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UNITED STATES

PaTENT

(OFFICE.

HORACE I. ARNOLD, OF BROOKLYN, NEW YORK, ASSIGNOR TO JOHN A.
) HILL, OF MANHATTAN, NEW YORK, N. Y.

COMBUSTION MOTIVE-FLUID GENERATOR.

SPECIFICATION forming part of Letters Patent No. 673,093, dated May 14, 1901.
Application filed February 17, 1800. Serial No, 5,675, (No mode!.)

To all whom it may concermn:
Be it known that I, HORACE L. ARNOLD, a
citizen of the United States,residing in Brook-
lyn, in the county of Kings and State of New
York, have invented certain new and useful
Improvementsin Vapor-Generating and Mo-
tive-Fluid-Produeing Means for Motors, of
which the following is a specification.
Thisinvention relates topressure-supplying
means for motors, and more-particularly to
those kinds of motors in which the motive
fluid is generated by the combustion of lig-
uid or gaseous fuel, although it is not limited
thereto. In motors of this kind the gases or
products of combustion are generally deliv-
ered directly to the motor at an excessively
high temperature,and consequently the valve
mechanism and other metallic parts thereof
are apt to deteriorate, owing to the fact that
it 1s impossible to keep them properly lubri-

cated, and are soon cut, worn, and burned

out and have to be replaced by others, caus-
ing heavy expense and vexatious delay. Va-
rious means have been devised for overcoms-
ing this trouble,and among these may be men-
ticned the common use of cooling devices—
sach as water-jackets, coils, &e.—for keeping
the parts at such a temperature that they
may be lubricated; but these devices have
either been wholly or partially inoperative to
accomplish the result desired or their employ-
ment has caused too rapid a cooling effect,
followed by a corresponding loss in energy of
the motive fluid. By all authorities it is ad-
mitted that when such devices are employed
a large proportion of the heat of the expanded
egases 1s abstracted by the cooled cylinder-
wallsand other parts of the motor, and conse-
quently only a small proportion is retained
and converted into useful effect. Primarily
my inveution relates to means for preventing
this loss of energyin the motive fluid and for
keeping said fluid at a temperature suffi-
cient to drive the motor without interfering
with the proper lubrication thereof; and it
has for its object the provision of means for
accomplishing this and other purposes, as
will be hereinafter described.

In the accompanying drawings, [Figure 1 is
an end view of a motor with my invention ap-

—

| plied thereto. Fig. 2isa side elevation, par-

tially in seetion. Fig. 3 is a detail, partially
in elevation, of part of the opposite side of
the motor. Fig. 4 isa plan view. Fig. 5isa
longitudinal vertical section of the motor and
1ts accessories, certain parts being broken
away. Fig. 6 1is a section on line a ¢, Fig. 2,
looking in the direction of the arrow. Fig. 7
IS & section on line b b, Fig. 2, looking toward
the right. IFig. 8 is a detail showing the
tneans for actuating the pump for supplying
water to the chamber containing the expand-
ed gases. FKig. 9 is a partial section of one
end of the water-tank, showing the pump
well and plunger. Figs. 10, 11, and 12 are
detached end, plan, and side views, respec-
tively, of the ported distributing device for
conveving the motive fluid to the motor.
Big. 13 is an elevation, partially in section, of
one of the cylinder-valves detached. Fig. 14

i8 a bottom plan view of said valve. Fig. 15

18 & vertical cross-section taken on line x z,
Fig. 13; and Fig. 16 is a transverse vertical
section on line 4 y, Fig. 5, looking in the di-
rection of the arrow.

Like characters refer to similar parts
throughout the several views. |

My invention is shown applied to a com-
pound engine or motor of the character set

~forth in my application filed April 2, 1898,

No. 676,211; but it is distinetly to be under-
stood that it is not limited to such use, for it
may be employed with any suitable motor,
that shown and hereinafter deseribed being
merely utilized for purposes of illustration.

In the drawings the motoris designated in
a general way by 10, and comprises high and
low pressure cylinders 11 and 12, respec-
tively; pistons 15 and 14, respectively, work-
ing 1n sald cylinders; ported pressure-con-
veying means, (designated in a general way
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by 15;) a erank-shaft 16, mounted in bear-

ings of the motor-frame; two eranks 16" 162,

I to wrist - pins of whieh the pistons 13 and

14 are respectively connected; a fly-wheel 17,

carrled by satd erank-shaft; a cerank 18, the

wrigt-pin of which is connected by a pitman
19 with a cross-head 20 for operating a feed-
pump plunger; askeleton framework, shown
formed of separated tubes or rods 21; a base
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rod 60, uniting said connection 23 and said
base.

Communicating with the ported distribut-
ing device 15 for conveying the motive fluid
to the motor is a conduit 25 in communica-

tion with means for generating the motive

fluid to be employed, and this generating
means will hereinafter be described. |
Base 22 of the motor-frame is shown con-
stituting a receptacle having tanks for con-
taining both the fluid to be vaporized and
water to be employed in connection with the
vaporizing and combustion devices, as will
be hereinafter described; but these tanks
may be separate from said base and other-
wise located, if desired. Preferably located
at one end of said base 22 is a fluid-tank 26
for containing the petroleum or other suit-
able hydrocarbon to be used, and in this tank

26 is a well or eylinder 27, having a longitu- i

dinal slot 27’ and carrying a piston 28 at its
lower end, which cobperates with the barrel
of a ported pamp-cylinder 29, shown adjust-
ably connected with the well or cylinder 27,
9 threaded connection being preferably em-
ployed and equipped with means whereby
one of said cylinders may be adjusted with
reference to the other to vary the amount of
oil or other fluid delivered by the pump as
desired. At one end this pump-¢ylinder is
provided witha gear29’, which is intermeshed
with a cog-segment 30, shown pivoted at 30’

to the base, equipped with a knob or handle

30%, by which it may be manipulated, and
said eylinder 29 is slotted at 29° to permit the
entrance of fluid thereto. Other means, how-
ever, may be substituted for those described
for adjusting the pump-cylinder and the pis-
ton-cylinder within the tank with reference to
each other without departure from thisinven-
tion, and usual automatic connections may
also be provided whereby when the motor runs
too fast the amount of liquid fuel delivered
to the combustion devices may be regulated
to reduce the speed thereof, and when it runs
too slow a reverse action may also automat-
ically take place.

As will beobvious, when the pump-¢ylinder
29 is lowered within the well 27 the piston 23
will fill more of the space in said cylinder, and
consequently a less amount of liquid will be
supplied by the pump, and when the cylinder
29 is raised a greater amount of liguid will be
contained therein and the pump will supply
a larger quantity thereof to the combustion
devices. Bythe means described the amount
of fluid supplied may be nicely regulated and
charges containing any desired quantity ot
such fluid may be readily fed to the combus-
tion devices. |

Fitted in pump-cylinder 29 is a tubular
plunger 32, having a valve 33 at one end open-
ing upward and a valve 84 at the opposite end
for controlling the supply of hydrocarbon or
other fluid to the combustion devices. 'This

673,993

| 922: a top tubular connection 23, and a brace- | by the crank 13 on crank-shaft 16, and said

cross-head is equipped with sleeves 20, hav-
ing sliding engagement with gnide-rods 35 35/,
which rods also serve to brace the framework
and to sustain the parts thereof. At one ex-
tremity the pump-plunger is provided with a
ported piston 32', the ports of which are cov-
ered on the forward stroke of said piston by
a disk valve 322, which prevents the leakage of
gas through said ports; but on the reverse
stroke of said piston this valve will be lifted
by the air compressed on such stroke, which
will rush through the ports and commingle
with the charge of liquid fuel fed by the
pump-plunger into a cylinder 36, in which
the charge is compressed and ignited, said
eylinder being partially surrounded by a bra-
zier 37, containing a suitable wick supplied
with a small amount of liguid fuel. Any suit-
able charge-igniting device may be employed,
the brazier being shown merely as a conven-
ient appliance for this purpose. Connected
to or forming a part of this cylinder 86 is a
combined combustion and pressure-retaining
chamber 38, having a diaphragm 39, from
which projects a piston 40, rigid with such
diaphragm, which codperates with the cham-
ber of a valve 41 to constitute a dash-pot
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therefor, said valve being normally seated

over the opening between the cylinder 36 and
said chamber38. locatedoveran openingin
the diaphragm of said chamber 38 is a valve
42, having a stem 42, which extends into a
chamber in the dash-pot piston 40. At one
side said valve is equipped with a projection
43, moving in a suitable guide 44 of a cham-
ber 45, which constitutes a reservoir for the
expanded gases or products of combustion as
they leave the combustion and pressure-re-
taining- echamber 38. This valve 42 may be
loaded in any suitable manner—as, for in-
stance, by a lever 46, connected to adjustable
spring -actuating devices 47, by which the
pressure of the valve may be nicely regu-

lated. These springs loosely surround rods

47', the latter being attached at their npper
ends to a cross-head 46/, pivoted at 46° to le-
ver 46, and at their lower ends said rods are
connected to a cross-head 461, having an eye
463, sleeved upon a rod 470, depending from
a cross-head 460, against the under side of
which the upper ends of said springs bear.
Atits lowerend rod 4701s threaded and passes
loosely through an opening in the arm of a
bracket 471, attached to the base 22, and upon
this threaded portion of said rod a nut 472 18
placed, by the adjustment of which the ten-
sion of the springs may be regulated. When
the valve 42 is lifted, the stem thereof bears
acainst and raises lever 46, and the rods 47
being connected-to cross-head 46', pivoted to

said lever, it follows that cross-head 461 will

be raised (its eye 463 slipping over rod 470)
and that the springs 47 will be compressed
against the under side of cross-head 460, and

when the excess of pressure has passed out

plungeris connected to a cross-head 20, driven | of the chamber 38 the valve 42 will be imme-
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dlately forced to its seat by the connections | nion-tube ;»md the two exterior portlons of the

just deseribed.

Connected with the chamber 45 is a con-
duit 48, communicati ngatone extremity with
a barrel of a pump, (desw*nated in a general
way by 50,) said pump being located in a
water-tank 51 of the hollow base 22. The
plunger of this pump is designated by 52 and
may be driven by any suitable means, that
shown being & cam or eceentric 53, mounted
on the shaftadjacent to the crank 18 for actu-
ating the pump-planger 32. This cam oper-

ates between a fork of a lever 54, pnivoted to

the framework and connected at its end re-
mote from the cam with a pitman 55, articn-
lated to the pump-plunger 52. Af its upper
end conduit 48 will preferably be provided
with a rose or other suitable spray nozzle 48’
for delivering water in the form of spray into
the chamber 45. The barrel 50" of pump 50
has two branches at its lower end, 502 and 503,
in which are mounted snitable valves for con-
trolling the supply of liquid to the pump and
1ts emission therefrom through the conduit 48.

It is to be understood that the invention is
not limited to the use of & pump of any kind,
for water may be delivered to the chamber
45 1n any desired manner—for instance, by a
connection from a main or other suitable
source of supply. |

Tube 23 at the top of the frame serves as a
trannion for the motor-eylinders 11 and 12
and also as a receptacle and support for the
distribating device 15, which may be integral
therewith, the ldtter having at one end a
chamber la , in commu nication with the con-
duit 25, leading from the reservoir 45 and
terminating at its opposite end in an abut-
ment 15%. Communicating with chamber 15’
is a port 15°% in line with a passage in trun-
nion-tube 23 for conveying the motive fluid
to the high-pressure eylinder 11, the exhaust
from said eylinder being dellvered intoa port

or passage 15% leading To an admission-port °

15° of the low-pressure ¢ylinder 12, which eyl-
inder exhausts through passage 15°% and pipe
157 to the atmosphere. Prolongations 80 80’
of the engine-cylinders, conuected at one end
by ties 81 81', form guides for the piston ex-
tensions, which are connected with the wrists
of the cranks 16" 16*. Integral valve-faces
might be formed on the cylinders; but in

such case they wotuld be subjected to unde-.

sirable wear, and to prevent this a separate
valve 75 76, respectively, is introduced in
each cylinder and is seated in the bore thereof
and 1n an extension of said bore on the op-
posite side of the trunnion-tube 23, the op-
posite end of each of sald extensions being
fitted with a head 77 78, respectively, the re-
sult being a short ¢losed ~ylinder of the same
diameter as the working eylinder and ex-
tending on the side of the trunnion-tube op-
posite the crank. In shape each of these
vaives conformstothatof twoeylinders eross-
ing each other, the interior of one of these
cylinders being fitted to slide on the tran-

| —_—.,

intersecting eylinder bLeing fitted in the cyl-
inder-bore .md its closed extension, as above
desceribed.

At 1ts upper end each working eylinder is
divided transversely in the horizontal plane
of the axis of the trunnion-tube and the parts
are secured together in such a manner that
one part may be removed to permit the valve
to be placed in position on the trunnion-tube,
and when said valve is introduced two of
the ends thereof form short plugs or pistons
seated 1n the eylinder-bore and its extension,
sO0 that the valve will partake of the vibrat-
ing motion of the cylinder.

Edeh valve 75 76 1s provided with a single
port 75" 76', respectively located to communi-

- cate at the proper time with the supply and

exhaust por ts in the trunnion-tube, and a pas-
sage 90, Fig. 15, is formed in the Wall of the
mlve for estabhbhmg communication at all
times between both ends of the valve, where-
by the pressure is alwtmya the same on each
end and the valve is balanced or placed ap-
proximately in equilibrium.
To reduce clearance to a minimumn, the cyl-

inder extension-heads are made to just af-

ford a clearance tothe valve extensions, and
both the upper and lower valve extensions
have heads 75° 762 secured to them, and also
to accomplish this result the pistons 13 and

14 of the high and low pressure eylinders 11

and 12 are provided with projections 13" 14/,
respectively, which nearly fill the ports in the
valves when the pistons are at the limit of
their forward strokes. (See Ifig. 16.)

A cylindrical lateral ptOJeeLmn 11"12"is lo-
cated on each working cylinder on each side
of ils bore and at lmht angles thereto -and
surrounds the trunnion- tube 29, leaving an
annular space between said tube and the in-
ternal surface of said projection sufficient to
sustain a preferably three-point ball-bearing
consisting of a ball-track 2, mounted on 13110
trunnion-tube, an inner smtionmy ball-cup
member 3, and outer adjustable ball - cup
member 4, and an interposed series of balls,
adjustment being effected by a flanged Spllb
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ring 5, threaded on the exterior of said eylin-

der plOJthM)H and provided with a pinch-

screw to retain the adjustiment, all as shown
in Fig. 5. At its right-hand end the crank-
bhdft 1618 splined t0 receilve the low-pressure

crank 16% said erank being secured thereon
1’}ydnybulmble Imneans—as, f01 stance, a set-
serew (not shown)—and the high- -pressure
c¢ranks may be secured to the shaft in the
same manner. At its left-hand end ¢rank-
shaft 16 carries the punmp-plunger-operating
crank 18, said crank being secured to the
shaft in any well-known manner.

As illustrated, the high and low pressare
cranks are set. at one hundred and eighty de-
grees apart, and the crank for operating the
fluid-feed-pum p plunger and the charge-com-
pressor piston isset to have torty-five deﬂ*ree
effective angular advance when the hlgh-
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stroke; but these cranks may be disposed in
any othei angular relation, if desired.

Tosecureastable support for theright-hand
end of the trunnion-tube 23, (see Figs. 2 and
5,) a serew-brace 60, hrwmﬂ* a split eye or
sleeve 60, surroundmﬂ* the extlemlty of said
tube and attached at its lower end to the base
22, is provided, and the inter mediate portion
of this brace is fitted with nuts 61 for sup-
porting the outer end of a bowed extension
62, (see Fig. 4,) which is connected in any
suitable manner to the right-hand end of one
of the crank-shaft bearings.

In operation my improved mechanism
works as follows: A small eharge of liquid
fuel is first placed in the brazier 37, partially
surrounding the cylinder 36, if an igniting
device be employed, and this charge is ignited

and the flame thereof soon brings said eylin-

der to a high heat. T'he motor is then oper-
ated tocause the pump-plunger 32 and charge-
compressing piston 32’ to deliver a charge ot
liguid fuel mixed with air to said cylinder

36 and to compress the same between the end
~ of said piston aud the valve 41.

Combustion
immediately takes place and the vapors or
gases cenerated thereby attain sufficient ten-
sion to lift the valve 41 and escape into the
pressure-retaining and combustion chamber
38, where the eombustlon of S&ld charge 18
oompleted and after attaining su lGleﬂt ten-
sion in said chamber the gas or vapor lifts
the valve 42 and escapes int-o the reservoir
or chamber 45, into which a spray of water
from tank 51 is delivered by the pump 50.
This water immediately flashes into steam
and by this change of condition absorbs heat
from the expanded gas or vapor in the reser-
voir or chamber 45 and reduces the tempera-
ture of the same to a condition fit to enter.a
working cylinder of the motor, and from the
chamber 45 the compound motive fluid, con-
sisting of the gas or vapor and steam formed
by vaporization of the water, passes through
the transmission pipe or conduit 25 and into
the chamber 15’ of the distributing device 15,
by which it is delivered to the hl“‘h-pleSSUI"e
cylinder 11 and operates the piston thereof
to cause the movement of the crank-shatt.
From this eylinder it is delivered by the con-

nections described to the low-pressure cylin-
der and from thence escapes to the atmos-

phere.

One of the advantages of this i impr ovement
is that the amount of air introduced into the
cylinder 86, in which the charge iscompressed
and 1gmted may be of minimum quantity,
since the volume of air augmented by the
gases of combustion 1S further increased in
the chamber 45 by a voluine of steam pro-
duced in said chamber by the vaporization of
the water injected therein. By this means
the temperature of the gases is reduced be-
tween the combustion-chamber and the motor
toprevent heating said motor at a point where

pressure crank reaches the end of its working | same time a compound motive fluid is ob-

tained having a composition adapted for op-
erating the motor mechanism in the best man-
ner and for lubricating the surfaces of the
pistons and valves, so that they will always
operate correctly.

A further advantage in the use of a com-
pound motive fluid of the kind described re-
sides in the fact that it may be employed ex-
pansively or with a cut-off in & manner com-
mon in steam-engines, and consequently will

| acecomplish more work than the usual motive

fluid supplied by the combustion of a charge
of fuel.

Many details of my invention may be va-

‘riously modified without departure there-

from, and the invention is not limited to the
loeation or arrangement of the parts shown
and described. For instance, the reservoir-
chamber 45, in which the heat from the gases
produced by combustion is absorbed by wa-
ter 1n]ected into said chamber, may be located
at a different distance from the combustion
and vapor-generating devices, if desired, and
may be connected therewith in a different
manner; so, too, the location of the water and
liquid-fuel feeding pumps is immaterial, and
these pumps may be replaced by those of a
different type without departing from this
invention.

As above stated, the kind of motor shown
is simply for exemplification of the invention,
and the invention is not limited thereto, as 1t
may be used with any form of motor suitable
for the purpose.

No claim is herein made to (,erta,ln parts of
the vapor-generating and combustion devices,
a8 these eonstitute the subject-matter of my
application filed February 17, 1900, Serial No.
5,576.

Having described my invention, I elaim—

1. In mechanism of the class specified, the
combination with a chamber in which the
charge is compressed and ignited, of means
operative to feed a charge to said chamber
and to compress said charge therein; a pres-
sure-retaining chamber cominunicating with

thechamberin which the chargeiscompressed

and ignited; a reservolr in communication
with said pressure-retaining chamber; and

“means for injecting water into said reservoir.

2. The combination, with a feed-pump, of
a cylinder in which the charge delivered by
said pump is compressed and ignited; a pis-
ton working within the e¢ylinder and having
ports for the admission of air thereto, said

piston being actuated by the plunger of the

feed-pump; a pressure-retaining chamber; a
valve between said chamber and the cylinder;
a reservoir communicating with said cham-
ber; and means for injecting water into the
reservoir.

3. The combination,with acylinderin which
a charge is compressed and ignited, of a pis-
ton operative within said c¢ylinder; means for
feeding said charge to the c¢ylinder; a pres-

the lubrication wﬂl be ineffective, and at the i sure-retaining chamber; a valve located be-
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tween the eylinder and said chamber; a res-
ervoir communicating with the pressure-re-
taining chamber; means for injecting water
into said reservoir; and a conduit leading
from the reservoir to a motor. -

4, The combination,with aeylinderin which
the charge is compressed and ignited, of a
piston operative therein and having a tubular
piston-rod; means for foreing a charge of fuel
through the piston-rod and piston and into
the cylinder; a pressure-retaiuing cham ber;
a valve between said chamber and said cyl-
Inder; a reservoir; mmeans for injecting water
into the reservoir; a valve between the res-
ervoir and said pressure-retaining chamber;

and a conduit leading from the reservoir to

a motor,

5. In mechanism of the class deseribed, the
combination, with a compressing-cylinder, of
means for heating the same to ignite the
charge; a pump - plunger having a charge-
compressing piston working within. said eyl-
Inder; a pressure-retaining chamber; a valve
between said chamber and the compressing-
cylinder; a reservoir communicating with
sald pressure-retaining chamber; a loaded
valve normally covering the opening between
sald chamber and said reservoir; means for
Injecting water in the form of spray into said
reservolir; and a conduit for conveying the
compound duid gererated in said reservoir to
a moftor. |

0. In mechanism of the class described, the
combination, with a c¢ylinder in which the
charge is compressed and ignited, of means
for supplying a mixed charge of air and liq-
uid faoel to said evlinder and for compressing
the same directly therein; a pressure-retain-
Ing chamber; a valve in said chamber for nor-
mally closing the opening therein communi-
cating with the cylinder; a reservoir or cham-
ber having a valve; a water-supply pipe for
injecting water into said reservoir; and a
pump for tforeing water through said pipe.

7. The combination,with acylinderin which
the charge is compressed and ignited and
with means for feeding a charge of liquid fuel
thereto and for compressing the same directly
therein, of a pressure-retaining chamber; a
valve for closing the outlet to said chamber;
a reservoir in communication with said cham-
ber; a tubular connection for supplying water
to sald reservoir; a pump for forcing water

‘through said connection; means for actuat-

ing said pump; and a conduit for conveying
the eompound motive fluid generated in said
reservoilr to a motor.

8. The combination, with means for com-

pressing and igniting a mixed charge of lig-
unid fuel and air, of a pressure - retaining
chamber; valves for closing the inlet and out-
let openings to said chamber; a reservoir con-
stituting an extension of said chamber: means
for conveying a supply of water tosaid reser-

voir for cooling and therebyreducing the tem-

perature of the vapor contained therein; and
a conduit for conveying the compound mo-
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tive fluid, consisting of steam and vapor, to

the working cylinder of a motor,

9. In mechanism of the class specilied, the
combination, with means for generating va-
por from a mixed charge of liquid fuel and
air, comprising a feed-pump, of a liquid-fuel
tank having a longitudinally-slotted well or
cylinder carrying a piston at its lower end,

and a slotted barrel for said feed-pump ad-

justably secured in said well or eylinder.

10. In mechanisin of ‘the class specified, the
combination, with means for generating va-
por from a mixed charge of liquid fuel and
alr, comprising a feed-pump, of a liquid-fuel
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tank having a longitudinally-slotted well or B

cylinder carrying a piston at its lower end; a

slotted barrel for said feed-pump adjustably

secured in said well or ¢ylinder and adapted
to regulate the amount of fuel fed by said
pump, said pump-barrel having a gear on its
upper end; and a cogged segment

Ing with said gear.
11. The combination, with a cylinder and

a brazier for heating the same, of a tubular

pump-plunger having a perforated piston at
its upper end, the piston working in said cyl-
inder; a liguid-fuel-supply chamber coéperat-
ing with said plunger; a pressure-retaining
chamber communicating with said eylinder:

| a valve controlled by a dash-pot for normally

closing the opening between said chamber and
cylinder; a reservoir communicating with
sald pressure-retaining chamber; a loaded
valve for controlling the eflux of the prod-

uets of combustion from the pressure-retain-

ing chamber to said reservoir; a pipe through
which water is injected into said reservoir; a
pump for foreing water through said pipe; a

condult communicating with the reservoir

and the working eylinder of a motor; and
means actuated by the motor for driving the
pump. |

12. T'he combination, with a motor-frame,
of a cylinder; means for supplying a charge
ot liquid fuel tosaid eylinder; a charge-com-
pressing piston movable within the eylinder
and having ports for the admission of air
thereto; means for operating said piston; a
valve closing the end of the cvlinder com-

municating with a pressure-retaining eham-

ber; a pressure-retaining chamber communi-
cating with and extending from the cylinder;
a valve normally closing the pressure-deliv-
ery end of said chamber; areservoir commu-
nicating with the pressuve-retaining chamber;
means forinjecting water into said reservair;
and a condnit connecting the reservoir with
a8 motor. | -

15. The combination, with a eylinder, of a
perforated piston operative to compress a
charge in said cylinder; a valve for closing
the perforations in the piston during its
charge-compressing stroke; a tubular piston-

rod; a fluid-pump cylinder with which said

piston-rod colperates; a pressure-retaining
chamber extending from and in line with the

pivotally
attached to the outside of said tank and mesh-
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--cylinder; a valve intermediate the cylinder

and the pressure-retaining chamber; a reser-

“voir extending fromand inline with the pres-
sure-retaining chamber; a valveintermediate
“said reservoirand chamber; means forinject-

ing water into said reservoir; a motor, and
a conduit connecting the reservoir and the

- motor. -
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I35

" 14. The combination, with a cylinder, of a

piston having a perforated head and recipro-

catory to compress the charge in said cylin-

der; a valve located over the perforations in
the piston-head; a tubular pump-plunger pro-
jecting from said piston; valves ecarried by

said plunger; a pump-cylinder with which the

673,908

' pump-plunger codperates; means for actuat-

ing the pump-plunger; a pressure-retaining

chamber connected to and in line with the ¢yl-

inder in which the charge is compressed; a
valve intermediate said eylinder and cham-

ber; a reservoir connected to and in line with

the pressure-retaining chamber; a valve lo-
cated between said reservoir and chamber; a

pipe for conveying water to said reservoir; a

20

motor; and a conduit connecting the motor 25

with the reservoir.
' HORACE L. ARNOLD.
Witnesses: ' ]
FRED. J. DOLE,
C. H. WEED.
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