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. To all whom 1t may. concern: for other additional purposes if desired; and,

-k ap

Be it known that I, WirLiam HECKERT, &
citizen of the United States, residing at
- Findlay, in the county of Hancock and State
'5 of Ohio, have invented certain new and use-
ful Improvements.in Gas-Engines with Com-
bined Apparatus; and I do hereby declare
the following to be a full, elear, and exact
~ description of the invention;-such- as will
0 enable others skilled in the art to which 1t
ertains to make and use the same.

" One object of my invention is to provide
~an improved type of motor, of high power
and efficiency, adapted for heavy work,
either heating or power purposes, such as
“steam - heating, clectric-lighting, pumping,
locomotive, rolling-mill and steamship pro-
pelling.- -
~ More especially, my invention seeks to im-
prove the construction and increase the efli-
ciency of operation of combined gas and
 steain-engines having an associated botler,
~and in which the heat derived from the
“combustion in the gas-engine is utilized for
5 firing the boiler, for generating steam, for
~ running the steam-engine or for other pur-
poses. =~ - o | _.
A second object of my invention 1s to pro-
vide a supplemental firing means, independ-
ent of that afforded by the gas-engine, for
internally firing the boiler and generating
steam, to be used either independently of
or conjunctively with the gas-engine as a

moreover, to obtain the production of gas
from coal as well as other gasiiable mate-
riad, thereby avoiding the restrictions to the
use of oil as fuel. '
For attaining these objects, together with
such additional objects as are incidental to
or included in the foregoing, a complete heat
and power apparatus embodying all my im-
provements, comprises, in the main, first, !
a boiller in association with a combined gas
and steam engine of the type known as the
“trimotor” (see my U. S. Patents Nos.
708,637 and 764,808, dated Sept. 9, 1902,
and July 12, 1004) wherein & ‘gas-engine, -
steam-engine and boiler are uniled 1m one
cylinder, the piston being propelled in oppo-
site directions by the action of explosive
gases on the one side and by the actlon of
steam on the other side, and the cylnder
being surrounded by a water-chamber con-
stituting a jacket Tor the gas end of the
cylinder and also serving as the boiler for
cerierating steam to supply the steam end
of the cylinder. In this case, the water-
chamber or jacket surrounding the engine-
cylinder constitutes a part of or 1s 1 com-
munication with the main beiler; and, m
addition to heating the water in said cham-
ber or jacket by the heat of the explosions
or combustions in the gas side of the engine-
cylinder, the hot exhaust gases are conveyed
off through a plurality of {tues extending

heating or firing agency; and, further, to

Ating ¢ | through the main boiler, so that the gas-
5 fully utilize the heat fron: both sources m a

engine practically constitutes a fuimace for «

- most economical and effective manner.

~ Another object is to utilize the supple-
mental firing agency as a means for starting
the gas-engine,-thereby nbviating the difh-

40 culty, hitherto mcident to - gas-engies -or-
- combined gas and steam-engines, of requir-

ing .some exterior force to start them, and

firing the boiler. Other sunilar flues, ex-
tending through the boiler are in communi-
cation with a supplemental firing or com-
bustion-chamber, which is substantially sur-
rounded by or inclosed in the boiler. In
said firing or combustion-chamber, & suit-
able burner or burners is or are provided for

- thus making the engine- applicable to all
~kinds of heavy work, the same as the present
45 'steame-eﬁgine.- o -

- CICI |

delivering thereinto gas, oil, or other fluid
combustible, which on being ignited like-
- wise supplies hot gases for firing the boiler,
- Still'a further object is to provide, in con- | as an independent agency irom that afforded-
~ junetion with the supplemental firing agency, | by the gas-engine. Through said supple-

a gas-producing means for producing the | mental firing or combustion-chamber ex
- combustible fuel for the supplemental fir- tends a pipe or conduit, whose inlet end re-
50 ing agency, as well as for the gas-engine, or | ceives coal or other wasifiable substance,
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while its outlet end is in communication with
the casometer; so, that, the gasifiable nax
terial in the conduit betng -exposed to the
heat of the supplemental firing or combus-
tion-chamber, generates gas 1 said pipe or
conduit for supplying the gasometer. The
casometer, or the pipe or conduit, leading

thereto, may be in communication with the.

cas-engine and with the burners m the sup-
plemental {iring-chainber, so as to supply
the fluid combustible to both places; while

. i i ey —EEELEE nm e

the gas may also be supplied elsewhere for . |
Cand ignited or exploded at the proper tinme

other uses if needed. The boller has a sur-

mounting steam-dome {rom which steam- |

pipes convey the steam for utilization.
steam-pipe extends to the steam side of the

One
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into the combustion-chamber 8 through the
mixing-valve 10, the gas or fluid combusti-
ble bemng injected from the injector or noz-
zle 11, controiled by a valve 12, and the air

for admixture therewith being taken through

suitable openings in the casing or chamber
of the said mixing-valve 10, As understood,
an explosive charge or admixture 15 admitted
to the combustion-chamber by the valve 10
during a reverse or down stroke of the piston,
compressed on the forward or upward stroke,

by means of any suitable igniter, thus fore-
ing back or propelling the piston on' the

gecond down stroke, while o1 the next up-

“trimotor”, or combined gds and steam en-

vine, for supplying the same with steam ftor
propelling the piston; and thus makes pro-
vision for starting the motor prior to the
starting of the gas-engine, since the steam
cencrated in the boiler by {iring with the

’

vward stroke the expanded gases and prod-
ucts of combustion are exhausted through

the exhaust valve 13. Said exhaust valve
13 is opened at the proper period by means

supplemental firing device may be used for

that purpose. |
to the aforesaid conduit which carries the
aasifiable substance through the supple-

mental firing-chamber, whereby the coal or

other casifiable substance is forced by a
stearn-jet through said conduit.

Reference will now be had to the acconi-
panyvine drawlings, which constitute a part

~of this specification, and wherein 1s illus-

trated one practicable form of apparatus
embodving my invention; it being under-
stood however that the invention is suscep-
tible of other embodiments and various
changes in design, arrangement of parts, and

“details; so that I do not confine myself to

this or any specific construction. |
The invention will first be described with
reference to said drawings, and then more
particularly pointed out and defined mn the
appended claims, | -
Meure 1 s o central vertical section of the

5 apparatus, taken on line 1—1 of IFig. 2.

Fig. 2 is a top plan view of the same.  Iig. 3
is an enlarged vertical section taken trans-
versely through the burners of the gas-pro-
Jducer and hining device. | |

~ In said drawings, 1 denotes an engine-bed
having bearings for an ordinary crank-shaft
2 shown provided with the Ily-wheels 3.

=2

The crank 4 is connected by the pitman 5

with & piston 6, shown working in a verti-

cally-arranged cylinder 7 above the crank-
shaft. *The piston 6 1s propelled in opposite

directions. by the action of explosive or

combustible gases on one side (here the
upper side) and by stean: upon the oppostte
side. o |

The nuneral 8 denotes the combustion-

chumber of the gas-engine and 9 indicates

the steam-chamber. |

The gas-engine may be of any appropriate

construction.  As shown, an explosive mix-

Another steam-pipe leads |

e g e
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-tion-chamber of the gas-engine, serves ¢

of a tappet or presser-arm 14 caused to press
down the valve-stem by the periodie action
of a cam 15 on a roller-bearing arm 16 at-
tached to the shaft or axis of said tappet;
the cam 15 being aflixed on a vertical shalt
17 geared with the crank-shaft to turn at a

speed of one rotation to every two revolu-

tions of the crank-shaft. |
The engine-cylinder 7 has a surrounding

water-jucket or casing 18, always filled with

water, which besides jacketing the combus-

as a steam generator, the heat being furnished
by the explosions or combustions in the
ans-engine. Sald water-jacket 1S 1s inte-
riorly 1n communication with and forms a
nart of an upright botler 19; in this instance

ture of gas and air is periodically admitted

K
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the unitary casing of the engine-cylinder

and its surrounding jacket® being shown.
bolted to the side of the boiler, which 1n

turn is mounted on the engine-bed 1. Water
is supplied to the boiler, preferably at or

100

near its bottom, by means of any suitable

pump or injector, not shown. From the
combustion-chamber of the gas-engine, the
hot gases or products of combustion pass
through the exhaust-valve 13 Into a fire-
space or passage 20, in the upper part of the
boiler, and thence downwardly- through a
series of fire-flues or boiler-tubes 21 nto a
lower exhaust-passage 22. Thus the heat

110

115

of the explosions and exhausted products of -

combustion is fully and efféctively utilized,
since the engine-cvlinder itself constitutes
an internal {iring agency, besides which the
hot exhuust gases therefrom pass at their

120

highest temperature through the upper por-

tion of the boiler, containing the hottest
water, and thence-pass downwardly at a
diminishing temperature and give up their
heat to the colder water: In other words,
the highest temperature of the exhaust gases

»*

is applied to the hottest water above, and
the lowest temperature of such gases to the:
coldest water in the bottom of the boiler; so

125

130
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that the water in ascending 1s continuously | 42, controlled by a valve 43, and having an

and mcreasingly heated. Steam generated
- the boiler rises to an uppermost steam-
dome 23, from which a pipe 24, controlled

by a valve 25, leads downwardly to a steam-
- valve 26 at the steam end of the cylinder.
43y means of said valve 26, steam may be
Jﬁ]ibtedto.and exhausted from the steam-
chamber 9; the live steam being supplied
through the pipe 24 as aforesaid, zmdl the
- .exhaust steam passing up through a tube 27
“to the fire-space 20 and thence down
through the flues 21 and out through the
o general exhaust 22. The stoamn-valve 26
15 may be of any a,plpropriate type or construc-
ple, a rocking or rotating

10

- tion, for examj
- valve, actuated through a cdnnecting-rod 28
by an eccentric™@9 on the crank-shaft.

“Referring now to the supplemental-firing
and gas-producing device, a water-jacketed
firlng-chamber 30 is arranged at or in the
upper part oi the boiler; its jacket 31 in this
instance being shown bolted to the side of
the boiler and having the water-space therein
in communication with the water in the

‘boilér.. Said firing-chamber 30, shown en-

~ larged in Fig. 3, is provided with two or more

20

25

‘hydrocarbon burners 32, each having an air--

supply pipe 33 and a gas or oil-supply pipe

30 34. As usual in such burners, the gas or oil
18 discharged through a nozzle extending
‘through the air-chamber of the burner, the
supply -of gas or oil being regulated by a
needle-valve 35. The said burners 32 can be
lighted through an opening 36 in the firing-
chamber, said opening being closed by a de-
- tachablescrew-cap. Thehot productsof com-
bustion pass from the firing-chamber 30 into
the fire-space or passage 37, which is shown
In-line with the before-mentioned fire-space
.20, and separated therefrom by a partition
. 38.  From the fire-space 37, the hot producis
- of combustion pass downwardly through a
-~ sertesof fire-flues or boiler-tubes39to the cen-
45 eral exhaust 22 gt the botfom of the boiler

e

410

Thus the heat from the supplemental fir-

ing -device ‘is utilized in the same perfect
“and-effective menner already explained with
reference to the heat from the products of
combustion of the gas-engine. As to the re-
spective numbers of the %oi’ler—tubes 21 and
39,2 desirable arrangement would be twenty-
four tubes 21 for the hot gases from the
- gas-engine, and twelve tubes 39 for the hot
55 -gases from the supplemental firing-chamber:
although of course the respective numbers of
such tubes may be various. T
. A pipe 40 extends vertically through the
center.of the firing-chamber 30, in the focus
of the heat of the said two or more hydro-
carbon burners 32. At the upper end of said
pipe 40, above the chamber 30, is s hopper 41
{or recelving pulverized 61 ground coal, crude

oil, of other gasifiable material. From the

50

.. 80

35 'stmmﬁ.dome 23 extends a steam gupply-pipe |

injector or steam-jet 44 arranged in the hop-

“per 41 1n such manner as to foree the eround

coal or other material down through the pipe
40, wherein the said material is subjected to
the intense heat within the firing-chamber 30
and 1s thereby gasified. A pasometer 45 is
connected to the lower end of the pipe 40. A
branch pipe 46 leads therefrom to the gas-
leeding device 11 at the head of the gas-en-
gine, and other branch pipes lead to the hy-

‘drocarbon burners 32; that is the fuel sup-

hr)

ply-pipes 34 of said burners 32 may derive
their supply. of gas from the pipe 40 or from
the gasometer 45. |

The operation of the supplemental-firing,
gas-producing and engine-staifing device is
as follows: Assuming a gas supnly-in the

gasometer 45, the valves of the burners=32

are opened and the gasin the firingtchamber
30 1s lighted through the opening 36. In a
short tinie the waterin the jackot su rrounding
the {iring-chamber and in the upperportion of
the botler will be heated and steam formed
at nigh pressure in the steam-dome 23, it
gas now be adinitted to the mixing-valve 10
of -the gas-engine, by opening the valve 19
of the gas-feeder or nozzle 11, and if the
valve 25 of the steam-pipe 24 be opened to
admit steam through the valve 26 to the
steam-chamber 9 of the eylinder, the engine
will start the same as anv other steam-en-
gine, under the impulse of steam admitted
through the said valve 26. At the same

‘time, the gas end of the cvlinder will take. in
and compress a charge of zas which will be -

exploded in the usual way, thereby adding
its impulse to the other side of the piston,
and setting the gas-engine into operation.
The engine having now been started, its op-
eration will continue, the steam giving an
unpulse at each upward stroke of the piston

and the explosion or combustion of the eas

giving an impulse in the opposite direction
at every second down stroke of the piston or
every second revolution of the erank-shalt.

if desired, the supplemental-burners 32
may now be extinguished since the gas-
engine will continue in operation, and the
botler will be fired by the heat from the oas-
engine and from the products of combusfion
exhausted thierefrom through the fire-flue orv
boter-tubes 21. Or, if preferred, the SUP-

 plemental-firing agency mayv Le continued in

operation. conjunctively with the firing uf-
forded Dy the gas-engine, therehy mereasing
the capacity of the motor. As heretofore
practiced with the ““trimotor” or with a com-
bined gas and steam-engine of the character
disclosed herein, the waste heat from the 2os
end of the cylinder has caused the generation
of a certain amount of steam for the steaim
end of the cylinder, reaching its maximum

limit when a full charge of mixed gas and air

L

1s consumed in the gas end of the.sombined

V0
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MOoLor.
my supplemental-firing device, any desired
addition of steam and pressure can be given
to the steam end of such motors.” It is also
evident that when such motors are used to
heat and light buildings, the engine can be
stopped at night or at any time, in which
case the suprlemental—ﬁring deviee wvill keep
up steam during the night to swvarm the
building and start the engine agaln in the
Morning. | - :
When it is desired to use coal as fuel,
crushed or finely ground coal is supplied to
the hopper 41, the burners 32 being 1N opera-
tion, therebyv intenscly heating the pipe 40.

If the valve 43 now he slightly opened, the |

steam-injector 44 will carry mingled steam
and crushed coal Into the hot tube 40,
wherein both the steam and carbon are de-

composed 1into arbureted hydrogen gas,

which will continue in its course down 1nto
the gasometer 45, and through the branch

pipes 46 so as to supply the gas end of the

25

cas-engine with heated gas as fuel, and in the
same, way supply the supplemental burners
32 with heated gas as the combustible for the

“supplemental firing device.

Vith present separate gas-producers, the

residue of Q{)l]'ll)llﬁti{m llStlﬂ-ll}" DISSes QawaLy

30

35

40

45

H{-

at a high temperature, wasting a large
amount. of heat, whereas, in my supple-
mental-firing and gas-producing device, after
intensely heating the decomposing cham-

Dber, the hot gases enter into the boiler tubes

39 in contact with the hottest water and de-
scend- s they cool off in contact with the
coldest water through the general exhaust
22 thus recovering and utilizing the heat
from such gases, in the same manner that the
heat is recovered and utilized from the gas-
engine. ' o |
[Taving thus'described my invention, what
I claim as new and desire to secure by Lietters
Patent of the United States 1s:— ._
1. In a gas-engine with combined appa-
ratus, a steam-botler in which are meclosed,
and surrounded by the water therein, the

evlinder of an internal combustion or explo-
sion engine and also an independent fire-.

chamber, the latter having burners or firing
means therein, and separate groups of fire-

flues leading through the boiler one group

55

GO

69

from the said fire-chamber and the other

from the combustion-chamber of the gas-

engine for conveying off the hot products of
combustion, all in a unitary structure,
whereby the boiler is fired ¢ither independ-
ently or conjunctively by the gas-engine and
said fire-chamber as a supplemental mmeans.

2. I a gus-engine and combined appa-
ratus, an upright steam-boiler having a fire-
space in its upper portion and an exhaust
space in its bottom, fire-flues comnecting said
spaces, and an internal combustion or explo-
ston engine and supplemental firing device

——

|

1

chamber, the lafter having

“able material extend

for explosive mixture.

‘with hot gases. .

020,056

On the other hand, by the aid of | both inclosed and surrounded by the water in

said steam-boiler, and both arranged to dis-

charge their hot products of combustion into
said upper fire-space to descend through said

flues to said bottom exhaust space. .
3. The combination of a boiler having a

steam-dome, fire-passages 1n.its upper por-

tion and a bottom exhaust passage, lire-fiues

or boilepstubes connecting said fire and. ex~

haust passages, a combined gas and steam

70

70

engine, the explosion-chamber of the gas-
engine being inclosed in the boiler and hav-

nection with the steam-engine, and a pipe for
condueting steam thereto from said steam-
dome. ‘- |

4. Tn a gas-engine with combined apps-

ratus, a steam-boiler in which are inclosed,

and surrounded by the water therein, the

cylinder of an internal combustion or explo-

.

| ing its exhaust opening into one of said fire-
passages, a supplemental firing - chamber
also inclosed in the boiler and opening into.
the other ﬁre-Fassa-ge, a steam-valve m con-

8

85

sjon engine and also an-independent fire-

, “a burner or
burners therein, fire-flues leading through the

| boiler from the said fire-chamber and from
‘the combustion-chamber of the explosion-en-
oine for conveying off the hot products of

combustion, and a pipe or conduit for gasifi-
Eng through said five-

chamber, being thereby-,e:{poseﬁ to the heat
therein, and leading therefrom to the explo-
sion-engine to supply the latter with hot gas
5. In a gas-engine with combined. appara-
tus, n steam-boiler in which are inclosed, and
surrounded by the water therein, the cylinder

of an internal combustion or explosion en-.
gine and also an independent fire-chamber,
the latter having a burner or burners therein,
fire - flues leading through the boiler from

80

95

100

105

the said fire-chamber and from the combus-

tion-chamber of the explosion-engine for
conveying off the hot products of ‘combus-
tion, and a pipe or conduit for gasifiable ma-

terial exposed to the heat in said fire-cham-
ber and communicating with sald burners
and with the explosion-engine, thus supply-
ing sald burners and the explosion-engine

6. In a gas-engine with combined appara-
tus, a steam-boiler in which are inclosed, and

surrounded by the water therein, the cylinder -

of an internal combustion or explﬁsion._en%ine
and also anindependent fire-chamber, the iat-
ter having a burner or burners therein, fire-
flues leading through the boiler from the said

fire-chamber and from the combustion-cham-
ber of the explosion-engine.for conveying off .

the hot products of combustion, and a pipe ot

conduit forgasifiable materialleading through
said fire - chamber-and having connection

|

with the combustion engine, said pipe being
provided exteriorly of the boiler with a hop-
TR .

110
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per for feeding ground coal or other crude | In testimbny Whei'eofI aihix 111y'._:s'ig'n_&tuf9,
uel, and a steam‘-liipe leading from the | in presence of two witnesses. - '
 Dboiler having a nozzle arranged to inject a . . - A
steam-jet into said hopper to force the ma- _f | W]*I4LIAL1_ HE(/KER']
5 terial through said pipe and to unite in the..- Witnesses: : o ~

decomposition of the material for formation ! E. A. Brucg,
of gases. 7 - e Jas. M. SHEPARD.
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