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" chaimber and the cylinder is now closed and
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To all whom it may concern:.
Be it known that I, ELIHU THOMSO’\T aum-
zen of the United btates, residing in the town

of Swampscott, county of Essex, and State of |

Massachusetts, have invented a.new and use-

fullmprovementinInternaliy-Fired Engines;

of which the following is a spemﬁca,mon .
1he object of my mvenmon is to eonstruct

an engine which shall be simple and effective |
and Which shall be capable of operating by
‘the combustion of fuel internal to the engine.

The broad principle of operation 13 largely
the same as that of the engine of my appli-

cation, Serial No, 671,963, ﬁled February 28,
The present inventiondiffers from that

1898.
of the said application in combining means

for obtaining an.impulse every revolution

with each cylinder. - It also differs-in 'some

details.

The priuciple of my invention 18, briefly, aS‘
- follows: Air is taken into the space back of
the piston on the forward motion of the same,
it being preferably injected from aspace into

which 1t has been previously slightly coimn-
pressed.  If the cylinder-space be filled with
burned gas and the products of combustion,

“the. mgected alr larﬂely takes its place and ex-

pelssaid products of combustwn through suit-

able openings.’ The airso introduced is com-

pressed upon the return of the piston into &
space adjoining the cylinder. While being |
thus compressed it passes a valve which haq
been opened and which has been kept open
during the time of compression. The piston
on reaching the bottom of the eylinder or on
reaching the end of its inward stroke, there
being but little clearance provided, has thus
cumpmsﬁed the voluwe of gas which was in
thecylinderinto the compression-space. The
valve between the compression .space oOr

a passage-way provided, so that on the re-
tirn of the pl‘-;LO‘ﬂ or duaring the forward

stroke -the air which had heen compressed -

passes through the fire-box or fire- -3pace into
which the oil or other ‘ecombustible is fed.

‘This fire-box or fire-space is in connection di-
rectly with the cylinder-space, and the re- |

tarn of the compressed gases is therefore
through the fire - space, whezeby they are
heated and expanded to a high degree. The

power obtained from the engine is due to the | parts of thzs parallel motion.
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|

after passing the fire-space. -

“difference of volume of the gas within the e¢yl:
-inder compressed at low temperature and the
~expansion of the same at high temperature 55

My invention will be better undelsbood by

| lefewnce to the aecompanying drawings.

- TFigure 1 is a side elevation, partly in sec-

tion. Fig. 2 isan end elevatlon Fig. 3is a

with my inveuntion. Figs: 4 and 5 show.the
jet. or burner for mixing oil and vapor with
air and burning the same. Iigs. 6, 7, 8, 9,

the operation of an engine of my invention,

valve arrangements and valve-moving mech-
anism, dlspomtlon of parts, and so on it is
not necessary. to follow the drawings; but
they may be widely modified without depart-
ing from the invention itself. Moreover, I
havenotshownanygoverning devicesforcon-

trolling the speed of the engine, as these.

are not necessary to the operation of same
under certain conditions, and governing
mechanism of inany types may be emplc)) od,

Thus I mmay simply cut off the. oil- supply
when the apeed ekceeds certain limits,or I may

(while cutting off the fuel or other supply)
keep open the valve between the ¢ylinderand.

the . compression -space. - As the governor

plan of an engine constructed in accordance .

and 10 are diagrammatic views showing the
sequence of actions which take place daring

It is to be understood that in detfails of

ile3
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forms no part of the present invention, Thave .

not illustrated or described any: methods of

85"

accomplishing the maintenance of a umform .

-Speed.

In Fws- 1, 2, and. 3, B ma.y repteient a
base-plate and VV a ﬁy-wheel mounted upon

the shaft of the engine, which is carried in

go

suitable bearingy, as at J J, sustaiuved from,

‘the. base.
ried on a sort of yoke Y, adjoining two up-

right pillars, there being four pillars shown,

{ PP P P, supporting the upper parts of the
Iengine, whmh is of a vertical type, though

not . necessarily so. Connecting -rods are
shown at.G and the piston-rod dt R. The

piston:rod may be smtably guided, as on
slides, or a parallel-motion arrangement may
‘be employed,-as isindicated in the figures at- -
M. Though forming no essential part of my
‘present invention, I will bmeﬂy refer to the

A link le

As shown, these ]oumals are car-
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hung from g projécting portion of the frame-
work and. pivoted to the link- pieces m m.

~The other ends of these links m m are piv-

10

oted to the outer end of the piston-rod, as at
7. A third pair of links 0 0 is provided, one

end of each being pivoted to a link m and

L

the other to a fixed portion of the frame.
‘When the piston is in wmid-pdsition, the piv-
otal points of .the pieces m, n, and ¢ are in
line, and, as shown, the pivotal points are
made such that the smaller links o o coin-
cide with the middle third of the long links
m m,—1. e, the fixed pivotof the links o o will
ve distant from the pivots n n of the piston-

rod one-third of the length of ni—the leneth

of the links o o being thus (between their

- pivotal points) equal to one-third that of the
ltnks 7 m, and the-remaining third of said |

- links m m is between the pivotal points of

20

0 0 and the pivotal points of the links 71 to '.
mm. This arrangement will, if thelinks 77 |
be of some length, give substantially a par- |

- allel movement—i. e., the pivotal points n n

25

on the piston-rod R will traverse nearly
straight lines back and forth. Changes in
proportion may, as is well - understood, be
made in such an arrangement and paraliel

~action still be prod uced.  The piston-rod R

_30
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passes through an opening in what may be !
termed the *‘ lower part ” of the ecylinder-case |
K K. In‘thehead of thiscase are preferably
arranged valves V V, which open inwardly

on  slight difference of pressure existing be-

tween the exterior air and the air within the
space K K. The valveseclose when such a pres- |
~sure has been equalized.

The piston P* is
shown as down, at which positionit uneovers
the series 6f holes h h, part of which are the ex-
haust-openings from the eylinder-space and
part of which formn openings or passages of
comnmunication between the space K K below

- _the piston and the space above the piston. I

45

haveillustrated byh an opening which may be
called an-““exhaust” opening, and which may
lead to any suitable exhaust-space, and by h?

‘an opening which communicates between K |

K anil the space.above the piston P2 It is pre-

~ferred to make each alternate hole of the se-

53
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ries hhan exhaust-opening,and the remainder
will be transfer-openings, such ag k2 A large

~opening in the cylinder-head above is cou-

troiled by the valve H, and this opening com-

muLicates with space I, which may be called |
a ‘‘compression” space or chamber, sinceon
the upward motion of the piston P?the greater
part of the gas in the eylinder is forced into |

said space nnder increasing pressures.- - The

- valve H, operating by astem ru nning through-
~ astufling-box at g, is controlled by a suitable
cam k£ upon a cam-shattor by other mechan-
ism receiving its motion directly from the mo-

- tions of the engine and synchronizing there-

65

with, - This shaft in the figure is driven by
~a chain Z, running

over suitable sprockets,
the lower one moved, as is

the other one mounted on the shaft bearing

plainly evident
in the figure, by the shaft of the engine and

723,503

| the cam . A pump D, operated by the mo-

tiong of the engine, suitably communicated;
serves to supply oil to the engine, as will be

described. . A spring S is shown as tending

to open the valve H, the cam % acting to close
the same. The valve H is, in fact, arranged
to be closed daring that part of the revolu-
tion which corresponds to the downward mo-
tion of the piston P?% and to be opened during

‘that part of the revolution which corresponds

to the upward stroke of the piston P2 . The
compression-space T communicates by a pas-
sage g with the upper end of the fire-space
and with a suitable jet or fuel and air-mix-
Ing device seated at the upper part of the
fire-space shownat F. It ispreferred to pro-

vide a valve H? which closes the passage g

whenever the piston P? is on the upstroke
and opens communication from the space T
through g wheneverthe piston is on the dewn-
stroke. o -

T'he jet or burner B? (shown separately in
Kigs. 4 and 5 for clearness) is simply a device
for causing the air compressed in T to pick

70

75

30

go

up and distribute the oil discharged by pump -

D. To this end it is made with passages for
the enfrance of air from the duct ¢ and pas-

sages for the entrance of oil from the pipe ¢,
led from the pump D. It is also made with

095

the openings directed toward the fire-space— .
t. ., downwardly—the openings for air inter- |

secting the passage for oil, so that the oil
will be picked up and distributed in the fire-
space. The fire space or chamber F is pref-
erably lined with- refractory material and
filled with refractory material having perfo-

rations therethrough, or the fire - space is

nearly filled with pieces of fire-resisting ma-
terial, such as hard - baked fire - clay, sup-
ported on the lower grid N of refractory ma-
terial. The object is to have the space F as
thoroughly
the free combustion of the air and oil in pass-
ing therethrough.: -

Having described the general construction

of the engine embodying my invention, I will
now proceed to indicate the manner of its

r

operation. To start the engine, the fire-plug

filled as- possible consistent with

JTO00
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or burner B?is removed, as by unscrewing it,
when it has been constructed with a thread,

as shown. The piston P? is p

oil blowpipe or torch has its flame now driven

laced in its
lowest position, as shown in Fig.1. A gas or |

120

down through the mass of perforations or

pieces of refractory material in 'F, so as to
bring a portion of theé same to a red heat.  In-
stead of doing this the refractory material

Itself might beremoved and heated separately.
-1n a crucible or furnace and put in place be-
The fire-plug or burner B2, |

fore starting. _
itself made hot is now serewed into place,
whereby the openings-through it are made to
reach the air-duct g and the openings from

‘the pump D feeding oil, which oil may be

any of tiie forms of petroleum, such as kero-
sene-oil, gasolene, &e. Now on giving the
engine a turn the piston P? rises, the valve

125
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H is opened, and the air above the piston P* { ume.

1s forced into the compression-space T, which

- .is comparatively cool. It isto be understood

5,

i0

L5

- fire-space, is restricted. The valve H now

that both the compression-space T and the
cylinder - walls themselves may be water-
Jacketed or otherwise cooled for preventing
too great increase of temparature. “When
the piston P* is raised to the upper limit
of 1ts stroke, nearly all the air in the eylin-
der will have been forced into the space T.

- A little of it will, however, have gone-into

the fire-space F'; butinasmuch asitsentrance
Into the fire-space F is attended by great
expansion, due to the high temperature of
the same, the amount which passes into the

- shuts and the valve H? is opened. The pis-

20

ton begins to descend. The compressed air
in T can now only get back to the cylinder
by passing through the burner B?and the
fire-space F, where it meets the fuel and is

- thereby burned, and the hot expanding gases

25

are delivered from the lower part of the fire-
~ Space, as at N, back of the piston.

The mean
effective compression - pressure is naturally
much lower than the mean effective expan-

_sion-pressure, owing to the difference of tem-

30
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perature, and it is to this difference of mean
effective pressures that the power of the en-

its lowest point, a rush of air takes place from
the space K K through the openings %2, while
the heated or expanded gases are in large part
blown out of the exhaust-openings, such as /1.
The.air which had accumulated in K K had

- been taken in on the ascent of the piston by

40

the valves V V opening and bad been slightly
compressed on the descent of the piston-rod.

Of course aseparateair-pump might be used
instead of making the piston P2 pump its own
air, and it will be understood, further, that the
various fuels and methods of supplying the

. same shown in my application Serial No.

45

operation of the present invention. =~
I now briefly call attention to the diagram-

matic Figs. 6,7, 8, 9, and 10. In Fig. 6 the

~piston P* is down and the washing-out proe-

50
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ess is taking place through 72 from K, while
the ejection of the hot waste gases is occur-
ring from /'. The valve H is just opening,

as determined by the cam % on the cam-shaft,
while valve H*isshutting. Fig.7shows what |
i3 occurring when the pistan P?is rising. The |

-alr above it is being com

T' and the valves V V are opening and allow-
ing the space K to fill with air on the up-
stroke of the piston P2, In Fig. 8 the valve
H is closed and H?open, so that the air which
was in the cylinder above P?‘is now com-

pressed in thespace T. 'The cam % has ¢losed

-gine is due.. When the piston P? has reached

the valve H and opened H2. Meanwhile oil

is being pumped by the pump D_into the.
burner. On the descent of the piston, asin

Fig. 9, valves V V close and what air is in K
18 undergoing a moderate reduction of vol-

g

<}

The aiv in T, however, is now passing

through the fire, meeting the oil from pump
D, and gives increased combustion, which

highly heats the products of combustion.

These products are expanding and exert

pressure on the piston P* during the down-
stroke. On the completion of the downstroke
the parts come into the same relation as in
Fig.6. Fig.10showsthe action which at that
moment occurs. 1his completes the cycle.

It may be stated that the valve H? may, in-
deed, be dispensed with if there is a fair
am:-unt of resistance to the passage -of the
gases during. compression through the fire-
chamber F, for in this case very little gas

when the valve H-is wide open will pass into’

T tarough the fire-space, and. most all of it
will reach the compression-space T through
the large opening uncouvered by the lifting of
the valve H. 1 prefer, however, to provide

70

75

30

‘the valve H? inasmuch as it effectively shuts
-off the possibility of any oil or vapor of a

671,963 referred to may be employed mthe!

combustible na
space T. -

It will be seen that my invention produces
an engine giving a power impulse every revo-
lution and that it does not burn its combusti-

turereaching the compression-

.
-

Q0

ble by explosion producing shock and fhat,

farthermore, it is possible to obtain a very

95

complete combustion, since the air supplied -

may be in excess of the combustible and
since, further, all the combustible has to pass
in reaching thecylinder through an intensely-
heated mass of material, which destroys its
power to emit odor. . S

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. Inanengine,the combination of a piston
and cylinder, means for injecting a slightly-

compressed charge of air into the eylinder at

or about the completion of the piston-siroke,
a compression-space opening into the cylin-
der wherein the-charge is further compressed
by the movement of the piston, a fire space
orchamber communicating with the compres-
sion-space and the“cylinder, and means for

100
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closing the opening between the compres-

sion - space and the cylinder whereby the
charge is ecompelled to pass through the fire-
chamber and be heated on its return to the
cyvlinder. . :

2. Inaninternally-fired engine, the combi-"

nation of a cylinder, a piston, means for in-
jecting a more or less compressed charge of

communication with the eylinder, means for

‘increasing the compression of: the said charge,

a fire-space communicating with the cylinder
and the compression-space, and a valve for

120
pressed into space | air into the cylinder, a compression-space in”

125

closing the opening between the compression- -

space-and the e¢ylinder so that the charge is
obliged to pass through the fire-space on its
return to the eylinder. = = |

3. In aninternally-fired engine, the combi-
nation of a eylinder, exhaust-ports therefor,

a.piston moving insaid eylindér and arranged

130
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to compress a charge of air on its inward |

stroke, a eccmpression-chamber ODEIliBﬂ' into
the cy]1mh~ and arranged to receive the air
which is compressed by the piston, a valve for
closing the opening during the power-stroke

of the piston, a second chamber lined with

refractory material and conunecting with the
first, means for supplying fuel to the second

."tzha,mber, and means "fm' injecting into the

IO

£5

cylinder under pressure a fresh charge of air

to. replace, in whole or in part, the spent gases. -

4. Inaninternally-fired engine, a cylinder,
a piston, a fire-chamber, a compression-cham-
ber opening into the eylmder and also into

the fire-chamber, means forsupplying f 1el to .

~the fire-chamber dmmo‘ the power-suroke of

20

the piston, means for cutting offt communica-
tion between the compression-chamber and -

the cylinder exceptthrough the fire-chamber,
and means for displacing the spent gases by
fresh air under pressure upon the eompletlon

- of the power-stroke.

5. In an internally-fired engine, the combi-

nation of a cylinder, a plstqu, a compression-
chamber opening into the cylinder, a fire-

chamber opening into the compression-cham-

ber and also the eylinder, a valve which closes
the opening between the compression-cham-

~ ber and the cylinder on each power-stroke of

30

the piston, and a second valve which opens the
passage between the fire and compression
chambers at or about the time the first-men-

tioned mlve closes.

45
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6. Inaninternally- -fired éngine, the combi-
nation of a eylinder, a piston, a compression-
chamber opening into the cylinder, a fire-
chamber which is permanently open to the
cylinder and also opensinto the compression-
chamber, a double valve acting to control the
action of the compression- cha,mber acam for

actuating the valve, and a meeha,nwa,l con-

nection between the moving parts of the en-
gine and the cam.

7. In an internally-tired engine, the combi-
nation of a eylinder, a plston, achamber into
which the cylinder opens and in which the
air charges are initially compressed by the
piston, valves in the chamber permitting air
to enter but not to escape, valve-openings
whiech are uncovered by the piston for per-
mitting the initially-compressed charge to
enter the cylinder back of the piston, a cham-
ber in which the charge of air is further com-

pressed, and a fire - chamber in ‘which the

charge '{)t' airmingles with the proper amonnt

of {_,ombnstlble, after which it returns to tahe'

~eylinder.

60

- sot, of ports or openings connecting the. ¢cylin- |
der with the atmosphere, the ports "of:one
set alternating with those of the second set, .

8. In an internally-fired engine, the combi-
nation of a eylinder, a cham ber into which the
eylinder opens, a set of ports or openings be-
tween the chamber and the cylinder, a second

‘nation of a eylinder, a

723,503

and a piston for the engine, which alternately
opens and eloses the sets of portsor openings.

9. Inan internally-fired engine, the combi-
nation of a chamber, a ¢ylinder opening into
the echamber, a piston arranged to move with-

in the eylinder and give an initial pressure to

a charge of air at the forward end of -each
stroke, a valve for regulating the passage of
this charge intothe cylmder a chamber open-

65
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ing into the cvlmder in which the final com- '

pression 1s given to the charge by the pis-
ton-on its. retum stroke, a fire- chamber open-
ing into the eylinder, and means for closing
the direct opening between the compression-
chamber and the eylinder, and permitting the
charge to enter the fire-chamber on its return
to the eylinder.

10. Inan mternall; -fired engiue, the combi-
nation of a cylinder, a. chamber ec}nnectmﬂ
with one end of the cylmdei a second cham-
ber connected to the opposite end of the c¢y!-
inder, a piston which on the forward stroke

gives an initial pressure to the charge of air
in the first-mentioned chamber, and on its
return stroke completes the compression of

said charge and discharges it into the second
chamber, a means for mixing fuel with the

- charge aftel it is compressed, “and a chamber

containing .a body of ﬁle—resuﬁtmg material
for hea,tmw and expanding said charge for
actuating the piston.

11. Inaninternally-fired engine, the conivi-
nation of a cylinder, a chamber connected
therewith, a port between the cylinder and

75
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the ehamber a piston which compresses a

charge of air and uncovers the port on its
outward stroke, and further compresses the
charge of air on 'its Inward stroke, & com-

pression- -chamber which receives the air after

it is compressed for the second time, a fire-
box arranged to receive the charge from the
compression-chamber and deliver it to the
rear of the piston, and automatic means for
supplying fuel to the fire-box.

12. Inthemternally—ﬁledenﬂ'me,thecombl--
a chamber connected
therewith, a port between the cylinder and
the. cha,mber a piston which eompresses a
charge of air and uncovers the port on its
outward stroke, and further compresses the
charge of air on its inward stroke, a com-
pression-chamber which receives the air atter

QO
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it is compressed for the second time, a valve

for closing the compression- _chamber to the
eylinder on the power-stroke of the piston, a

fire-hox, a fuel-pump arranged to deliver fuel

to the ﬁre box and a driving connection be-
tween the engine and the pump. |
In witness whereof I have hereunto set my
hand this 3d day of Febma.ry, 1899.
- ELIHU THOMbON
"Witnesses:
DucALD McKILLOP,
HENRY O. WESTENDARP,
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