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UNITED S TATES

~ the city and. county of San I‘rzmclsco, zmd
~ State of California, have. invented - an Im-.

- the accompanying dmmngs
- gines; and the distinective feature of my en-.
gine is as follows: The air is compressed |

_admitted into the main cylmder, and the mo-
. tive agent of the mdependent power is gener-
 ated by the surplus heat in the furnace of the

tlon |

~ pistons D with a separate crank, If, on acrank-

. with an upri ight supply-cylinder, I, which 1s
.with and operated by cranks K K at the ex- |

‘and an outside cylinder, so as to provide a

. a constant clrculatlon of cold Water is main-

N ~ after descrlbed 50 that this cylmder is. both

PATENT QFFICE- |

- J OHN B WARD OI‘ SAN I‘RANCISCO OALIFORNIA

IMPROVEMENT IN HOT AIR ENGINES

Speclﬁcatmu formmn* part of Letters P&tent No 198 82‘7, datec'l J ’!]111‘11'33’1 18’78 | &pphcaﬁon ﬁled -
- | - November 6, 18""7 | : oL | |

— ——

To all whom *z,t may concem L y
Be it known that I, JouN B WARD of

proved Hot-Air Engine; and I do hereby de-:
clare the following to be a full, clear, and ex-:
act description thereof, refer: ence belng had to_j

My invention has ref‘erence to hot air en—,

supply cylinder or evlmders by an mdepend ;'
ent power outside of the air-engine before itis

air-engine. Incident.to this arrangement I
have made several other improvements, which
are fully ex:pla,med in the followmg SPeclﬁca-

Referring to the accomp&nmng dr&mngs,
Figure 1 is a front view; Tig.2is a rear view.
Fig. 3 i1s a vertical sectmn, and ]3‘1g 4 1s a
horizontal section.

- Let A A’ represent two OI‘dlIlELl Y. uprlght |

~ hot-air engines, each of which has a furnace |

- or fire-place, B, a hot-air or expansion cham-
- ber, C, and a hollow bucket-shaped piston,
- Dyall &rr&nged in the ordinary manner of con-

' .'structm g hot-air engines,.

These engines I |
place close together, and connect each of their |

shaft, G, WhICh extends across above the cyl-
mders - |

- Each engme 18 connected by a tube H,

also provided with a bucket- shaped piston, J.
The piston-rods of these pistons are connected

tremities of the crank-shaft G-
Each supply-cylinder is made of an inside F

space between them, 111130 and through which

tained through the medium of a pump, L,
which is operated by a connection with the
piston of the supply-cylinder. |

The air which is to be used in the enumes
18 compressed in the inside chamber under the
pistons J by the steam-engine, to be herein-

i — )

a supply-cyhnder emd a 1egenemtor &nd the
tube H admits the compressed air to the Work |
ing- cylmder at each stroke of the pistons J.
Directly in rear of the engines A A/, I con-
struct.a, frame, M, at the base of which T place

& small upright steam cyhuder N.

~The piston-rod T of this engine is connected

| _by a pltman, O, with a crank on a shaft, P,
‘which is 111011111:6(1 n be&rm gs &cross the fr&me |

above it.
On eaJch sule of the &tea,m cyhndel an. air-
pump, Q, is placed, the pistons of which are
‘operated by cranks on the ends of the shaft P.
Instead of using two hot-air engines, I can
construct one large jacket or case, in which
two upright cyhndels are placed, each of which
will have a separate piston, and extend the
furnace under both cylmders thus making

‘one fire furnish heat for both. cylmders, and

;.81mp11fymg the operamon of runmn o the ma-
chine, N

To s,ljtppl§r steam to Oper&te thls steam en'
gme I construct a coil or other form of pipe,
U, 11:181de of the furnace of the air- -engine, above
emd around the fire- place and connect it with
the steam-chest R. of the'"engme and thispipe

I keep filled with water, as heremwﬂ:er de-
~scribed, so that the he&t of the furnace will

generate steam sufficient to drive the engine,
and through it opera,te the air-pumps Q. :

Each air-pump is connected with the inte-
rior chamber of one of the upright supply-cyl-
inders I by a pipe, Y, so that the steam-en-
gine compresses the air under the pistons J -
to the desired limit, while the operation of the
piston J altemately forces the air thus com-
pressed through the tube or passage N into
the annular space around the main piston D,
whence 1t passes under the pistons, and is e:.s:
panded by the heat of the fumace, so as to
drive the piston D upward.

The reverse motion of the piston D forces
the air back into the cylinder I, when it is
cooled before it is again &dmltted into. the

| working-cylinder.

Around the upper end of each of the cyhn- |

ders A A’, I construct a water chamber or

jacket, V. 'T then connect each of these water-

ch&mbers with the water-jacket of the supply-

cylinder 1 which is next to it by a pipe, W.
The pistons D movein stuffing-boxes msuie




° 198,827

of these chambers and the object of surround-

ing-them with water is to utilize the heat gen-

erated by the friction of the moving pistons
and the heat of radiation to heat the water,

- which is subsequently conveyed by the pipe .

X into the coiled pipe in the furnace, to be
- converted into steam to supply the steam-en-
gine. I thus utilize all of the heat possible.

The hot air, as it returns from the working-
chamberintothe regenerator-cylinder, is cooled
by the surrounding water-jacket, so that the
water is heated thereby; thence I convey it
to those points where 1t WIH take up the heat

generated by friction and radiation, and then

I convey it into the coil in the furnace, where
it is readily converted into steam, Wlthout ma-
~ terially detractm o from the heat of the fur-
nace.
~ This mr&ngement 1s calculated to obt&m the
best poss'ﬂble result from a given amount of
heat. Itenables me, first, to obtain a positive
and continuous appllcatlou of power to the
driving-shaft, so that one cylinder assists in
~driving the othel, secondly, I compress and
maintain the air-pressure in the supply-cylin-
~ders by a power entirely independent of the
hot-air engines, so that the full power ot the

expansion of the air is rendered available for

~working purposes; thirdly, steam to drive the
steam-engine 1is gen erated by the surplus

‘heat, and the heat which would otherwise be

wasted thus at once utilizing all of the capacity
of such an engine; fourthly, I provide a porta-
ble hot-air engine with a power apparatus for
compressing the air, which apparatus forms
an actual part of the engine. This power 1

can regulate by opening or closing the throttle-
valve, s0 as. to increase or diminish the power |

applied for compressing the air in the supply-
cylinder, and thus regulate the energy of the
“hot- :—.ur engme |

Having thus deseribed my invention, what
Iclaim, and desire to secure by Letters Patent
15—

1. The combination of the furnace of a hot-
air engine, provided with a steam-coil, U, and
the steam- cyhnder N, connected with smd air-
engine by the steam- 0011 whereby said steam-
cylinder is supplied mth steam generated in
the furnace of the air-engine, substantially as
herein shown and described. |

2. The combination of the furnaces of hot-
alr engines, having steam-coils, the steam-
¢ylinder N, to which the steam- cmls are con-
nected, and regenerating or supply cylinders
I I, connected with the air-engines by tubes
H, substantlally as herein shown and de-
Scrlbed

3. The combination of the furnace of a hot-
air engine, provided with steam-coil U, the
steam - cyhnder N, air-pump Q, conductmﬂ' |
pipe Y, and supply cylinder I, substantm11y
as and for the purpose herein ShOWIl and de .

‘scribed.

4. The combmatmn, with the. furnace of a

‘hot-air engine, provided with the steam-coil

U and the supp]y cylinder I, of the water-

~chamber V, arranged around the stuffing-box

in. which 13]216 main piston moves, said cham-
ber having pipes, W X, eommumcatmg re-
spectively, with the water Jjacket of the sup-
ply- ch&mbel and the steam-coil, substantially
as and for the purpose herem shown and de-
scribed. -

In witness wheleof I have hereunto set my
hand and seal ,

- JOHN B. WARD. |[L.8.]

- Witnesses:

FRANK A. BROOKS
HENRY J. DODD.
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