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PATENT

JFFICE.

- GEORGE GREGORY SMITH, OF ST. ALBANS,
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DIFFERENTIAL GAS-MOTOR.

SPEGiFIGATiON forming part of Letteré Patent No. 597,749, dated January 25, 1898.
B.pplication filed May 10, 1897, Serial No. 635,802, (o model.)

o all whom 27 ma&y COTLCET T |
Be it known that I, GEORGE GREGORY
SMITH, a citizen of the United States, residing
at St Albaus, in the State of Vermont have
invented certain new  and useful Improve—
ments in Differential Gas-Motors, of whmh
the following is a specification. --
This mventmn relates to gas-engines; one
object of theinvention bemﬂ' to fm*msh an im-
proved gas-engine embodying means whereby
an eifective stmhe or m}pulqe will be im-
parted to the piston.at every complete rota-
tion of the crank-shaft and also embodying

‘means whereby the produects of combustion

will be entirely expelled from the explosion-
chamber and working cylinder during the

back stroke of the working piston and before

a fresh charge of the explosive mixture is

supplied to thereby obviate the loss of ex-
plosive efficiency accruing from the inter- .

mixture of the products of combustion with
the fresh charge, as in ¢ycle-system engines
of ordinary and well-known constructions, in

‘which approximately thirty-three per eent

of the products of combustion remains in the
cylinder, and conseguently mixes with the
fresh gas, thus materially deteriorating the

efficiency of the exploswe charge.

A further object of the invention is to pro-

Vz.de In a gas-engine having a working ceylin-

der and an e'v:pmsmn chamber means con-

~trolled by the crank-shaft for establishing
and cutting off communication between the
working eylinder and the explosion-chamber
‘atb predetermined points in the movements of

the piston or imimediately before and im-

mediately after, respectively, the ignition of

the explosive char ge to thereby separate the

eylinder and eaplf)siml chamber during the

exhaust of the products of combustion and
prevent the intermixture of a fr e%h charge
with sald products.

A farther object of the invention is to pm-'

vide a gas-engine comprising a working cyl-
inder hmtmw & piston; a crank-shaft in con-

“nection wiﬁh said piston; an explosion-cham-

ber leading to the working cylinder and also
having a piston; a erank-shaftin connection
means connecting the two

crank-shafts so that said shafts will have
comparative velocities of a predetermined
ratio, the piston-actuating crank being soset |

| as to impart a movement to the working pis-
ton slightly in advance of the other plsmn--

means for supplying a combustible mixture
or explosive charge to the explosion-cham-
ber; a slide-valve located between the work-

ing eylinder and explosion-chamber; means
| econtrolled by the movements of a erank-shaft
| for actuating the slide-valve to establish com-

munication between the workingeylinder and
explosion-chamber just preceding an explo-
sion and for cutting off communication be-
tween sald cylinder and explosion-chamber

‘atter an explosion, and meansfor igniting the

explosive charge in the explosion-chamber.
Inthedrawings accompanying and forming
part of this specmeatlen Figure 1 is a pla,n
view, partially in hommnt&l section, of a
mult.icylin der engine embodying my present
invention, the bed-plate-of the engine not be-
ing shown. Tig. 2 is a vertical cross-sec-
tional view of the gas-engine, taken in dotted
line a ¢, Kig. 1, as seen from the right in said
figure. Ifig. 31s a vertical longitudinal sec-
tion of the gas-engine, taken in a line corre-
sponding to the dotted line b b, Fig. 1, as seen
from below in said figure. FKig. 4 is a longi-
tudinal section, similar to Fig. 3, on a rela-
tively large scale of a portion of Lhe engine,

showing one form of device for Iﬁﬂltlnﬂ‘ the

_etploswe charge; and Fig. 51s a 10119'1‘511(11-
‘nal section on a z*elatively large scale of a

portion of one of the working cylinders and
its piston and showing the exhaust valveand
the aetuatmﬂ‘ device themfur

Similar characters designate like parts in

‘all the figures of the dmwmﬁs

- For convenience my present invention is
shown embodied in a so-called ““multicylin-
der” gas-engine; but it is desired to state
that while for some reasons it is preferable to
employ an engine having a series of eylin-
ders it will of course be understood that my
invention 1s applicable to a one-cylinder en-
gine. Therefore I do not desire to limit this
mventlon to an engine having any particular
number of W()I‘kuw Gylmderc;

In the preferred Form thereof illustrated in

the accompanying drawings the engine com-
prises in part three wm*king eylinders, (des-
ignated by 1, 2, and 3, respectively,) three
explaamn cylmdezs or chambers (designated
by 1“* 1%, and 1°, respectively) communicat-
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65 of shown in the drawings comprises an air-
pump (designated by 16) having its piston- |
rod 16’ connected toacrank on the main shaft |

ing at theu? inner or rear ends with the inte-

- TIOYS of the wox.kmn* cylmdezs 1 2 and 3, re-

- of CODS]del ably Iess internal dlameters tha,n ;
.5 the internal diameters of the working cyvlin-
~ ders with which they communicate.
working cylmdel is furnished with a pIStOH |
30, Wthh 18 connected by means of a piston- |
.*rod'-12‘t0--a-'c-lﬁank 4" of a main crank-shaft 4, |
journaled in suitable bearings 4", as shown
- mostclearly in Figs. 2 and 3 of the drawings.
In three- cylmder engines the three cmnks |

of the main crank-shaft {(which cranks are
for convenience designated by similar char-

Each e;:aplosmn chamber is furmshed W1th |
a plsto:ﬂ 44, the: piston-rod 15 of which is-
preferably connected by a slide-block 15’ to

the crank pm 15” ot’ a emnk 10‘r on & erank

'smt&ble bearmﬂ‘s 15"”

dred and twenty degrees apmt and are so

R | the working piston 86 has arrived at the end
- 35 of its instroke the piston 44 will stﬂ%h&ve a|

i portion of its outstroke to complete/fso that
{ when the next charge is exploded 111’ the ex-

plosion-chamber it w111 drive the two pistons

36 and 44 in the effective direction and there-
fective working power which
is slwhtly in excess of the a,ctual calculated
differential power of the engine, it being of
course understood that the two erank- shafts_
4 and 10 are operatively connected together

45 for unitary movement at (ZQ_LI;,QL(;JM “ymg_loel—!__

ties.

~—ASshown 1in Fw 1 of the drawings, the ac-

tunating - conneetm between the two crank-
shafts 4 and 10 comprises an intermediate

suitable bearings 5" and 5", respectively, and
having at one end thereof a bevel-gear 6,
which meshes with a bevel-gear 7, fixed to
the crank-shaft 4, and also having at the op-
posite end thereof a bevel - gear 8, which
meshes with a bevel-gear 9, fixed to the crank-
shaft 10. _

As a convenient means for supplying air
and gas in proper relative proportions to the
60

tion of the charge an explosion of high effi-

ciency will result I have provided a supply

apparatus which in the preferred form there-

" Fach |

‘acters) are set-at an gles- of one hundred and
- twenty degreesapart—that is to say, with the
- axes of their erank pms eqmdistantly dls-:.

- - 25 with its axis in palallehsm with the axis of
- the main shaft 4. The three cranks .of the |
erank-shaft 10 are set at angles of one hun- |

shaft 5, journaled at opposite ends thereof in

explosion-chamber under the requisite pres-
sure and mixing the same so that on théigni-

-with a bevel-gear 30,

597,749

1eadmﬂ" to lahe 11113e-

cyhnder and havmw a mmmw-passaﬂ‘e- 3"-“
leading therefrom to the interior of the ex-
| ploqmu cylmder an air-conduit 21, leading
from the air-reservoir 19 tothe interi iorof the- |
- valve-chest 32%, agas-conduit 35, leading from

14, a gas-pump 17, having its piston-rod 17"
"'eonnected to a crank on the shaft 10, an air-
reservoir 19, adapted for storing air at requi-
‘site pressure-and having an mduetlon -pipe
43 leading to the interior of the air- pump
cylinder 16 a gas-reservoir 20, adapted for
-stors mg gas a,t the requ1s1te pressure and hav-

80

the gas-reservoir 20 to the interior of said
valve-chest, a valve 32, seated in the valve- - |
| chest and a,dapted for perwdwally establish- 85
ing and cutting off comimnunication between
the mixin g-passage 32° and the air and gas -
~conduits 21 and- 35, respeetwely, and means -
operableat predetelmmed pointsin the move-

’| ments of the warkmw “piston f01 actuating
, -_the valve 382.

ole

To avoid the d&ﬁﬂel due to the stm.an'e ot___.-
a considerable quanti’ry of the mixed explo- |

S1ve

that any Smtable supply apparatug may be
employedin lieu of that shown and described.
For the purpose of positively preventing

“at the requisite pressure, the air and
gas are stored under pressure in different res-
‘disposed with relatmn to the cranks of the.|

- . .30 (mal_n crank-shaft 4 that the working piston
I f 36 will preferably have a lead over .the.-a-dj.&—--
jcent piston 44 substantially equal toa thirty- |
"degree throw of a crank-—that is to say, when

ervoirs -and are separately conducted in
.pmper rela;twe proportions to the mixing- .

100 .

drawmﬂ's z’md descl 1bed in the preeedm pm a-
'ﬂ-ra,ph constltutnw a convement means for

the intermingling of the products of combus- -

tion with the fresh charge of gas and to fa-
cilitate the complete exhaustof said prodncts
of combustion I have provided means for pe-

ITO

riodically closing and opening the passage-.

‘way between each working cvlinder and its

adjacent explosion - chamber. This means,
in the preferred form thereof shown most
clearly in Figs. 1and 3 of the drawings, com-
prises a vertically-disposed slide- V&lve Or par-
tition 22, seated for reciprocatory movement
in Shdeway intersecting the longitudinal
a,xis of the ex;_:ﬂosion-chamber, and as a means
for actuating this slide-valve 1 have provided
in connection therewith an actuating-rod 23,
preferably having a roll 24 at the lower end
thereof, which bears upon the working face
25" of a cam 25, which cam is fixed to a shaft
26, and which sh&ft is actuated, preferably,
from the horizontal 1ntermed1ate shaft o by
suitable gearing, preferably comprising a
bevel-gear 28, fixed to the shaft 5 and mesh-
ing with abevel-gear 29, fixed to a vertically-
disposed shaft 27, having at the lower end
thereof a bevel-gear 30, Whlch in turn meshes
ixed to the shaft 2.

As a means for 1eta1mnﬂ' the roll of the
valve-actuating rod 23 in enﬂ'an'ement with

115

120

125

I30
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" the working face of the cam 25 a spiral spring | 22, and a eoopemtwe contact member 56,
24" is pmwded which spring bears at its up-

earrying bracket.

per end against the under side of the cap of

“a stuffing-box, throngh which'the rod extends,
“and bears ab its lower end against .’mhe_roller«g
‘The working face of the

. cam 25 has an abrupt let-off p()I‘thH 25",
- adapted for effecting a quick opening move-

o

‘mentof the valve 22 at a predetermined point |

in the rotation of the shaft 26, as will be un-
. therethrough which isclosed by a piston-valve

 derstood by reference to Fig. '3 of the draw-

ings. The cam 25 will be so ceustmcted and

5o timed in its movements relatively to the

movements of the working piston 56 that an
opening movement will be suddenly imparted
to the slide-valve 22 immediately upon the |
arrival of said piston at the end of its back:

- stroke and immediately preceding the ex-

20

‘plosion of the charge in the explosion-chan:-
ber, and a closing “movement of said valve
“will be effected immediately after the explo- |

sion of the charge takes place and on the

~ beginning of the advanmnﬂ‘ movement of the

30

ItS back stroke.

35
- ecomprises, in the form shown most clearly in
Figs. 2 and 8 of the drawings, an eccentric

::;O fixed to the shaft 26 and hm‘"mﬂ' an eccen-

.45

50

6o

_pzsmn m thereby cut oit eammumcatmn be-

tween the explosion-chamber and working

cylinder while the products of combustion
are being exhausted and fto establish com-
‘munication between sald cylinder and explo-

sion-chamber immediately after the products
of combustion have been exhausted and after
the working piston has arri ived at the end of

‘The valve 32
of air and gas t0 the mixing-passage 32°, 1
conm ummtwn with the e*{plasmn-ehamber

tmc -strap 51, connected, by means of an ac-

tuating-rod 3‘3 to the lewer end of the slide-
valve 39

_ and said actuating device is so
timed in 1t,:: movements as to estabhsh com-
munication between the valve-chest 32% and

the ex plﬁsmn -chamber immediately after the

slide-valve 22 has closed the passage-way be-
tween the explosion-chamber and working
cylinder and is actuated to cut off communi-
cation between said valve-chest and explo-
sion-chamber immediately after an opening
movement has been Imparted to the slide-

valve 22 and just preceding the ignition of

the explosive charge.
Asasimpleand convenient means for ignit-

‘ing the explosive charge in the e\':}losmn-

@hambel atthe eampletlon ot each baﬁk stroke
of the working piston and at each opening
mm"ement of the slide-valve 22 I have shown
(see Figs. 3 and 4 of the drawings)an elec-
trical wmtmﬂ‘ device, which comprises a nor-
mally open electrical circuit (designated in a
general way by E) havmﬁ two spark-produc-
ing terminals ¢ and ', located within the

expmmaﬂ Gh’tmb{}l, and a circuit-maker lo-
cated within said circuit and preferably con-
sisting of a contact member 55, carried on an
n%ulated block at the upper end of an up-
- wardly-extending stem 22’ on the slide- V:;Lh e |

thereof.

, which controls the admlssmn |

fixed to an insulated block secured to the
cylinder-casting and located In the path of
movement of ﬂl(-} contact member 55. The
eonstmctwn and organization of the igniting
device may be modlﬁed without depa,rture

from this invention.

As a means for facilitating the exhaust on
the back stroke of the working piston the pis-
ton-head has an exhaust passage-way formed

. 37 when the working piston 36 is at the end of

its back stroke and du ring the forward stroke
This valve is normally retained in
a closed position by a spiral spring 37

As a means for actuating the valve to open
the same near the completmn of the forward
siroke of the piston said valve is furnished
with an actuating-stem 38, one end of which
projects beyond the forward end of the pis-
ton, and a stop-plate 39 is fixed to the bed of

the engine and located in the path otf-move-

ment’ of the valve-stem, so that when the pis-
ton has arrived at a pr -edetermined point in

the advaneing movement thereof the valve-

stem will strike the stop-plate 39, which will

arrest the movement of the valve during the
continuation of the forward stroke of the pis-

ton and open the exhaust-passage through the
piston-head, and as a means for holding the
valve in its open position during the back-

ward stroke of the piston I have provided a

spring-catch 41, located 1n position for engag-

ing a ﬂanﬂ'e 41’ on the end of the valve When-

the valve 1s in its open position. This eateh
is sprung out of engagement with the valve

to allow said valve to close when the piston

| has arrived approximately at the end of its

backward stroke by means of a catch-actuat-
ing cam 40, fixed to the end of the eylinder in

the path of movement of the catch 41, as will

be readily understood by reference to Fig. 5

of the drawings.
The opemtmn of the engine is as follows

When the working piston 30 i in the position

shown in Fig. 1, The piston 44 of the explo-
Sion- Ghﬁmbl?l‘ wﬂl have traveled a distance
equal to thirty degrees of its crank-stroke to
travelinaforward direction, the mixing-valve

“will have been justopened, and the explosion-

chamber will have been filled with explosive
mixtare. Immediately afterthis the mixing-
valve 32 will be closed and the slide-valve 50
will be opened to open communication be-

‘tween the working cylinder and the explo-
sion-chamber.

At this time the explosive
charge is ignited and the piston 36 will be
driven forward, the piston 44 beingalsodriven
forward the lasb«mthwtxz.,.d@grees of its stroke,
which will assist in ecarrying the piston 56
past its dead-center position, after which said
piston 44 will be drawn back by the working

piston 36 through the connections hereinbe- |

fore deseribed.  When the working piston 36
has reached its extreme forward pGSILIOH the

piston-valve 37 will be opened by the stop-

pl&t 39 and will be held open during the

70
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the cylmders—that 1s 1f the ﬁrst exp]osmn

takes place in cyhnder 1* when the engine 1is

4 597,749

SEREERE R R RN NN, ;back stroke of said piston by means of the| predetermmed pomts in the strokes thereof, -
oo oo cateh hereinbefore deseribed, which catch | for actuating the slide-valve to cut ofi eom-:
oo will be released when the 'plston 36 arrives | munication ’betweenthie working: ey‘lmder and 70
S omear the end of its backward stroke. The | explosion-chamber on the. bemnmm of the
D ;55 products of the explaswﬂ'mthe'wmkmﬂ‘ cyl- fdrwardstmke of the pistons.. .+ .
0 inder will be blown out through the exhaust- | 3. The combination, with a working ¢ylin- '
SEREENEE N R ;opemmr in: the cylinder- hedd on:the: back der and 'its piston, of an explosion- Ghambei EEEE
... stroke of the piston, and the slide-valve 22 | having a piston in cobperative connection with 75
oo will preferably be closed  gradually by the | the kammcylmdel piston; means for peri-:

oo 10 cam 25 during the back stroke of the piston | odically supplying explosive charges to the
i 26, 80 that: th.e products of the explosion con- | explosion-chamber; means forexplodingsaid
SRR RS R RN stamed- in the explosion-chamber will also | charges on the arrwal of the working piston
.o escape through the exhaust-passage in the | at the end of its back stroke; a Shde valve (8o
f:f:i:f:isfsfzféﬁ?L9;%;?5:5-5-QWOTRIHgPISfJDHﬁﬁMfi':“:';'5:::1:1:15151515-5 | located between the plst@n..eylmdel and ex-:
oo a5 1t should be observed that the slide-valve | plosion-chambers; and means in connection
i 22 must be fully closed  before the piston 44| with, and operable ab: predetermined : points
i hastarrived at its extreme backward position | in th& stroke of, the working piston, foractu-
s ormabout the time said pistonis in the position | ating the Sllde-va,lve tocut off communication 83
oo it shown in Rige 3, so as to: allow time for: the between the cylinder and chamber immed:- '
i it 20 opening of _th.e gas and air valves to feed the | ately affer an explosion occurs, and for es-
::::%:%i%;%;%;wféféié%éfasss:sreqmmte 'cha',we' to the explosion-chamber. | tablishing communication between said: eyl-+
. Assoon as this has taken place the slide-valve | inder and chamber immediately after the = |
Cuirioniiion 22 18 retracted by means of its retracting- | working piston has arrived at the end of its 9o
b o s gpring 23 toestabhsh:eemmumeatmnbetween - back: str:oke and after the products of com-
o b2 the working eylinder &Hdithe;explosmn cham- | bustion have been exhausted.. ' = i SERE
bttt bery atter which: the: next explosion takes 4. A gas-engine comprising two axially- =
R fplasee and the ¢ operations are repeated. | alined 'cammumcatmﬁ* cylinders, oneof Whmh .
T R % N -EIy-plefaent invention:is applmable'to one'- constitutes a .W'(}]?klnf?"' cylinder and the other g5
SEREEERE R RN R R ;ylmder engines 1f a fly-wheel is'employed, | of: which cansmtwnées an explosion-cylinder;
SEREREE RN ;3ﬁ ,bllt'l;sij ' j(é)jl'e% partlclﬂally &pplieable to multl- "uwe_ plsto ELS _ Workma‘- 1-11- the tw cylmders, '

1{1;@

a :eylmder means fm w'mtmﬂ‘- the e*{ploswe EEES
charge; and a slide located between the two
_ plston cyhnders and controlled by the move-

- ranning forward it would be simply necessary | ments of the piston for cutting off commu- 105
o have such explosion take place in cylinder | nication between the two cylinders Immedi-
1¢ to effect a reversal in the operatmn of the | ately succeeding an explosion.
engine. 5. In a gas-motor, the combination of a
Tt will be obvious thctt the means for actu- | working cylinder having a piston, and an ex-
ating the slide-valve 22 and mixing-valve 32 plosmn—chamberhavmﬂ"aplston andarranged 110
may be variously modified W1th0ut departure end to end with the working eylinder; a slide
from the invention. to divide said cylinder and chamber; means
Having deseribed my invention, I claim— | for shifting the slide before each explosmn to
1. A gas-engine embodying two communi- | establish commumcatmn between the cylin-
cating eylmders set end to end and each hav- | der and chamber; means for feeding the ex- 113
ing a piston means connecting sald pistons | plosive mixture undel pressure to the explo-
in sueh manner that they will move simulta- | sion-chamber, shortly before each forward
neously in the same direction, one slichtlyin | stroke of the working piston; means for ex-
advance of the other: & slide-valve located hausting the gases of combustion, entirely,
‘between the two cylinders; and means for | both from the working cylinder and from the 120

actuating the slide-valve to establish and cut-

off, alternately, communication, between said
cyhnders

2. The combma,tlon with a working cylm- |

explosion-chamber; driving-shafts in connec-
tion with the working-cylinder piston and ex-

plosion-chamber piston, respectively; means

for gearing the two sald shafts; and means

der and its piston, of an explosion- chamber for igniting the explosive mixture. 125

communicating with the cylinder; a pistonin 6. The combination of a working cylinder
said e‘{plosmn chamber, having 'its ‘axis in | and an explosion-chamber, each having a pis-

alinement with the W()Iklnﬂ‘ cyhnder piston; | ton; two cobperatively - connected driving-

actuating connections between said pistons; | shafts in connection with the piston of the

a slide-valve supported between the commu- | working eylinder and with the piston of theex- 130

- nicating ends of the working cylinder and

explosion-chamber and shiftable in a plane
transverse to the axis of movement of the pis-
tons; and means controlled by the pistons, at

plosion-chamber,respectively; avalve in con-
nection with the explosion-chamber; means
for operating the same to admit the explosive
| mixture to the chamber; a slide between the
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- cylinderand chamber, and meansfor opening
the same suddenly before each explosion;

meansfor exhausting the gases of combustion
trom both eylinder and chamber; and means
forigniting the explosive mixturein the cham-

- Dber at each stroke of the working piston.

IO

7. The combination of a working eylinder
and an explosion-chamber arranged end to
end therewith; a piston to each ecylinder;
crank-shafts in conneetion with said pistons;
gearing connecting the crank-shafts; a valve
in connection with the explosion-chamber,

-and means for feeding explosive mixture un-
der pressure thereto; means for operating |

said valve, to admit the mixbure to the cham-

“ber at each stroke of the working piston; a
‘slide to divide the cylinder and chamber, and

means for opening the same suddenly before

- each explosion and for closing it gradually

20

- with the working piston, to allow the escape |

after each explosion; means, in connection

- of the gases of combustion both from the cyl-
~inderand alsofrom the chamber while the par-

25

‘tition-slide is gradually closing:
forignitingthe explosive mixtureinthecham-
- ber as soon as the slide falls.

and means

3. The combination of a ¢ylinder and an ex-

- plosion-chamber arranged end to end and

| 3.@ |
-~ iermined pointsin the movements of the work-

- each having a piston; a partition-slide be-
tween the same; means operative, at prede-

~ing piston, for operating said slide to estab-

35

- lish and cut off, alternately, communication
- betweenthecylinderand chamber; twoerank-

shafts in operative connection with the two

- pistons, respectively; an actuating-connec-

- tor between the two shafts, the eranks of the

two shafts being so disposed, relatively, that
i gases of combustion from the chamber and

when the working piston has completed its
backward stroke the chamber-piston shall

- not quite have completed its forward stroke;

a valve to admit explosive mixture under
pressure to the explosion-chamber; means for
igniting the mixture when the partition-slide

1s open; and means for exhausting the gases |

of combustion both from the chamber and

- cylinder.

9. The combination of three working eylin- |

- ders having arranged end to end therewith

each an explosion-chamber; pistons in the
working cylinders; explosion-chamber pis-

tons each arranged in advance of its respec-

tive working piston; a driving-shaft opera-
tively connected to the working pistons; a
driving-shaft operatively connected to the
chamber-pistons; valves in connection with
the chambers, and means for operating the

same to admit explosive mixture under pres-

sure to the chambers; partition-slides be-
tween each cylinder and its explosion-cham-
ber; means for operating said slides to open

communication between the working cylin-
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ders and explosion-chambers, suceessively,

before each explosion; means for exhausting

the gases of combustion from the cylinders 65

and chambers; and means for igniting the
mixture in the chambers at each stroke of
each piston. | _
- 10. Thecombination of threecylinders hav-
1ng pistons as specified, and a driving-shait

operated thereby; a rearwardly-extending

explosion-chamber to each working cylinder;
a parfition-slide between the same and the
cylinder; means for operating the said slide;
a valve to admit explosive mixture under
pressure to the chambers; a reservoir to con-

taln gas under pressure; a reservoir to con-
tain alr under pressure; an air-pump in con-

nection with the latter, and means for driv-
ing the same from one of the machine-shafts;
a gas-pump to keepthe gas-reservolir charged,
and means for driving the same; pipe con-
nections from each reservoir to the valve of
the combustion-chamber; means for igniting

the mixture in the chambers at each stroke

of each piston; and means for exhausting the

cylinder, substantially as described and for
the purpose specified.
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In witness whereof I have hereunto set my go

hand._ in presence of two witnesses..
GEORGE GREGORY SMITH.

Witnesses: _
- HENRY HASPER,
W, HATPT.
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