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To all whom it may concern:
Beit knownthatI, DAVID PATTON DURDON,
a citizen of the Umted States, residing at
J acksonville, in the countyof Duml and State
5. of Florida, have invented a new and useful
Liquid- Elevatmﬁ System, of whleh the follow-
ing is a speclﬁeamon
My invention relates to 1mprm ements in
liquid-elevating systems especially designed
to raise water fr'om a source of sup’ply'to an
elevated tank, such _as a railway-tank; and
1fs primary object is to provide a simple, effi-

O

clent, and automatic means adapted to be op-

erated wholly by theenergy and vacuum erect-
ed by the combustion of an explosive charge
or mixture of gas and air.

A further ob]eet 1s to provide means for

controlling the supply of the explosive mix--
ture to the explosion-chamber only at the
proper interval and to thoroughly check the

20
passage of the high-pressure gaseous fluid due

to combustion of the charge of explosive mix-

ture from having access t,o the mixture-sup-
ply means.

25 A further object is to prowde an improved

igniter peculiar to an apparatus of this char-

acter and controllablesolely by the movement
or play of the piston-valve, which is forced

in one direction by the energy of the gaseous.

fluid, said igniter being operable at a period
- subsequent to the admission of the explosive
charge or mixture to the explosion-chamber.

Further objects and advantages of the in-

vention will appear in the course of the sub-
joined description, and the novelty in the
combination of mechanisms and in the con-
struction and arrangement of parts will be
defined by the clalms

In the accompanying drawings I have rep-
resented a quuid-elevming system which em-
bodies the several features of-my invention
in their preferred form, and tothese drawings
I shall now refer in order to explain more
clearly the nature of the invention and the
manner 1a which the same is or uny be car-
ried into effect. |

Figure 11s a sectional elevatlon of a liquid-
llftluﬂ‘ system embodying mechanism contems-
plated by this invention. Iig. 2 is an eun-
5> larged vertical section through the valved
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| supply means for the explosive char ge.

(No model

Kig.

3 18 a similar vertical section through the
parts of the igniter. Tig. 4 is a cross-section

in the plane of the dotted line 4 £ on FKig. 3.
Fig. 5 is an enlarged detail view-through the 53
_plston -valve and the ‘parts associated there-
with.

The same numemls of 1eferenee are used
to indicate like and corresponding parts in
each of the several figures of the drawings.

The vacuum- cyhnder 10 is of any suitable
construction, and it is sarmounted by an ex-
plosion-chambenll, the latter being formed
by a vessel substantially globular in form.
The vessel forming the explosion-chamber is 65
provided at its lower side with an axial tubu-
lar foot-nipple 12, which is extended through
and fastened in any suitable way to the up-
per head of the vacuum-cylinder, the lower

50

part of this foot-nipple being extended into 4o

the chamber of the vacuum-cylinder and
forming a seat 12' for the piston-valve 17.

' T'his piston-valveis provided with an extend-

ed valve-rod 13, which is prolonged in oppo-
site directions from the piston-valve,the upper 75
part of thisvalve-rod passing through the ex-
plosion-chamber and throunh a stufﬁng-box
while the lowerpart of the rod extendsthrough
the vacuum-cylinder, so as to playin a yoke-— -

‘shaped guide 14, the latter being fixed to the 8o

lower head of the cylinder and spanning the
outlet at the upper extremity of the suction-
pipe 20. The globular vessel forming the

' explosion- eha,mber 18 provided at its upper

side with a stuffing-box 15, the same being 8s
disposed inline with the axis of the exploswn-
chamber and the subjacent vacuum-cylinder.

Said stuffing-box is provided with an asbestos

packing 16, “which closely surrounds the up-
per portlon of the valve-rod 13, said packing go
serving to prevent the escape of the hlﬂ"h-
pressure gaseous fluid generated in the ex-
plosion-chamber by the combustion of the ex-
plosive charge and the packing being also
proof agalnst deterioration under the action gs
of the hedt which is generated by explosion

of the charge. The plston -valve 17 is made

fast with the valve-rod at a point intermedi-
ate of its length, so as to remain in the vacu-
um-cylinder, and this valve in one embodi- 1co
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ment of the invention is cup-shaped in cross- | gaseous fluid through the eduction-pipe. The

section and provided with an extended guide-
boss 18, the latter adapted to enter the lower

part of the foot-nipple 12 in one position of !

the valve. Said piston-valve is provided
with an asbestos packing 19, the latter being
disposed within the cup of the valve, so as
to be protected at its edges by the metallic
portion of said valve. The packing and the
valve exceed the diameter of the foot-nipple

12, and this packing is arrangerl for its upper

layer to press against the seat 12', formed by
the lower part of the foot-nipple, the metallic
side of the valve facing the water-inlet at the
lower part of the vacuum-cylinder. In one
position of the valve and its rod the foot-nip-
ple is closed to cut off communication be-
tween the vacuum-cylinder in which the wa-
ter is contained and the explosion-chamber
adapted toreceive the explosive charge which
1s adapted to be ignited in said ehambel thus
wholly avoiding the admission of water to
the explosion-chamber; but the explosion of
the charge in said chamber generates the
gaseous fluid adapted to displace the piston-
valve and permit said fluid to pass into the
vacuum-chamber for the purpose of expel-
ling the water contained therein, whereby the
water and the gaseous fluid &te discharged
from the vacuum-cylinder for the purpose of
creating a partial vacuum in the explosion-
chamber and the vacuum-cylinder, such par-
tial vacuum insuring the supply of another
explostve charge to the pressure-chamber and
the inflow of liquid to the vacuum-cylinder.
The asbestos packing in the piston-valve is

- proof against deterioration under the influ-
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ence of heat generated by the combustion of
the explosive charge.

The suction-pipe 20 has its lower portion
immersed in any suitable source of liguid-
supply, and the upper end of this suction-
pipe 18 coupled in any suitable way to the
lower head of the vacuum-cylinder, said suc-
tion-pipe being preferably arranged in coax-
ial relation to the vaeuum-eylinder for the
purpose of having the lower end of the valve-
rod 13 enter the upper portion of the suction-
pipe when the piston-valve is displaced from
1ts seat. 'This suction-pipe is made in suit-

able lengths for the reception of a T-coupling
21 and the foot-valve 22, the latter being of
‘auny approved type.

A liquid-eduetion pipe
23 1s provided at its lower portion with an el-

‘bow 24, that isunited to the T-coupling 21 ata

point above the foot-valve. This liquid-edue-
tion pipe is provided between the elbow 24

and a T-coupling 26 with a check-valve 25,

the latter arranged to open and close in an
opposite dll“eCIJIOIl to the foot-valve 22, so that

on the flow of liquid through the suction- pipe

to the vacuum-cylinder the foot-valve 22 is

opened and the check-valve 25 is closed; but

the expulsion of the liquid and the gaseous
fluid from the vacuum-cylinder causes the
foot-valve 22 to close and the check-valve 25

to open, thereby directing the liquid and the |

coupling 26 in the eductlon -pipe has an air-
chamber 27 united thereto in a manner to
communicate with the eduction-pipe, and the
air-cushion afforded by this chamber on the
column of liquid forcibly expelled from the
vacuum-chamber minimizes the shock on the
apparatus due to the combustion and sudden
expansion of the explosive charge. This
eduction-pipe may extend any suitable dis-
tance above the working elements of the ap-
paratus, and its upper extremity discharges
into an elevated tank 28. This tank may be
employed for any purpose, such as supplying
water to railway-locomotives.

29 designates the shell of the controlling-
valve 30, that regulates the admission of the
explosive charge to the explosion-chamber.

T'his explosive charge isin the nature of com-

mingled gas and air, which 1s mixed in suit-
able proportions and is conveyed to the valve-
shell 29 by a feed-pipe 31. The controlling-
valve is provided with an upwardly-extend-
Ing stem 32, the latter protruding beyond the
valve-shell and furnished with an enlarged
head 33. 'This head has a transverse slot or
opening in which is loosely fitted a lever 34,
one end of said lever being pivoted to a stand
35, as at 36. DBetween the controlling-valve

‘and the explosion-chamberis dlsposed a back-

pressure valve that is antomatically closed
by the pressure of the gaseous fluid generated
within the chamber, said baek-pressu re valve
serving to prevent the gaseousfluid from pass-

‘ing into the controlling-valve and interfering

with the supply of the explosive mixture or
charge to the explosion-chamber. This back-
pressure valve hasa chamber 37, in which said

valve 35 1is loosely confined, and this chamber

371sprovided atoneend with a hollow connec-
tion 39, that 1s coupled to one side of the ex-
plosion-chamber. The otherend of the cham-
ber 37 has an elbow 40 united to the shell 29,

and above this elbow is a vertical plug 41 |

the latter being provided with a vertical pas-
sage 42. The Valve 38 has a depending re-
cessed stem 43, slidably fitted in the passage
of the vertical plug. The valve 38is adapted
in its closed position to be seated upon the
upper end of the plug 41, and from this valve
extends an upstanding stem 44, which is slid-
ably fitted in an opening of the closure-plug
49, the same being secured in the upper part
of the chamber 37, whereby the valve is lim-
ited by the stems 43 41 %0 19(31[)10(3:11)15" play
in the chamber 37.

shell of the chamber 37 n a posnmn to ex-
tend laterally therefrom and above the valve-
lever 34, said plate having a slot 48 for the
accommodation of a valve-operating rod 51,
that is slidably fitted in the slotted plate, so
as to be gunided thereby in a path adjacent to

the valve-lever 34. The upper protruding

end of the rod 13, forming a part of the pis-
ton-valve, carries a eross-arm 50, the same be-
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angles to the valve-rod and adapted to recip-
rocate with the valve. 'The valve-operating

rod 51 18 pivotally attached at 52 to one end |

of this eross-arm, and said rod is furthermore

provided with a toe-piece 53, arranged on the

upward movement of the cross-arm and the

rod 51 to impinge the free end of the lever

and open the controlling-valve 30. Said le-
ver 34 is provided with a beveled free end,
and the under side of the lifting-toe is also
beveled to ride against said lever for the pur-
pose of la,telally deflecting the valve-rod 51
in the slot of the guide- plate 47 on the down-
ward movement of said rod 51 with the cross-
arm and the piston-valve, thus providing
means for the toe to clear the lever; but a
spring 54 is employed to hold the rod 51 in a
position wherein the lifting-toe is in the ver-

tical plane of the free end of the valve-lever,

|

thus disposing the rod 51 normally in a posi- |

tion for the toe to engage with the valve-lever.

The back-pressure valve 30 is held closed |

upon its seat by the pressure of the gaseous
fluid which 1s generated in the ehambel 11
by the combustion of the explosive charge;
but said valve 1s unseated automatically for
the admission of a fresh explosive charge by
the suction created in the explosion-chamber
and the vacuum-cylinder due to the estab-
lishment of the partial vacuum therein by the
expulsion of the liquid and the gaseous fluid.

I will now proceed to describe the igniter
mechanism which I have invented for pro-
ducing an electric spark at suitable intervals

to effecb the combustion of the explosive

charge in the explosion-chamber 11, and this
ioniter mechanism 1s peculiar to an appara-

tus of my invention, because it 1s controlled.

by the movement of the piston-valve, which
also actuates the charge-admission valve 30
in such a way that the igniter is cperated au-

tomatically and subsequently to the admis-
sion of the explosive charge tothe explosion-

chamber. A yvoke 55 is made fast to the
shell forming the explosion -chamber, sald
yvoke lying within the chamber and on the
opposite side thereof to the.connection 39,
which vnites the valved chamber 37 with the
This yoke supports

contact 57, which 1s in opposition to a mov-
able contact 58, the latter being carried by a

slidable pin, presently deseribed, both of said

contacts being contained within the explo-
sion-chamber and made of any suitable dura-
ble material-—such, for example, as plati-

nam. A serew-pluw 59 has threaded engage- |

ment with the shell forming the explosmn-

chamber, said plug being “hollow and dis-

posed in alinement with the fixed contact 57.

The outer end of the plug has an annular

flange 60, that bears against the shell of the
exploswn chamber, a,nd said plugreceivesan
1nsula,tmo‘-bush1nfr_61 of hard rubber, vul-
canized fiber, or other material which is not
affected by an electric currentand which will
withstand theaction of heat. Thisinsulated

| a clamping-screw 73,

bushing extends through the threaded plug
ab both ends, and the front protruding end
of the bushmo' has the spaced collars 62, for
a purpose which will presently appear. In-
sulated packings 63 64 are fitted on the bush-

the threaded plug and the other packing rest-
ing against one of the collars 62. A metal-
lic wear-sleeve 65 is contained within the in-
sulated bushing, and metallic washers 66 are
fitted on this insulated bushing against the
packings 63 64, said washers and the packings
being compressed by the nuts 67, which are
screwed on threaded portions of the wear-
sleeve for the purpose of making tight joints
between the igniter devices and the shell of
the explosion-chamber at the point where the
slidable contact-pin 68 passes through the
shell. This contact-pin is fitted loosely or
slidably in the metallic wear-sleeve 65, so as
to be insulated therewith by the bushing 61
from electrical contact with the chamber-
shell, the inner end of said slidable pin car-
rying the movable contact 58. The outer ex-
posed end of this contact-pin is formed with
an annular groove 69 and with an exposed
cam-head 70. A yoke-shaped spring 71 is
provided at one end with a clip 72, having
said yoke being fitted
around the insulated bushing 61, between

‘ing, one of said packingsbeing engaged with .

75

3a

901

95

' the spaced collars 62 thereof, in a position

for the screw 73 to be tightened, in order to

make the yoke fast with the insulated bush-
ing, whereby said yoke-shaped spring is sup-

ported at oneend in a fixed position on a part

of the igniter device and is also insulated
from electric contact with the explosion-cham-
ber. The free end of this yoke-spring is

forked at 74 and arranged to fit in the groove

69 of the slidable pin, thus disposing the
spring in a position to impel the contact-pin
normally in an outward direction, and there-

by withdraw the movable contact 58 from the

stationary contact 57. The yoke-spring car-

| ries a binding-post 75, to which is attached

one of the circuit-conductors 83. A guide-

| plate 76 is fastened to a suitable part of the
apparatus—as,forexample, to the upperhead
a’'| of the vacuum -cylinder—said plate .being

irmly secured in electrical contact with the
cylinder. This plate has a longitudinal slot
77, loogely receiving the lower part of a ver-
tical rod 78, that is pivoted at its upper ex-
tremity to the end of the cross-arm 50, oppo-

site the connection of the valve-operating rod

51 therewith. This rod 78 has a cam-knob
80, arranged to impinge the cam-head 70 of

the slidable pin 68 on the upward movement
p1s-

of the rod 78 with the c¢ross-arm and the
ton-valve; but the rod 78 on the downward

movement of the piston-vaive is armnﬂ'ed to

be deflected away from the cam-head of the
slidable pin. A spring 81 is fastened to the

plate 76, 1n position to act against the rod 78

100
105
110
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120
125
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to restore the cam- knob into operative rela-

tion to the slidable pin. This plate 76 hasa

binding-post 32, to whichis attached the other




%

- cuemt—eonductm 34, said binding-post being

in electric connectmn with the fixed contacb
57 through the plate 76, the cylinder, the nip-

- ple of the shell forming the explo_sioh-—cham-

10

ber, and the yoke 55, although a wire may
lead directly from the binding-post to the
fixed contact 57, if desired.

~In operation the spring 71 withdraws the
slidable pin and the contact 58 away from
the contact 57, thus opening the circuit, and
the piston-valve is lifted by the energy of the
spring 85,so0astooccupytheseat12'and cut off
communication between the explosion-cham-

~ ber and the vacuum-cylinder, said spring 85

20

. del'i.
‘1ng In an upward direction after the expul-

‘being preferably coiled around the upper pro-

truding end of the valve-rod 13, so as to rest

~upon the stuffing-box 15 and the central part;

of the cross-arm 50. In this position of the
partstheexplosive charge has beenpreviously
admitted to the explosion-chamber and the
water has been drawn into the vacuum-cylin-
Assuming that the piston-valve is mov-

-sion of the liquid from the vacuum-cylinder

30

~and the gaseous fluid from the explosion-
~chamber and the vacuum-cylinder, so as to

make their escape through the eduction-pipe,
the partial vacuum created in the cylinder

~and the chamber serves in conjunction with
the energy of the spring 85 to lift the piston-

valve, which in turn raises the cross-arm and
pulls upwardly on the rod 51.-and the rod 78.

- Astherodslisliftedthetoe-piece engageswith

35

-the valve-lever to open the valve 30 and ad-

mit the explosive charge to the chamber 11.
During this upward movement of the piston-

-valve the liquid flows through the eduction-

pipe. past-the foot-valve and into the eylin-

‘der, the check-valve 25 being ciosed. DBefore

40
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the piston-valvé and the rods 51 78 complete

‘their upward movements the cam-knob 80 on

the rod 78 engages with the cam-head of the

‘slidable pin 68, thereby moving the latter in-
-wardly to make the contact 58 engage the
contact 57 and complete the electric circuit

during the upward movement of the rod 78.

"Now as the rod completes its upward move-
‘ment with the piston-valve and the rod 51
‘the knob 80 is withdrawn from engagement

with the cam-head of the slidable pin, and
the spring 71 thus becomes active tosuddenly

-move the contact-pin in an outward direction,
‘thereby quickly breaking the electrie cirenit
and producing a spark within the explosion-

chamber 11. This spark ignites the charge
of explosive mixture and converts the same
into a gaseous fluid at high pressure. - This
fluid displaces the piston-valve and acts upon

‘the liquid contents of the cylinder to expel
the same through a part of the suction-pipe
and through the eduction-pipe, the foot-valve
‘being closed in the eduction-pipe and the

valve 38 being also closed by the pressure of
the gaseous fluid. Therods 5173 movedown-

wardly with the eross-arm and the rod of the

piston-valve, the springs 54 and 81 yielding
for the toe-piece 53 and the cam-knob S0 to

693,818

pass the valve-lever 84 and the head of the
slidable pin 63. The suction created in the
vacuum-cylinder and the explosion-chamber,
together with the energy of the spring 85,

again lifts the parts 17, 13, 51, and 78 to suc-

cessively open the valve 30 and -actuate the
contact-pin 68 for exploding the mixture ad-
mitted to the -chamber 11, the liquid in the
meantime flowing into the vacuum- -cylinder,

and these operatwm are repeated over and
over again for the purpose of elevatmﬂ the

-water to the tank 28.

Changes within the scope of the appended

claims may be made in the form and propor-

tion of some of the parts, while their essential
features are retained and the spirit of the in-
vention is embodied. Hence I do not desire
to be limited to the precise form of all the

parts as shown, reserving the right to vary

therefrom.

Having thus described the mventmn what
I claim ig—

1. In aliquid-forcing system, the combina-

tion with a suction-pipe, and an eduction-

pipe, of a vacuum-cylinder, an explosion-
chamber in communication with said cylin-

der, a fluid-actuated valve adapted normally

to ¢lose communication between the chamber
and the cylinder and to be moved by the ex-
plosion to its open position, a valve mechan-
iIsm- operatively connected to the chamber

‘and controllable by movement of the fluid-
ractuated valve to admit a charge to the ex-

plosion-chamber, and an igniting mechanism
also controlled by said valve and arranged

1 to explode a charge or mixture adm1tted to £

chamber, as set foxth

2. Ina llqmd forcing system, the combina-
fion of an explosion - c]mmbel a subjacent
vacuum-cylinder, suction and eduction pipes

‘1 communication with the cylinder, means

for admitting an explosive charge to the ex-

plosion- ch&mber igniting mechamsm, and &
valve operatwelv m]d,ted to the explosion-

chamber for actuation by the explosion there-
in and having connection with the charge-ad-

‘mission mechanism and with the igniter to

actuate the latter immediately subsequent to

the feed of the charge to the explosion-cham-

ber, as set forth. .
3. In a liquid-forecing system, the combina-

tion of an explosion-chamber, a vacuum-cyl-
inder in communication therewith, suction

and eduction pipes in communication with

sald eylinder, a charge-controlling valve com-

municating with the explosion-chamber a

‘back-pressure valve between the explosion-
chamber and the charge-admission valve, an
1gniter mechanism, :.-md afluid-actuated valve

eontmllmw the communication between tha
cylinder and the chamber and having oper-
ative connections with the charge-admission
valve and the igniter, whereby the move-

ment of the first-mentioned valve serves to
effect the admission of a new charge and its
ignition in quick succession,

4. In aliquid-foreing system, the combina-
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tion of an explosicn-chamber, a vacnum-cyl-
inder, suction and eduction pipes, a charge-
admission valve connected with the explosion-
chamber, a piston-valvecontrolling the com-
munication between the chamberand the cyl-
inder and exposed to the pressure of a gase-

- ous fluid genemted within said chamber for

10

actuation thereby, operative connections be-
tween the piston-valve and the charge-admis-

sion valve, and an igniter mechmusm as set

forth
In a fluid-forcing system, the combnm—

R tlon of an explosion- chamber a vacuum-cyl-
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inder, suction and eduction pipes, a charge- -

admission valve connected with the explosion-
chamber, a piston-valve controlling the com-
munication between the chamber aud cylin-
der exposed to flnid-pressure generated with-

in the explosion-chamber or actuation by the
positive connections .
with the charge-admission valve, a back-pres-

explosion and having

sare valve between the explosion-chamber
and the charge-admission valve and operable
by the pressure and suction within the ex-
plosion-chamber, and an igniter mechanism,
as set forth.

6. In a fluid-forcing system, the combina-
tion of an explosion- chamber a vacuum-cyl-
inder, suction and eduction pipes, a piston-

valve having a cross-arm, a charge-admis-
sion valvecommunicating with the _ex-plosioﬂ-
chamber, a lever connected with the stem of

the charge-admission valve, and the lifting-

rod pivoted to the cross-arm and having a toe-

piece in operative relation to said lever, as

set forth.

7. In a fluid- for(,mﬂ system, the combina-

tion of an explosmn-ehcxmber a vacuum-cyl-

inder, suction and eduection pipes, a piston-

valve normally closing the communication be-
tween the chamber and cylinder, a charge-ad-
mission valve conneeted tothe chamber, fixed

and movable contacts within said explosion-

chamber, a slidable element for actuating the

movable contact, and connections between

the slidable element and the plston Valve as

-set forth.

8. Inaliquid-forcing S) stem, an explosmn-
chamber provided Wlth an msulated bushing,
a slidable element contained within the bush-
ingand havinga movablecontact,astationary
contact, and a spring mounted on the bush-

ing and cooperating with the slidable element
to normally withdraw the movabple contact

from the stationary contact, in combination
with a vacuum-cylinder, suction and educ-

tion pipes, means for admitting an explosive |
charge to the chamber, a piston-valve dis-

posed for actuation by the explosion, and &

movable element connected with the piston-
valve and arranged for engagement with the_

slidable contact element as set forth. |

9. Inaliquid-forcing sy&atem an explosion-
chamber provided with an insulated bushing,
a wear-sleeve within the bushing, means for
making a tight joint between the bushing and

.

| bel a sahda,ble pin ha,vmg 4 eam- head and a
-contaet a stationary contact in the path of

the slidable pin, and a yoke-spring fastened

at one end and engaging at its other end with
the slidable pin, combined with a vacuum-

cylinder, a piston-rod having a piston-valve,
an arm movable with said rod another rod
pwoted to the valve-arm and prowded with
a projection in operative relation to the cam-

head of the slidable pin, means for admittinyg

5
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an explosive charge to the chamber, and sue-

‘tion and eduction pipes, as set forth.

10. In a liquid-for¢ing system, & vacuum-

ple and the stuffing-box and havmn* a packed

valve adapted to be seated against the nipple,
combined with means for admitting an ex-
plosive charge to the chamber, an igniter

mechanism, connections between the igniter,
the charge-admission means, and the rod of

the ptston valve, and. :5110131011 :md eductwn

pipes, as-sef, forth.

11. In a liquid-forecing sy stem the combi-
nation of a vacuum- eyhnder a suetlon -pipe
having a foot-valve,an eduction-pipe coupled
tothe suction -pipe and likewise provided with:

a check-valve, of an e*cplomon chamber.cou-

pled to the eductton -pipe, means for admit-

ting an exploswe charge to the explosion-

chamber an igniter mechamsm, and a com-

8o
eylinder, an explosion- ehdmber surmounting

sald cylinder and provided at one end with a
nipple and at its other end with a stuffing-
box, and a valve-rod passing through the nip-
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mon opemtl_nﬂ' means for the igniter mechan-
ism, and a charge-admission mechauism sub-

| stantlally as a,nd for the purposes descrlbed

12, In aliquid-foreing apparatus, the com-
bination with an explosion-chamber, and in-

- duction and eduction pipes, of a valve con-
trolling the communication between the ex-

plosion-chamber and said pipes and disposed

for actunation by the explosion, and means op-

erated by said valve for charging the explo-
sion-chamber and for igniting the charge.
13. In a liquid-forcing apparatus, the com-

bination with an explosion-chamber, and in-
duection and eduction pipes, of a piston-valve -

normally closing the communication between

the explosmn-chamber and said pipes and de-

signed to be operated in one direction by the

explosmn means for eifecting the retraction

II0

105

II5

of the piston-valve immediately after the ex-

plosion, and means operated by said retract-
ile movement of the valve for charging the
explosion- -chamberand forwmtmn‘the charge

in quick succession.

14, In a liquid- foru:in' apparatus the com-
bination with an e‘aplosmn chamber, and a
subjacent vacuum- -¢ylinder, of an induction-

pipe communicating with the vacuum-cylin-

derand provided Wlth a check-valve, anedue-

, tion-pipe communiecating with the induction-
pipe at & point between the valve and the

vacuum- ¢ylinder, said eduction - pipe being
provided with a check-valve seating in an op-
posite direction from the valve in the induc-

sleeve and the 5he11 of the eXpl()SlOtl eham- | tion-pipe, a piston-valve normally closmfrthe

120

125

130




(O

L5

&

communication between the explosion-cham-
ber and the vacuum-cylinder and disposed to
be opened by the force of the explosion, and

charging and ignition devices in operative re-

lation with the explosion-chamber and hav-
Ing operative relation to the piston-valve for
successive actuation thereby.

15. In a liquid-forecing apparatus, the com-
bination with an explosion-chamber, a vacu-
um-cylinder, an induction-pipe and an edue-
tion-pipe, of & piston-valve normally closing
the communication between the explosion-
chamber and vacuum-cylinder and having its
valve -stem extended above the explosion-

chamber, reactive mechanism for retracting

the piston-valve, a charge-admission valve
disposed at one side of the explosion-cham-

ber, an ignition device disposed at the oppo-

- s1te side thereof, a cross-head connected to

20

the upper end of the valve-stem, and operat-
ing members connected to the opposite ends
of the cross-head to effect the snceessive ac-

}

693,813

| tuation of the charge-admission mechanism

and the ignition device during the retraction
of the piston-valve. o

16. In a liquid-forcing apparatus, thecom-
bination with an explosion-chamber, and in-
duction and eduction pipes provided with op-
positely-opening valves,of a valve controlling
the communication between the explosion-

chamber and said pipes and disposed for ac-

tuation by the explosion, and means operated
by said valve for charging the explosion-
chamber and for igniting the charge, and an
elevated receiving-reservoir in communica-
tion with the eduction-pipe. |
In testimony that I claim the foregoing a

my own I have hereto affixed my signature in
the presence of two witnesses.

DAVID PATTON BURDON.

Witnesses:
SAML. W. Fox,
A. T. JONES.
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