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To all ulcom it may concern: and an application for an apparatus of the 
Be it known that I, WILLIAM H. SMYTH, same general type provided with submerged 

mechanical engineer, citizen of the United valves filed October 13, 1902 under the title 
States, residing in the city and county of of "Utilizing heat energy,” Serial No. 
San Francisco and State of California, have 127,173. 
invented certain new and useful Improve- Besides its peculiar desirability in the 
ments in Apparatus for Utilizing Energy present form, the omission of valves is de 
Derived from Explosions; and I do hereby sirable in any pump and ?????????? valves 
declare the following to be a full, clear, and beneath the water. Such location renders exact description of the saine. valves subject to disarrangement by gravel, 

In the new type of device for the utiliza- etc., and also makes them difficult of access 
tion of explosive energy to which the present or repair. Fortunately the qualities which, 
invention relates, conditions are present, under the circumstances of the present dis 
which nake it desirable to eliminate to the closure, renders the presence of valves pecul 
greatest extent possible, mechanically oper- iarly undesirable, provide also, conditions 
ated or metallic moving parts. As one of the which render them unnecessary. That is to 
fundamental objects of this type of appara- say, the incompressibility and inertia of 
tuus is to transform and store up in a form water may be utilized by proper mechanical 
available for use at will, energy derived provisions to take the place of valves. Fur 
fron successive explosions within the period ther, as the operative functions in this device 
of tine occupied by heat conduction through occupy such short spaces of time, the inter 
metallic walls; it is apparent that if mechan- vals between successive impulses are in a 
ical or metallic moving parts be employed in sense waste time, or at least, a failure to 
the operative functions, these parts will be fully realize the mechanical capability of the 
connpelled to perform their functions at ex- apparatus. e 
treme speeds or in periods of time measur- Another object therefore of the present 
able only in small fractions of seconds and invention is to provide such a construction 
consequently under adverse conditions. as will permit the operative impulses to foll 
Again, as the material selected in the present low each other with the greatest possible 
expression of the invention, as the medium rapidity. 
through the movement of which explosive These and other objects, more readily 
energy is transformed, namely a water pis- understood from a description of the ap 

paratus and its operation than from a mere 
general statement, are accomplished hy the 
devices illustrated in the accompanying 
drawings Referring to these drawings:-Figure 1 is 
a sectional elevation of the upper part of 

to illustrate the invention is for lifting or the apparatus. Fig. 2 is a similar elevation 
moving water, the mechanical devices to con- of the lower or ??????????? part. 
trol the operative functions and the move- 1 represents an explosion chamher pro 

compressibility and inertia or mass in a high 
degree, it is desirable that the apparatus 
be so constructed as to present the least pos 
sible obstruction and deviation in the path 
of its motion. As the apparatus used herein 

nient of the material operated upon natu- vided with an inwardly opening valve 2, also 
atly would take the form of valves. The de-, fuel controlling and introducing devices and sirable elimination suggested would conse- an igniter all of which will be more fully 
quently be the omission of some or all of the described hereinafter. A pipe 3 of com 
water controlling valves. This therefore may paratively small diameter extends from the 
be stated to be one of the olbjects of the pres- lower part of the explosion chamber 1 down 

wardly inio thelwelfor otter source of water 
As further illustrating the extent and supply. It may be provided with a non 

scope of the invention underlying the con- conducting coering. This is illustrated in 
struction herein set forth, reference is here the drawings ???s à ??écond pipe of somewhat 
made to application filed October 13, 1902 larger diameter starounding it, making an 
for a new nethod or process under the title a ?? ? ? ??? annular air around pipe 3 the whole of 
of utilizing heat energy, Serial No. 127,172 its length. Surrounding the pipe 3 is an 
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other pipe 4 of considerably larger diameter 
forning an air space or chamber. The up 
her portion of this air-chamber may wholly 
inclose the explosion chamber 1 or partly, as 
shown in the drawings. At the lower ex 
tremity of the air chamber and preferably 
forming a continuation thereof is a length of 
pipe 5 which I designate a drive pipe. It is 
preferably of a diameter somewhat sin aller 
than tle air chaniber. Below the drive pipè 
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 is with a non-conducting covering. 
Pipe 6 is preferally of snailler diameter 
than pipe 5. Its lottom is near the bottoll 
of pipse 3. The apper edge of pipe 6 i? adl 
jacent to the lower opening of pipe 5 leav 
ing an annular space between the two pipes 
as an entrance for water. This part may be 
made, as illustrated, to constitute 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 5 and the air 

chamber 4 is a somewhat peculiar device 8, 
which I term a splitting nozzle. It is pref 
erably of annular form and concentric to 
the various pipes mentioned. Its internal 
diameter is smaller than the pipe 5 and ap 
proximates that of pipe 6. Its lower partis 
chamfered or sharpened inwardly to its 
smaller diameter, to present an annular 
splitting edge 9 to a body of water flowing 
upward through pipe 5. The upper part of 
8 is formed with a concave or recurvedl siar 
face 10 forming a splitting inner edge and 
an upwardly curved outer edge. For con 
structive convenience, the splitting lozzle is 
made to serve as a coupling between tle pipes 
4 and 5 as shown. An opening 1Î is pro 
vided at the upper end of pipe 5 and all 
opening 12 at the lower end of pipe 4 re 
spectively on each side of the splitting nazzle 
8. These openings are shown as holes ar 
ranged around their respective pipes. 
A pipe or casing 13 surrounds and incloses 

the already mentioned pipes und Serves botl 

cases, it may, as shown in the illustration, 
be the well casig. Its upper end I, ay be 
provided with a head 14 having a discharge 
opening or elbow as shown. This head 14 
muay forii a base (or support for the already 
describec construction as shown in Fig. 1. 

It is a convenient nethod to have the air 
chamber with its described attachments pro 
vided with a separate flage 15. The ex 
plosion, chamber 1 and pipe 3 also should be 
independently attached. IBy this construc 
tion which is clearly shown in Fig. 1, the 
varios pipes etc., which are within the cas 
ing are leadily and separably removable, a increasing space 
matter of some practical importance. 

as a supply and a discharge pipe. In some 

936,677 

As the cycle of this device is not essen 
tially dependent upon any particular heat 
generating means, it will, I think, conduce 
to clearness to describe its operation before 
describing in detail the means which I pre 
fer to employ for producing and igniting 
vice placed in position, its lower end sub 
merged to some distance below the water 
level, the following conditions will exist:- 
Water will have entered through the in 
jector nozzle 7 and by its flow cut of the 
air bclow, contained in G, fro) the air above 
the water inlet. The air in 6 will be forced 
downward ahead of the inflowing water and 
compressedli šo tie pipe 3 and chamber 1 
in proportion to the submergence. The 

| watêr will also have risen in the device 
aid compressed the air in the air channber 
to the pressure due to the submergence. If 
now suitable hydro-carbon or other fuel be 
introduced into the clauber 1 in suitable 
volume to form with the air therein an ex 
plosive mixture and this be ignited, the 
following described effects will ? place:- 
The inflaming gases will expand with ex 
plosive rapidity, travel down the pipc3 
iriving the air therein before them and dis 
place the water in 6 and drive it with great 
velocity into 5 putting the water therein 
also into motion of high speel, constituting 
tle water in 6 and in 5 a water piston of 
comparatively small Inass. The upward 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 velccity due to the combined effects 
of the injector principle and gravity. The 
uprushing watci in 5 encounters the splittin 
lozzle 8 and a large amount of it : 
and deflected outward throtigh the openings 
11. The remaining annular core continues 
upward and expends the energy and kinetic 
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. In its down 
ward flow, this current meets the concave de 
flecting surface 10 and is thus deflected out 
ward and upward assisted and accelerated 
by the direct action of the upflowing water 
separated by the lower splitting edge. The 
expanding gases in 1 drive and follow the 
up?lowing water in 6 and 5 till the expan 
sion pressure falls to or below atmospheric 
and atmospheric air sweeps into 1 down 
through 3, up theE. 6 and 5 into the still 

rom which the water has 
been and is being displaced. Thus this space 
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aperture at due to the head and its ac 
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is filled with air at airiospheric pressure. 
Water still continues to enter, through the 
quired kinetic inertia assisted doubtless by 
the uprisining atmospheric air. The effect 
of explosive energy having be exi' (led 
and the irishing water piston having been 
arrestel by the resilient cashion of the air 
chamber, a reaction row takes place. The 
ressiiience of the air in the air-ch: Il ser forces 
the water therein downward through the 
nozzle 8 into 5. The splitting action of the 

... upper surface of S separates and deflects it 

15 
portion of it outward and upward. At this 
time in the drive pipe 5 tiere is an ip 
wardly ascending annular body of water 
surrounding a core of atmospheric 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 compressed back into 3 and 1 to a 
degree of compression connensurate with 
the energy of the reaction. The valve 2 of 
The proportion of the chamber 6 is such 
that no water enters the pipe 3. Again a 
highly unstable equilibrium of the contend 

30 
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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 5 is rapidly ascending with the 
water still flowing in by gravity and kinetic 
inertia through the entrace. At this in 
stant, another charge is ignited and the cycle 
repeated. 

will thus be seen that a violent, but con 
trolled, surging or pendulum like (scillation 
of the water piston takes place, alternately 
against the resilient cushion of the air-chant 
ber and the resilient air cushion in the 

course closes as the first effect of tie reaction. 

charge chamber. This is a most highly de 
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sirable condition as the piston alternately 
gives and receives energy with practically 
no loss. Thus the increments of energy due 
to explosive action is wholly liberatel to ef 
fect the upward movement of the water in 
the casing. This upward novelinent, y the 
form of the apparatus, is facilitated and 
backward movement is made to react also 
in an upward direction. There is thus ef 
fected a continually ascendirig fit ow of water 
in the casing against which the whole force 
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water beneath the chamber 5. 

of the explosive impulses is expended. I in 
consequence of the small mass of the water 
piston, relatively to the water in the well, it 
is put into violent upward notion with 
practically no backward disturhance to the 

It will be ho 
ticed also that with each explosive impulse, 
a large volume of air is inidiced to enter the 
upflowing water. A portion of this air finds 
its way is to the air-chanley. The water 
therein will this he displaced til the vel 
of the air in the air-chaber is down to the 
apper edge of the opening 12. Thereafter 

at every impulse, a volume of air will enter, 
and a like volume displaced from the air 
challer and forced upward into the annu 
lar space between the air-chamber 4 and cas 
ing 9 by the water split from the ascending 
strean in drive pipe 5. This increment of 
air of course reduces fle gravity of the as 
cending colnin and renders t le 'olun re 
silient and this adds to the capacity of the 
air-chamber for absorbing the energy of ex 
plosion without shock to the apparatus. It 
may also be observed that in consequence of 
the non-conducting covering to the pipes 3 
and 6, the het gases do not conte in contact 
with any surfaces cooled by the water of the 
well till they have expanded down to a coin 
paratively low temperature. As these air 
spaces around the pipes may be in free com 
munication with the air-chamber. any heat 
which is conveyed through the walls will 
reappear in work by expanding the air in 
the air-chaiber. The arrangement of the 
expansion space 6 in relation to the pipe 3 
avoids any change in direction of the inert 
and incompresible vater piston, the un 
avoidable change of direction being trans 
ferred by this constructic from the piston 
to the inore fluid and resilient element, the 
expanding gases and air. 
As stated heretofore the introduction of 

air into the ascending collinn, adds to the 
capacity of the air chaliber, that is to say, 
it serves with the air chainber 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 is left largely 
to the judgment of the constructor, guided 
by the circumstances of the situation in 
which the invention is to be operated. It 
niay be stated in this connection that under 
sºome circunstances, it will be found that 
the resilient column of the discharge water 
vill give all of the cushion that is necessary 
t’) the effective working of the device so that 
under stich circunstances, the air claimber 
may be entirely dispensed with. It may he 
found desirable when operating the device 
nnder these latter conditions to provide some 
simple means such as a hand air pump to in 
ject air into the coluinn during the first few 
impulses in order to start the 'olunt into 
otion and rendier it. sufficiently resilient to 

perforin its function as a cushion. So that 
when the term air chamber, resilient cushion 
of the like explosions are used herein, they 
are to be it inderstood to Jean either the ii 
closed clan:ber containing air or merely the 
air or other gas introduced into the water or 
ti: large pipe il such for as “to cushion 
the explosive blow. . 

It should be understood that the descrip 
tio here:tofore, of the action of the gases and fluids during the operation, will vary 
with the proportion which the air chamber 
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bears to the resilient column and with other 
variable factors, such as subtiergence, head 
and position of explosion chaniber with lef 
erence to the expansion chamber, etc. It 
however ay be stated with certainity tlat 
in a devicetilt in accordance with this in 
vention, fie explosive gas will expand în 
proportion to the lesisiance to be overconle 
and a volume of water proportiolate to the 
work expended by the expanding ga. Es, will 
issue frcial the disclaige aperture. 
Returning low to constructive detail; in 

Fig. 1 is represented a simple and effective 
meals for introducing liquid hydro-carbon 
into the explosioi clan-i ili the for of 
spray or vapor, and an igniting device for 
inflami:g the resulting mixture. The par 
ticular object in view in this form of intro 
ducing device is that the fuel shall not be 
permitted to enter the explosion chanibor 
except when the valve 2 is ciosed and further 
that it shall cominence to enter ractically 
similitaneously with the closing of this 
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valve. Thesc reqtirects look towa'il 
that other and more fundaneta (rict 
already ire ferred to of curtailing the interval 
between the explosive impulses to its short 
est possible duratio. With these purpose? 
in view, the valve 2 is itself adde to control 
the time for the admittalice of the vaporous 
fuel. This is accomplished by providing a 
longitudinal passage 16 in the stem of the 
valve 2 opening inwarily to the explosion : 
chamber and outwardly to the perihey 
of the valve stem as slhown, This passage 
is provided with a suitable check valve, 
shown as a ball valve 17 closable by pressure 
within the chamber 1. A circumferential 
groove 18 is provided in the valve stem guide communicating with passage 16 oily 
when the valve 2 is closed. A passage 1) 
communicating with groove 18 is alsc pro 
yided. This passage is preferably controlled 
by a valve 20 as shown A mixing or vap 
orizing chamber or passage 2i is provided 
communicating with passage 9 at also 
with a source of air pressure and a liquid 
fuel supply by suitable valve controlled 
passages. In the form shown, tie vaporiz 
ing chamber 21 is connected by a pipe con 
t led by a valve 22, with an air tight fuel 
tank 23. It is also connected with the air 
chamber by a passage controlled by a valve 
24 shown as a plug valve in section. The 
fel talk is connected albove the level of the 
fuel with the air cºlhamber by a pipe or pas 
sage 25 controlled by a non-retiri valve 26. 
I have indicated an igiting. device as con 
sisting of a thin sheet or piate 27 covering 
an aperture in the wall of the explosion 
chaniber. Means for heating plate 27 are 
represented as a Bunsen burner 28 arranged 
to project a flane upe the plate 2?. It 
might be noticed that the valve 2 is provided 

valve stem to adjust the tension of the 
? The operation of this portion of 
the device is as follows:--It should be under 
stood that the pressure in the fiel tank 23 
is equal to the highest pressure attained in 
the air-chaber, which during the operation 
of this device is higher than the pressure in 
claimler xeept dirig the period of ex 
ole sie in. ( ) f curse when starting up. for 

i tle first inne, or in the event of the pressure 
in 23 escaping, fron any cause, it could be 
'el (wed by any of the ordinary means as 

: for example, a land air pump. Assumin 
thei pressie in 23 and the plate 27 heated, 
the device may be started by merely openin 
the valve 2?). This permits liquid fuel an 
air fre un tle tak to escape into the passage 
21.: ild be tiere vaporized, and so on through 
passage 19 and passage 16 to the chamber 1 
where this rich vapor is mingled with the 
air til the combined mixture reaches explo 
sive conditions. It is ignited by contact 
with the hot plate and an explosion results. 
The excess of pressure in chamber 1 causes 
is eretofore described operations of the device 
takes place. As soon as the pressure reaches 

consequently shuts off the supply of fuel 
vapor until the valve 2 is again closed in the 
performance of its more direct function, 
when fuel is again admitted and the various 
operations which have been described are 

: repeated indefinitely, ss 
It will be observed that in the operation of 

this device, certain novel, interesting and 
valuable conditions and functions are pres 
ent and utilized. The first and most strik 
ing is the pendulium like or surging action of 
the water piston in its unrestricted recipro cation against oppositely disposed resilient 
cushions. This utilizes and makes practi 
cally effective a conditicn in which bodies of 
large Inass may be kept in motion with a 
mininuin expenditure of energy, thus is 
brought about a condition in which practi 
cally the whole of the explosive increment of 
energy is liberated for the accomplishment 

the mechanical efficiency of the transforming apparatus to practically theoretical perfect 
|tion. Another condition is that involved in 
the fact that the path of the water moved is ractically without change of direction. 
From a practical point of view also, the 
valveless character of the device is impor. 

| tant. As therefore this disclosure intro 
duces in usefui a expression such broadly 
novel principles, functions and effects for the 
utilization of the energy of explosive action 
and their application to the raising and mov 
ing of water, it is not desired that the inven 
tion be limited to the forms, proportions or 

i of the parts as herein illus 
trated or any paricular mechanical expres: 

the valve 17 to close the passage 16, and the 

that of atmosphere, the valve 2 opens and 
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sion thereof, but I desire to claim the inve?t. 
tion or inventions herein, in the broadest 
manner as a pioneer invention. 
What I clain is:- 
1. 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 uncon 
trolled çommunication there with. said chain 
bers being of suitable character to contain 
an elastic fluid, means for introducing into 
one of said chanbers fufl 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 in the 
drive pipe and in 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 uncr. 
trolled communication therewith, said chann 

20 

25 

bers being of suitable character to contain 
an elastic fluid, means for introducing into 
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 charge. 

3. 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 uncon 
trolled communication therewith, said cham 

30 bers being of suitable character to contain an 
elastic fluid, means for introducing into one 
of said chambers fuel and commingle it with 

s 5 

40 

the fluid therein to form a succession of ex 
plosive charges, means to ignite the charges, 
and a freely movable body acting as a pistyn 
in the drive pipe and in advance of the 
charges. 

4. 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 uncon 
trolled communication therewith, said cham 
bers being of suitable character to contain an elastic fluid, means for introducing into one of 
said chanbers fuel to form a succession of ex 
plgsive charges, means to ignite the charges 

... and liquid acting as a piston in the drive pipe 
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in dyance of the charges 5. In an apparatus of the named type, the 
couhination of an explosion chamber, an 
expansion chamber, an unobstructed pipe or 
passage of relativey small diameter con 
necting the two chambers, and a freely mov 
able bidly in the expansion chamber acting 
as a piston. 

6. In an apparatus of the named type, the 
combination of an explosion chamber, an 
expansion claimber, an unobstructed pipe or 
passage of relatively, small diameter con 
itecting the two chambers, a drive pipe, an 
air-chamber, the drive pipe and air-chamber 
being in free and uncontrolled conununica 
tion with the expansion chamber and a 
freely no vable body in the expansion cham 
her acting as a piston. - 

65 7. In an apparatus of “he named type, the 

t:onbinatiof of an explosion chamber, zer: 
expansion cl'amber, an unobstructed pipe or 
passage of relatively, small diameter con 
necting the two chambers and liquid in the 
expansion chamber acting as a piston. 

8. In an apparatus of the named type, the 
' expansin chamber. an unobstructed pipe cr 
passage of relatively, small diameter con 
necting the two chambers, a drive pipe, an 
air-chanber, the drive pipe and air-chain 
ber being in free and uncontrolled communi 
cation with the expansion chamber and liquid in the expansion chanber acting as a 
piston. 

9. In an apparatus of the named type. the 
eombination of an explosion chaniber, an 
avpansion chamber, an unobstructed pipe 
ar passage of relatively small diameter con 
necting the two chambers and means for 
introducing liquid in the expansion cham 
ber to act as a piston. 

10. In an apparatus of the named type, 
the combination of an explosion chamber, an expansion chamber, an unobstructed pipe 
or passage of relatively snial diameter ei 
necting the two chambers, a drive pipe, an 
air-chamber, the drive pipe and air-chain 
ber being in free and uncontrolled communit 
cation with the expansion clamber and . 

|???????? 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 expansion chamber, an unobstructed pipe 
or passage of relatively small diameter con 
necting the chambers, means for introducing 
into the explosion chamber air and fuel and 

| ??????????????? them to form a succession of 
||???: charges, means to ignite the charges and of a freely movable body acting 
as a piston in the drive pipe in advance of 
the charges. 

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 
necting the chambers, means for introducing 
air into the explosion chamber, means for 
introducing fuel into the explosion chamber 

|???? commingling it with the air therein to form 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. 

13. In an apparatus of the named type, 
the combination of an explosion chamber, 
an expansion chanber, an unobstructed 
pipe or passage of relatively small diameter 

|:???????????? the two chambers, and an in 
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jector device for introducing liquid, between 
the expansion chamber and drive pipe. 
the combination of an explosion chamber, 
an expansion chamber, an unobstructed pipe 

14. În an apparatus of thenamed type, 
30. 
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or passage of relatively small diameter 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 freely movable 21. In an apparatus of the namel type, , , 
body in the expansion chamber acting as a the conubination with an explosion ?????????? 
riston and a splitting, nozzle between the having a suitable igniter, an expansion cham 
expansion ciamber a d drive pipe. ber, an air chamber, means for admitting 

15. In an apparatus of the named type, water thereinto, a fuel tank suitably con 
the combination of an explosion chamber, an nected with the air chamber whereby the 75 
expansion chanuber, an unostructed pipe or pressure therein forces iiquid fuel into the 
passage of relatively small diameter connect- explosion chamber to form an explosive mix 
ing the two chambers, a drive pipe and an tire therein. 
air-cluamber, the drive pipe and air-chamber ; n. 22. In an api; ratus of the manued type, . being connected by a splitting nozzle and the combination of an explosion chaniber, 
liquid introduced in the expansion chamber an expansion chanber, an unobstructed pipe 
acting as a piston. or passage of relatively sinai diameter cor 

16. In an apparatus of the named type, necting the two chambers, a drive pipe, Jin 
the combination of an explosion chamber, an-air-chanber, the drive pipe and air-chanier 
expansion chamber, an unol structed pip? being connected by a splitting nozzle pro- 85 
passage of relatively small diameter connect- vided with a splitting top and bottom 2dge 
ing the two chambers, a drive pipe, all air- and a curved detecting ipper surface and 
chamber, the drive pipe and air-chamber liquid introduced in the expansion chamber 
being in free and uncontrolled conii linica- acting as a piston. 
tion with the expansion chamber, means for 23. In an apparatus of the named type, 90 
introducing liquid in the expansion chain. the combination of an explosion chamber, an 
ber, and a discharge pipe. . expansion chamber, an unobstructed pipe or 

17. In an apparatus for applying energy passage of relatively small diameter pro 
derived from explosion, the combination, vided with a non-conducting covering, con 
with an explosion chamber of means for necting the two chambers and liquid in the 9. 
admitting an explosive charge thereito. expansion chamber acting as a piston. 
means for igniting said charge, an exp:Ln- 24. In an apparatus of the named type, 
sion chamber located beneath the surface of the columbination of an explosion chamber, 
the water, having an aperture directed sub- an expansion chamber, an unobstructed pipe 
stantially in the direction of desired ?low or passage of relatively small diameter con 
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 chaunter, j bety'een the air chamber and drive pipe. 
an expansion chamber, an unobstructed pipe with an opening above it from the air cham 
or passage of relatively small diameter con- ; ber and an opening below it from the drive. 105 
meeting the two chambers, a freely opening pipe. . . valve in the explosion chanoer for the ad- | . In an apparatus of the named type 
mission of air provided with a substantially the combination of an explosion chamber, 
central opening for fuel to form an explosive an expansion chamber, a nobstructed pipe 
charge, means to ignite the charge and liquid or passage of relatively small diameter pro 
in the drive pip: acting as a piston. vided with a non conducting oyering, con 

19. In an apparatus of the named typ', necting the two chambers, a drive pipe, an 
the combination with an explosion chamber, injector nozzle located between the expan 
an expansion chamber, an unobstructil pipe sion chamber and drive pipe foraditting 
or passage of relatively small diameter co- liquid, an air chamber connected with the necting the two chanbers, an inwardly open- drive pipe by a splitting nozzle, an inwardly 
ing vive in the explosion chamber for the opening valve in the explosion chamber for 
admission of air provided with a tension de-, the admission of air controlling a passage 
vice and means for adjusting the tension of | for the almission of fuel, an igniter anda 
said device, means for introducing fuel into discharge pipe. . . . . . ... 2 
the explosion chamber and commingling it 26. In apparatus of the named type, the 
with ? air therein whereby a succession of combination of an explosion and expansion 
explosive charges are formed, means to ig- chamber, a body of material in the expan 
nite the charges and liquid in the expansion sion chamber to act as a piston, an air chain 
chamber acting as a piston. ber against which the piston ei, pends its 20. In an apparatis of the named type, | energi, a splittig nozzle in the páth of the 
the combination with an explosion charibier | piston, i a pipe to receive the material 
an expansion chamber, an unobstructed pipe E. from tlh: e.pansion chas ramber. . . . .' . - 
or passage of relativey smal diameter con- 27. In an upp: ratus of the named i type, 
necting the two chambers, a drive pipe con- the combination of an explosion and expan 
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sion chamber, a body of islaterial in the ex 
pansion chamber to act as a piston, and an 
air channber against which the piston ex 
pends its energy, an injector nozze, i split 
ting nozzle in the path of the piston, a drive 
pipe interposed between the injector and 
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 
connlination an explosion and expansion 
chaniber and means for introducing wate: 
thereinto, a free piston in the expansion 
claimler, anel, a resilient cushion against 
which the piston expends a portion of its 
elergy; an annular nozzle in the patin of the 
piston arranged to permit the passage of the 
piston there through and deflect water ac 
companying the piston laterally and a pipe 
adapted to receive the defiected water. 

2:... In an apparatus of the named type in 
combination van explosion and expansion 
chamber and neans for introducing water 
thereinto, a free piston in the expansion 
chamber, and a resilient cashion against which the piston expends a portion of its 
energy: an annular nozzle in the path of the : : :e'einto ti i for an explosive charge, means piston arranged to permit the passage of the 
piston therethrough and deflect water ac 
coil panying the piston laterally and a pipe 
adapted to receive the deflected water and 
means for introducing a resilient fluid into 
the water in the pipe. 

30. In an apparatus of the manued type, 
the cinabination with an explosion charibor 
ber, neans for admitting water thereint1, an 
air chamber in the path of the water ex 
pelled from the expansion chamber, a dis 
charge pipe, a ü???????????????? opening froin the 
expansion chamber and a discharge opening 
from the air chamber for the exit of fluid 
respectively from these chanbei's to tie dis 
charge pipe. 

31. In an apparatus of the named type, 
the combination of an explosion chanier, 
means for introducing fiel thereint). an 
igniter, a pipe of relatively small diameter 
extending from the explosion chanbir ar 

50 ranged and adapted to be submerget beheath 
the surface of water, and an expansion lam 
ber inclosing the submerged end of the pipe 
and rising above it. 

32. In an apparatus of the named type. 
55 the combination of an explosion chamber, 

meahs for introducing fucl tihereinto, an 
igniter, a pipe of relatively small diameter 
extending from the explosion chamber ar 
ranged and adapted to be submerged beneath 

60 the surface of water, an expansion chainber 

A? tained air 

inclosing the submerged end of the pipe and 
rising above it, and an air chamber associ 
ated with the expansion chauber to receive 
the impact of the explosion upon its con 

33. In an apparatts of the named type, 
the con bination with an explosi's charibar 
having a sluitabile igniter, an ex cansion t'ha n 
her, means for admitting wat er bereinto, is 
air chamber, a fue tank and means º main 
tai pressnre in the fuel tank higher than 
the normal pressure in the air chaliber. 

34. In an ap;iu ratur, of ti e }}; iiii: i : } K, thi: 
combination vith ai explosio ad epin 
sion chamber lia ving a suiitable igni í er, 
means for admitting water i Jereint«), a II air 
chamber. a fitei talk connectei viti the fir 
ºh: herby a valve controlied bitsage. 

35. In apa api ia ratus of th: anied ty the 
:onbin:tiin with in explsi: anei 'Y;4n 
sio 'lauler. iivas f) r, icig fº 
thereint () to fºrni a 1 explºysive cº,:rge, means 
for compressing the charge prior to ignition, 
an air erannher inci a freely novable rªdy of 
interial at ing as a pisi à interpºsed be 
twee the expansion chamber at the air 
chamber, a hot-surface-igiiter to the ex 
slosion chaiiber and means for heating the 

igi liter. 
26. Il nua a la rasts of te na med type, the 

collinatic witi an explosio: and expan 
si : :li: niver. Ineas for intro:leirg fel 
for compressing the charge prior tc: ignitican, 
: 1; air ch:inlber : T: (i a bonly of liquid acting 
as a vist on i 1??rposed between the expansion 
chanber an“ í the air chamber, a hot-sirface 
igniter to the expision chamber and means 
for heating the igniter. 

37. in an apparatus ºf the mand type. the 
having a suitable igniter. an expansion chai:- cynihination with iiii explosion and extant sion chamber. neans for introducing fuel 

thereinto to form an explosive charge, means 
for compressing the charge prior to ignition, 
an air chamber aid a lody of litid arting 
as a piston interposed between the expansion 
chamber and the air chamber. a hot-surface 
igniter to the explosin chamber and means 
for it'ating the ignitier, and a discharge pipe. 

3s. In an apparat is of the nannel type, in 
comination. an explosion chamber and a 
freely movable ioctly of material acting as a 
ist u. an air valve opeling i;ward to t 

mospheric prestire. a fuel supply and a 
passage therefrom comunicatig with the 
explosion chamber and controlled by the air 
valve. ... " 

39. In an appa l'artis ºf the nanied type, in 
combination, an explosion (lanuvLr a:d a 
body of liquid acting as a pistoi, an air 
valve opening inward to at a sleiit" pres 
sure, a fuel supply ania passage ther from 
communicating with the xplosioi chamber 
and cui rolled by the air yalve. 

40. Ini an apparatis (of the nanel type, im 
combination an ex-losion chamber ????nd a body of liquid artig as a piston. Ilmu air 
valve opening invari to at ilospheric pres 
sure, a fel supply and a passage therefrom 
communicating with the explosion chanber 
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and controlled by the air valve, and a dis 
charge pipe. - 
4. In all apparatus of tie named type in 

eonbinati)a, a pipe, an air chamber at each 
of its extremities forming a resilient cush 
ion, a body of liquid in said pipe, nueans for 
introducing fuel into one of the chambers 
to form a succession of explosive charges and 
means for igniting the same and means for 
introducing successive increments of air into : 
both of the chaniers. 

42. In an apparatus of the named type in. 
combination, a pipe an air-chanber at each 
of its extremities forning a resilient cush 

i ion, a boy of iiquid in said pipe, means for 
introducing fuel into one of the chanbers 
to form a succession of explosive charges and 

25 

30 

sion chamber to act as a pistor, an injector 
35 

40 

charge for water. 

means for igniting the same and means for 
introducing and discharging successive in 
crements of fluid. - 

43. In an apparatus of the named type in 
combination, a pipe, all air-chamber at each 
of its extremities forming a resilient cush 
ion, a body of liquid in said pipe, ineans for 
introducing fuel into one of the chanubers 
to form a succession of explosive charges and 
means for igniting the same and means for 
introducing and disciarging successive in 
crements of fluid and an inlet and a dis 

44. In un apparatus of the naned type, 
the combination of an explosion and 2xpan 

nozzle, 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 tie nained type, 
the combination of an explosion and expan. 
sion chamber, a body of fluid in the expan 

45 

sion chamber acting as a piston. un injector 

sion chamber, a body of fluid in the expan 

nozzle, an air chamber against which the pis 
ton expends its energy, an unobstructed pipe 
or passage livet ween the injector nozzle and || 
air chamber, an inlet for air an inlet for 
water and a discharge. 
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46. În an apparatus of the manied type, 
the coulbination of an expansion claimber, a 
body of fluid in the expansion chamber act. 
ing as a piston, an injector nozzle, an air 
chamber against which the piston expends its 
energy, a un obstructed pipe or passage be. 

be'. 

the comoination of an explosion and expan 
sion chamber, a body of liquid in the cham 
ber acting as a liston. a submerged air cham 
bar connected with the expansion chamber 
against which the liquid histon expenus its 
energy and a discharyre from the air enam 

49. ln an apparat is of the named type, in 
cabinatin an explosion chamber. a sib 
nerged expansion chamber and a well casing 

| ferining a di?'harge pipe, an air cihamber 
within the well casing a free coramunication 
with the expansion claii;ber and an inlet for 
vv?:a tea". 

30. In an apparatus of the named type, 80 
tle combination of an explosion and expan 
sign chamber, a body of material therein to 
act as a piston, an air chamber connected 
with the expansion claimler against which 
the piston expends its energy, a discharge 
frozin the air clihamber, the air chamber and 

85 

the discharge being suitably connected and 
arranged to permit a volume of air being 
tlisillaced from the air chamber into the dis 
clarge by the piston. - 

51. In an apparatus for raising or moving 
liquid, the combination of a pipe or the like 
adapted to con?tlet the liquid elemoved, 
negns to intro-tíuce a resilient fluid into the 
liquid in the pipe, leans acting subsequently 
to the last, nentioned means to accumulate 
pressure greater than that in the pipe and 
means to introduce and apply a resilient 
fluid at a pressure greater than atmosphere 
to compress the lower portion of the fluid in 
the pipe. 

52. In an apparatus for raising or moving 
liquid, the combination of a pipe or the like 
adapted to conduct the liquid to be moved, 
means adapted to introduce a resilient fluid into the pipe with the liquid, an explosion 
chamber communicating with the pipe in 
such manner that pressure therein is 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 pipe whereby a resilient charge is 
introduced. . . 

53. In an apparatus of the named type, 
the combination of an explosion chamber, 
mears for introducing fuel thereinto, an ig 
iiiter, a pipe of relatively small diameter ex 
tending from the explosion chamber ar 
ranged and adapted to be submerged be 

tween the injector nozzle and air chainber, leath the surface of water, and an expansion 
an inlet for water and a discharge. 

47. In an apparatus of the named type. 
the combination of an expansion channher, a 
body of fluid in the expansion climber act 
ing as a piston, an injector nozzle, an air 

its energy, a drive pipe, the exit or nozzle of 
the driye pipe projecting into the air charn 
ber, and a discharge froin the air chamber. 

* 48. II, au apparatus of the named type, 

chamber against which the piston ? 

chamber adjacent to the subtlerged end of 
the pipe and rising above it. 

54. in an apparatus of the named type, 
the combination of an explosion chamber, 
ineans for introducing fuel thereinto, an ig 
initer, 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, an expansion. 
chamber adjacent to the submerged end of 
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