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WILLIAM H SMYTH OF SAN FRANCISCO CA.LIFOBNIA

APPAR&TUQ FOR UTILIZING ENERGY DERIVED FROM ﬁXPLO:;IONS

To all whom it naay conceri:

Be it knaown that I, Winniay H. SMYTH
mechunical engineer. citizen of the United
States, 1e=~1dmﬂ in the city and county of
San Francisco and State o California, have
invented certain new and useful Improve-
ments in Apparatus for Ulilizing Energy
Derived from Explosions; and 1 do hereby
declare the following to be a full, clear. and

10 exact deseription of “the sane.

In the new tyvpe of device for the utiliza-
tior: of explesive energy to which the present
invention relates, conditions are present,

“which make it desirable to eliminate to the
15

areatest extent posmblo, mechanically oper-
ated or metallic movin parts. Asone of the
fundamental objects 0%

tus is to transform aad store up in a form

- available for use at: will, energy derived

20

25

from successive explosions within the period
of tiine occupied by heat conduction through
metallic walls; it 1s apparent that if mechan-
ical or metallic moving parts be employed in

the operative functions, these parts will be |

compelled to perform their functions at ex-

treme speeds or in periods of time measur-

able only in small fractions of seconds and
consequently under adverse conditions.

- Again, as the material selected in the present

30

expression of the invention, as the medium
through the movement of which explosive

‘energy is transformed, namely a water pis-

© ton, is characterized by the qualities of in-

| mmlnesﬂb;hty and 1nertia or mass in a high
1

degree, 1t 1s desirable that the appftmtuf-;
I;e so constructed as to present the least pos-

~ sible obstruetion and deviation in the path

40

45

- 30

water cnntw]hnn valves.

‘made to application ﬁled October 13,

of its motion. As the apparatus used herein
to illustrate the invention i1s for lifting or
moving water. the méchanical devices to con-

trol the operative functions and the move-
~ment of the material operated upon natu-

The de-

taliv would take the form of valves.

sirabie {lumlmtmn snfrﬂ'eated would conse-

quently be the omission of some or all of the
Thistherefore may
be stated to be one of the uhje(,ts of the pres-
ent mmveniton. -

As further illustrating the extent and
scope of the invention undcthtr the con-
struction herein set forth, reference is here
1902
for a new miethod or process under the title
of utilizing heat energy, herml \o. 1‘)( 17‘?'

Speciﬁcation of Letters Patent.

il
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this type of appara- |
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'desm thedd hereinafter.

and an apphcatmn for an apparatu: of the
same general type provided with submerged

| Patented Oct 12 1909 |
Applicat:ton filed J’uly 25 1804. Scnal Ho 218 115

L L ]

55

valves filed October 13, 1902 under the tltle |

of *“Utilizing hE‘lt energy, 7 Senal \To
127,173.
Besides its -
present form
sirable in any pump and
beneath the water. Such
valves subject to disarrangement by gravel,
etc., and also makes them “difficult of access
or Iepmr Fortunately the qualities which,

ecuhm demmblhty n th-?I

articularly valves

under the circumstances of the presernt dis-

closure, renders the presence of valves pecul-

Jarly undemrable, provide also, conditions

which render them unnecessary. That is {o

provisions to take the place of vslves. _
ther, as the operative functions in this device
occupy such short spaces of time, the inter-

vals between successive impulses dre in a
-sense waste time, or at least, a failure to
fully realize the mechamcdi capablhty of the

apparatus.
Another obj ect therefore of the present

invention 1s to provide such a construction

as will permit the operative impulses to fol-

60 .
he ¢emission of valves 18 de- L

location renders

65 .

70 ? :) B
say, the incompressibility and inertia of

‘water may be utilized by proper mechanical
Fur-

80

low each other with the greatest possible _' |

‘rapidity.

These and other ob]ects more readlly

85

understood from a degcrlptmn of the ap-

paratus and iis operation than from a mere =~

general statement, are accomplished by the
devices 1llu-trated in the accompdnymg
drawings.

Referring to these drawnws .———1*1

the apparatus. Fig. 2 is a similar elevation
of the lower or &ubn)éréed part.
1 represents an explosion chamber pro-

vided witL an inwardly opening valve 2, also

fuel controlling.and mtroducmg devices and
an igniter all of Which will be more fully

arativ ely small diameter extends from the

ower par t of the explosion chamber 1 down-

wardly inio thehwell or ot.ier source of water
supnly

conducting COV ering. This 1s illustrated in

the drawmgs hs a second pipe of somewhat
larger diameter ‘'suirounding it, making an
annular air sgace around p1 ed the whole of

e pipe 3 is an-

itq Iength urroundmg

95 °

A pipe 3 of com- -

100 :

It may be provided with s non-

105_._1.. . :‘

0 .
gure 1i1s -
a sectional elevation of the upper part of
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other pipe 4 of considerably Targer diameter
form:iing an air space or chamber. The up-

ver portion of this air-chamber may wholly

19

‘shown 1n the drawings.

mclose the explosion chamber 1, or partly, as
At the lower ex-
tremity of the air chamber and preferably
forming a continuation thereof is a length of
pipe 5 which T designate a drive pipe, Itis
preferably of a diameter somewhat sinaller
than the alr chamber. Below the drive pipe
is still another length of pipe 6 preferably

closed at its lower end, constituting with

pipe 5 an expansion space. This lower pipe
6 may be surrounded in a similar manner
as pipe 3 1s with a non-conducting covering.
Pipe 6 is preferanly ¢f sinaller diameter
than pipe 5. Its Lottom 1s near the bottom

of pipe . The upper edge of pipe 6 1s ad-

30

1P 5

10

45

50

55

60

R 1]

jacent to the lower opening of pipe o-leav-
g an annular space between the two pipes
as an entrance for water. This part may be
made, as illusirated, to constitiite an injector
device either by suitably shaping the ad-

‘jacent ends of these pipes or by a coupling

piece 7 to which both are attached.

-

Interposed between the pipe $ and the air
chamber 4 is a somewhat pcculiar device §,

which I term a splitting nozzle. It 1s pref-
erably of annular form and cencentric to

the various pipes mentioned. - Its internal
diameter is sinalier than the pipe 5 and a]-

proximates that of pipe 6. Its lower part s

chamfered or sharpened inwardly to iis
smaller diameter, to present an annular

splitting edge 9 to a2 body of water flowing

upward through pipe 5. The upper part of
8 is formed with ‘a concave or recurved sir-
face 10 forming a splitting inner edge and
an upwardly curved outer edge. Ior con-
structive convenience, the sphitting nozzle is
made to serve as a coupling hetween the pipes
4 and 5 as shown. An opening 11 1s Fro-’
vided at the upper end of pipe 5 and an
opening 12 at the Jower end of pipe 4 re-
spectively on each side of the splitting nozzle
8. These openings are shown as hoies ar-

‘ranged around their respective pipes.

A pipe or casing 13 swyrrounds and 1ncloses
the already mentioned pipes and serves both
as a supply and s discharge pipe. In some

“cases, 1t may, as shown in the 1llustration,

be the well casing. Tts upper end may be
provided with a head 14 having a discharge
opening or elbow as shown. This head 14
may form-a base or support for the already
describea construction as shown in Fig. 1.

It is a convenient method to have the air

chamber with its described attachments pro-

vided with a separate flange 15. The ex-

plosion,chamhm-_ 1 and pipe 3 also should be
mdependently attached. DBy this construc-

tion which is clearly shown in Fig. 1, the |

various pipes etce., which are within the cas-
ing are readily ana separably removable, :

matter of some practical importance.

W ey FemieS

i e ke 8 PR el

[

- proportion to the submergence.

i T e o

As the cycle of this device is nat essen-

tially dependent upon any particular heat

renerating means, 1t willy I think, conduce

. 1o clearness to describe its operation before

describing in detail the means which T pre-

70

fer to cmploy for producing and 1gmiting

Mg
d

explosive charges. Assuming then the de-.

vice placed in pozition, its lower end sub-

merged to some distance below the water =
75

level, the following conditions will exist :—
Water will have entered through the n-

air below, contained 1n G, from the air above
the water inlet. The air in 6 will be foreed
downward ahead of the mflowing water and

compressed nzo the pipe 3 and chamber 1

water will also have risen in the device

and compressed the 21ir in the air chamber
to the pressure due to the submergence. If

now suitable hydro-carbon or other fuel be

| introduced into the chamber 1 in suitable

volume to form with the air therein an ex-
plosive mixture and this be i%nited, the
following deseribed effects will take place:—

plosive rapidity, travel down the pipc 3

The

jector nozzle 7 and by 1its flow cut off the o

80

85

90
The inﬂuming mises will expand with ex-

ariving the air therein before them and dis-

velocity ito 5 putting the water therein
also into motion of high speed, constituting
the water in 6 and in 5 a water piston of
comparatively small mass. The vpward dis-
placement of the water in © and 5 will re-

relieve the water in the casing below the noz-
zle 7 of pressure. The head or gravity will

consequently cause it to enter through the
annular opening between the pipes 5 and 6
with a velceity due to the combined effects
of the iniector principle and gravity. The
uprushing watei-1n 5 encounters the sphittin

nozzle 8 and a large amount of it sepamteﬁ-
and deflected outward throhigh the openings
11.
upward and expends the energy and kinetic

The remaining annular core continues

' place the water in € and drive it with great

95

100

105

110

inertia imparted to it by the explosion in

compressing the air in the air-chamber.
This water core being of smaller diameter

than the air-chamber permits a current of

water and compressed air around its ex-
terior to be displaced and forced downward
and out of the air-chamber.
ward flow, this current meets the concave de-

flecting surface 10 and is thus deflected out-

ward and upward assisted and acceleratied
by the direct action of the upﬂ_ﬁwing_Waler
separated by the lower splitting edge.. The
expanding gases in 1 drive and follow the
upflowing water 1n 6 and 5 till the expan-

‘sion pressure falls to or below atmospheric
pressure. At this point,.the valve 2 opens-
and atmospheric air sweeps into 1,

1, down
through 8, up the fpipea 6 and § into the still
Increasing space fr

In its down-.

115

120

126

-

. ‘om which the water has
-been gnd 1s being displaced. Thus this space 13~
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is filled with air at atmospheric pressure.
‘Water still continues to enter through the

aperture at 7 due to the head and 1iis ac-

10

quired kinetic inertia assisted doubtless by

~the uprashing atmospheric air. The effect
of explo-ive energy having been expended

and the uprashing water pston having been

arrested by thie resilient cushion of the arv
chamber, a reaction row iakes place. "T'he

resitience of the air in the atr-chaniber forces
the water therein downward through. the

nozzle 8 into 5. The splitting action of the

upper surface of § separates and deflects

portion of it outward and upward. At this
time in the drive pipe 5 there is an up-

wardly ascending annular body of wuater

surroundine a core of atmospherie air. This
air of course extends from 5 wholly filling
the spaces 6, 3 and 1. By the downward
rush of the water through the nozzle 8, this
air is compreszed back into 3 and 1 to a

degree of compression commensurate with
 the energy of the reaction. The valve 2 of

course closes as the frst effect of the reaction.
The proportion of the chamber 6 15 such
‘that no

-ater enters the pipe 3. Again a

~highly unstable equilibrium of the contend-

30

ing forces is reached with the water piston

at the limit of its back journey and the air
in 1 heavily compressed. ‘The air remain-
ing in 8 and 3 is rapidly ascending with the

‘water still flowing in by gravity and kinetic

.

40

inertia through the entrance. At this in-

stant, another charge is ignited and the cycle
repegied. R -

) gt will thus be seen that a violent, but con-
trolled, surging or pendulum hke oscillation
of the water piston takes place, alternately
arainst the resilient cushion of the alr-cham-
ber and the rvesilient air cushion in the
charoe chamber. This is a most bighly de-
siruble condition as the piston alternately

gives and receives energy with practicaily

no loss. Thus the increments of energy due

to explosive action is wholly liberated to ef-

~ fect the upward movement of the water in
“the casing. This-upward movement, by the

. backward movement 1s made to react
50

form of the spparaws, is facilitated and

L also
in an upward dirvection. There 1s thus ef-
fected a continually ascending flow ot water
in the casing against which the whole force

of the explosive Impulses s expended.  In

56

consegnence of the small mass of the water
piston, relatively to.the water in the well, it

is put into vieolent upward motion with

praciically no backward distarbance to the

“water beneath the chamber 6. Tt will he no-

60

o its way into the air-chamber

65

ticed also that with each explesive impulse,
a large volume of air 1s nifdnced to enter the
upfiowing water. A portion of this air fnds
" ‘The water
therein wiil thus be displaced (il tha loyvel
of the air 1in the air-chasmsber is down to the
upper edge of the opening 12. Thereafter

— -_-ﬂnd_--ﬂ

-— - el ———

at every lmpulse, a volume of air will enter,
and a like volume displaced from the air-
chamber and forced upward .into the annu-
Jar space between the air-chamber 4 and cas-

ing 9 by the water split from the ascending

stream 1n drive pipe 5. This increment of

air of conrse reduces the gravity of the as-
cending coltinn and renders the column re-
silient-and thus adds to the capacity of the

air-chamber for absorbing the energy of ex-.

plosien without shock to the apparatus. It
may also be observed that mn consequence of
the non-conducting covering to the pipes 3
and 6. the hot gases do not come 1n contact

with any surfaces cooled by the water of the

well t1ll they have expanded down to a com-

“paratively low temperature. As these air

|

e —

g

spaces around the pipes may be In free com-

munication with the air-chamber. any heat
which 1s conveved through the walls will

The arrangement of the
expansion space 6 in relation to the pipe 3

avolds any change in direction of the inert

and incompressible water piston, the un-
avoildable change of direction beine trans-

75

80

o
reappear in work by expanding the air
‘the air-chamber.

90

ferred by this constructicn from the piston
to the more fluid and resibient element, the

expanding gases and air. -
- As stated heretofore the mtroduction of
air into the ascending colinnn, adds to the
capacity of the air chamber, that 1s to say,
it serves with the air chamber as a resilient
cushion to receive the impact of the explo-
sion. ‘The proportion of this function or ef-
fect thrown upon the resilient discharge col-
umn or upon the air chamber 1s left largely
to the judument of the constructor, gmded
by the. ctrenmstances of the situation in
which the invention 1s to be operated. It
mayv be stated in this connection that under
some circunstances, it will be found that

95
100

105

the resithient column of-the discharge water

will give all of the cushion that is necessary

to the effective working of the device so that
under such circumstances, the air chamber
may be entirely dispensed with. It may be
foand desirable when operating the deviee
nnder these latter conditions to provide some
stmple means such as a hand air pump to in-
ject sir into the colunn during the first few
impul=es in order to start the cohimn into

motion and render 1t suflictently resilient to

perform its function as a cushion,  So that
when the term air chamber, vestlient cushion
or the hke expressions are used herein, they

are to be understood to snean either the in-

closed ‘chamber containing air or inerely the

2 or other gas introduced info the water or

I |
i

|

|

cischarge pipe in such form as’to cushion

‘the explosive blows

It <houid be understood that the déﬂcrip-

110
115
120

125

tion heretofore, of the action of the gases

and fluids during the operation, will vary
w:th the proportion which the air chamber

130
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and position of explosion cha mber with ref-

erence to the expansion chamber, ete. It

however may be stated with certainty that
in a device built in accordance with this in-
vention, the explosive gus will expand 'a
proportion to the mshmnu {o be overcone
and a volume of water proporticnate to the
work expended by the expanding ga-es, will
1issue Trem the thaclmwu aperture. |
Returning now to constructive det .;111 114
Fig. 1 1s represented a sinple and effective
means for mtroduemy hiqmd hydro- carbon
mio the explosion ehe anbier i the form of
spray or vapor,
inflaming the resulting

¢ mixture. T he par-

ticular object i view in this form of intro-

ducing deviee 1s that the fuel shall not he
pvumtted to enter the explosion ¢hamber
except when the alve 2 9= ciosed and further

that it shall commence to enter pracucally
- snutlianeously

of this
t(m ¢1~1‘¢1

n.lttt

with the closing
valve. These requirements look

that other and more fundamental
already referred to of curtaihmg the i
between the explosive 1111])1:]*-@-, to 1ts short-
est possible duration.  With these purposes

Cin view, the valve 2 1 Hself made to control

30

35

40

45

95

60

05

the time for the admittance of the vaporous
fuel. This is accomplished by. providing a

longitudinal passage 16 1 the stem of the
valve 2 opening mwardly to the explosion :
chamber and outwardly to the periphery

of the valve stem as shown. This pas-age
1s provided with a suitable check valve,
shown as a ball valve 17 clesable by pressure
within the chamber 1. A circumferential
groove 18 1s provided i th: valve stem

guide communicsting with passage 16 only

when the valve 2 is closed. A passage 19

communicating with groove 18 is alsc pro-

vided. This passage 1s preferably contr olled
by a valve 20 as shown A mixing or vap-

orizing chamber or passage 21 1s provided
communicating with passage 19 and also

with a source of air pressure and a hqmd
fuel supply by suitable valve controlle

passages.  In the form shown, the vapmr?—
ing chamber 21 1s connected by a pipe con-
i1 “led by a valve 22, with an air tight {uel
tank 23. It is also conmected with the ame

~chamber by a passage controlled by a valve

24 shown as a plug valve in section. The
fuel tauk 1s (()Il]l(‘t,t(,l] above the level of the
fucl nlth the air ehamber by a pipe or pas-
sage 25 controlled by a non-return valve 26.
1 bave mdicated an 1gniting-device as con-
sisting of a thin sheet or pl e 27 covering
an a]}utme m. the wall of the e\ploamn
chamber. Means for heating plate 27 are
represented as a Dunsen burner 28 arranged
to }])10 ject a {lame upen the plate 27. It
might be noticed that the valve 2 1s provided

with a closing sprmg 29 gnd nuts 30 gu the

and an ]“’l]ﬂlll”‘ device tor

- e MNP A - delefee—— — . =

nier ‘rill |

Lab B o K ol o . N L ] j—— gy Ay S Bl desfer - rr W -

kg il
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1

spring. 'lhv operation of this
Le device is as follows :—1It shoul
stood that the pressure m the fuel tank 23
15 equal to the highest pressure attained in
the piv-chamber. whigh during the operation
of tho device s higher than the pressure In
chamber 1 exeept xlurmﬂ' the period of ex-
ploston. OF course when starting up. for
the first thwe, or 1n the event of the pressure

1 23 escaping, fuhn any cause, it could be

ortion of =
be under-

hears to the waﬂwnt (*c:lmnn and with other valve Gstenﬂ to admst the tension of the
variable factors, such as subniergence, head

76

75

renewed bv any of the orlmary means as

for example, a ‘hand air pump. Assumin
then pressure i 23 and the plate 27 heated,

- the deviee may be staried by merely openin

the valve 20, This permlts liquid fuel an

air from the tank to escape info the i ssage
- 21, and be there vaporized, and so on t

rough
passage 19 and passage. 16 to the Lhﬂﬂlb&l 1
where this rich' s vapor is mingled with the
air (1}l the combined inixture reaches explo-
stve conditions.
with the hot plate and an explosion results.
The excess of pressure 1n chamber 1 causes

the valve 17 to close the passage 16, and the "

heretofore described operations of the. device
takes place.  As soon as the pressure reaches

It is ignited by contact

80

85

that of qtmoqphele the valve 2 opens aq d

consequently shuts .off the supply of fuel
vapor until the valve 2 is again closed in the

pmfmm.mce of its more direct function,

when fuel 15 again adnntfed and the various

L operations which have peen debcrlbed are

repeated indefinitely. -

It will be observed that in the ope ratmn of
this device, certain novel, mterestmg and
valuable conditions and functlonq are pres-
ent and utilized. The first and most strik-

ing is the penduinm like or surging action of

the water piston in its unrestricted recipro-

10..

106

cation against oppositely disposed resilient

cushmns 'lhls vtilizes and mafRes

brought about a condition in which practi-
cally the whole of the explosive increment of
energy is liberated for the accomplishment

‘of efiective work or in other words raising =
11

tlie mechamecal efficiency of the transformmg
‘lpp'll‘atus to praetlcall} theoretlcal erfec-

tior. Another condition is that involved in
the fact ihat the path of the water moved is
fl actically without change of direction.

‘om 2 practical pomt of view also, the

valveless character of the device is impor-
As therciore this disclosure intro-
duces in useful expression such bropdly

tant.

novel principles, functions and effects for the

utilization of the ener gy of explosive action
and their applwc 1tion to the raising and mov-
ing of water, it is not desired that the inven-
tmn be limited to the forms, proportions or
arrangements of the parts as herein illus-

tratedb or any partrcular mechamcal expres-_

ractl-
cally effective a conditicn i in which bodies of
large mass may be kept in motion with a

mrinimuin expenditure of energy, thus 1s

11¢

12b

130
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sion thereof. but T desire to claim the iniveft- | combinatiofi of an explosion chamber, zr.

tion or inventions herein, in the broadest
. manner as a dhloneer invention. |

What I claim 1s:—

combination of a drive pipe having a cham-

‘ber at each of its ends in free and uncon-
trolled communication therewith. said cham- !

bers being of suitable character to contain
an elastic fluid, means for introducing into
one of said chambers furl and commingle it
with the fiuid therein to form an explosive
charge, means to ignite the charge, and a

freely movable body acting as a piston 1n the

drive pipe and n advance of the charge.

- 2, In an apparatus of the named type, the
combination of a drive pipe having a cham-
ber at each of its ends in free and unesz.

. trolied communication therewith, said cham-

20 bers being -of suitable character to contain

~an elastic fluid, means for introducing into

25

30

‘one of said chambers fuel to form an ex-

plosive charge. means to ignite the charge

and liquid acting as a piston in the drive

pipe in advance of the cEarge'. - '
3. In an apparatus of the named type, the

combination eof a drive pipe having a cham-
~ ber at each of its ends in free and uncon-

trolled communication therewith, said cham- |
bers being of suitable character to contain an
elastic fluid, means for introducing into one

- of said chambers fuel and commingle it with

'w_
Ot

a0

" elastic flnid,means for introducing into one of
«aid chambers fuel to form a succession of ex-

- &b

HY

65

charges.

the fluid therein to form a suecession of ex-
plosive charges, means to ignite the charges,

and a freely movable body acting as a piston .

in the drive pipe and In advance of the

4. In an apparatus' of the nﬁméd'_typé, the

‘combination of a drive pipe having a cham-

ber at each of its ends in free and uncon-
trolled communication therewith, said cham-
bers being of suitable character to contain an

plosive charges, meang to ignite the charges

.and liquid acting as a pisten in the drive pipe

in advance of the charges. =

ok .

> In an apparatus of the named type, the
combination of an explosion chamber, an

expansicn chamber, an unobstructed pipe or

‘passage of relatively small diameter con- |
necting the two chambers, and a freely mov-
able body in the expansion chamber acting

as a piston. _ -
6.-In an apparatus of the named type, the
combination of an exp

necting the two chambers, a drive pipe, an
air-chamber, the drive pipe and air-chamber
being in free and uncontrolled communica-
tion. with the expansion chamber and a
freely movable body.in the expansion cham-
her'acting as # piston. o
7. In an apparatus of the named type, the

L]

losion ‘chamber, an .

‘expansion cliamber, an unobstructed pipe or
passage of relatively small diameter con-

1. In an apparatus of the named ‘type, the

el

4
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.explosive charges, means to ignite |
charges and of a freely movable body actmg

expansion c¢i'amber, an unobstructed pipe or
passige of relatively small diameter con-
necting the two chambers and hiquid i the
expansion rhamber acting as a piston.

passage of relatively small diameter con-
necting the two chambers, a drive pipe, an
air-chamber, the drive pipe and air-chan-
ber being in free and uncontrolled communi-

8

- S 70
8. In an apparatus of the named type. the
combination of an explosion chamber. an

expansion chamber. an unobstructed pipe cr

75

cation with the expansion chamber and -

liquid in the expansion chamber acting as a
piston. - o
In an apparatus of the named type. the

3.

eombination of an explosion chamber, an

axpansion chamber, an unobstructed pipe

or passage of relatively small diameter con-
necting the two chambers and means for

ber to act as a piston.

10. In an apparatus of the'naméd type,

the combination of an explosion chamber,

an expansion chamber. an uncbstructed pipe

or passage of relativelv small diameter comi-

necting the two chambers, a drive pipe, an
air-chamber, the drive pipe and air-cham-
ber being in free and uncontrolled communi-
cation with the. expansion chamber and
means for introducing liquid in the expan-

sion chamber to act as a piston.

11. In an apparatus of the named type,

the combination of an explosion chamber,
an eéxpansion chamber, an unobstructed pipe
or passa _
necting the chambers, means for introducing
into the explosion chamber air and fuel and
commingling them to form a succession ]of
) ite the

as a piston in the drive pipe in advance of
the cnarges. . L

12, In an apparatus of the named type,
the combination of an explosion chamber,
an expansion chamber, an unobstructed pipe
or passage of relatively small diameter con-

i necting the chamber=, means for introducing

air into the explosion chamber, means for
introducing fuel into the explosion chamber
and commingling it with the air therem

to formm a succession of explosive charges, -

means to ignite the charges and liquid act-
ing as a piston in the drive pipe in advance
of the charges. B -

-'13. In an apparatus of the named type,
the combination of an explosion chamber,

e of relatively small diameter con-

necting the two ch . 85
introducing liquid in the expansion cham- - -

90

95

100

105

110

119

120

an- expansion chamber, an unobstructed |

pipe or passage of relatively small diameter
connecting the two chambers, and an 1n-

jector device for introdncing liguid, between

the expansion chamber and drive pipe..

" 14. In an apparatus of .the.named . type,
the combination. of an exp
an expansion chamber, an unobstructed pipe

Ll
[
. .

losion chamber; o
130

125 -



= Y .. .. 836,877
I ot passage of relatively small dianeter con- ' nected with the expansion chamber, an ine
- necting the two chambers, a drive pipe. an wardly opening valve in the explosion cham-

| ~ air-chamber, the expansion chamber, drive ber for the admission of air and a passage
pipe and air chamber being in free and un- - for fuel controlled by said valve. . -

controlled communication, a {reely movable = 21. In an apparatns of the named type, .u
“body in the expansion chamber acting as a the combination with an-exploston chamber
“miston and a splitting nozzle between the  havinga suitable igniter, an expansion cham-

expanzion chamber 2 d drive pipe. - ber, an air chamber, means for admitting

15 ITn an apparatus of the named type,  water thereinto, a fuel tunk suitably con-

10 the combination of an explosior chamber, an nected with the air chamber whereby the 75
- expansion chamber, an unobstructed pipe or  pressure therein forces liquid fuel into the
passage of relatively small diameter connect- . explosion chamber to form an explosive mix-
ng the two chambers, a drive pipe and an | ture theremm. o | |
air-chamber, the drive nipe and air-chamber @ 22, In an ap

paratus of the named type,.
being connected by a splitting nozzle and | the combination of an explosion chamber, 8
liguid introduced 1n the expansion chamber | an expansion chamber, an unobstrucied pipe
acting as a piston. S | or pussage of relativaly small diameter con-
© 16. In an apparatus of the named type,  necting the two chambers, a’drive pipe, s
" the combinution of an explosion chamber, an_wir=chamber, the drive pipe and air-chamber
50 expansion chamber, an unobstructed pip{f/ur/; heing comnected by 2 splitting nozzle vro- 85
passage of relatively small diameter connect- vided with a splitting top and boltom 2dge
 1Ing the two chambers, a drive pipe, aif air- . and a curved detlecting upper surface and
 chamber, the drive pipe and ::.-ir-clm‘.im_lmr - Jiquid introduced in the vxpansion chamber
being in free and uncontrolled communicu- acting as a piston. B
“tion with the expansion chamber, means for 23, In an apparatus of the nimed type, 90
" introdneing liquid in the expansion chain- ° the combination of an explosion chamber, an
_ber, and a discharge pipe. . . expansion chamber, an unobstructed pipe or
~ 7 17. In an apparatus for applying energy "'passage of relatively cmall diameter pro-
C“derived from explosion, the combination - vided with a non-conducting covering, con-
a0 with an explosion chamber of means for neeting the two chambers and liquid in the 9%
admitting an explosive charge thereinto, expansion chamber acting as a piston.
means for iguiting said charge, an expan- 24 In an apparatus of the named type,
sion chamber located beneath the surface of * the combination of an explosion chamber,

the water, having an aperture directed sub- * an expansion chamber, an unobstructed pipe

stantially in the direction of desired flow | or passage of relatively small diameter con- 106

“and a discharge conduit. - . necting the two chambers, a drive pipe, an
18. In an apparatus of the named type,  air-chamber and a splitting nozzle located
the combination with an explosion chminber, : between the air chamber and drive pipe.

an expansion chamnber, an unobstructed pipe , with an opening above it from the air cham- ,

40 or passage of relatively small diameter con- | ber and an opening below it from the drive 105
necting the two chambers, a freely openinug | pipe. - L

i
|

- f

s
b |

- HE kel —l—

valve in the explosion chamber for the ad-, 23. In an apparatus of the named type; -« !
mission of air provided with a substantially | the combination of an explosirn chamber,
~ central epening for fuel to form an explosive ; an expansion chamber, an unobstructed pipe |
45 charge, meaus to ignite the charge and liquid : or passage of relatively small diameter pro- 11¢ -
in the drive pipe acting as a piston. - vided with a non-condueting covering, con- i*
19, In an apparatus of the named type, . necting the two chambers, a drive pipe, an 5
‘the combination with an explosion chamber, injector nozzle loeated between the expan-
an expansion chamber, an unobstructdd pipe - sion chamber and drive pipe for aduntting '
50 or passage of relatively small diameter con- liquid, an air chamber connected with the -
~ necting the two chambers, an inwardly open-  drive pipe by a splitting nozzle; an inwardly
ing valve in the explosion chamber for the opening valve in the explosion chamber for
admission of a.r provided with a tension de- | the admission of air coptrolling a passage |
vice-and means for adjusting the tension of | for the admission of fuel, an igniter and & |
55 said device, means for introducing fuel into | discharge pipe. -~ " F o 12
the' explosion chamber and commingling it !  26. In apparatus of the hamed type, the
“with the air therein whereby a succession of combination of an explo<ion and expansion
cxplosive charges are formed, means to 1g- | chamber, a body of material in the expan- ;
nite the charges and liquid in the expansien | sion chamber to act as a piston, an =it cham- |
o ber against which the piston e:pends its !°

60 chamber acting as a pisten. . _ g
90, In an apperatus of the named type, ! energy, a splitting nozzle in the path of the |
~ the combination with an explosion chamber, | )iston, am{ a pipe to receive the material n
. an expansion chamber, an unobstracted p:pe hriven_ firom the enpansion chsmaber. - . % -
~ or passage of relatively small diameter con- | 27. Tn an apprratus of the named type,
65 necting the two chambers, a drive pipe con- | the combination of an explosion and expan- -
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sion chatber, a body of material in the ex- [.

pansion chamber to act as a piston. and an

air chamber against which the piston ex-

pends its energy, an injector nozsie, u *al)lit"
ting nozzle in the path of the piston, a arive
pipe interposed between the injector znd

splitting nozzles and a pipe adapted to re-

ceive the material driven from the expansion
chamber. |

28, In an apparatus of the named type in

combination an explosion and expausion

chamber and means for intreducing waler

thereinto, a . free piston 1 the expansion

20

adapted to receive the deflected water.

chamber, and,a resilient cushion agamst:
which the piston expends a portion of 1ts

energy : an annular nozzle in the path of the

piston arranged to permit the passage of tie
piston therethrough and deflect water ac-
piston laterally ana a pipe

companying the

29, In an apparatus of the named type n

combination an explosion and expansion

~ chamber and mieans for introducing water

25

38

40

45

50

55

80

thereinto. a free piston in the expansion

chamber. and a resilient cnshion agaist
which the piston expends a portion of its
eneray; an annuiar nozzle in the path of the |
piston arranged to permit the pzssage of the
piston therethrough and detlect water ac-

coinpanying the piston lateraliy and a pipe
adapted to receive the deflected water and
means for infroducing a vesilient fluid mto
the water In the pipe. o

30. In an apparatus of the named type,

the combination with an explosion chamber

ber, rneans for admitting water thereinto, an

air chamber in the path of the water ex-
pelled from the expansion chamber, a dis-
charge pipe, 4 diSf:}‘l:tl'gc opening frowm the
expansion chamber and a discharge opening
from the air chamber for the exit of thnd

respectively froin these chambers to the dis-

charge pipe. - -
21. In an apparatus of the named type,

the combination of an exvlosion chamber,

means for introducing fuel thereinto. an
igniter, a pipe of relatively ~mall diameter
extending from the explosion chamber ar-
ranged and adapted to be submerged heneath
the surface of water. and an expuansion ¢ham-

‘ber inclosing the submerged end of the pipe

and rising above 1t.

32. In an apparatus of the named type,

the combination of an explosion chamber,
meahs for introducing fuel theremto. an
igniter, a pipe of relatively small diameter
extending from the explosion chamber ar-

rapged and adapted to be submerged beneath

the surface of water, an expansion chainber
inclesing the submerged end of the pipe and
rising above it, and ap pir chamber assoct-
ated with the expansion ehamber to receive

the impact of the expiosion upon its con-

&5 tained air
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the combination with an explosion shanibar

having a suiiableigniter, an exps NsIcn chiain-

ber, mesns for admitting water s heseinto, ni
air chamber, a fuel tank and means to mayi-
tain pressure in the fuel tank higher rhan
the normal pressure in the aiv chamber.

34. Inan apparatas of the namod {31k, Lhe

combination with an explosion and e.pan-

ion chamber having & suitable 1guiier,

3

means for admtung water thereunto, an ar

L]
-

chamber. a fuel tank connected with the asir
- ehamber by o valve controlled passsge.

55, Inoan apparatus of the nanied type. the

- combination with sn explosicn ana expan-

~sion chamber, iveans for 'ini:'.;:-:i_
thereinto to forni an explostve Charge, means

g o
veing  fuet

for compreszing the charge prior to ignition,
“an air ehamber dnd a freely movable bady of

material acting as a pision interposed be-
tween the expansion chamber ana the air

chamber. 2 hot-surface-igiiiter to the ex-

.

33. Tr. an appatstug of the namad type,

i v

plosion ehantber and means for heating the

ientter. I |
26, Inan apravatus of the named tvpe, the

combinaticn with an expleston and expan-
sion chamber, means for introducing fuel
an explosive charge, means

for compres<ing the churge prier te ignition,
an air chamber and a body nf'_iiqllir%af:tin'g
as a piston inierposed between the eXPansion
chamber and the air <hamber. a hot-surtace-

for heating the 1gniter.

-

37, In anapparatus of the namaed type. the

90

95

ioniter 1o the expission chamber and means.

106

having a suitable igniter. an expansion chani- Ceombination with an explosion and expan-

sion chamber. means for introducing fuel

thereinto to form an explosive charge.means.

for comnressing the charge prior to ignition,
an nir ehamber and a body of hqmd seting
as a piston interposed hetween the expansion

chamber and the air chamber, a hot-suirface-
igniter to the explosion chamber AlG Means

for hieating the igniter, and a discharge pipe.
3%, Tnan apparatus of the named type. in

combination. an explosion chamber and a

|

piston. an air valve opening mward fo st

mospheric pressure. a fuel supply and a

passage therefrom communicating with the

valve. D S o
39, In an appavatius nf the named tvpe. m

bodv of liquid scting as a piston, an 8T

freclv movable body of aterial acting ax a

comlsination, an explosion chambzr and 3

105

110

115

explosion chamber and controlled by fhe air

120

valve opening inward to atmespherie press

sure, a fuel supply and a passage therefrom

communteating with the explosion chamber
and conirolled by the air valve. .
40. In an apparatns of the pamed type
combination, an explosion chamber un_i_
body of liquid acting as a piston. an air
valve opening imrur(f to atmoespheric Fre::-
sure, a fnel supply and a passage therefrom
commumicating with the explosion chamber

I

q
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~ and controlled by_t‘ne-air_ valve, snd a dis-

charge pipe.

41. In an apparatus of ti:-._e'.nﬂmed Lype in

eommbinntinn, a pipe, an air chamber at eaech
of its extremities forming a resilient cush-

- ion, a body of liquid in said pipe, means for
introducing fuel into one of the chambers

to form a succession of expiosive charges and

means for igniting the same and wmeans for

combinativn, 2 wipe. an air-chamber at each

- of its extremities forming a resilient cush-

ion, a body of liguid in sa:d pipe, neans for

~introducing fuel Into one of the chambers
- to form a succession of explosive charges and

mezns for igniting the same and meank for

introducing and discharging successive 1m-

crements ot ﬁixid; I .
43. In an apparatus of the named type in

- comkination, a pipe, an air-chamber at each

25

30

of its extremities forming a resilient cuszh-

ion, a body of lignid in said pips, neans for
mtroducing fuel into one 0? the chambers
to form a succession of exploesive charges and
means for igniting the same and means for

introduciug and disciiarging successive In-
crements of fluid and an inlet and a dis-
charge for water. SN o |

44, In un apparatus of the named iype;
the combination of an explesion and 2xpan-

- sion chamber, a body of flizd mn the expan-

85

40

sion chamber to act as a piston. an injector
nezele. an air chamber against which the pis-
ton expends its energy and an unobstructed
pipe or passage between the injector nozzle

and air chamber, and a discharge from the
-air chamber. ) -

45 In an apparatus of the named type,
the combination of an -explosion and expan.

- sion chamnber, a hody of flind in the expan-

- 45
~or passage between the injector nozzle and

‘ston chamber acting as a piston. an 1njector

nozzle, an_air chamber agamst-whieh the pis-
ton expends its cnergy, an unobstructed pipe

air chamber, an infet for aii an inlet for

~water and a discharge.

- 30

55

60

85

46. In an apparatus of the named type',

th2 combination of an expansion cliznber, a

body of fluid in the expuansion chamber act.
ing as a piston. an injector nozzle, an atr

chamber against which the piston expends its |

energy, an unobstructed pipe or passage be.
tween the.injector nozzle and air chaunber,

“an inlet for water and u discharge. | : en _
© 47. In an apparatus of thie ncmed type. | the pipe and rising above 1t.

the combination of an expansion chamber, a
body of fluid in the expansion chrmber act-
ing as a piston, an injector nozzle, an air
chamber against which the piston expends
its energy, a drive pipe, the exit or nozzle of
the drive pipe projecting into the air cham--
ber, and a discharge froin the air chamber.

-48. Tu an apparaius of the named type, | chamber adjacent to the submerged

. 956,677

( the compination of an cxplosion and expan-

o — A W ETE o e S B S

intreducing successive increments ef air into ;
both of the chambers. o -
- 42. Tu an apparsius of the named type 1n.
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sion chamber, a hody of liquid in the cham-

her acting as a pisten. a submerged air cham-

‘her connecterdd with the expansion chanber
iy

against whicll the Hquid piston expends its

energy and a discharge from the ar coam-

49. 1n an apparatus of the named type, m

combination an explosion chamber. a stub-
- merged expansion chamber and a well casing
forming a discharge pipe, an ar ciramber

within the well casing 1 free cormmunication
water. |

50, In an apparetus’ of the named type,

with the expansion chainber and an inlet for

the combinution of an explosion and expan-

-

80

sion chamber, a body of material therein to

set as a piston, an air chamber connected
with the expansion chamber against which
85

the piston expends its energy, a discharge
from the wir chamber, the alr chamber and

the dizcharge being suitably connected and

arraneed to permit a volume of air being
displaced from the air chamber into the dis-
clinrve by the piston, B

a1, In an apparvatus

for ralsing or moving

L) .
S

euid, the combination of a pipe or the like

adapted to conduet the liquid te be moved,

mieans 10 Introduce a resilient fluid mto the
liquid in the pipe, means acting subsequently

to the last mentioned nieans to accumulate

‘pressure greater than that in the pipe and

means to introduce and apply a resilient

fluid at a prossure greater than atmosphere =
100

to compress the lower portion of the fluld 1n
the pipe. “ ' L

52. In an apparatus {or raising or meving

liquid, the combination of a pipe or the Iike

adapted to conduct the liquid to be moved,
105

means adapted to introduce a resilient fliad

into the pipe with the liquid, an explosion

chamber communicating with the pipe in

such manner that pressure therein 1s ex-

erted upon the fluid in the pipe, a container
connected with the chamber and means to
effect pressure in the container greater than

that in the
introduced. - .

53. In an apparatus of the named type,

the combination of an explosion chamber,‘_

‘mears for intreducing fuel thereinto, an ig-

siiter, a pipe of relatively small diameter ex-

tending from the explosion chamber ar-

ranged and adapted to be submerged be-

neath the surface of water, and an expansion

54. in an apparatus of the named type,
‘the combination of an explosion chamber,
ineans for introducing fuel thereinto, an 1g-

nniter, a pipe of relatively small-«hameter ex-

pipe whereby a resilient charge is

115

120
charnber adjacent to the submerged end of

125

tending from the -explosion chamber ar-

ranged. and adapted to be submerged be-
ceath the surface of water, an expansion

end of

130
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