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To all whom it may concern:
Be it known that I, JAMES IJJARGREAVES,

_chemical engineer, of Farnworth, in the
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‘hereby

county of Lancaster, England, have invented
a new and useful Improvement in Internal-
Combustion Thermo-Motors, (for which I have
obtained a patentin GreatBritain, No. 10,980,
dated July 30, 1888; in France, No. 198,738,
dated June 5, 1889; in Belgium, No. 36,540,
dated June 6,1889; in Germany, No. 50,570,
dated June 13,1889; inItaly, No. 25,609, dated
June 7, 1889; in Spain, No. 9,676, dated Au-
oust 20, 1889, and nowhere else;) and 1 do
declare the following to be a full,
clear, and exact description thereof.

My invention relates toan improvementin
motors which are driven by power obtained

from the combustion of liguid or gaseous fuel
and air within a working chamber or eylin-

der; and the object is to provide a motor
which, while of simple construction and easily
accessible in all its parts, shall to a large ex-
tent utilize in the performance of work the
heat developed by combustion.

Figure 1 is an elevation, and Fig. 2 i3 a ver-

tical longitudinal section, of my improved

motor. |

1 is the frame carrying the various parts of
the motor. N |

92 is the working-eylinder cast or fitted with
a jacket 3 and with a regenerator-chamber 4,
which chamber and also the working-cylinder

at the piston end are secured to the frame 1.

5 ig a cover for the combustion end of the
working-cylinder, formed so that there 1S a |
‘passage 6 between the regenerator-chamber

4 and the working-cylinder 2; S, openings and
doors to allow of access being obtained to the
working-cylinder without removing the cover
5; 9, lining of refractory material to prevent
too great transmission of heat to the metal
when combustion takes place. The lining of

‘the combustion end of the working-cylinder

is made of blocks of refractory material held
in position by rings 10, made with projections

“or grooves, so as to prevent displacement of

the refractory material. |

11 is apparatus of any stiitable econstruc-

tion for allowing of the injection of fuel into |

| the space between the cover 5 and the ﬁrt)rk- 50

ing-cylinder 2.

The regenerator 4 1s
of refractory material. The spirals near the
| passage 6 are preferably formed into cylin-

drical blocks, whi.
loosely with spirals or other forms of refrac-

may be cleaned from tar or carbonaceous
matter. - | - -

13 is the working-piston, provided with
packing-rings 14, and divided into two por-
tions by aring of non-conducting material 15,
so that heat is not readily conveyed from one
| end of the piston to the other. |

16 is a facing piece. :

17 is a seraper-ring for removing tar or de-

posit from the piston. |

radius-rod 19, and to the connecting-rod 20.
| By thisarrangementside strain on the piston
is much reduced. | | :

22 is a bell-cranklever pivoted to the frame 1
and actuated by a connecting-rod 23, coupled
to the connecting-rod 20. -

24 is an air-pump cylinder c¢ontalning a
plunger 25, coupled to the lever 22 by a con-
| necting-rod 26. - |
27 is an air-admission valve.

98 is a discharge-valve, past which air flows
| into the regenerator-chamber 4. |

tory material readily removable so that they

illed with spirals 12

e the opposite end is filled 55

18 is a link pivoted to the piston 13, to the

70

21 is the crank, crank-shaft, and ﬂjf-wheell. _

75

S0

29 is an exhaust-valve for products of com-

bustion.

closed. - -
31 is an arm secured on a rocking shaft 52,
and provided with an adjusting-screw 33.
34 is an arm secured tothe rocking shaft 52
and resting against a cam 395. S
36 'is an eccentric and rod for giving mo-
tion to the cam 39. | |
37 is a pump and connections for forcing
liquid feed through the injector 11. B
Motion is given to the pump-plungerin one
| direction by means of a lever 33 actuated by
| the cam 35, and in the other direction by a
spring 39. |

L]

40 is a rockl

ng piece actuated by a cen-

30 is a spring for keeping the valve 29
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1In front of the lever 38 for a

therefractory material 9 red-hot,

trifugal governor 41, so that as the speed of
the engine increases the said piece is placed
longer or shorter
time, thus preventing the lever 38 from mov-

ing and the pump from supplying fuel to the

injector.

42 18 a pipe leading from the Jacket 3 to a
valve-box 43. -

44 18 a valve actuated by the cam 35, rock-
shaft 32, eccentric 36, or other convenient
part of the engine. -

The space between the jacket 3 and c¢ylin-
der 2 is partly filled with water. |

l'o induce primaryignition for starting the
motor, a lamp burning petroleum or other 0il,
or a. gas-jet, is placed opposite the opening
marked 8 on Fig. 2 of the drawings. A blast
of airwill cause intense combustion and make
theregenerator,the port 6 leading thereto, and
Whenonce

- red-hot, the door of opening 8 is closed and
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40

liquid

45

the engine started, the parts being once made

red-hot, as specified, being sufficient, to ignite
the fuel injected. |

When the motoris at work and the pistonin
the position shown, liquid fuel is in jected into
the space at the combustion end of the eylin-
der,while air is forced by the pu mp 24 through

‘the regenerator tosupport combustion. When

the piston,acted on by the products of combus-
tion, has moved out and- is beginning to re-
turn, the exhaust-valve 29 is opened and the
products pass through the regenerator and
escape. The heat imparted to the walls of
the working-cylinder raises the temperature
of the water between the jacket and cylinder
to boiling-point and generates steam, which
1s admitted to the regenerator past the valve
44 at the same time that the air to support
combustion is passing therethrough.

The pump 37 will be varied according as

or gaseous fuel is used. |

Inan application, Serial No. 041,385, filed by

i Ieon Kebruary24,1890,1show and describe an

internal combustion motor having some of
the parts of the motor herein described and
illustrated, and I therein claim , wnter alia, the
following items: The combination of a com-

~ bustion-chamber, regenerator, a water-jacket,

50

[ile

an air-inlet leading to the water-jacket and
thence to the regenerator; also, the combina-
tion,with these elements,of an air-force pump;
also, the combination, with the combustion-
chamber and regenerator connected by a
passage, of a fuel-injector discharging into
the passage; and therefore I do not herein
claim any of said combinations,

I claim—

1. In an internal-combustion motor having
a cylinder and piston and an air-pump, the
combination therewith of conneectin g-rods for
the pistons, and an interposed pivoted bell-

crank lever for coupling the connecting-rods, |

436,781

| Substafntially as and for the purposes speci-

fied.

2. In an internal-combustion motor, the
combination, with a water-jacketed working-
cylinder, an air-pump, and an interposed re-
generator, of a valved steam-pipe, which con-
nects the water-jacket of the cylinder with
the passage leading from the alr-pump to the
regenerator to deliver steam into the air-cur-
rent entering the regenerator from the pump,
and gearing for actuating the valve from a
moving part of the motor, substantially as
and for the purposes specified.

o. T'he ecombination, with an internal-com-
bustion motor, of a regenerator having that
portion adjacent to the combustion-chamber
of the motor closely packed with refractory

| blocks and its distant portion filled with loose-

ly-packed removable blocks of refractory ma-
terial, substantially as and for the purposes

specified. |

4. In an internal- combustion motor, the
combination, with a cylinder bhaving a refrac-
| tory non-metallic lining and a regenerator ar-

ranged in juxtaposition therewith, of a cover

common to both, said cover having a non-me--

tallic refractory lining and adapted to couple
the cylinder and regenerator by a direct chan-
nel or passage, substantially as and for the
purposes specified. o

o. In an internal-combustion motor, the
combination, with a cylinder having a non-
metallic refractory lining and a regenerator
arranged in juxtaposition therewith, of a head
or cover common to both, provided with a
non-metallic refractory lining, and having
doors or ports for access to the cylinder and
channel leading thereto, substantially as and
for the purposes specified.
- 6. In an internal-combustion motor, the
combination of a water-jacketed cylinder, an
air-pump for supplying the motor with air,
and a port or passage which leads directly
from the water-jacket of the cylinder and de-
livers into the alr-passage leading from the

‘air-pump to the motor, substantially as and

for the purposes specified. B
7. The combination, with an internal ¢Om-
bustion motor, of a regenerator through which
the outgoing products and Incoming air pass,
sald regenerator divided into sections, one of
sald sections packed loosely with removable
spirals of refractory material, and another
packed closely with eylindrical blocks of re-
fractory material, substantial] y as and for the
purposes specified. | -

In testimony whereof ]
my hand this 25th day

ave hereunto set
of November, 1889,

JAMES HARGREAVES.
Witnesses: |

W. B. JOHNSON,
" JAMES JOHNSON.
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