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o all w?wm it ma&y cézaoe?%

: the I‘&dl.’:’bl pmts leadmw fmm the steam eri-
- DBe it known that I, JouN B. O’ DONNELL, a -tmnees of the cylmders

; ~ citizen of the United States residing at Lee’s | . In construetmﬂ' my eno'me I employ a cen-
| ~Summit, in the county of. J ackson and State | tfally located eastmrr 1 p10v1ded at 1ts upper- 55
[ -5 .0f Mlssoum have invented a new and useful -portion with 4 steam ehest 2, having a port 3 T
L Improvemem in Duplex Steam-Engines; and | leading to a central admlsswn ehambm 34,
5 I declare the following to be a full, (316‘&1 and | Said steam-ehest is‘also provided at its oppo-
. exactdescription of the invention, such as WIII' site ends with stuﬁinmboxes 4 and closed by
l - enable othersskilled in the art to whlch it ap- | a removable top. plate 5, bored and threaded 6o
- 10 pertains to make and use the same. - | toreceive theinduction-pipe 6, through which.
1 My invention relates to duplex stedm- en-_ the steam-supply is adlmtted and eont1 olled
| gines; and my object is to produce an engine | by a throttle- valve 7. "The opposite ends of
| - of the type having a plurality of cyhndel%dls- the casting 1 are inter nally threaded to re-
o posed end to end, duplicated on opposite sides | ceive the e'ﬂJE‘l nally-threaded endsof castings 65
i 15 of the nmehme, and operated by a common | 8 8, respectively, the adjacent ends of which o
| piston-rod. I aim to obfain the maximum | are prowded with tubuolar bosses or shoulders
' ~amount of power at the minimum cost, this | 9 9%, of small bore, communicating with the
. result being effected by the repeated use of pumaa ycyhndels 10 10*,'in which bhe pistons
F the steam and the remforeement of par tla,lly- t 40 40* operate. Said eyllndels also commu- 70
' 20 expanded steam by live steam, thus securing | nicate with larger ciréular chambers 11 112,
| ~a constant and equal pressur e 111 all t,he cyl—- | and the walls of scud cylinders 10 10> alqo ha,ve_

:  inders mmultaneously ‘a series of small right- angled passages 12 12¢,

- My invention also relates to plm ldlnﬂ"' affording commumcatlon between said eyhn—- -
’ ~ means for ereating an exhaust from in fmnt | ders' 10 10“ and chambers 11 112, respectively. 75
25 ofthepistonsby passing currents of live steam | 13'13* indicate inwardly- p10;ject1110° annular
f - around the cylinders, projecting the same | flanges formed integral with the walls of the
|~ through contracted nozzles into steam-spaces | eylluders between chambers 10 10* and 11

: at the outer ends of said cylinders, thereby | 112, . Castings 8 8* are also provided with a

' also supplying live steam to the outer cylin- series of mdlal steam -ports 14 14*, communi- 8o
}_ 30 ders during the direct stroke and, in the pre- | cating at their inner ends with the tubular
o ferred form of my engine, to all the eyhndels_ | opemnﬂ' through bosses 9 9*and at their oppo-

' during the return stroke a system of recip- | site ends with lonn'mudmal steam-passages 15
o roeatmﬂ valvesmounted on the piston-rod be- | 15%, enlarged at their outer ends and fitted -

- Ing also provided for controlling the course 'Wlth tubes 1616, terminating in nozzles 1717* 8;

i - 35 of “the steam, deflecting it to the live side of | within the enlar ged- portlons of passages 15

l the pistons, and e‘xeludmo‘ it, in codperation | 15% ~ As shown in Fig. 2, means are provided

, - with the blast fmm said nozzles from the e*a:-_ for admlttmn' live steam into the tubes 16

t haust side, | direct from the adjoining admission-chamber
v In the aewmpanvmﬂ' dl&Wlﬂﬁ'S mee 1 3* daring the return stroke of the pistons go

i - 40 represents a side elevation of an engine con- w1thout paqsmw it through the 1*ad1a1 pas-

j - - structed in aeemdance with my 1nvenhon | sages 14 14*. ~ For this purpose 'a series of

g ~ Fig. 2 is an enlarged vertical longitudinal see- | openings is pI‘OVIded between the steam en-
S tion of one nalf of the same, the other half | trance 3* and passages 15 15%, in which open-
I being an elevation. Hig. 8 is a vertical lon- | ings are pivotally - “mounted valves 55'55%, g5
| 45 n*ltudmal section of a mod1ﬁed form, showing havmﬂ' projecting spring-pressed arms 56 568
S both ends of the machine. Fig. 41is a cross-..” extendmﬂ' into the path of the central sliding
. section taken on thelineIV IV of Fig. 3. Fig. disk 46. ‘Also in said Fig. 2 two sets of stea,m- _.

~ 51is a cross-section- tftken on: the lme VvV of | pipes and nozzles are shown instead of one

- TFig. 8. Fig. 6 is a Cross- section taken on |in each of the passages 15 15°, the operation 1c0
E jo ’Ehe line VI VI of Fig. 3. Fig.7isa detached ‘of which will be described. Chambels 1111

ST wew of one of the Shde Valve b'us COlltl ollmﬂ'-:

_:_&le r1130 plomded Wlth a seues of mdlally- |




- extendmo- p01 ts 18. 183 1ead1n0' from a,id' éular chambers 34: 347 of st111 la,ro'et dlalnetor -

”chambers to the enlarﬂ'ed portlons of pas-
Said ports 18 18* are equa.l-
 in number to the nozzles 17 172, and are ap--
| _prommately at right angles to and-in the.
_ same radial planes with said nozzles, the lat-.
o '_ter projecting outward slightly beyond the

___’satre-ways 15 153,

. thereto that a blast of steam. issuing from
said - nozzles wﬂl produce a suctlon or X~

s

orifices of said ports, and being so related

_the adgomm# castings 21 212, attacned end-

_ oy

inders 23 232, provided at their opposite ends
- with annular flanges 24 242, formed integral
~ with the walls of the cylmders

30

. Wwiseto castings 8 82 by Screw-threads
. -ings 21 21® are larger in diameter than 882
_'a.nd contain steam ehambers of greater ca--
. pacity.
2220 de&gnate pro,]ectmg bosses or shoul—’ [
R dels, bored to provide passage. for the rod

- and to providein the steam-space around the

Cast-

rod -communication with the secondary cyl-

Said cyhn-
ders also communicate endwise with cham-

bers 25 25 .of larger diameter through open-
- ings:26 262, and hfwe further commumcatlon
mth sald chambers by means of mght anﬂled _~

- '__.passa#e -ways 27 272,

35

40

jécting outwardly shcrhtly beyond the orifices

- of passage-ways 28 and in radial alinement

therewith. In the engine as shown in"Fig. |
'8 said nozzles 58 are omitted. Said passage-
“ways 29 .29% are provided with tightly-fitting
tubes 30 307, terminating at their outer ends

' in nozzles 31 31*, which progject into the en-

. larged termmals of passage-ways 29 292,
| 32“ are radially-extending portsleading from
¢chambers 25 25* to the enlarged termmals of
| Said ports 82 32* have
- the same pomtwn relatively to nozzles 31 31*

6o

. passage-ways 30 30~.

that ports 18 18* have to nozzles 17 172, as

| -before described, the object in both cases be-;
ing, in part, to effect by means of a blast of

- steam from said’ nozzles an exhaust action

mmdemmmmmeqemmmemmmm e e m e m -

through said. ports- from the- stea,m spacers-.-.-.-

S vnth whlch they commumcate
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.jders 33 331‘ bored to prowde passacre for the |

T ~rod and. a,lso in the space around the rod com- |
'.'“*?:;is;i{-;féaifa?;:'%}?Lig'_‘,f:;__-;};_;e.;.;:mumcatmn between chambers 25 25“’ and cl r- |

| to orfrom the-cylinders orsteam-spaces.

CAs |
shown in Fig. 2, said passage-ways 29 29“ are.
also enla,rged at their inner ends, where they
communicate by means of openings in the |
. inner wall of casting 21 dlreetly with steam-

- ¢hambers 20, in WhlGh openings are placed
short tubes termmatmfr in nozzles 58, pro-

32 |

-end of the machine. |
said plston-rod are aplurahty of plston-heads |

outward stroke.-

formed in the end castingsorcaps 36 362, at-
“tached to castings 21 21“ by serew—threads

Said caps 36 362 have exhaust-ports 37 37* and
are also provided with ontwardly-projecting

extends through all the cylinders from end to
Rigidly mounted upon

tomary packmcr-rmgs to prevent the escape

| -of steam. Said piston-heads consist of con-
“ical-shaped parts 42 422 43 432, rigidly secured
to the piston-rod and. other.annular members
44 44 45 45*, which are loosely mounted: upon-

the conical parts, conical recesses in the rings
fitting the surfaces of said parts.

Shdably mounted on.the piston- rod Wlbhm |
‘| the admission-chamber 3* and steam-spaces

20 20* and 34 34*are.a series of tappet-valves

46, 47 47*, and 48 48*, which alternately open
1 and close 1he tubular openings leading to.and
from the adjacent cylinders.-

‘valves consists of a tubular sleeve. portion

mounted slidably on the rod and a.circular
disk portion preferably integral with the
sleeve and extendingoutward radlally there-
from somewhat beyond the openings leading
The

Each of said

9

stuffing-boxes 38 38*, through which operate
the opposite ends of the plston -rod 39, which

CmEEEEEEEEEEEEEEEESEEEEESESEEEsEsEEEEEEEEEEEEsEEEEEEEEEEEEEE === .................... mmsmsmmEsmssmssmssmssmssms======g= [ e T T T T T T Y YY"

B _______i____;___1_nders 10.10® and steam-spaces 11____1_1_?%_.__- ________ Qa.s_t_: _______ above-mentioned cylinders and have thecus-
- ings 8 8* terminate at their outer ends in |
o ‘bosses 19 19%, bored to provide passage for:
the rod and commumc&blon between cham-

. bers 1111* and chambers 20 20?, formed. in |

9o

95

sleeves of these valves extend.into the.adja-

| ‘| eent.cylindersand steam-spaces farenough to
28 28% indicate radlal pasmﬂe ways, aseries

of which extend from the tubular bores:.of |
- bosses 22 22* and communicate at their outer |

~ends with longitudinal passage-ways 29 29°,
~ enlarged .at their further ends, where they |
o termmate at the .ends of the -castings.

contact with the piston-heads at the end of

‘their strokes, either forward or return, andso

make the disks alternately open and- close

the entrances of the cylmders and: control the

direction of the steam. . .
"The admission of" steam to radlal passaﬂ'es

14 14» 28 28* ig controlled by slide-valves 49

Said valves consist
of a series of flat bars, rectangular in cross-

49* 50 50%, Figs. 5and 7.

section, slidably mountedin cor respondmgl y-

| shaped 1oncr1tud1na1 passagesintheshoulders
of the casbmﬂ's near to and parallel with the

‘rod and. erossmcr the radial steam-passages 14
Sald bars or valves-are provided

14> 28 282,

each with two circular openings, one, 62, of
the full size of the radial passages Whleh they

Said longitudinal passages

10D

10§

110

r1§

eross, 80 .as.to reglster therewith, and the .
| other, 63, of lesser size, so as to pa,rtmlly close
gaid paqsaﬂ'es
extend through the eastings from the respec-

120

tive cylmders to the adjoining steam-cham--

bers.

other by-contact with the tappet-disks on the

plamed

51 mdlcafés b1f urcated at‘ms Wthh straddle

These bars are projected alternately
‘into the eyhnders and said chambers, being
actuated in one direction by contact W1th the
piston-heads on the return stroke and in the

- Said - slide - bars ‘and the
| openings therein are :so arranged that the -
~small-openings-63-therein-will- 1emster with-
| the radial passages.14 28, &c durmn' the di-
- | rect'stroke and the larg er openmgs 62 dur-
ing the retum stloke as heremafter -eXx-

125

130
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_ the bosses on the adjdcent ends of the eylm-

- ders and extend upwardly to integral sleeve

portions 52, rigidly secured to longltudmal
rods 53, Wmch pass through the steam-chest

.and are operated by levers 54, pivotally con-
‘nected to caps 362

The’ forks of said arms

~ contact with the tappet-disks, as in Fig. 4, so

- that the engine may be rever sed by the ma-

' nipulation of the lever 54. There are two

IO
- and levers, as shown in Fig.
the engine in either dlreetlon ' Said arms re-
_elproea,te in slots in the easing, the escape of
‘steam through said slots being prevented by |
plates 62 wmch surround said arms and press
-against the inner surfaces of the chambels_,

sets of these arms, operated by separate rods
1, for reversing

- into which the arms extend.

~ The operation is substantmlly as follows:
. Asshown in Figs. 2 and 3, steam enters at
20
- chamber 3* into the cylinder 10 on the left

port 3 and passes thmugh ‘the ‘admission-

side in sald figures.. The piston moves out-

. wardlyinthe cyh nder until it passesthe open-

pass.

ings of the radial passages 12, through which-
_. steam from behind the head is then free to
When the piston-head nears the end

~of its stroke, the edge of the annular portion
44 thereof contacts mth the flange 13, stop-

39

- of the piston-head, through which steam

35

40

ping the movement of said annular pmtlon

while the conical portion being fixed on the

rod continues to the end of the stroke, thus
opening passage-ways between the two parts

passes outwardly into space 11 beyond said
cylinder. Similar action occurs simulta-
neously in the secondary cylinder 23, the
live-steam supply for said cylinder passing

‘through the small holesin slide-valves 49 into

radial ports 14 through pipes 16 and out of

nozzles 17 into. ehambel 20 and thence into
o cyhnder 23.

~ 1n sald cylinder is the same ags thatin eylinder
10 the construction of the two cvlmders and

The action of the piston-head

~ related parts being substantially identical.

43

Also during the dweet stroke a portion of

live steam passes throuo*h the small holes in
- slide-valves 50, radial passages 28, tubes 30,

and out of nozzles 31 into steam-spaee 34:

- The effect of the blast of steam from nozzles

17 and 31 is to create a strong suction out of

 the adjacent radial ports 18 and 32 and the

 drawi ing out all exhaust-steam and tending to.

steam-spaces with which they communicate,

~ ¢reate a vacuum and so lessemnﬂ* 1esmt&nee

55

to the outward stroke of the pistons It will

- be noted that the tappet-valves 4647 48 cover

the outer ends of theeylinders during the di-

- rect stroke and that this condition is essent1al

- tothe described action of the nozzles.
6o

steam which has

Tt will
alqo be observed that all exhaust-steam forced
or drawn out of the cylinders and connected

‘steam-spaces during the direct stroke isimme-

diately mixed with live steam issuing from

the nozzles, thereby becoming 1eﬂ*enemted N
so that at the end. of the d1reet stloke the 1
passed through or around
the cylmdels has almost 1ts 01"1“‘11’1&1 expan-i-.

I

that side of the engine.
the return stroke the two parts of the piston-

‘passages between them.

stroke.
46 47, &e., moving them over to cover the

valves also are a

outer side of the pistons.
have no exhaust action during the return

.ﬁmdml p&ssages 14 28, &c

sive force.

As the plstons in 03 hndels 10 23

near the end of their direct stroke they con-

tact with the sleeves of the tappet-valves 47

7o

48 'and move them over, so as to close the
exhaust 37 and the inner end of cylinder 23

and uncover the outer ends of c} Jinders 10 23.

‘The inner end of cylinder 10 is covered in

a similar manner by valve 46 being moved
over against it by the return stloke of the

piston in cylinder 10* on the opposite side of

the engine. The 1etmn stroke in the en-

gine as constructed in Fig. 8 is effected by
the live steam which has been passed around-
the pistons through the radial passages14 28,
tubes 16 30, &e.,'and mixed with pmtmlly—--
expanded steam in the steam-spaces beyond

Under my construction this
ficient expansive forece to effect
the return stroke without aid from the direct |

the cylinders.
steam has su:

stroke on. the other side of the engine. As

shown ‘in Fig. 2, however, live steam 1s sup-
plied tothecy Imdels and spaces beyond them

during the return as well as the direct stroke

_ throucrh the valves 55, nozzles 58, &c., mak- -
ing the pressure dmmﬂ‘ the ba,ck. str 01{@ equa,l

to that in the for Ward stroke.
as to all the eylinders.
opened for the admission of steain by contact
of the sliding tappet-valve disk 46, “which i 18,

75

0o o

Said Valves 55 are

95

moved over at the end of the dlreet strokeon

heads are first forced together, closing the
AS the heads near
the end of the return stroke theyactuate the

“slide-valve bars 50, making their small holes_

register with the ra,dla,l passages 14 28, &e.,
1eady for the entrance of steam on the next
~Theyalso actuate the tappet-valves

entrances to the appoelte cylmdelq These

nozzles 17 81 57 58, which would throw the

of action. During the return stroke in the

construction shown in Fig. 2 live steam is con-

tinually passing through nozzles 57, tubes 16,

fected by the suction of the

At the beginning of

100

105

110
disks over without the contact with the pis- =
ton-heads, but the latter insures uniformity

Ir 5"

and nozzles 17, 38, cmd 31 and aetmo' on the__ -

Nozzles: 17 and 31

stroke for the reason that the outer endsofcyl-

inders 1023 are not at that time covered by the
tappet-valves 47 48; but nozzles 57 58, Fig. 2,

120"

have exhaust actlon at this time wﬁhdmwmw -_ -

exhaust-steam, &e.,fromin frontof the return-
ing pistons throu ﬂ*h radial passages 14 28, &e.,
“as will be readily undel stood. Itwillbe noted
‘that the operation of the engine is largely ef-
fected by the employment of the suction from

125

these nozzles during both the direct and re-

turn strokes, which suctlon tends to produce
a vacuum in front of the pistons. a,nd SO 1ess- _-

ens resistance.

The sliding mlve bms 49 49ﬂ 50 aO“ have '

as stated, thelr smaill ports 63 register mtrmth

130

dmmﬂ' the du ect: :
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".__stroke and thelr lm ger ports 62 reﬂrlstermw

- therewith during the return Stroke, the ob-

Ject being to lumt the amount of live steam
‘passing throufrh said radial passages during
thedirect str oketo what is necessary for pro-
ducing by means of the nozzles the'described
- exhaust action out of the cylinders and in

~ the case of the slide-valves controlling pas-

- 1.0.__

ing the outer cylinders 23 232,

. 55inm the. same manner as nozzles-57, 80 that
~ no steam will pass throun'h nozzles 58 eéxecept

~duringthe return stroke.
- be operated by the tappet-disks 47, as will be |:
While a %ma,ll portion
- of live steam mixed with exhaust passes-out
- of exhaust-ports 37 37* durmg each direet
- stroke, the amount thus lost is'not sufficient:
to impair the efficiency of the engine, the
‘amount of steam allowed to pass‘through ra-
- dml ports- 28 28* not being over one per ~cent.
- Tt is of course understood that the parts |
| duphcated at the opposite end of the en gine
-.a‘ct alternately with those described. |
The outer ends of the piston-rod are se-
- cured to cross-heads 59, atbaehed to connect-
. ingirods 6@ and ﬂy wheelq 61 in' the. usualf

. 20

:'.:. _:. . 25

S

readily understood.

B ma,nner

) 35

- 40

~ it-is obvious that said cylinders may be ar--
) ranged in any multlple desired. On‘the other
‘hand, the engine would still be operative if
o all outer cylinders were removed, leaving

xordma,ry type: of compound engines in whlchfq
steam isfirst used under hwh pressure in-a:
small cylmder and afterw md used expan-
- sivelyin a larger cylinder.

- the steam 18- used expanswely but only after:
being mixed with live.steam admitted to the
- - inner steam-spaces through the longitudinal:
- passages surrounding the cylmders 80 that |
an equality of pressure is preserved during|:i
‘the direct and return strokes without refer- --
“ence t0 the.comparative size of the cyhnders =

Whileduplicate sets of cylinders areshown,

- rectly to them.

55

| .: 6o

.1..-..1..1.._.:-..-..-..-..-..-..-.._..-..-..-..-..-..-.1-.._..-..-..-..-.....-..-.._..-..-.._..-..‘-..-.._..-..-..-.._..-..-..-..-.J-..-..-.....-..-..-..-..-..-..-__._..-..-..-..-..-u.-..-.._..-..-.._..-..-.. ..-..---.-..-.---.-..-.---.-..-.---.-...-‘.-.--uh. ..........

...................................................................................................................................................................................................................................................................

- Ielaim as-my mventmn and deswe 1:0 se-_r

cure by Letters Patent—

1. In' a:duplex engine having a'pair of eyl-'
| mders disposed end. to end and:operated al-,
| temately by a -common piston-rod,.-and pis-
tons on-said rod, a steam—entrance, a central
admission- chamber into which both cylinders:
- open, two outer steam-chambersin the. casing: |
- beyond each:of said cylinders and: opening’

" into-each other eentmlly, radzal ports for ex--;.

Such valves would

In my machine |

“only the™ prl'm'a;ry'""cyl'l'ﬁd'"e'fs """ 10 1‘0‘“""W1‘th """ the:
. end caps 36 36“ ‘reduced in size,: attached di-

-1,.

smd radla,l ports. and 1ea.d1n0' 1Ilt0 the second

-outer steam -chamber, reclprocatmﬂ' slide-
valves mounted in the casings, transverse to.
“gaid radial ports-and having openings regis-
tering therewith, nozzles in the outerends of
‘said lonﬂ'ltudmal passages, radial ports lead-
ing: from the first outer steam-chamber and

.opening into said- longitudinal passages im-
‘sages 14 14* to'supply live steam for operat- |

On-the:other
L ha,nd during thereturn stroke it is desirable
~ that passaﬂ'es 14 28, &e., should be fully open
to permlt exhaust-steam from the cylmders.
to pass out through said passages..
sired; the nozzles 53 may be:-fitted w1th valves

mediatély behind the or1ﬁces of said nozzles

tappet-valves slidably mounted on: the pis-
ton-rod, and extending radially therefrom,
“within. sald central ste&m chamber and the
‘second otiter steam - chambers, and adapted
“If de- | to-alternately open and close the entrances
‘to the cylinders and: the openings connecting .
_said outer chambers, and exhaust-ports in
‘said second outer cham bels substantlally as

set forth.

2, In a duplex steam engine, the combina-

15

8o

‘tion of a pair of eylinders: dlsposed end toend,

-

~open-at their outer ends and opelated by a
common piston-rod, divisible pistons on said
‘rod, consisting of conical portions, fixed to the
‘rod, and annular portions surrounding said -
eomca,l portions and separable therefrom in-
: _W&I'dly-pI‘OJ ecting flanges at the head: ends of

_the cylinders, aﬂ'amst Whlch said annular por-
tionsimpinge, to divide the piston-head at the
-end of the direct stroke, a steam-entrance, a

central admlqsmn chamber into'which both

cylmders open two outer steam chambels in

the-casing

o - t opening’ into eaeh other eentrally,radlal ports
My enﬂ'lne is’ to be. dlstlnﬂ'mshed fr om the?

go
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100

leading from the entrances of said cylinders;

‘ing-into said longwudmal passages immedi-
‘ately behind the orifices of said nozzles, tap-
| pet-valves: slidably mounted on the piston- -
| rod and extending radially therefrom, within
‘said central stea.m chamber and the second:
.outer stea,m-cha,mbers, and adapted to alter-
!;{nately open and close the entrances to the
[ eylinders and" the openings conneetmﬂ' said
“outer chambers; and exhaust-ports-in said—
| second. outel chambers, substantlally as-set

|- forth.. X | -

8. In a- duplex engine the comblnatlon of a
| 1];)&1[' of eylinders: dlsposed end to' end, and
“operated by a common piston-rod, plstons on
said” rod, a- central admission-chamber be-
“tween’ said cylinders and connecting there-
~with, two outer steam- chambers at- the head
of each. eylinder, communicating with- each
other by central openings throun'h which: the
-rod passes, exhaust-ports inthe outermost of
;{ sald cha,mbers means for passmg expanded;’_

..........................................................................................................................................

;o a _

.........................................................................

lln:mﬂ-'11:u<il1nz;ﬂ passages connecting with said

‘radial ports andleadinginto the second outer .
steam- chalnbers, 1eclproca,t1ncr slide = valves

'mounted in the casings transverse to said
radial ports:and hawnﬂ' openings registering
‘therewith, nozzles in:the outer ends of said
’g_lonﬂ'ltudmal passages, radial ports leading
from the first outer steam-chamber and open-j

105
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N 101‘10*11311(111]&1 steam-passaﬂ‘eq leading around
the oylmders from the entrances theroto to
said second outer chambers, said longitudinal

10

20

- es4se s

the second outer olmmbel adapted to altep

-nately open and close the entrances to the

cylindersand the openings between said outer

~chambers, valve-rods mounted on the casing
and havmﬂ* arms extending through the same

into the Dath of said tappet va,lves for revers-
ing the engine, valve-controlled 1a.d1a1 and

passages terminating in nozzleo adapted to

produce a blast to draw expanded steam from
the cylinders and first outer chambers, and
project it into said second outer ohambers-

subst&ntmlly as set forth.
4. In a duplex steam-engine, the oomblna-

tion of a pair of cylinders axially in line, open.
~-at both ends and operated by & common pis-

._ton-rod, pistons on said rod, a central admis-
sion-chamberbetween said o} linders and con-

necting therewith,two outer steam- -chambers,

. oonoentllo with the rod, at the head of each
cylinder, and oonneoblnﬂ' with each other by
central openings throuoh which the rod

passes, exhaust-ports in Lhe outermost cham-
bers, means for passing expanded steam
around or through the pistons at the end of

~ -the direct stroko, tappet - valves slidably
- mounted on the rod within the admission-

30
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chamber and the second outer chambers,

‘adapted to alternately open and close the en-
- trances to the cylinders and the openings be-.
~ tween said outer chambers, radial ports lead-
‘ing from said entrances and connecting with

lon gitudinal passages openinginto Sald outer
chambols, slide-valves reciprocating trans-

versely across said radial ports and having

openings registering therewith toregulate the

- admission of steam to sald ports, openmws in

40
- tween the admission-chamber and sald lono*l-
~ tudinal passages,in alinement with said pas--

45

| outer ends of said longitudinal passages,

33

the inner walls of the cyhnder -casings, be-

sages, nozzles fitted in said openings and pro-
Jootmfr into said passages beyond said radial

ports, valves for admitting steam to said noz-

zles and means for opening said valves dur-
ing the return stroke, other nozzles in the

radial portsopening from tho first outer steam-

chambers into said longitudinal passages, be-

hind the orifices of said last-mentioned noz-

- zles, whereby live steam is supplied to the
ey llnders during the return stroke, and ex-

~ panded steam drawn out of the path of the
pistons during. both the return and dlleot
~ strokes, substantlally as set forth.

9. In a duplex engine, the combination of a

central steam-entrance, a central admission-
- chamber, a plurality of cylinders on each side
said ohamber all said cylinders being ar-
ranged amally in line and operated by a com- |
“mon piston-rod, and having openings at each

end, through whloh the rod passes, the outer

. oyhndors belnﬂ' of greater oapaolty than the

inner oylmdels pistons on the rod in each of |

- sald cylinders, means for passing expanded

‘Steam around or through sald pistons at the

| end of the direct stroke, two outer steam-

chambers in the casing, at the head end of

each cylinder, oonoeoted by central openings -

through which the rod passes, exhaust-ports
in the outermost chambers ateach end of the
engine,

radial ports leading from the en-

tmnoes of said cylinders, 10110‘11311(11]1&1 pas-

sages connecting. w1th said ra,dlal ports and
leadmn into the second outer steam-cham-
bers, nozzles in the outer ends of said longi-

_tudma,l passages, radial ports leading flom-

the first outer steam-chamber adja,cent to
each cylinder and opening into said longitu-

‘dinal passages immediately behind tho ori-
fices of said nozzles, tappet-valves slidably

/5
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mounted on the p1ston -rod and extending ra-

{ dially therefrom,within said admission- oham-
ber and the seoond outer steam- ehambers,-
‘adapted to alternately open and close the en-
trances to the cylinders and the openings con-
‘necting said outer ohambels substantmlly as

set fOl th

e,

_oentral steam- entlanoe, a centr al ddml‘SSIOIl-

chamber, a plurality of eylinders on each side
sald cha,mbel
ranged axmlly in line and operated by a com-

‘mon piston-rod, and having openings at each
end, through which the 1od passes, pistons

on the rod 1n each of said cylinders, means
forpassingexpanded steam around or through
said pistons at the end of the direct smoke,
two outer steam-chambers in the casing at
the head of each cylinder, connected by cen-
tral openings, through Whlch the rod passes,

‘all said cylinders being ar-

05
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exhaust-ports in the outermost of said cham-

‘bers, at each end of the engine, tappet-valves
Shdably mounted on the rod, within the ad-

105'-

mission-chamber and the sooond outer cham- -

‘bers, adapted to alternately open and close
the entrances to the cylinders and the open-

ings between said outer chambers, radial
ports leading from said entrances and con-
necting with longitudinal passages oponmn‘

into said outer ohambels, openingsin the in-

ner walls of the cylinder-casings, in aline-

110

ment with said passages, nozzles fitted in said

openings and projecting into said passages

beyond said radial ports, valves for admitting
steam to said nozzles duunw the return str olce,

and means for operating sald valves, other

‘nozzles in the outerends of said longitudinal
‘passages, radial ports opening from the first

outer steam-chambers into sald longitudinal
passages behind the orifices of said la,st—men-
tioned nozzles, wherebylive steam is supphed

pistons during both the return and direet
strokes, sub&atantmlly as set forth.
In testimony whereof I affix my swnatmo

in the presence of two witnesses.

JOHN B O’DON\TELLi. |

Wltnessos.. -
B A, SPENCER,
:M: L, L&NGE
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to the cylinders during the return stroke, and

-- oxpanded steam drawn out of the path of the 125
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