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15
“in the geneletmn of steam and must carry a large
| qufmtlty of weter and must receive careful and intelli-

gent attention at all times, and also to dispense with.:

20
telligent attention. L
It has also been our eb] ect to make the apperetue 111
which our invention ‘may be embodied perfectly safe -
and free frem denger to person or property, even in the

95

~ vapor ehell at all times be preportioned to the demand -

30

erence to the use of the vaporin an engine or motor of

Y
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To all whem it MaAY CONCErn.:

Be it known that we, HAﬁRY M. Porr and HIRAM

PERCY MaxTM, both “citizens of the United States,
and. residents ef the city and eeunty of Hertferd 111_
the Stete of Cennectrcut have invented certain new
. and useful Improvemente in the Generétion of Vepor
‘of which the following is a specification, reference be-
ing had to the eccompenymg drewmg, fermlng a pert._
hereof, o S B
This invention relates to the generetlon of Veper in
the nature of steam, whether the same be reqmred for |

the development of power in a suitable engine or. for
any one of a great variety of other. purposes.

Our primary object has been to dispense with the-__

cumbersome boiler which is commonly used at ‘present

the furnaces and other forms’ of beller heaters now com-

monly employed, whlch also require cereful end in- |
| sion, sinceall of such parts, considered separately, may

. be of ordmery censtruetlen and - arrangement and,
“moreover, since any one of a great Variety of meehen—’i
- 1cal errengemente may be employed 1 the pmctree of
‘our invention, as will clearly eppear hereinafter.
o ‘In said drewmg,——Flgure 1 is a general view of such -
“an apparatus a8 that referred to herein, representing
some of the parts as if in “horizontal section, Whlle

hands of the unintelligent or mechanically unskilful.

Still another object has been to make the practice of’
our invention, -when embodied in suitable mechanical

devices, pmctlcally automatic, so that the supply of

therefor, in whatever manner the vapor may be used.
~ We have develeped our invention with eepecml ref-

some kind, such as are now operated by steam from a
botler or by eucceeewe explosic

‘Explosive engines, of any one of eeverel well knewn

forms also make it possible to drepenee with boilers," |
but, as is well undereteed they aré open to serious
| eb]ectmne the walls of the explosion. chamber become |
‘heated to such a high tempereture that much- of the’
 energy tmneformed into heat is wasted .either by direct

radiation or by ebeerptlen by a water jacket or other

means employed to keep the temperature of the walls -
of the explosion chamber within' reasonable -limits;
whereby the eﬂimeney of the engine or other prlme-: __
- mover 1Is cerreependmgly reduced; furthermere the <}
initial pressure of ‘the-exploding gas.or gaseous mrx-’-‘_'_ |
ture and the peculiarities of tlie expenelen of such gas-
~ or gaseous mixture are such that it is very dlﬁcult,.:
. to convert the preeeure ebtemed 1nto evelleble energy .

_ . - -'-.+.
S

such’ parts. -
_ecele, of-a device which may be employed for the ad-
‘mission of water at the proper instant. SR
In the apparatus chosen for 111uetretlen ef our inven-
“tion and illustrated in the drewmg, a gource of air un- -
~der pressure is shown as an air cempresem comprising
a cylinder A in Wthh a piston A’ is rec1p1eceted by
suitable cennectlene to a crank B’ of a shaft B.

of a suitable gas or
gaseous mixture, elthough we do not intend to limit |
our invention to the development of power, since the
vapor generated may be used for eny one of a grea.t-.
varlety of epe{:lal purposes.. |

this deecrlptmn proceeds,
‘chamber and its co-acting parts would effect the. resuls B
. deen‘ed ‘but in' the form of epperetue shown we prefer
_,the empleyment of two eeparete expleelon chembere
.end their respective: co-eetlng parts,”

oy .

of metwn Wlﬂl eﬂierem:yJ umfermlty and eccureey

Of the two sources
of power steam is therefore generelly preferred and
would be in all cases but for the bulkmese ef the gen-

| erator end 1ts mefrcrency

,I ‘Patented Sept. 10, 1‘9'07_ N

Eh Steem on the eentrery, has vast advantages in a, prime 55
-_'mever by reason of the absence of peculiarities of ex- -
pangion and by reason of the physical quahtlee which
render it adaptable to a W1de range. of uses and con-

trollable with comperetwe ease..
60

‘We have sought to evereeme as far o as poemble the
eb]ectlene Inerdent to the use either of steam or of an

“explosive gas or gaseous mixture, while combining the
| -':edventegee of beth and our invention . eceerdmgly.. |
 conslsts in eertem general feeturee ef cenetruetron as.
',explelned heremefter | | |

6o

For the purpeee ef explelmng our mventmn we heve -

ﬂluetreted in the eccempenymg drawing one form of

“an apparatus in which our said invention may be em-
bodied, no ettempt being made to represent the- parte

of the epperetue in deta,ll ‘O Wlth mechanical preci-

75

80

other parts are repleeented in plen Fig. 2 is an exag- =

‘gerated perspective view of the shaft shown in Fig. 1

and the parts carried by it, ehowmg the relations of ~

Fig. 8-is a detail view, on an enlarged

Ports a a lead from the respective ends of the eylin-

der A to corresponding expleeren chambers C C which

are 1ndepe11de11t of each other. - It will be obvious, as
‘that a single , -explosion

A velve D, h:;wmg by—paeeee a,is errenged to centrel

and close the said ports at the proper | tm:le

§

90

95

100

the perte a a and. is epereted threugh emteble connec- -
I_tmne by an eccentric or cam b on the shaft B, to epen-

- Each chamber C i§ provided with a fluid fuel eup—' 105
ply, fepresented by the pipe E, through which the .



~ to said chamber.

10

chamber at the proper instant.
~water supply and the igniter may be controlled or op-

_proper quantity of fluid fuel, such as a suitable hydro-
“carhon, is delivered at the proper time and in proper
“quartity to form an explosive compound in the cham-

her. A water supply is also connected to the explo-
sion- chamber, being represented in the drawing by a

pipe F through which the requisite quantity of water,”
- preferably in a condition of pulveruatmn 18 delweredr

An igniter, represented at G, which

may be of any suitable. kind, is also provided for the
purpose of producing the explosion in the explosion
The fuel supply, the

" erated by band or by any other suitable means. A

19

“{form of means which may be employed for the supply of

fuel, and for the control of such'supply, is shown 1n Let-
ters Patent of the United States No. 606 425 granted
June 28, 1898 upon the application of the -above-men-

- tioned H. P. Maxim, and to such Ietters Patent refer-

20

ence may be had fora fuller deseription of such means.

Means for the admission of water at the proper instant

- which have been contemplated in the present case arve

29

represenied in detail in Fig. 3 of the drawings, being
merely indicated diagrammatically 1 Fig. 1.

As represented in Fig. 3, the water supply pipe F
communicates with a chamber f which 1n turn commus-

nicates with theé interior of thé explosion chamber C

and receives a plunger f7 whiclis pressed normally to-
ward the explosion chamber and against its seat by a
spring f2. ‘The plunger is bored longitudinally, -as at

30 f3 and is provided with a check valve f* and a spray

nozzle f° A check valve f" is also interposed between
the pipe Fand the chamber £, 'When the explosion takes
place in the chamber C, the spring f? is compressed by

~ the pressure against the face or head of the plunger f”

35

40

45

b0

and a small quantity of water is forced into the bore of.

the plunger and is discharged into the explosion cham-
her as fine spray or in a condition of pulverization im-
mediately after the explosion takes place.
ation of the wmter is as usual in motors of the type ve-
ferred to and need not be further explained herein.
Iach explosion chamber is provided with two out-
lets, one heing: thlough the port ¢/, intermediate cham-
her ¢ and exhaust port ¢ to the open air, while the
other is through a port & to another chambet K.

an eccentric or cam &/ on the shait I3, and the port b 1s

controlled by a valve D? which may be operated by

suitable connections from an eccentri¢ or cam b* on the
shaft BB, said valve having 4 suitable by-pass #/ for'each
port . The chamber K is shown as a cylinder having

- a piston K’ which is reciprocated by suitable connec-

55

tions from a crank 132 of thé shaft B.

common reserveoir IR and are controlled by a- valve D3
which may be operated by suitable connections from

an ecceniric or cam b® on the.shaft B, said valve having

~ suitable by-passes I’.

60
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The mode of operation of the apparatus herembefore
described will now be readily understood. The proper
charge of air under pressure is introduced into one of the

“explosion chambers € and is there mixed with fhe

proper quantity of hydm -carbon from a source of Sup-
ply 1ndicated hy the pipe K, or the explosive mixture
or mmpnund or subq’rqnoe of Wlmtever nature i3 othar-r

865,725

The oper-

The
exhaust port or channel ¢ ¢¥1s ¢ontrolled by a valve D/, |
which may be operated by suitable connections from_-
" stroke.

-ing piston K’ leaves a larger space.

Por is & at the re-
“spective ends of said {y]mdet K communicate with a.

{.

wise mtmduced into the explosion chamber, the port a

being then (luqed by the valve D. The muxture or .

compound or other substance of whatever nature in the

explosion chamber is then exploded by a spark from an

igniter, as at G, or by any other suitable means, an
sunultaneously therewith, or preferably an instant

70

thelecxftel so that the maximum amount of hmt qha,ll '

be generated by the explosion, a proper quantity of
water is introduced into the explosion chamber, 1t he-
ing desirable for the best rasults that the water shall be
in a state of very fine pulverization. The water so intro-

duced is instantly converted 1nto steam and the explo-
‘sion chamber then contains a steam-like vapor composed

of thesteam and the pmduéts of combustion of the hydro-

carbort. The quantlty of water to be introduced will
depend upon the amount of heat developed by the ex-
plosion, and it will be evident that if the quantity of
water be regulated within reasonable limits. not only

will a quantity of steam-like vapor be gencrated and

available either for immediate use or for storage, but

the heat developed by the explosion will be absorbed

75

80

by the water and the loss of heat and consequent-loss of

efficiency through radiation thwugh the walls of the

- explosion chamber or. through absorption by a water
“jacket will be reduced to a minimum and will become

practically a negligible quantity.
As stated above; the steam-like vapor aenerated in

the explosion chamber in the manner described, be-

comes immediately available for use, but though avail-
able, it could not be practically .utili?:ed cxcept with
proper provision for its transfer or further storage pre-
paratory to application to-a prime mover or the like.
As the great advantage in the use of steam,>or like

‘elastic fluid, is its flexibility in consumption or appli-

cation, its genemtmn must be followed by proper stor-
ing, or conducting in order to obtain that advantage.

“We provide for.1ts removal from the explosion chamber

and storage in asuitable reser voir, and also for the clear-
ing out of the explosion chamber preparatory to the in-

‘troduction of g fresh charge, so that such fresh charge

will not be adulterated by the products of combustion
already contained in the explosion’chamber, in some

90
95

100
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such ' manner and by some such means as.indicated in

the dmwmg and descrlbed hereinafter.
sion takes: place in the (,xplosmn chamber, the piston

the port % (mmwdlately after the water is introduced),
the vapor generated in the explosion chamber exhausts
into the cylinder K and e:{pands therein as the reced-

erably so proportioned that when the piston K’ reaches
the other limit of its stroke the vapor in the cylinder K

‘is reduced approximately to atmospheric pressure, so

that when the valve D? closes the port £, which now

‘takes place, only a relat1 sely small quantity of the
generated vapor remains in the explosion chamber.
‘During its next forward movement the piston K’ re-
‘compresses the vapor in the cylinder K and, the port &
- being.opened by the valve D3, drives the vapor into the
reservoir R, where it can be stored and, if necessary,

As the explo-

The parts arc pref-

110
K’ in the cylinder K is a,ppmmmwtely at the limit of its
- As the piston recedes and the valve D* opens

115

120

be kept at hlgh pressure by reheating, and from which - .

it can be drawn as required for the operation of the ‘en-

gine or other prime mover or for any other desired pur-

pose. To effect the cnmpletu rem{)ml 0f the mpor

130
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whleh remains in. the er:plesren chamber after the clos-
‘ing of the port k by the valve D the parts are arranged
and eperete in the apparatus repr esented in the draw-

_ing, as will now he described. The piston Alin the
- 5 cylinder A is a little in the lead of the piston K’ in the |
eylme.el K and therefore has returned ehghtly from the

end of 1ts stroke at the tlme when the vapor in the ex-

" ‘plosion chapmber C and in the eyhnder K has been re-_
“duced epprbnmately to etmespherlc pressure and after

1 G the valve D? has closed. -The pert a is then epened by

Tt

_the valve D and a scavenging puf
shghtly compressed in the cylinder A 1s allowed to pass

through the port a into the explosion chamber C and
~ out through the e:{hq,eet port or channel ¢’ ¢?, which has

15 been epened by the me\ement of the valve: D*’ carrying

with'it the vapor which remains.in the explosion cham-

. ber C.  This scavenging is accomplished very quickly
" and the scavenger valve D’ closes the exhaust chanmel

¢/ ¢3 very soon after it was epened so that the compres-

20 sion of the air in the explosion chamber C, by reason of

" its communication Wlth the cylmder A is 1mmedle,te1y -
carried on to the ‘point, necessary for producing the best
- results when the next ex‘pleeien'tekee/'pleee

The introduction.of the hydro-carbon into the exple-

25 sion chamber C from the supply E may take pleee si-

‘multaneously ‘with the compression of the air, and
whien the piston A’ has reached the proper point in its

etreLe the port a is: clesed by the valve D and the charge
in the explosion chember is 1mmedmte1y expleded as

30 stated above.

It will ‘be und.ereteed that eltheugh the methed of
generetlen may be carried 'on sueeesefully with a single

S explesmll chamber and its adjuncts, better results may |

be produced by the use of two éxplosion chambers, as

35 represented because the Veper is being expanded on

40 slight heat losses, the friction and the necessary pewer’

“one sideof the piston K while on the other side it is-

bemg 1ecompreeeed and driven into ‘the reservoir R,
whereby theloss due to the expansion and recompres—
sion of the vapor amounts only to the aggregate of the

consumed in the genereter, which is only that used in
the compression of the air.. It will further be under-,
stood that the shaft shown in the drawing serves as a._
convenient meansor eermeetlen for promoting or effect-

45 ingt the movements of the perte of the apparatus in nec-

"essary relation and may be repleeed by other devices.
It will be evident that when the pressure in the res-

ervoir R 1s redueed by reéason of: hrge drafts upon it, the_

resistance to recompression in front of the advancing |.

50 piston K/ will be eerrespendlngly low, so that as the

demand is increased, the generator autemetleell}r speeds.
up and supplies ve,per more rapidly to make up for the
draft upen the reservoir. . On the other hand, “when the _
~ pressure in-the reservoir R 18 eemperetwely high, the-

55 resistance to recoinpressionin front of theadvancing pis-

. ing it down.

60 vapor is being drawn from the reservoir, -the pressure |

65 The Vapor; however 18 kept under preeeure

ton K’ is correspondingly h1gh thereby 111ereeemg the
drag on the piston and thus on. the genereter and slew-
In this manner the generator is self-regu-

~lating according to the. demands made upon 1f. Ifno

- therein repldly increases and when it has reached a.
point at which the resistance to the forward mevemen‘t

" of the piston K”is equal to the driving pewer the gen- -

_erator is stalled and the generation. .of - veper ceases.

' of the air already

]

L

ervoir and it will therefore be necessary, when the mo-

3

tor is to be started again or the draft upon the reservoir | o

is resumed for any: 6ther purpose, simply to give the
‘generator. shaft B or its equivalent a slight impulse,
after which the genereter w:tll eutemetlcelly continue
its work. L |

- The reservoir may be eueh as to retem its veper pree—
sure for a considerable length of time, so that the engine
or other motor driven by the vapor can be stopped and
started as often-as may be desu'ed and for & long or

_short period of time as may be required. - TUnder these

conditions it becomes possible to start up the motor at .

any moment and to obviate the neceserty, 28 1n ordi-

nary explosive engines, of keeping the motor running
“and of effecting a disconnection between the motor and
the driven part when it is desired to stop for ashort time.
It will now be understood that we do not intend to re-
strict ourselves to the precise details of eenstmetlen
and arrangement herein shown and described, as such
_construction and errengement have been cheeen merely
for purposes of explenetlen of the general nature of our
said invention. - - . -
"We claim as our mventlon o

1. An apparatus for generating and steung vapor com-.
pueiue two explosion chambers, means for supplying an
explosive mixture to each of said e‘rplesren chambers, au

70

75

30

85

90

igniter and a water supply for each of said explosion eham- -

bers, a cylinder having one of said explosion chambers con-
nected thereto at one end and the other at the other end,
a compressing piston in said cylinder and a reservoir con-
nected to said evhnder, into whmh the plsten forces the
gaees of explosion. = . - .

. An. apparatas for genere_trne vaper Eﬂﬂlpl ising an ex-
plesien chamber, means for supplying hydm -carbon vapor
to sald explosion ehamber, an iemter a3, water supply., an
aitr compressor. connected to said explosion chember, a
valve: 1nte1peeed betweenr said air compressor and ‘said ex-
plosion chamber means to operate said valve, whereby said-
‘valve is opened after the explosion and a puff of air is ad-
- mitted to the explosion chamber to clear out said ehambm
and an mdependent exhauet port for such seavenemg puﬂ?

ef air.

3 “An appamtes for eenemtlng "’C"HDOI comprising en ex-
plesren chamber, means for supplymg hydro-carbon vaper
‘to said chamber, an 1en1te1, a water supply, an air com--

‘pressor connected to said ehamber, a cylinder cenneeted |

‘to said chamber, a piston in said cylinder, a shaft opera-
twely connected to said piston, a valve between said air
compressor and said chamber and a scavenger valve for.
- said ehamber-beth of eald valves belng epemtwely een-
neeted to said shaft. SR - |

4, An apperatus fer genere.tnrEr and stori mg vapor eem-

pr 15111-:' two explosion chambers, means for supplying an ex-

-plosive mixture to said ehamber, an igniter and a water
supplj,r for each of said ehambers a eyhnder having one
¢f said chambers connected therete ‘at one end and the
- other at the other end, a- cempreesmg piston in said cham-

95- |
100

105'

¢

110
115

120 .

ber and a’ shaft operatively connected to said piston, and a .

reservoir eenneeteﬂ to opposite ends of said cylinder, into
whleh the piston forces the gases of etplesmn

5. An apparatus for generating and stori ing veper com-
prlsmg 'two explosion ehambers, means for supplying hy-.
dro-carbon vapor to said chembere, an igniter and.a water
supply for each of said ehambers, d cylinder hevmg one of.
said explosion ehambele connected thereto at one end e.nd
‘the: other at the other -end, & cemp1eeemg piston in S&ld
evlinder, a shaft eperatwely connected to said pieten and -
~an air eempreeeer connected to each of ‘said EKDIOSIOH
chambers and epelatwely eenneeted to said. shaft and a
reservoir eenneeted to eppeeite ends of said eyilndel inte
whreh the pleten fe1eee the gases ef expleemn e

125
130

135

plosien ehamber, meens fer eupplylng hyam ee.rben vapor -

in the res- | to eald explesien ehember' an 1en1ter, a water supply, an .

-
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air
S

gharge valve,

i

compressor connected to said explosion chambeér, a
valve interposed between ‘said air compressor and said ex-
blosion chamber, means to operate said valve, whereby
said valve is opened after the explosion and a puff of air is
admifted to the explosion chamber a separate valve for the
discharge of such scavenging puff of air to clear out said
chamber and means for etfecting proper relative movement
of the moving parts.

7. An apparatus for “eneratmfr vapor comprising an ex- |

plosion chamber, means for supplying hydro-carbon vanpor
to said ‘explosion chamber, an igniter, meang for introdue-
ing water into said chamber upon the explosion, a dis-
means to -:}pma.tt, said discharge valve, a
chamber to receive the vapor from the first-named chamler
aud to permit it to expand therein, and means to re-com-
press such vapor.

8. An apparatus for generating vaper comprising an ex-

plosion chamber, means for supplying hydro-carbon vapor

to said explosion chamber, an igniter, means for introduc-
ing water -into said chamber upon the explosion,
charge valve, means to operate said discharge valve, a
chamber to receive the vapor from the first-named chamber
and to permit it to expand therein, means to re-compress
such vapor, and a reservoir to receive the re-compressed
vapor,

9. An apparatus for generating vapor comprising an ex-
plosion chamber, means for supplying hydre-carbon vapor
to sald explosion chamber, an igniter, means for peri-
odically introducing water into said chamber upon the ex-
plosion, a discharge valve, means to operate said discharge
valve and keep it elﬂsed at predetermined times, a chamber
to receive the vapor through said discharge valve, an air

compressor, a scavenging valve, and means to operate said

scavenging valve, whereby a puff of air is dischareed
thmun*h said e}.plos-_,mn chamber mdenendmtly of the Se(-
ond chamber, -

10, An apparatus for generating vapor comprising an

a dis-

865,725

f eaplnsmn chamber, means for supplying hydro carbon vapor

to said explosion. chamber, it periodically operative ig-
niter, means for periodjcally inmtroducing water into said
chamber upon the explosion, a chambes to receiveahe vapor
from the explosion chamber, two separate discharge vaweq
from said explosion chamber, one cannecting with the sec-

ond chamber, and means for ﬂperatmg said discharge
valves separately.

11, An apparatus for generating vapor comprisine a

periodically sealed explosion chamber, means for supplying
hydro-carbon vapor to said explosion chamber, an igniter,
means for introducing water into said chamber upon the

explosion chamber, and a storage reservoir to 1'er:e1ve the
w.pur from the second chamber.

. An apparatus for generating vapolr comprising= an
uxplﬂsinn chamber, means. for supplying hydro-carbon

4§

45

explosion, a second chamber to receive the vapor from the 50

vapor to said explosion chamber, an igniter, means for in- .55

troducing water into said chamber after the explosiqn, an
a1 compressor connected to said explesion chamber, and
means to receive and %tore the vapor from the explosion
chamber. |

13. An apparatus for genérating vapor comprmmtf an
¢xplosion chamber, means for supplyving hydro-carhon vapor
to said explosion chamber, an igniter, means for introducing
water into said Ch‘ll‘ﬂ]lﬁl after the explosion, an air com-
pressor connected to said explosion chamber, and a gecond
chamber connected with the explﬂsmn (,lldmhi,l‘ to I'ELGWE
thite vapor therefrom,

This specification signed and witnessed this 15th day of |

May A. D). 1897.

PO

ITARRY M. .
1CY MAXTM.

IITRAM I'I

In the presence of—
AnpEne 17, Day,
HiurMANN B, CuNz.
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