising a diaphragm valve oper-
ated by a differential of pressure between
said discharge pipe and said liquid chamber

75

80
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110-

“to admit accumulated pressure from said -
lignid chamber -to actuate said reversing

“said. reversing valve having an _ing said several passa

valve.
8. In 2 pumping system, a valve, means

115

for permitting fluid pressure to actuate said -

valve to admit such pressure to the pumping
mechanism, ‘and differential pressure actu-
ated mechanism for operating said valve to
exhaust said pressure from said pumping
system and a valve for throttling the ex-
haust of said pressure from said system.

120

9. In a pumping system, a reversing valve -

comprising a- valve case havingfinlet, dis-
charge, and exhaust passages therein, dif-
ferential piston and valve chzimbgrs connect-

ges,"s différéntial pis-

125
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ton valve within said chambers, means for
permitting fluid pressure to actuate said
differential valve to open said inlet to said
discharge passage, and simultaneously close
said exhaust passage, and means for ‘per-
mitting an external differential of ‘pressure
to actuate said valve o closs said inlet from
said discharge passage and opsn szid dis-
charge passage to snid exhaust passage, and
means for throttling said sxhaust passage.
10. In a pumping system, a reversing

M

“valve, gravity means for actnating said valve’

to admit fluid pressure o the pumping sys-
tem, a differential pressure piston connected
to said valve for releasing accumulated

-pressure upon the upper side of said piston,

to cause the same to actuate said first named
valve and thereby exhaust the pressnre froma
said system, and means for retaining & por-
tion of the pressure within said systen.

11; In g pumping system, the combination

of a source of fluid pressurs suppiy, a liguid

chamber having inlet and discharge vilves,
a reversing valve for admitting pressure
from said supply io said chamber and for

-exhausting said preséore therefrom, means
“for automatically regulating the admission

of fluid pressure from Baid supply to said
reversing valve].and ‘means for throttling
the exhaust from said lauid chamber.

12. In a puinping system, the combination
of a source of fluid pressure supply, aliquid
chamber having inlet and discharge valves,
a veversing valve for admitting pressurs
from said supply to said chambar and fer
exhausting said pressure thersfrom, raesns
for retarding the exhaust from said liquid
chamber and means for utilizing the retard-
ed exhuust pressure for refavding the actun-
tion of said reversing valve fo readmit pros-
sure to said cham

18, In a pumping svstem, the combination
of a source of fluid pressure snpply, o Hauid
chamber having inlet and discharge valves
for said chamber, & reversing valve for ad-

1 supply to and

id liquid cham-

the exhaust from
for utilizing said

mitting pressure {rom said
exhausting the same from sa
for retarding th

&

ber, means
said chamber and mean

- retarded exhaust o réfard the readmission

of pressure from seid supply to said lignid
chamber, : ’

- 14 In a pumpiog svstem, the combination
of a source of fuid pressure supply, a lig-
uid chamber having inlet and discharge
valves, o reversing valve for admitting pres-
sure from said supply to and for exhausting
said pressure therefrom. means for arrest-

1

ing the complete exhaust of pressure from
said Hquid chamber and means for utilizing
said arrested exhaust pressure for retarding
the actuation of sald reversing valve to re-
admit pressure from said supply fo said Hg-
nid chamber.

1 88

15, In"2 pumping system, a .
pressure and gravity ac a

prising a vaive case having a pix
port and an exhaust oub
pipe and a valve cham
in said chamber in a
close the same from
whereby pressure ms
chamber above i

siavl

to normally

amn
i3

Br

L port,
adually

said
equalize the pressur
low said valve, & ©

pet valve controlling
differential pressure achu
operating said puppel
exhaust port, whereby o
of said reversing valve w
poréand simultanecusly o
pipe tp said.exhans ;

i6. It a pump

‘pressure and gravity - 8%
prising a valve case let
port and an exh; ice
pipe and a valve chaml
said chamber in a position e
the same from said i e- §o

by pressure may graduall
above said valve and th
Dressure. thevein with
o restricted exhanst port 1
above said valvs, 2 puppet
%aid ‘sxhaust port and
sctuated .mechanism
pet valve {0 open sa
by a gradual of
valve will close said inlet
neously open said servic
haust port, and means
closing of said puppet valv:
17, In a pumping syste

or, 75 §
[real R
P

¢

Z 95
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-

o
P @
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v

451

vising a valve ¢z vl
and an exhaust ont
and iv 1

a valve chamber
213 ol o T e vl b
2id chamber in a posit

the same from said i 1149
by pressure ma

ber above said

the pressure therein wi

valve, a restricted exhaust port 5511
chamber above said valve, ive 115
controlling said exhaust 3 1)

tial pressure actuated mechanism for oper-
ating saild puppet valve to open said sxhauss
port whereby a gradual operat of said
reversing valve will close said inlet port and 12s
simultaneously open said service pipe to -
said exhaust port, and a throtile valve ¢

nected o said exhaust port for refaini

portion of the
pipe. S
18, In a pumping . the
ot a source of fluid pressure sup,
chamber having-inlet and discha

pressire within

iy, :

3y
rge vaives,
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means for admitting fluid pressure from
‘said supply to said chamber and for ex-
hausting said pressure therefrom, a -dis-
charge pipe connected with said discharge

5 valve,-and a compressed air chamber asso-

ciated with said discharge pipe for main-
taining substantially a uniform -pressure
upon the liquid in said discharge pipe and
means for auntomatically. replenishing - the
10 air in said chamber from said fluid pressure
supply. ’ o K

© . 19. In a pumping system,the combination
of a source of fluid pressure supply, a liquid
chamber having inlet and discharge valves,

15 means for admitting fluid pressure’ from
hausting said pressure therefrom, a. dis-
charge pipe connécted with said discharge
. valve, and a compressed air chamber asso-
20 ciated with said “discharge pipe- for main-
taining -substantially a uniform . pressure

upon the liquid in said discharge pipe, and’

means for replenishing the air in said com-
pressed air chamber from said liquid cham-
ber, for maintaining the pressure in said
compressed air chamber against leakage
_ therefrom.. e

20. In a pumping system, the combina-
tion of a liquid chamber, a valved inlet and
a valved discharge pipe for said chamber, a
valve for exhausting the pressure from said
-chamber to cause an influx of liquid thereto

25,

~through said valved inlet, and. for admit-

“ting fluid pressure to said chamber to cause
the -discharge of .the liquid therefrom, a
compressed air chamber connected with said
‘discharge pipe; and means for admitting
. compressed air from said liquid chamber to
said compressed air chamber by way of
said valved discharge pipe, for maintaining
the pressure in said compressed air chamber
against leakage therefrom. - ol
~91. In a pumping system, the combins-
tion of a source of fluid pressure supply, a
plurality of liquid chambers each having
inlet ‘and discharge valves, a plurality of
reversing valves for admitting fluid pres-
_sure from said supply to said chambers, and
for exhausting said pressure therefrom al-
ternately, 'and means for throttling the ex

35

40

45

50

. haust, from said liquid chambers. o

92. In a pumping system, the combination

of a source of fluid pressure supply, a plu- -

rality of liquid ¢hambers each having inlet

55 and discharge valves, a reversing valve for’

each-of said. chambers for admitting pres-
sure from said supply to and exhausting the

" . sanme from said liqguid chambers alternately,

—and a differential pressure operated means

*60 actuated by the lowering of theliquid in said

" liquid chambers to admit said fluid pressure
~to and for alternately actuating said revers-
-~ ing valves respectively to exhaust the pres-
- -sure from sajd liquid chambers. =~ _
- BK.--23.:11 o pumping system, .the combination

said supply to said chamber and for ex--

. 1,186,070

of a source of fluid. pressure supply, and a
source of liquid supply, a plurality of liquid
chambers, valved inlet connections between

‘each of said liquid chambers respectively

and said liquid supply, a normally closed dis-
charge pipe leading from each of said cham-
bers, a reversing valve for each of said liquid
chambers for admitting fluid pressure from
said fluid supply to said liquid chambers re-
spectively, said reversing valves each having

-an exhaust passage therein leading to a

70

75

common exhaust discharge, and a throttling -

valve in said exhaust discharge.

24, Tn a pumping system, the combina-
tion of a source of fluid pressure supply, &
source of liquid supply, a plurality of liquid

80

chambers, valved inlet connections from said -

liguid supplg to said chambers respectively,
a valved and normally closed discharge pipe
leading from said chambers to a level higher

85 -

than that of the liquid supply, reversing .

valves for admitting pressure from said
pressure supply to said liquid chambers re-
spectively and alternately, said valves ac-
tuated by- differential pressure from said

890

fluid pressure supply to exhaust said pres- - =~

sure from said liquid ¢hambers respectively,

and means for creating a differential of

pressure for actuaing said reversing valves.

25. In a pumping systein, the combination
of a plurality of liquid chambers each hav-
ing a valved inlet and a valved discharge
pipe, a reversing valve for each of said
liquid chambers for alternately introducing
air pressure to and exhausting the same

for actuating said reversing valves operated

85

100

from said chambers respectively, and means

by a differential of pressure between said

discharge pipe and said liquid chamber.

26. In a pumping system, the combination
of a plurality of liquid chambers, 5 valved
inlet and a valved and normally closed dis-
charge pipe for ‘each of said chambers, a
valve for exhausting the pressure from said
chambers, a valve for each of said chambers
for exhausting the pressuré therefrom to

165

110

cause an influx of liquid thereto through.

said valved liquid inlets and for permitfing -, ..
liquid pressure to said chamber to cause.a -

discharge of liquid therefrom, and means
actuated by the differential of pressure be-

115

tween said discharge pipe and said liquid .
chambers for actuating said valves to ex-

haust said liqguid chambers alterantely.
27. In a pumping system, the combipa-

120

tion of -a plurality of liquid chambers, a. .
valved inlet and a normally closed discharge .
pipe ha~ing a valved connection with: and =

for each of said liquid chambers, a valve for

each of said liquid chambers for exhausting

126

pressure therefrom to cause a rise of liquid

therein, and for admitting pressure thereto
to cause a discharge of liquid therefrom into
said discharge pipes, means for actuating
said valve operated b§'.a differential of pres-

130
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. above said valves, and thereby equalize the
pressure therein with that below said valves,”

10

15

20

25

i

- said inlet ports respectively, means Wheréby

pressire may gradually fill said chambers

a restricted exhaust port for eiach of’ssid

chambers above said valve, puppet valves

controlling eacly of said exhaust ports, a'dif-

operating said puppet valves to open, said
exhaust port, a connection between each of

said puppet valves t6 cause the same to op-_
%Tadual opera-,
1] lose its inlet -
.port, open its service pipe to its exhaust
port, and simultaneously operate -the other .
reversing vilve to open its inlet port and -
_close its service pipe from its exhaust port, .
the alternate clos- -

erate alternately, whereby a
tion of one reversing valve w

and means for retarding
ing of said puppet valves.,

87. In a pumping system, the combination
of a pair of differential pressure and gravity
actuated valves each comprising a valve case
having a pressure inlet port and an exhaust

* outlet port, a valve chamber therein, and a

service pipe connected thereto, a valve in
said chamber in positicn to normally close
the same from said inlet port, means where-
by pressure may gradually fill said chamber

-above said valve and thereby equalize the

30

pressure therein with that below said valve,
a restricted exhaust port for said chamber
above said valve, a puppet valve controlling
said exhaust port, and differential pressure
actuated mechanism for operating said pup-

“pet.valve to open said exhaust port. whereby

- a gradual operation of said reversing valve

40

45

will close said inlet port and simultaneously -

open said service pipe to 'said exhaust port,
means. connécting said reversing valves for
causing the same to operate aﬁemately, a
common exhaust pipe connected to each of
the eéxhaust ports of said rfeversing valves,
and a throttle, valve connected to said ex-

“haust pipe for retaining a portion of the

pressure within said service pipe.
28. In’'a pumping system, the combina-

- tion.of a source of fluid pressure supply, a

50

pair of liquid chamhers each hiving. inlet
and discharge valves, means for alternately
admitting fluid pressure from said supply

- exhausting said pressure therefrom, a com-

- mon discharge pipe connected with each of -

- said discharge valves, a compressed air

11

chamber associated with said discharge pipe,
- means for mzuntmn_ln% i

substantially a uni-

form pressure upon: the liquid within said

.discharge pipe, and for automatically re-

- 60

86

.plenishing said pressure from said liquid

chamber. .

© 39. In o pumping systém, the combination ’

of a source of fluid pressure supply, a pair
of liquid chambers each having inlét and

discharge valves, means for admitting fluid -
pressure from said supply to each of said .

‘chamber to said air chamber for replenish-
i ing air therein. =~ - - : -
_ to each of said chambers and for alternately -

1,186,070

chambers- alternately, and - for, exhémsting-.
-said -pressure from said. chambers alter-

nately, a eommon disecharge pipe connected
to said-liquid ‘chambers, a compressed air

" chamber-associated with said discharge pipe
< ‘for- maintaining substantially a uniform
“pressure upon the liquid in said discharge
ferential pressure actuateéd mechanism for -

70

pipe; and means for automatically replenish- -

ing -the air in said compressed air cham-

ber from said liquid chamber, for maintain-

ing the pressure in said liquid chamber
against leakage. :

75 -

40. In a pumping system, the combination -

of a pair of liquid chambers, a valved inlet
and valved discharge pipe for each of said

‘chamnbers, a valve for exhausting the pres-

stre from each of said chambers to cause
an influx of liquid thereto from the cor-

responding valve inlet, and for admitting -
fluid pressure to each of said chambers to

cause the discharge of liquid. therefrom, a

80 !

85

compressed air ¢hamber connected with one -
of said-discharge pipes, and means for ad- .~

mitting compressed air from one of said
liquid chambers to said compressed air
chamber by way of the corresponding valved
discharge . pipe for maintaining the pres-
sure in said compressed air chamber against.

leakage therefrom. : ,
41. In a pumping system, the combination

“of an.air chamber, a liquid chamber com-
‘municating with said -air. chamber, an air

pressure supply, and a liquid discharge pipe
leading from said air chamber, means for

-admitting air pressure from said supply to-

said liquid chamber to force the liquid thers-
from into said air chamber to compress the
air therein, and . automatic means for re:
plenishing the air in said air chamber from
said supply by way of said liquid-chamber.

42. In a pumping system, the combination.

of an air chamber, a liquid chamber com-
municating with said air chamber, an- air
pressure supply, and a liquid discharge pipe

" leading from said air’ chamber, means for

admitting air from said air pressure supply
to force liquid therefrom into said air cham-

90

95

100

10y

110 .

ber, a by-pass leading from said liquid

43. In a pumping system, the combination

cof an air pressure supply, a liquid cham-

115

ber, an air chamber in communication with . -~

said liquid chamber, a discharge pipe lead: . X
‘120

ing from said air chamber, means for sup-

plying air from said pressure supply to said

air chamber, by way of said liquid chamber,

and means for discharging a surplus of air -

therefrom through said discharge pipe. -
44, Tn'a pumping system, the combination

128 -

of an air chamber, a liquid chamber com-

leading from said air chamber to said liquid
chamber, t¢ force liquid therefrom into said

- municating with said air .chamber, an air -
pressure supply, and a liquid\discharge pipe-

130
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