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i”o thZ whom zt ma,y CONCErIL:

Be it known that I, GEORGE PALM a resp'_-

dent of Butler, in the county of Butler and

State of Pennsylvama have invented a new

and useful Improvement in Engines: and I

do hereby declare the followmn' to be a full |

~clear, and exact description theleof

10

My invention relates to engines.

- steam or Compressed air and gas.

15

20

| _pressed air.
the opposite side of the engine from that
shown in Fig. 1 or the side fmm which-the air:
and gas mlets are controlled. Fig. 3 is a
Fig. 41s:
- a horizontal section on the.line 4 4, Fw‘ 2.
- Fig. 5 is a cross-section on the line 5 5, Flg |
4. Fig. 6 is a detail of the parts used for re-

35
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My invention comprises certain novel fea-
tures, among them that of a cylinder*having

1111et-p0rts on the one side entering from an
ordinary steam-chest, through WhICh steam

or compressed air may be admltted to operate
the piston within said cylinder, the steam--
ports having valves therein by means of
‘which steam may be shut off from one end or

both ends of the cylinder and ports adapted

to admit an explosive mixture to each end of

said cylinder from the opposite side to the
steam-ports, whereby the said engine may be

started by means of steam or compressed air
or operated entirely by the same or by the
explosive mixture or by steam and the ex-
plosive mixture acting upon opposwe ends of

- the piston. |
In the drawings, I‘w‘me 1 is a side view of
my engine, showing the side from which the

engine is 0perated by means of steam or com-
Fig. 2 is a similar view showmﬂ‘

Cross- SthIOB on the line 3 3, Flﬂ-‘ 2.

versing the entrence of air or gas When the

'encrlne is running baekward Flﬂ's 7and 8

are other details ot said device. Fig. 9 is a

detall in perspective showing the manner of

10@]{1110* the exhaust-valve in one end of the

: e}'lmder In an open position, so that the en-

- gine may be run from one 81de only

Like letters mdlea,te hke parts in eaeh of

~ the ﬁﬂ*m es.

5o

- of the p]ate A, to whleh the c yhnder is bolted 1

In the drawing 28, A represents the cyhnder
which is attached to the bed-plate B by means.

The object of my invention is to prov idean | der.
engine so constructed thatit may be operated-

elther by steam , compressed air, or gas or by

“shells of the cylinder.

‘air only at one end of the ‘cylinder.
slide-valve a? is attached to the end of the
‘rod o which passes out through the stuffing-

‘The stem
through the guide h, formed in the box G |

balance-wheel, and b the pulley or belt wh eel.
In operatmw my engine by compressed air
or steam, which 1 ueuelly do in starting the

‘engine, the air or steam enters throuﬂ*h the
“Aslide-valve _
| a? controls the ports a® a4, through which the
steam or compressed air entels 130 the e¢ylin-
The steam or compressed air exhaust-

pipe a into the steam-chest a'.

ing through one of these ports enters the snace
s in the sllde valve and passes throuﬂh the
port ¢ to the annular space ¢, formed alound

the cylinder in the space between the two
My cylinderis formed

of two shells, an inner shell d and an outer

ports a8
and a' are also eontlolled by means of the ta-
per plugs or valves e ¢'.

sired to run the engine by means of gas or

where it is desired te use steam or compr essed
The

box d? and is connected to the link 6% which
in turn is operated by the eceentrles b% b4,

'| connected thereto by the eccentric-rods b3 and

0% respectively. A bell-crank lever B’, when

operated by meansof the stem or rod Bz, acts '

to reverse the links, and consequently the en-
ﬂ'me |

mitted by the pipes f 3 and f ' to the governor-
valve f; the air entering through the pipe f’,
controlled by the cock f‘3 and the gas enter-

‘ing through the pipe I3, controlled by the

cock T4 the mixture of gas and air entering
the mixing-chamber 7.

either one of the eoeks g or g’ to one of the

valve-boxes G. These valve- boxes eontam |
the inlet-valves g% and the exhauet-valves qg°,

the valves having seats g*and ¢°, respectwely
g of each inlet-valve ¢*® passes

and has upon its upper end the nut ¢,

These are for the
purpose of closing said ports when it is de-

When 1 desue to operate my enﬂlne by
-meens of gas and air, the gas and air are ad-

C is the foundatlon* ZJ the shaft b', the .

55

60_.

shell d', the space between the two shells be- '
ing 1eft for a water-space, as will be more
'fully hereinafter described. ‘The

75

8o

90

“From the chamber - -
f? the mixture of gas and air enters through

Ll

spring /' being interposed between the nut.”._

and the upper Tace of the guide 2. A cap &
1s ﬁtted into the uppel end of eaeh of these

...........




A

valve-boxes 6ver the stem g® and nut ¢7, which |

- may be removed for the adjusting of the ten-
. . siononthespringh’. Thevalveg®isattached |
- to the valve stem 7, which passes through
5 a guide 7' of the valve-seat g5 thence through

~ thepacking-box G2, and carries upon its lower-'

~ end the roller 72, which revolvesin the journal
g8, fitted to the lower end of said valve-stem <.
The air and gas entering through the port j

10 from the mixing- ehamber f5 passes down |

- through the valve into the space G3, formed.
- in the valve box and thence 1t enters throun'h

| 1n der

15 The plston L is f01 med hollow and carries

- the paoklncr-rlnﬂ'sl one at each end of the
piston. . 'A disk or wall " extends across the:
center of the piston, dividing the piston into

. tWwo compartments L'and 12, A piston-rod
20 M is secured to the piston at the center of
‘said wall I’ and is threaded therein and more
~per manently secured thereto by means of the

- jam-nut 2  This piston is constructed as de-

- scribed for the purpose both of lightening the |
28 piston and also of forming a ohamber in each i

- _end thereof, into which the air and gas may
~ Dbe compressed “An annular space or groove
. .I%is cut upon the outersurface of the. plston '
- midway between the packing-rings [; for a
30 purpose which:-will be more fully herelnafter "

described. The exhaust-valves g3 are raised |

~ and lowered by means of the cams 1, which -

~ are mounted upon the shaft n'. These cams

N and their shaft are operated from the main
35 driving-shaft b in the following manner: A
' bevel-ﬂ'ear 0 is mounted upon the shaftb and
revolves therewith. A bevel-pinion o' is se-

~ cured to one end of the shaft 0% which is

'~ mounted torevolveinthe bearings o3 secured -
40 to the bed-plate At the other end of said ,'
. -shaft ¢* is the. bevel—plnlon of, which meshes
into the ﬂ'ear—wheel N2, mounted to revolve
with the shaft 7', Bearmcrs ntare formed in

‘the lower end of the dependm oarms nt, which

45 are attached to the lower end of the Valre~

" boxes G. In .these bearings the shaft n' re-|

volves. Guides n® are formed upon these

- depending arms n*, which serve to guide the |

| ,movement of the stems 70f the enhanst valves
go g% The gases in exhausting pass through
~ the port % from each end of the. cylinder into.

- the space G® of the valve-box and thence |

~ through the openipgs ¢ formed in the valve-

~ seat 95 tothespace p,formed belowsaid valve, -
5 Whenoe they escape by means of the opening
p' into the pipe p?, which opensinto the main-
-,  ‘exhaust-pipe P. When a fresh charge has
% Dbeen compressed in one end of the ¢ylinder, a
XnE portion of said charge is forced back through
| 60 the inlet-port & to the space G in the valve-
box G. It is then forced info the igniting-
tubeq through the passage q', formed in the

- coupling Q, whioh is attached to the valve-

~ box'G. A pipe ¢* surrounds thisigniting-

.6 5 tube ¢, intowhich a sn:lall portion of gas enters 3'

. “through the pipe ¢% Air-inlet p01ts (% are
~ fortned around the olrcumferenoe ab the ower 1

B e e
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end of sald plpe 92 for the purpose of suppl}-

ing air to the ﬂ'ases whleh come th rouﬂ'h the

pipe ¢°.
The cams n-are so arranged u pon the shaft

-_7’2, that they operate the exhaust-valves alter-
nately. - These cams, as shown in Fig. 5, are
| set at an angle of mnety degrees %o each
I other. The bevel -gear o upon the shaft b 1s

twice. the 8ize or diameter of the pinion o,

the shaft 0? being revolved at a speed double
that of the shaft b. The pinion o* is one-
fourth the diameter of. the gear-wheel n?,

thus revolving the shaft n’ at one- -fourth the
- | 'speed of the- “shaft 0*. . By means of these
‘proportions between the gear o, the pinion o,

the pinion 04 and. gear fn? it will be seen that

the shaft n' 1evolves but once while the shaft
b is making two revolutions, allowing the
cams 7 to raise the exhanst valves -alter-
.nately during one eycle of the engine and to

‘remain closed dnrmu‘ the suoeeedmn' oyele |
thereof. - |

To reverse my encrlne, I tmn on the steam
or oompressed air by operating the rod r,
which in turn operates upon the cranks, r' 10

‘open the taper-valves e, allowing steam or

compressed air to enter into the cylinder,

| and thereby operate the engine, By operat-
“ing the vod B? the links 0" are reversed, thus

reversing the position of the slide- valve as,

allowmg steam or oompressed air to enter-

70

75

30

95

the ports opposite to that through which

they were pr eviously entering, and thus re-

versing the motion of my engine. During
this operatlon the air and gas are turned on
‘the same as when my engine is being oper-
ated thereby. The moment the valves eand
¢ are opened the steam entenn-:r the cylinder
closes the inlet-valves g2, so that no mixture -

10O

105

of air and’ gas may enter the cylinder, and
my engine is run by steam or oompressed-

air, as desired. When the reversing opera-
t1on has been completed, T operate the rod 7

to close the valves e and ¢ in the ports a*

and a?, shutting off the steam or compressed

alr trorn the. oyhnder As the engine con--
tinues to revolve the vacuum for med between

the piston and end of cylinder acts to open

“the inlet-valve ¢%, taking a charge into one

end of the oyhnder Wthh upon the reverse

movement of the piston is compressed. At

ILIO

115

the same time that this charge is compressed

a charge is drawn into the other end of said

piston in the oyllnder and when the first

| charge is fully compressed the mixture is
-foroed back through the port & to the space -

3% in the valve—-box G and - frorn ‘thence

through the passage ¢’ to the tube g.- This
of the gas admitted throncrh the pipe qQ°

120

125

tube ¢ is kept at a very high heat by rneans |

_buI‘Illlilﬂ‘ in the tube ¢?, and when said gas is -
forced back, as prewously described, -into

this tube ¢ an explosion takes plaoe in the
c¢ylinder, the fire being carried into the cyl-

13Q

inder, and the piston is forced back, com- . .

pressing the charge which has been drawn_

1nto the other end of the oyhnder and when




~ upontheshaft o
30

- pins o 0% are secured to: the shaft 0°in a posi-

. tion to enter said grooves o° of.

T
-
'

35

-
]
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said second chargé is 'fully' clolmpl essed th'e.

explosion takes place in a similar manner to

 that previously described, forcing the ex-

10

haust-gases out through one of the ports g®

into the space p and thence to the exhaust-
pipe P, the valve ¢° having been opened by
means of one of the cams n.

ton starts to return, it forces the exhaust-
gases out of the other end of the ¢ylinder in
amannersimilar tothat deseribed previously.
At the same time that this other charge is
being exhausted a fresh charge is being taken

into the first-mentioned end of the cyhnder
and when the piston starts to return this

charge is compressed and a charge admitted

- into the end just exhausted, and both ends

of the cylinder are then etploded alternately,

. and the operatmn proceeds as previously de-
- 20

scribed. When by means of steam or com-

pressed air I have reversed my engine, it Is

- necessary before the steam or compressed alr

is cut off that the camsn shall be in a ploper_
at the

position to raise the exhaust-valves ¢®

proper time for said reversal of motion. This

T accomphsh by a certam novel_eonstruction,' |
- which is shown in Figs., 6, 7, and 8. The

~ bevel-pinions o’ and of are mounted loosely

N -4&

Grooveb 0° 0% are cutin the
hubs of the pinions o' 0%, respectively, and

AS better

- shown in Fig. 7, When the pinion o' is being

.1 -

55 p

~ said shaft buno‘mg the cams into prope1 po-
~ sition for opening the exhaust- valves for the

. to reverse the motion of the wear-—wheel n3,.
and consequently the shaft »n’, the pinion o'
being one-half the diameter of the gear o.
. VVhen the shaft b further revolves to com-.
lete the revolution of said shaft, the gear-

60

revolved in the direction of the arrow the

hub is in contact with.the pin o7 and revolves.
~ the shaft therewith. Also the pin 0° being
. in contact with the hub of the pinion o4, re-

- volves said pinion therew1th W hen the en-

gineisreversed, the pinion o’ will make a half-
revolution before the metal of the hub of said
~ pinion comes in contact with the pin 0% the
 parts then being in the p051t10n shown in
Fig. 8. Afterthe pinion 0" has made the said.
half-revolution it then in turn revolves the
shaft o®a half-revolution before the pin o°
~ comes into a position to revolve the pinion ot
~in a direction opposite to its previous revolu-
It will thus be seen that the shaft b
‘will make one half-revolution in a reverse
direction before the pinion o? will opera,te |

tion,

wheel n?, attached to the shaft n', revolves

reverse motion of the engine.

In Fig. 9 I have shown a means for holdmﬂ"_
the exha,u,st-va,lve open when I desire to run-
~the engine by exploding in but one end of the |
A latch s is p1V0ted to the upper
- side of the guide %° at s* and is in such a

c¢ylinder.

position bhat the lip s® of said latch,may be

~ thrown in under the block ¢ of the valve-
- stem ¢, holding the valve ¢° in a raised posi-

| When this
- charge is thoroughly exhausted and the pis--

[tion and allowing the air to circulate fleely

1.

m? between said packing-ring

~chinery from the engine.
-air-reservoir air may “be stored for the purpose

in the end of the eylmder which is not being -
used during the operation of said cylinder by
‘means of one end only. Ialsoclosethe cock
g or g , A8 the case may be, dm‘mn‘ sald opera-
‘tion. | o
- As pwwously :nta,ted I form my eylinder
we
shell d’, thus allowing a space d° between said

with two shells, an inner shell d and an outer
shells,thl ough which waterisallowed to circu-
late.

shells of the cylinder...

box has therein the paekmcr m "mfand a ring

bolted to the outer end of sald stufﬁnh‘-box

holding the ring m? and the packing m Tm? i in

place. Ther 111«3*'?7@,3 isformed with two grooves,

the one, m°, upon its outer circu mferenee and
“the groove m"" upon its inner c¢ircumiference.
.Ports mT allow of free access from one groove -
The water is allowed to

m?® to the other, mS.
enter this outer groove m® through the ports
m8, one of whichisshownin dotted lines, Fig. 4.
Thenee it passes through the port m’i' to the

that point.

A cap miis

95
| groove m® and smrounds the plston-rod at ..
A water-supply pipetis attached
to the lower end of the cylinder, through which .
pipe water is supplied to the space in said

head. It then passes through the ports d*

My e}hnder-heads D and D’ are also
formed hollow and with ports d, communicat-
ing with the water-space d? between the two
Inthefrontendof the
cylinder is the stuffing-box D? through which.
‘the piston-rod M leCIPPOCateS

This stufﬁnﬂ'- |

90

100

(shown in dotted lines, Fig. 4) to the space

From the space around

ing closed by means of the plug .

means for the plstou form no part of my in-

‘vention, and it is not thought necessary to de-
scribe the same in any further detail.
The operation of my engine when it is to be-_
“operated by gas is as follows: The valves f?
and f*are first opened, admitting the airand

gas to the mixing-chamber f°. The valves g
and g are then opeued and the mixture of air
and gas held in check by means of the valves g

Lha engine.

by means of a pump opemted by the ma-

By the use of said

formed between the two cyhnders a portion =
of said water circulating around the piston-
rod in the annular ﬂ*roove m?®, with whieh itis
‘in communication.
the evlinder it enters through the other ports

dt to the space formed in the head D, whence

‘it passes through the pipe ¢ and enters the
exhaust-plpe P as shown in FKig. 1, through
the openings 7, "formed around the. lower end
of the pipe l, the lower end of said pipe be- .
The man-
‘ner of circulating the water and the cooling

110

115 o

120

_'Steam or compressed airis then turned on as
‘desired, the rod 7 being operated to open the
valvese and ¢'inthe steam-inlet portsa®and a*.
| The steam or compressed air then acts to start
The mlet-p1pe amay beattached
to an air-reservoir, into which the air may be
'eomplessed while the engine is in operation

of starting or reversing the engine when de-

sired, a,_rid--the laboriousoperation of starting

iy,
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....................................

| _-supply of stea,m was. cut oﬂ? As the pi

B e e L R e e

- | 20

~ inder.

- ~ the eylmder

5o

55

. tween the piston and cylinder-head D'.

‘the rlght

port 4 to the upper end of the valve - box

from the mixing-chamber 75 forces the valve
g* away from its seat, and the mixture of |
- gas and air enters through the port & to that-
end of the cylmder corresponding to the end
L’ of the piston..
and travelsin an opposite direction, the mix-
ture of air and gas is compressed 1nthe space"
‘between the cylmder head- D' and the pis-
ton and-in the space L’ of the
- the same-time that said charge is being com-
pressed in the space L' of the piston a charge';
- is being drawn into the other end of the eyl-
-When the charge in the space L' is
- compressed, it is 1ﬂ*n1ted In the manner pre-.
viously explamed and the piston forced in
35 the direction indicated by the arrow, com-

pressing the charge in the other end of the

When the piston reverses

piston.

cylinder in the space L* of the piston and be-

ing in a direction opposite to that mdlea,te,d

. : b} the arrow, the charge in the end L is com-

- pressed, as previously explained, and a fresh"
6o

charge is admitted to the end I? of the piston.

ner, ta,kmn' and compressing

second cycle, and 80 on repeatedly It w111

= . " "o ) W -t . .. i et -
kg - TR, RIS e - T - - o - ) .- L .. '_.#r__‘_.__*
' .
. - - - - .
- = . A -

At

"When
- the piston completes its stroke in this diree-
tion, the compressed chargeisignited, forcing
. the- plston in the opposite direction or in a.’
~ direction -opposite to that indicated by the
arrow, and the exhaust-gasesin the end of the |
. cyhnder correspondmn' to the end L’ of the.
‘piston are discharged through the port % to-
- the space G’ in the valv e- box. G at that end of
o The cam operates to lift the
- valve ¢® in said valve-box G from its seat, al-
lowing the exhaust-gases to escape into the"'
compartment p and thence to the main ex-
~ haust-pipe P. The engine then runs a fall
- revolution by its momentum first exhausting
- the gases from the end 1.2 of the piston and at |
- the same time taking in a fresh charge of the
mixtuare in the end. T/ as the piston tr f:wel‘s to
‘When the piston reverses, travel-

- -in the end of the eylmde1 ncorrespondmcr to 1
.. .. the side I.? of the piston is forced out throurrh?
___________ [ 5 .

- other end of the cylinder, and consequently

- .in the space G3 of the valve-box G. The:
| 'mlxtule of gas and air entering through the

the exhaust, and a vacunm is formed in the_}__.

a waterqacket

shells of thecylinder.
1t passes through the openings d* in the cyl-
inder-head D and into the water-space formed

-
-
'
'

e

e“s&f%‘e i‘:f' o

'-the encrme by hand is obV1ated When Lhe ' thus be seen that the engme explodes at each
engine is in full operation and running by
‘means of steam or compressed air, the rod r is
operated to close the valves e and ¢ cuttmg”

off the supply of steam or com pressed air, al-
- lowing the mixture of gas and air to ente1. |
- through the ports % to the cylinder and the
-engine run thereby. Suppose, for instance,
| ﬂlcl;t the piston was in the position shown in
Fig. 4 and traveling to the right when the

end alternately in the one cycle and then runs
by its momentum through another cycle.

I have thus descrlbed the operation of my
invention when it is to be operated by means
of gas alone.
by s1mp1y closing one of the valvese e’ the en-

| gme may be operated by the use of the explo-

sive mixture at one end and steam or com-

|.pressed. alr___a_h___bhe opposite end... Supposing.
| that the valve ¢’ is closed, the admlsswn of
_|.steam by the port a® will drwe the piston to the.
right and the admission of gas by the port % at
| the opposite end of the cyhnder will drive the
piston to the left -Under sueh- 01rcumsta,nee-s-_----8-e-------------------a-----_

the valves ¢ ¢’ will not be operated simulta-

neously by the rod r, but S&Id rod may be dis-
engaged from the eranks r" and said eranks

| operated independently of ea,ah other to elose_. .

one or other of the valves e ¢’.
In case it is desired to operate the enfrme by
merely using an explosmn at one end of the

cylinder the valves e e’ are closed and one of

the exhaust-valves ¢® at the opposite end of

the cylmder from that at which the exploswe
‘mixture is to enter is lifted and held in its
‘raised position by means of thelatch s.

70

1t is apparent, hc;wever that

e

go
The -

air in this end of the cylinder is permltted to

_clrculate freely where the explosive mixture

is only admitted to one end of the cylinder.

This is a matter of great advartage, asit per-

mits the repairs to be madeon the+ v alve mech-

anism at that end of the cylinder not in use

without shutting down the engine. = It often
occurs. in engines where the explosmn only
takes place at one end of the cylinder that

‘the valve mechanism or igniting mechanism

gets out of order and a shut down of the en-

‘| gine is the result. By my invention, however,
this is avoided, as it would seldom ocecar that

the valve mechanlsm at both ends of the cyl-
inder would need repair at the same time.
As before stated, my eylinder and cylinder-

heads are so constructed as to completely en-

velop the space in which the piston travels by
The water entering through
the inlet-pipe ¢ into the interior of the cylin-

der-head D' courses through said cylinder-

head, a portion of the water entering through

the port m? into the space formed around the

piston-rod in the stuffing-box, circulating
therein and returning ‘to the cylinder-head:
From the cylinder- head it passes through the

| openings d* in said cylinder-head and enters

the water - jacket formed between the two
From this Water-J acket

in said cylinder-head, from which it passes

| away through the outlet-pipet and into the ex-
‘Theengine continues to operate in alikeman--

e , exploding and
"~ =——compressing in the one eycle ~exploding and
 expelling, expelling and compressing in the

haust-pipe P.- The water circulating around

the eyhnder in this manner takes up the heat

which is imparted to the inner shell of the
cylinder, cooling the same and preventing

sudden expansmn and contractlon a,nd pre-
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venting the piston fr’o’i'n' either stickin gin the |

- cylinder or becoming so loose as to allow the

IO
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30
- each steam-port, whereby
may be completely cut off from said eylinder.

2. In an engine, the combination of a eyl- |
inder having steam-ports at each end thereof,
a main valve controlling said ports whereby

35

I 40

59

explosion to fly past. If, however, the piston

should at any time become so loose as to al-
low the explosion to fly past, the gases will
collectin theannular groove 3, formed around

the piston, and will exhaust through the ports
(* into the annular space ¢’ and will pass from
thence into the main exhaust-pipe P. The

water in leaving the water - jacket passes

through the pipe ¢’ and into the exhaust-pipe
‘P, As the lower end of the pipe ¢ is closed

by the plug #, the water is forced to pass
through the perforations #* in very small

streams or jets. The exhaust-gases in pass-
ing through the pipe P reduce these jetsinto
spray and mix therewith. This mixing of the
spray with the exhaust-gases cools the latter,
redueing their volume, and in consequence
thereof the exhaust-gases in leaving the ex-
‘haust-pipe and entering the air do not expand
so suddenly, -~ | R

What I claim as my invéntioﬂ, and desire
to secure by Letters Patent, is—
1. In an engine, the combination of a eyl-

inder having two sets of ports, one set for the

admission of steam to each end of said cylin-
der, and the other set for the admission of an
explosive mixture to each end of said eylinder,
valves controlling said ports, and a valve in
sald. steam-ports

thesteam may be admitted alternately to each
end of said cylinder, an independent valve in

one of the steam-ports adapted to close said

port permanently, said eylinder having a port
for the admission of an explosive mixture to

one end thereof, and inlet and exhaust valves'
‘controlling said explosive-mixture port, sub-

stantially as set forth. o
5. In an engine, the combination of a cyl-
inder having atone end thereof a steam-port,

and a port for the admission of an explosive

mixture,asteam-valve controlling said steam-

port connected to a moving part of the engine |
to operate said valve, and a stop-valve in the |
same port between the steam-valve and the |

c'ylindél‘ for permanently closing said port to |

the admission of steam.
4. In an engine, the combination-of a cyl-
inder having at one end thereof a steam-port,

and at its opposite end a port for the admis- 53

| sion of an explosive mixture, a steam-valve

controlling the steam -port connected to a
moving part of the engine to operate said
valve, and a stop-valve in the same port be-
tween the steam-controlling valve and the

6o

cylinder for closing said port to the admission

of steam.. | | |
0. Inagas-engine, the combination of a cyl-

inder, a piston, said cylinder having two sets

mission of steam, -and one for the admission

of an explosive mixture, valves for control-

ling said ports, said gas-valves arranged to

be held closed by the steam admitted through

said steam-ports.

6. In an engine, the combination of a pis-

ton, a cylinder having two sets of ports, one

mission of an explosive mixture to each end

of ports at each end thereof, one for the ad- 65

70

set for the admission of steam to each end of -
| sald eylinder, and ithe other set for the ad-

75

of said cylinder, exhaust-valves controlling

the exhaust of steam and explosive mixture.

from said cylinder, mechanism for rendering

permanently inoperative one of said inlet-

valves, and mechanism for rendering perma-

nently inoperative one of said exhaust-valves

at the same end of the cylinder. |

7. In an engine, the combination of a pis-
ton, a cylinder having two sets of ports, one
set for the admission of steam to each end of

sald cylinder, and the other set for the ad-

mission of an explosive mixture to each end
of said cylinder, exhaust-valves controlling
ports leading from said cylinder to the ex-
haust, means for shutting off the explosive

mixture from one of said inlet-valves at an
end of the cylinder; and means for holding
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one of said exhaust-valves permanently open

at the same end of the cylinder. |

In testimony whereof I, the said GEORGE 95 '

PALM, have hereunto set my hand.
| GEORGE PALM,
Witnesses: I . -
~ RoOBT. D. TOTTEN, .

ROBERT C. -TOTTEN.
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