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T all wh o LT suceegding- charge of:said medium. or,
Bea aas M @ivaner; [wton of such.chargeyin preparation £

ot Philadelphia, il county’ of" Phila- |'dext succeeding power stroke.
delphia and State of Péhiisylvania, have n- es

- g vented a certain new andusetul Meéthod of
Pumping Tiguids, whereof the following is

a specification, reference being had ‘to ‘the
“acconipanying drawings. R

T use the term “liquid” as comprehend- |

16, ing not werely single liquids, but also.mix-

" tures ‘of two or more liquids, ‘mixtures of
liquids and solids, and dxtures “of liquids
“‘and gaseés, whenever such ‘substances -are
capable bf being pumped.. =~ S
215 tion are to utilize
~ " the miomentun of a confined body of liquid,
‘whicli has been'set in-motion by means of a

- mechanical actuator. positively driven by a}
" primary medium' having high “initial pres-
20 sure  and "subsequent. expansive force, to

My meihod contemplates the use of a re- g
‘ciprocating actuator -which is positively
“driven in only one direction, although it may
b positively driven: in both, directions, and -
while it is of spegial, valje .in, conhection . .
with -internal combustiol S, b
available for engin
pansive, force. of steal
" In the accompanying drawings, F
I, TI, and III, represent diagrammatically,
|in vertical longitudinal section, a typical 79
system of -apparatus :adapted. for the em-
ployment of my method, shewing, as the
prime mover, a conventional representation
of ‘a steam: cylinder, and its dmmediate ad-
juncts. - Said three yiews indicate the s '
piston and- its valy

The objects of niy inven

" effect the discharge of liguid and to draw in

tions, which will, e hereinafte

o now accretion’of liquid at the intake end | Fig. 1V, represents a.sectional plan _,gw;f{_)f'
of the system after the cessation or retar- a preferred actuator mechanisin, adapted to

be employed in my method, the prime mover gg
being represented as’'a gas engine acting on
the two stroke auto cycle.. Fig. V,is a side
elevation of the devices représented in ¥ig..
1V, certain, parts being “shown "in dotted"
lines. Figs. VI to XIII, i

© dation of movement of the actuator,thus per-
25 mitting the supply of the primary medinm
- {0 be so controlled as to realize its expansive
" force to the fullest extent, and further:to

utilize the momentuin’ and resultant. pres-.
sure of the said-body of liguid in the reverse

SULe ‘ r nclusive, are sec- 85
30 “direction, after the completion ‘of its initial,

. 85 tageou

movetitent; in such manner as to re-act-upon.

- the actuator, and thereby permit it -to as-
“4ist in developing the desired :conditions of
that portion of the elastic medium which is
35 to. effect the next power stroke. '
" Figuratively speaking; the con
*of liquid may be considered. as a liguid pis-
" fon - in so far as-it tends:to force liquids
toward the-delivery end of. the gystem ‘and
40 ‘to draw in liquid at the intake: end. of ‘the
~system, rand
relatively large inertia,
an oscillating fly wheel:
{0 store tip: the energy
45 ‘actuator, and, “after -employing a part. of
“such-stored up energy for.the primary work
“of effecting motion: of: translation. of ;the
liquid, to then emplo

energy in-aireverse

50 upon the actuator:

" ing up energy ‘and-transi

© first in one direction: and-
permits the expamsives
of the prime mover to be most advan-

sly utilized during the power stroke,

iso efficient for compressing the pext

in so'far-as it tends

direction for, reaction
This capacity. -for stor-

‘v andisa

ﬁned body .

since said body of :liquid has,
‘it may be likened to.

transxi;itted from the.

y another part of such .

nitting parts of it
then'in the other
oree of the medium |

tional diagrammatic ‘x'f(‘ieWs
typical forms_of actua
‘can- - be ~ employ.
.method; Figs. VI a

' showing’ various
¢h

q_eariying, “Oif
VII; stiow orié

Y 1 orm
‘of ‘actuator in two ch ,
| Figs. VIII and IX, show another form' in’
‘two .characteristic: positions, ‘while the: re-
maining figures respectively -show - other
forms in only a-single position. - :
_Referring now to the diagram
‘of Figs. I, IT, and III, 1, indicates a steam

Ipist ‘and piston rod 3,

cylinder having &' piston'2,

which lattér is: operatively’ conngéted o a
plunger 4, which énter the enlargediend:d, .

of an inclosed cohduit 6. ;
“the packing represeiifed at 7. Gaid-plinger
is of the type termed outside packed.”
- The conduit 6, whichi may be termed the
liguid piston conduit, is preferably horizon-
{ tal and straight, tho

and is prolonged for a considerable distance,
so as to inclose a relatively extended ‘body
of liquid, such as water. “Said conduit is, in
_this instance, pro fided ‘with aritiiiclased: air
cliamber 8, adjacent to'thé délivery main9, -
An inlet pipe 10, for water,

_ communicates L
with the interior of the chamber 5, in the, re-

\ardcteristic’ Positions; 9o

matic views 95

A indicaited by ‘100

ugh not necessarily so, 105
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“the piston 2, through the port-12, the piston.

b ]

gion adjacent to .the plunger 4, the opening
of said inlet pipe being
more valves-11." =~ .

Returning now to the power cylinder 1,
the ports are represented at 12, and 13, re-
spectively, -the valve. chest at 14, and the
valve at 15, it being understood; of course,

that the interior of the valve chamber 14, is-

in communication with a ‘source of steam at
suitable pressure, -and that theé internal
chamber 16, of the valve, communicates with.
the exhaust.. . '

: In Fig. I, the parts are represented in the

position which they occupy. just at the com-
mencement of the power stroke. If now,
steanr under pressure be admitted in rear of

2, and plunger 4, will be actuated with rel-

- atively high velocity, this movement of the

20

plunger imparting’ moventents of substan-
tially similar velocity to the body of water

within ‘the liquid. piston conduit 6.. At a.

" predetermined position of the steam piston 2,

‘95"

‘as shown in Fig. IT, the valve 15, is shifted

%0 as to cut off the steain, and the remaining
forward movement of smid piston is effected
by the expansion of the steam theretofore

~ admitted. -The. liquid

30

35

"%ton’_‘. having been
set in motion at the rela]g\\ely' high velocity

which characterizes = the Ynitial portion
movement of the steam piston 2, under full
initial pressure, the momentum of the liquid
permits the utilization to the highest extent
of the expansive force of the steam in rear
of the piston 2 and the movement thereof
continues until the position shown in Fig.

III, is reached, where the piston 2, is close

to the end of its forward stroke. At this

"point, the valve 13, is shifted,.so as to mo-

40

mentarily open communication bétween the

" “front end of the cylinder and the interior.of

the valve chest through the port 13, and a

‘.'cushion of steam is thus admitted in front

45

of the piston 2, so as to decelerate and arrest
the movement thereof ‘without shock. The
novement of the plunger 4, is similarly de-

celerated and ultimately arrvested,.without,

" however, affecting the movement of the lig-

" 50

uid piston within the conduit 6, and the mo-
mentuin of said liquid piston causes an area
of low pressure in the region of the plunger

4,50 that the valves 11, open, admitting water

‘into the interior of the chamber 3, as in-

55

.- 60

dicated by the arrows in Fig: IIT. The po-
sitionof the steam valve 15; shown in Fig.
IIX, is only momentary, and it is again
shifted, so as to cut off the admission. of
steam” in front-of the piston, while still

‘maintaining conmunication between the-ex-
haust and. the.portion of the cylinder in rear.

of thé piston.  The monientum of the liquid

“piston 1 the conduit 6, is gradually chegked

6

by the ‘combined effect of the resistance at
the delivery end-of the system, and the suc-

tion ‘which is being exerted at the inlake

controlled by one or |

1,021,038 .

end. Thereupon, a surge of reéversed pres-
sure in the liquid piston takes place, forcing
the plunger 4, and piston 2, rearwardly.
This return movement is advantageously at-
tended at the proper moment by a position
of ‘the slide valve, which momentarily ad-
‘mits steam in the rear of the piston just be-
fore the completion of the return movement
thereof, so that the steam is compressed be-
hind the piston and the clearance spaces are
thus- filled, the exhaust being in communi-
cation with that portion of the cylinder

‘which is in front of the piston. The cycle
“of ‘operations then recurs.” The forward

movement of the l;quid piston, which has
been described, delivers the wateér through
the discharge main 9, which, it will be ob-
served, need not be provided with any de-
livery valve. Where, as indicated in Figs. I,
II, and III, an air chamber is employed,

"such device ‘acts in the ordinary mannmer.

The use of an air chamber, as an adjunct te

the. system, though desirable, is, however,

not essential when the column of water

which is to be pumped is relatively short, as *

this column of liquid may then perform the
functions of the air chamber 8, which latter
is intended to be typical of any form of ac-
cumulator, or device capable of absorbing
and giving out energy. ‘ .

The movements of the steam piston should,
of course, be timed in proper relation to the
movement, or rate of oscillation, of the lig-
aiid piston, which last mentioned factor will
depend upon the dimensions of said liquid
piston, and the pressure against which the
pumping action takes place. - .

‘Furthermore, one characteristic of my
method, is found in the fact that the energy
developed by the return stroke of the body
of liguid, is utilized in the direction of per-
forming a useful work, as distinguished
from merely moving what may be consid-
ered as idle parts. -

Since in any given case the . actuating
force of the prime medium is fixed, the pres-
sure -against -which the body of liquid is to

he ontwardly promelled is fixed, and the en-
-ergy which can be utilized in useful work

on- thg prime. medium upon the return
stroke is also fixed; an important factor in
the: securing of the maximum of efficiency

-and economy resides in the relation between

the- dimensions of that portion of the actu-
ator which. directly acts upon the body of
liquid and is re-acted upon by it, and the
dimensions of that portion of the actuator
upon which the prime medium acts and
which re-acts upon the prime medium.

In the diagrams just referred to, it will be
noted that the cross. sectional area of the
actuator, 4, is very. considerably less than

the cross sectional area of the piston 2, and
by properly proportioning -the respective.

75

5,
85

90

95

100
105
110
115
120
125
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cross sectional areas of said parts, the active



10

affect of the
liquid upon’t
effect upoin
stroke-can‘be
sired result AR

Another fictor in determining
omy of operition depends upon whiet

otitrolled as to yiek

e 8con-

“actuator is théved throughout theawhiolef ot
its return stroke by the re-action-of the body:

of liquid alore; or is driven through a por-.

tion of its return stroke by other means and -

is assisted by the re-action of said body of

~liquid. Hence'in carrying out'my method,

15

20

‘25

30

‘ator

while ‘control of the quantity of the prime
medium may bé used to - compensate for
minor variations in the pressure against
which the actuator niakes its out-stroke; and
while, efficiency may bé aided by thus vary-
irig the application of power, the dimensions
of the actuator must be proportioned to the

‘pressure against which 1t'is to work. For
example, 1f the mean effective pressure of
‘the prinie ‘wedium, be one hundred pounds |-

per square inch, and the - pressure’ against

‘which the body of liquid is to be outwardly
propelled be exghty pounds per’square inch, |

and if the énergy whicli: can be utilized.- on

“the vetwn stroke in useful work “upon'the
‘prime medium’ be eqiial to a mean’ effective

pressure applied to said prime medium of

‘twenty .pounds’'per squate' inch, then' the
¢ ctional ‘atea of that part of the actu--
. ‘ator "which dcts wpon . the body of -diquid
" ‘ghiould bé made about one-fourth of the
35

“tuator, upon’ which the prime-medium acts. -

¢ross sectional area 'of that part of the ac-

. With, the: parts so’proportioned (and disre
- garding “friction), twenty per “cent.- of the

40

“, energy of the prime medium will 'be stored
“for utilization during ‘the retarn stroke in
Luseful” work on’ the prime medium, and-
‘ "pheric pressure. -Communication .is also af-

“eighty per cent,: of sdid energy will be uti-

» “in_of liquid. "
45,

lized ‘directly in'the. discharge dnd drawing

; v o P

‘Such ‘being' a ‘typical outline of the gen-

‘eral principle of operation, T will-now pro-

ceed to describe a system ‘adapted to carry

55

. .out my nmiethod in connection with a,gas en-
" gine, as the prime mover, such an’ embodi-’
50

ment béing shown in Figs, TV and V. In
said Figs. 1V and V, 20 represents the end
of the liquid piston conduit adjacent to the

actuator mechanism, only the latter ‘being
" shown in said drawings. Said conduit 20, is
‘provided with an énlarged chamber/21; hav-

_ing a horizontal offset 22, in which the in-
let valve 23, is’located. ‘Sdid" valve opens

60

65

upward and is preferably provided with a |
‘dpring 25, exerting downward préssure,’ as-
indicated in the dotted lines of Fig. V.\ {The

plunger 26, is externally packed, as shown

at 27, and is connected by means of the rod

98, with the power piston 29, " The cylinder
30, is of the usual construction characteristic
of this type of gas engines, having inlet and,

; gel Iipon‘:Athe'.chlﬁmf}« pf:
tut-stroke and thewre-hctive.

outlet ports 40, and,
sprime medium on the retwrn' n.

ing chamber
‘sutbdivisions ;
| valve, (the pgrti
‘|.cylinder thus becomin
kerithe | cylinder. ray : adwantageous : d
‘with a bufterzdesicg 42, of rubber; to.assist
in_cushioning the piston. . The: contact de-

the.gas pump, 32, at suitable- i
‘contact with ‘the adjustable nuts 36.  These

power: strokde tlheshig

&1,

ber), and  gasi:jiimpi

vices 33, and 34,.0f the igniting cireuit, are
mounted upon an adjustable block. 35, in
proper relation to the: wiping element, car-

‘ried: by the piston rod, so that the spark can
j he sirake.
. tappet 80

be timed at any:desiredipoint,af t

b
the. tappe

darm’ 37, mioun A
and ‘adapted tosactn

H

0, To )
ntervals, by

devices may be of any character ordinarily

employed ‘and need: not be, further particu--
larized.: X8 L :

" The cycle of bpélltati'dn:s‘,“{vh’ent -this .pump

*mechanism .and prime, mever are employed
ferably’

for:carryingueud, my.imethody; is,
as follows; Starting with:the
plunger. 26;.iat %the 4

re
L
29, and
the

ture. of ‘air-and gas conts

ance of the cylinder 30, is ignited.  Rapid

combustion, ‘or explosion,. follows, and the
piston. 29, and the-plunger 26, are driven
forward at-relatively-high velocity; impart-

-ing similar movement to the water in. the :
liqnid: piston-conduit-20;* As the piston 29,.
‘approaches:the end; of;

arm 37, actuateésithorod;38; of the gas pump
to draw in mxfréshesupplv.of gas, and just
before the saidypiston 12

of ‘its strokey it uncovers the exhast  port”

41, and the burried gases:escape to atmos-

~forded at the proper time, through the iniet
port 40, o permit the initial.entrance into.

the “‘cylinder, of,.the partly compressed
charge of gas and air in that portion of the

mixer adjacent-to.the,power cylinder. , The

stroke of thempigton 20y is:decelerated and.ar-
rested, by thesbaek

This. part of the cycle ¢f movement.-of the

gas-engine has been-attended by the forward.

actuation of the liquid piston 1n the conduit

20, derived from the movement of the plun-
ger 26. - Said liquid piston delivers a.cértain
quantity of water at-the discharge end, dur-,
‘ing -its forward- movement, and -upon. the.
deceleration and arresting of the plunger 26, -
draws in: aheWw aedretionjof.water through.

the valve 23. - When the forward movement

of the liquid piston within the conduit 20, '
is arrested, and the return surge of pressure.

reaches the end.;

_ pressure: produced within .
.the mixer, and mltimately: by the: buffer 42,

75

8

‘90 .

95

100

troke, the tappet

105

116

115

120

125

commences, the. valve 23, closes, and the .

re-action of the liquid piston upon the plun-
ger 26, drives the latterrearwardly, thus

159



s

forcing the power piston 29, to its -inivtial.

position and compressing the mingled

. charge of air and gas behind it-while draw-
ing a fresh charge of gas and air into the

10

16

‘at the beginning

-and 52, the water inlet pipe.
" 53, is Hollow and is actuated by means.

 within ‘a ring 55, carried by
diaphragm
5

mixer, in preparation for the succeeding
stroke. Tt will thus be seen that the liquid
piston, in this embodiment of the system,
attaing a result generally similar to that
which is performed by the fly wheel ordi-
narily used in connection with such an inter-
nal combustion engine, such action of the
liquid piston being in addition to its direct
conveyance of a portion of its own contents
to the delivery end of the system and. its
action in drawing in a further accretion to
its own contents at the intake end of said
system. o '

Referring now to the remaining views,
which indicate various alternate forms of
actuator mechanism, Figs. VI and VII,
show such pumping mechanism respectively

stroke. In these figures, 50, indicates the

end of the liquid piston conduit, which is-
" adjacent to the pumpin

mechanism, 51, be-
r of said conduit,
The plunger

ing the enlarged cham

0

o
the piston rod 54, Said plunger fits snu"%ly
i , the annular

56, which ‘divides the chamber
1. A plurality of slots 57, of greater
length than the surface of said ring 55, are
formed near the rear end of the plunger,
said slots being so positioned with reference
to the stroke thereof, that at the commence-
ment of the forward stroke, they are in the

‘vear of said ring but at or.neir the conclu-

" sion -of ‘said. stroke, they straddle said ring

45

50

and thus afford channels for the passage of
- water from the inlet pipe 52, to the front

end of the chamber 51." In this device the

“valves, before described, for controlling the

water inlet pipe 52, are dispensed with.
Figs. VIII and TX, shoiw another form of
device respectively at the beginning and end
of the power stroke. In this instance, a
piston 60, is used instead of a plunger, said
piston fitting within an’internal cylinder 61,
contained within the enlarged

- of the liquid conduit 63. The cylinder 61,

55

- The inlet pipe 66,

60

projects rearwardly as shown, beyond the
extremity of the chamber 62, and is pro*
vided with a plurality of openings 64, which

‘afford. communication between. the interior

of the cylindeér 61, and the annular space 69,
between it and the wall of the chamber 62.
for water communicates
with the rear end of theceylinder 65, and
may be advantageously provided. with an

‘air ¢hamber 67, located above the valve 68.

The longitudinal dimensions of the piston

60, are such that during a-large portion of |

* the stroke, it covers the openings G4, and

65

only exposes them when it is approaching

and end of the power

chamber 62,

‘peint of delivery.

1,021,038

“the end of its forward stroke. At this

period the deceleration and arresting of the

- piston stroke and the continuance of the for-

ward movement of the liquid within' the
condmtz produce an area of low pressure in
the region behind the piston 60, and water

70

is drawn in through the openings 64. The -

air- chamber 67, forms g useful adjunct of
this device, the air therein being compressed
upon the return movement of the piston, 60.

“In Fig. X, the pumping mechanism com-
prises a piston 70, which fits snugly within
the enlarged chamber 71, of the conduit 72.
The inlet pipe 73, for water is arranged at a
point'in front of the extreme forward pesi-
tion of the piston 70, and is provided with

75

80

a valve .74, which opens when the movement .

of the piston 70, is decelerated and arrested,
so as to permit the-entrance of water.
In Fig. XI, a double acting plunger 80,

is shown, said plunger being arranged with-

in an elongated chamber 81, communicating
with two liquid conduits 82, and 83, respec-
tively, at its opposite ends. Said chamber
is divided into three comipartments, by an-
nular diaphragms .84, and 85, whose rings
86, and 87, fit snugly upon the plunger 80.

£ | The plunger is hollow, and is provided with

two sets of slots respectively represented at

88, and 89, the dimensions and positions of

said slots with relation to the diaphragm

rings 86, and 87, being such that as the plun-

ger reciprocates, communication shall be al-

ternately established between the middle

compartment and the compartments at the

rgspective ends of the chamber 81. The inlet
-pipe 78, leads into the middle compartment,

85

90

95

100

and herice the pumping action takes place

in one conduit upon the:forward stroke of
the piston, and within the other conduit
upon its rearward stroke. -~ . .

In Fig. XII, the enlarged chamber- 90, is
connected at its respective ends with liquid
piston conduits 91, and 92; said chamber be-
ing centrally divided by means of the dia-

105

110

phragm 93, and ring 94, which latter may

-advantageously be provided with an elon-
gated bushing cylinder 95, fitting snug(lg‘

u%)o'n the plunger 96. At the respective en

of the chamber 90, are inlet pipes 97 and 98,
respectively, - provided respectively -with
valves 99, and 100, In this form of device
the pumping action is effected in one con-
duit by the forward movement of the piston
stroke and in the other conduit by the return
movement thereof. - L

In Fig. XIII, two enlﬁi'ged chambers 110;

and 111, are shown, these chambers being
separated: from one another and commtini-
cating with separate conduits 112, and 113,
respectively, which may nnite at a common

i ‘The chamber 110, i
provided with a plunger 114, and the chari-
ber 111, with- a similar plunger 115. The

inlet pipe ‘116, for wates, communicntes

115

120

125

130
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£hr0ugh_ valved openings 117, with the

chamber 110, and' through similar valved
ings fo, the chambet 111. The
4115, qi8 actuated in oppo-
e’ ]g'l‘\rhp‘ing action takes
the .respective conduits

o
i

sition, "o’ that the
place alternately

112, and 113, the proper relative-action of
* the plungers being attained by connecting

10

15

them through a

venient. manner.

It will be observed that with all these va-_
rious forms of actuator mechanism, the un-

derlying principle of my invention remains

the same, and J have shown and described

them not with a view of limiting the scope
of my inventior, but-in order to indicate to

“some extent the unity of the method itself;

~fect, or cylinders operated on the Diesel, or-

30

35

notwithstanding the- variety of actuators
and their adjuncts which may be employed
to carry it cit. : T

From the foregoing description, those fa-

type of internal combustion ergine in carry-
ing out. this method of pumping, such ‘as

- two. four-stroke Otto- cycle cylinders cou-

pled as a-unit to give a two-stroke cycle ef-

other cycle, and to combine a plurality of
such power cylinders with or without a plu-
rality of pump pistons or plungers. -~ . .
~Tt'is also obvious that any kind of fuel-ap-
plicable to the operation of internal com-
bustion’ engines may

such cylinders. L .
I am_ aware that it is not broadly new to
utilize the momentum of ‘a column of water

~for storing up and transmitting energy, or

a5

for drawing in water at the intake end of
the system and . expelling water. at' the de-
livery end after the cessation of movement
of an actuating plunger-  Se far as T am
aware; however, T believé myself to be the

first to utilize the momentum of a-body of:

liquid under the conditions described, in
such’ manner as to make. available the ex-

~pensive: force of the driving medium ‘dur-
" ing the power stroke, and to store energy

to effect a return stroke of said body of.liq-
wid and utilize said stored energy in per-
forming useful work ‘upon: the  prime me-
dium, 7 o a

T do not’herein claim the apparatus shown

" by the drawings and described in this speci-

B3

fication, as this has been made the subject.|

of an application filed by me January 10th,
1912, Serial No. 670,413 - , '

‘Having thus described my .invention, 1
claim: o oo »

1. The hereinbefore described method of
pumping liquid, which consists in transmit-
ting pressure to a confined body of liquid
of greater length than diameter, by means

“of an actuator driven directly by a primary

medium having high initial pressure and

* subsequent expansive force, whereby a

yoke, or in any other con-

| stantially as set forth.

be used in operating.

S

power stroke of relatively high velocity is.

imparted to said body of liquid while the

pressure of said medium is relatively high;

controlling sthe’ quantity-ofs said medium-to -

perinit the.expansion: thereof .down te rela-
tively low pressure at the endof the power
stroke; while permitting the:body ofliquid

to maintain relatively high velocity during -

said stroke; permitting. the body. of liquid

“to continuein motion after the actuator has

come to rest and thereby creating a region

liquid; and drawing in at said region of
low pressure a new increment of liquid, sub-

2. Thé! hereinbefore described method of
pumping liquid, which consists in transmit-
ting pressure to a- confined body of liquid
of greater length than diameter, by means

_ | of an actuator driven directly by a primary
miliar with the art will be able to use any.|’ '

medium having high initial pressure and
subsequent - expansive force, ~whereby. a

power stroke of relatively high velocity is

imparted to said body of ligquid while the
pressure of said medinm is relatively high;
controlling the quantity of said medium to

‘permit the expansion thereof down to rela-
tively low pressure at the end of the power.

stroke, while permitting the body of liquid
to maintain-relatively high’veloecity, during

said stroke; permitting the body of liquid

to continue in motion . after the actuator

has come to rest and thereby ¢reating a re--
“gion of low pressure in the vicinity of the

actuator; discharging .a portion of said

body of liquid; drawing in at-said region.
of low pressure a new increment of liquid;

causing the power stored up by said body of
liquid "during the power stroke to re-act

upon the actuator and’to compress a suc-.

ceeding new increment of the primary me-
dium in preparation for.the next stroke
thereof, substantially as-set forth.

3. The hereinbefore described method of
pumping liquid, which consists in impart-
ing motion of relatively high velocity to a
body of liquid interposed between an actua-

tor and an accumulator,.said actuator being.

driven by means of a prime medium having

‘high initial pressure and subsequent expan-

sive force; controlling the quantity of said
medium to permitithe expansion thereof to
relatively low pressure during the  out-
stroke of said actuator; causing the out-

stroke and continued travel of said body of -

liquid to discharge liquid and tostore energy
in said accumulator ; permitting the body of
liquid to centinue in motion after the end
of the power stroke of said actuator and
thereby creating a region of low pressure in
the vicinity ‘of said actuator; drawing in a
new  increment of liquid at said region of

low pressure; causing the energy stored in . ..

said accumulator to react upon said actuator
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. of low pressure, in the.vicinity of the actua-.-
‘tor; discharging a portion: of said body of
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and upon the prime medium in preparation In testimony whereof, I have hereunto
for the next power stroke of said actuator; | signed iy name at Philadelphia, Pennsyl-
and controlling the quantity of energy trans- | vania.

. mittéd by the return stroke of said actuator X THOMAS M. CHANCE.
in correspondence with the amount of power Witnesses : T
required for performing useful work upon James H, Berw,

“said prime medium. , - " A. Rem.

~

€opies of this patent may be obtained for five cents each, by addreSsing the “Commissioner of Patents,
Washington, D. C.” ' ' ‘ "’




