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- U~rrep StaTies PATENT OFFICE.

PHILANDER SHAW, OF BOSTON, MASSACIUSETTS.

IMPROVEMENT IN HOT-AIR ENGINES. -

- Specification forming part of Letters Patent No, 33,799, dated No?e;‘ﬁber 26, 1861. .

To all whom it may concern:- -

Be it known that I, PHILANDER SHAW, of

Boston, in the colinty of Suffolk and State of
Massachusetts, haveiavented certain new and
useful Improvements in- Hot-Air or Caloric
 Engines; and I do hereby declare that the fol-
- lowing, taken in connection with the draw-
_ings which accompany and form part of this
- specification,is a description of my invention
~.so full and exact as to enable those skilled in

the art to practice it. L SR
~ The nature of my invention consists, first,
. in an arrangemeiit, substantially such as here-
'in is described and is also illustrated in the
-drawings, of two single-acting eylinders hav-

_ing their pistons coupled to a shaft havingits
"~ cranks at right angles with each other; with'
a furnaceand its accessories centrally located,
o nearly so, between the said eylinders and
~ within an air-tight casing, which formsa res-

ervoir for compressed and heated air and 18

so divided by partitions and diaphragms as
- to Teceive the cool supply-air at or near the

“exterior of the reservoir and to guide it In-
 ward by a tortuous passage to the furnacein
- substantially the manner described, so that 1t
~ shall absorb the heat radiated from such parts
“ of the engine as receive the products ot com-
~_bustion, those parts of the engine-cylinders
"in which the pistons fill the bore being lo-
cated outside of and upon the casing as a
foundation and exposed to the atmosphere,
~ and the other parts of the cylinders being lo-
cated within the casing, so that the heat ra-

el

|

~diated -therefrom shall be absorbed by the

“cool supply-air on its route to the furnace.
 Second. In a peculiar consiruction and ar-
rangement, substantially such as herein is de-

- seribed and'is illustrated in the drawings, of |

- the hot-air cylinder, the packed part of ifs
‘piston, and a pistoun-trunk, which, with the
necessary packing, valves,and other adjuncts,

form: a pump.by which cold air i8 compressed

~and supplied to the furnace to be expanded

by heat. The pump, being annular, is ex-
- posed, inside as well as outside, to the cooling
" influence of the atmmosphere, and, when-coin-
- pressing the supply-air, being operated by the
direct presstire of the expanded heated airon
the engine-piston. The_ strain necessary to

“compress the supply-air i3 applied directly.

and is not transmitted through the rotative
parts of the mechanism. By thigannularar-
rangement of the pump I am enabled to re-
duce the height, which would -otherwise be
needed by my engine, by connecting the pit-
man direct to the engine-piston. The pitman
thus vibrates within the trunk, and good fa-
cilities are had for keeping cool the joint of
the pitman with the piston and for lubricat-
ing it. | ' - O .
Third. Inaconstruction of theeylinder,sub-
stantially such as is herein described and is

illustratedin the drawings, and more partica-.-

larly detailedon Sheet No. 3, Figure 6, which-
consistsin agrooveorcliamber formed around -

the interior of the cylinder at that part
thereof where the lower edge of the closely-
fitting portion of-the piston comes at the low-
est point inits downward sfroke. Thischam--

ber receives a supplyof purecool compressed

| air, by means hereinafter described, for the

purpose of keeping the piston-packing cool
and that part of the interior surface of the.
eylinder against which the piston slides and
to keep solid products of combustion from

rising to the upper part of the cylinder with

eachincomingsupply from the furnace. This
chamber or groove also serves to receive the
lubricating - fluid which  escapes past the
packed portion of the piston, and as much

| more as may be infroduced therein by means

of “oil-pumps,” &e. Intothe fluid contained

in this groove the lower edge of the piston

may be made to dip, and so lubricate the in-
ner surface of the cylinder at each stroke of
the piston. 'The groove or chamber may be
made to receive an isolated circular trough
to receive the oil, as shown in Fig. 6, which
by means of the introduction of cool, com-

pressed, and puare air around it prevents

evaporation of the oil by.conducted hLeat,
whiech might occur without the use of the
isolated trough. - S

" Fourth. In the constraction of an inward-

ly-projecting flange, as shown and described,

which flange may form part of the boundary

of the circular chamber before referred to,

and which comes nearly but not quite into

contact with the contracted .and extended
part of the piston for the purpose of deflect-

ing such solid matter from the furnace ag may
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find entrance into the eylinder along with the |

gaseous products of combustion and prevent-
ing the same from abrading the hmshed STLr-
faces of the piston and eyhnde |
Fifth. In the employment of an auxiliary
valve operating to admit from the reservoir
in which the air is maintained under press-

ure comparatively cool and compressed air

into the circular groove around the cylinder
and into the Mcarance -spaces within and con-
nected with the cylinder for the double pur-
pose of balancing the pressure upon the main
inlet-valve into the cylinder and to maintain
the finished surfaces of the piston and cylin-
der, where one moves upon the other, at a
tempﬁ rature which will not prev ont Iabrica-

fion.

Sixth., In 1euulalnw the speed of hot-air
engines by mntmllmﬂ‘ the flow of the heated
compressed alr and gaseous produets of eom-
bustion, or the Sllppl} thereof tothe engine-
Cy lmders by means of a valve c*ontrolled by
a regulator {lependent upon the speed of the

engine, instead of permitting such a regula-

tor to operatea valve to open cmnmumcatlon

- through which the generated pressure is per-

mitted to egscape and be lost W ithout acting
to impel the pistons.

In the drawings, IFig. 1, Sheet No. 1, illus-

trates in half-side GleV:LtIOH and in half -SeC-
tional elevation a hot-air or caloric engine
embodying my invention, the sectlon bemn*
taken in the lines 'f/ 1, I ln'. 2, and z
Fig. 2, Sheet No. 2, is an end elevatlon of the
same, a part, howev er, being shown in SPCthH
taken in the lines y" y ,I“]ﬂ' 1, and &’ &’ Fw'
3, Tor the purpose of c3111_'>1wm*nr' the fuel- feed
1)0*: Kig. 3, Sheet No. a,lllustmteq the same
in half—plan and m half- hommntdl ‘iE‘Cthl]
taken in thelines 2’ 27, Fig. 1, and 2° 2%, Fig.

~ Fig. 4, Sheet No. 4, bupplemen‘r %lmws ahom-

/onlal section tal{en through the f urnace just
beneath the crown-plate and cutting the sup-
ply-pipe ¥, so as to show fully the throttle-
valve p. o 1g. 5 18 a sectional elevation taken
in the line 7° %7 Iig. 3, of so much of the

cylinder and the parts connected therewith as

to illustrate how the “ exhaust?” escapes into
the radiator or heater. Fig. ¢ shows in sec-

tion the groove or chamber in the eylinder,

the 1solated trough therein, and the inwardly-
projecting ﬂanwe on a seale enlarged froimn
that used for the other figures.

Throughout all the ﬁn*are% of the drawings
similar letters refer to similar parts.

In Figs. 1, 2, and 3, E is the casing, which,
as it forms t,he reservoir for the compres‘sed
alr and the foundation or bed-plate for the
mechanism, should be so made as to be air-
tight’ under the heat, strains, and pressure to
which it is sub,]eeted, and wherever moving

- parts pass through it they should be car ef.ul]y

packedl.

Centrally loea,‘rerl in B is the farnace, 11110{1'

with fire-brick J, Figs. 1, 3, and 4, and Ppro-
vided with U'ra;tes ¢, Figs. 1 (mdi and an ash-

pit, which has an air- tight door T Figs. 1, 2,

z, Fig. 3.

\

Fig. 2
a paekmn' m the fuel-box.

Kig. 2.
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cllld 3, and fuel- 1eeept¢1(,le I, Figs. 1, 2, and
3, from which fuel is fed to the fire through
the top of the furnace. This fuel-box is pro-

vided Wlth an air-tight receiving-door d, Figs.

1,2, and 3, ha,vmﬂ' SLlltable faqtemnﬂs, and a
valve ¢, IVig. 2, Opened and closed by a link f,
2 and a valve-rod which passes tluoun*h

A piston-head ¢, with its rod I, (see Fig.

_;,) serves to thrust the fuel forward in the

fuel-box, so that it may all fall into the fur-
nace through the aperture closed by valve e,
By this arrangement and its proper
manipulation, which will be seen by inspec-
tion .of the drawings, it is obvious that the
fire may be replemshed with fresh fuel while
there is the r equisite pressure within the fur-

nace and casing needed to operate the engine
without reducmn the pressure or 1111pedmw'
the operation of the engine.

The furnace is provlded with openings «’,
Fig. 1, below the grates and with others a”
Iwgq 1 and 1, above the top of the fuel
through w thh alr under pressure is supphed
by means hereinafter to be described, v hich
alr is introduced into the ‘space contained
between the outside casing b, Figs. 1, 2, 3, and
4, of the furnace and the casing t, Flbs 1, 2,
and 3, which next surrounds it. The work-
ing-eylinders, of which there are two, are lo-
cated within and upon the casing and upon
opposite sides of the furnace. These cylin-
ders are single-acting—that is, the piston of

each is forced 1_1pward_ by admlttmﬂ' the com-.
pressed heated air and gases from within the

furnace beneath the piston,and both pistons
being connected to the main shaft R, Figs. 1

‘and 3, by cranks at right angles with each
other.

The downward move ment of each pis-
ton is produced by the upward movement of -
the other acting through the shaftin conneec-
tion with the b&lanee v.heel Each cylinder

i may be desecribed as in two sections, the up-

per section A, Figs. 1 and 2, standing above

and outside of the casing or bed- plate and

being finished inside so that a closely-fitting
paeked piston D, Fig. 1, may move freel)
therem, after the manner of steam-engine
pistons within their ceylinders. The lower
section B, Kigs. 3 and -G, is within the bed-
plate or caéinw This section need not be
bored out or ﬁmshed as the extension part -
F, Fig. 1, of the piston, which plays in the
lower section of the cylinder,is not intended .
to come into contact with it, and when at the

lowest point of its (lownward stroke leaves an

end and an annular clearance.

That part of the piston which is marked D,
IFig. 1,1is constructed nearly like steam-engine
pmtonq so far as packing is concerned, and
does not need further exp]anatlon than is af-.
forded by the drawings, Fig. 1 The piston-

follower ¢/, Fig. 1, is the flange of the pipe or
~trunk C, ¥ igs. 1, 2, and 3. In this trunk the
connectlnmrod or pitman P, IFigs. 1, 2, and 3,
plays, and j is connected to the piston-head by
nin Fig. 1, whlch 1s kept (3001

a ;]omt as shown
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the cyiiﬁder and force the piston upward.

by free expcisure to the atmosphere and by'. . _
The inlet-valve or valve-eorresponding te the

Jubrication, for which good facilities -are af- |
forded. The trunk passes through the upper | steam-valve of g steam-engine closes when or
. head 7, Figs. 1,2, and 3, of the cylinder, where | before the piston has completed its upward
1t 18 packed with leather and guided by the | movement. At about the time when the up-
‘gland x, Figs. 1, 2, and 3. The upper cylin= | ward movement of the piston ceases.and after
der-head is furnished with a valve o, Fig. 1, | the inlet-valve has been eclosed the exhaust-
which when forced open by the compression valve opens and permits the eontents of the
- of the air in the annular space between the | eylinder to escape and to be foreed out by the
- trunk and the upper section of the eylinder | descentof the pistonintothe open air through

| the air.

permits the said eompressed air to pass into
the casing through the valve-box K and pipe
I, Figs. 1 and 2. Ii will be obvious that the
piston in its ascent will compress the air in
the said annular space till its densityis equal
- to that of the gaseous contentsof the casing,

when further movement of the piston upward
opens the outlet-valve and displaces the com-
- pressed air. The vpper cylinder-head is also

<

e

- furnished with valves n, Figs. 2 and 3, the

purpose of which is to open to admit air within

~ the annular pump when the piston descends
- and to close and remain closed at other times.
- Bupposing the engine to be in motion, the air

which is taken,in by the pumps and thrown
out by each stroke of each piston passes, as is |

Indicated by the arrows in Fig. 1, along the
division-plate j, Figs. 1" and 2, which extends
horizontally entirely across the space con-
‘tained within the casing to an opening in the
center of said plate; then between said plate

and a second ‘horizontal plate %, Figs. 1 and
2; from thence downward between the outer

the passage N, Fig. 5, and the radiater or
heater G, Figs, 1, 3,and 5,located in the space

‘| through which air passes on its way to be

heated in the furnace. The valvesshown in

| the drawings are of the puppet variety ard

vertical boundary of the casing and an in-

‘ternal partition m, Figs. 1, 2, and 3, parallel
with said outer boundary, and extending en-

-tirely around within the casing; then verti-
cally upward between partitions m and I,
- Figs. 1, 2, and 3, into a space contained be-

~tween / and ¢, Figs. 1,2, and 3, whence the air

passes into the furnace through apertures a’,

Fig. 1, and o Figs. 1 and 4, the position of
the dampers 7, Figs. 1 and 4, determining
what portion of the air shall pass into the fur-
nace through the fuel and what above it.

Having deseribed how airis compressed and
~ forged into the furnace, I will now show how,
when expanded by heat, it passes into the
cylinders andisexhausted therefrom, thereby
producing reciprocatious of the pistons and

developing the power generated by heating

~ In the top of the furnace and passing
through it to the inlet-valve boxes O, Figs. 1
and 3, is a suitably-shaped pipe 7/, Figs. 2

‘the furnace, which can be opened and closed

- by a throttle-valve p, Figs. 1 and 4. This.

- valve is operated by a governor or regulator
Q, Figs. 1 and 3, operating on a leverfixed to
the valve-stem by meaus of the connection g,
“Figs. 1. and 2.
. products of combustion, mingled, pass into

- this pipe in amount regulated by the position

~ of thethrottle-valve,and when the inlet-valve

. _and 4, with an aperture therein opening into

The heated air  and gaseous’

of either cylinder is opened they pass into.

‘are operated at proper times by lifter-tappets

on the valve-rods and on rocker-shafts worked
from eccentrics S, Figs. 1, 2, and 3, on the
main shaft.. There is nothing peculiar about
the valves or valve-gear, and any other whieh
1s adapted to the ingress and egress of the
heated air and known to engineers in:the

practice of their profession may be used for

those shown, though I prefer to use valves of
the puppet variety. ’ e

The form of the heater is immaterial. That
shown presents a large surface for radiation,
and the diaphragim-plates a, Figs, 1 and 5,
within the heater compel a tortuous passage
of the exhaust. It will be seen that the dis-
position of division plates and partitions be-
fore mentioned is such as to cause the grad-
ual heating of the cold compressed air oa its
way from the pump to the furnace by the ab-
sorption of the heat from the radiation from -
the lower part of the cylinder, the conveying-
pipes, heater, and boundaries of the furnace,
5o that the radiated heat-is nearly all util-
ized, and the desideratum is attained of hav- :

.ing a comparatively eool surface to the outer
or exposed surface and parts of the machine.

A dead-air space is formed in-the casing be-

tween its base-plate and the compressed and |
‘heated air to prevent radiation of heat from
| the lower surface of the casing. :

At the juncture of the upper and lower sec-
tions of the cylinder and at the lower edge of -
the close-fitting part of the piston a groove or
chamber 2, Figs. 1 and 6, is formed entirely -
around the cylinder. At the upper inner
edge of the lower section of the eylinder is
ah inward projeeting flange s, Figs. 1 and 6,
which forms the bottom of fhe groove and ex-
tends-inward from the general surface of the .
lower part of the cylinder, s0 as almost to -
touch the lower or extended part of the pis-

ton. The grooveor chamber round the eylin- -

der communicates with the compressed air in
the upper part of the casing, where it is com-
paratively eool and pure.  This communieca-
tion is made by the means of - pipe w, Fig. 1,
waich terminatés in the valve-box ¥/, Fig. 1,
in which the puppet-valve u, Fig, 1, operates

by any suitable mechanism, thatshown heing

& wiper or arm on a rocker-shaft acting on the
valve-stem.to open the valve againstthe press-
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“ure of a spring, the reacting of which assists
to close it. It will be seen that when the
valve u, Iig. 1, is open air will flow into the
cylinder from the casing at such spot as
~the valve may be located. If this valve is
opened, as it should be, after the exhausi-
valve closes and Dhefore the main inlet opens,
all the clearances or unoccupied space in the
cylinder and valve-passages will be filled with
pureailr, butlittle heated and of density equal
to that within the casing and furnace.

The object of introducing air through pipe
w, IFig. 1, from and at about the place and aft
the time mentioned is threefold. First, by
rendering the pressure alike on both sides of
. the inlet-valve it is balanced and operated in
equilibrium, by which the power necessary to
work 1t is reduced to the minimum; second,
by having the spaces in the ecylinder filled
with. pure air that which rushes afterward

into the cylinder from the furnace will not be

apt to carry the solid produects of combustion
into the joints between the finished portions
of the piston and eylinder: third, by the in-

troduction of cool compressed air, as de-

‘scribed, the temperature of the finished parts
of the piston and eylinder which come into
contaet are kept sufficiently cool to admit of
efficient lubrication. -
The inwardly-projecting flange s, Iigs. 1

~and 6, serves to deflect or to render difficult,

the passage of any particle of solid matter
coming into the cylinder with the heated air
and gaseous products of combustion, and the

lower edge of the packed part of the piston is
made of the shape shown in Fig. 1 to aid in
keeping solid matter from enfering between.

the finished surfaces of the piston and
der and from abrading them. |

The chamber v, Figs. 1 and 0, serves to
catch the oil which passes by the piston, or
lubricating matter may be injected therein
by an oil-pump. A pipe provided with z
stop-cock will afford means for drawing off
accumulations of lubricating matter, together
with such solid matter as may be deposited
there, while the lower edge of the piston-
packing by dipping intoe the oil at each down-
ward stroke will aid in keeping the working-
surfaces well lubricated. .

An improvement upon the simple chamber
consists in plaeing therein- a ecircular ojl-
trough M, (see Fig. 6,) which is sustained at
a little distance from the metal of the cylin-
der by ears placed
trough. - The current ¢f cool air from the
auxiliary valve will pass through the space
around the trough, cutting off communica-

cylin-

- tion of the heat conducted by the metal of |

the eylinder and preventing evapoeration and
burning of the lubricating material.

In starting a fire on the grates the main in--
let, exhaust, and throttle valves should be
opened, as well as the ash-pit door, to estab-
lish a draft through the engine by way of the-
~ eylinder and radiator, If sufficient draft can-

at intervals around the

—

y—

| fected by
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not be attained in this way, then the fuel-box
valve e, Fig. 2, and the door d, Figs. 1, 2,and 3,

should be opened and a direct upward draft

thereby established, which may be conducted
by a temporary funnel. When the fuel is
well ignited, all the doors and valves through
which air ¢an pass to or from the casing

should be closed and secured and air should

be supplied by a pump to support combus-
tion and to force and compress air within the
casing, where it will be expanded from the
heat generated DLy the burning fuel. The
means by which air may be forced into the
furnace while establishing a sufficient press-
ure therein tostart the engine may be a force-
pump or fan or other equivalent device op-
erated by hand or by any other convenient
and suitable power; or the main shaft of the
engine itself may be rotated by suitable
means, when the pumps forming part of the
engine will supply the air needed in the fur-
nace. When sufficient pressure has been
generated to rotate the engine, the extrane-
ous force may be discontinued, as the expan-
sion of the air supplied by the pumps of the
engine will continue to increase the pressure
within the casing till the engine has some
work applied to it to absorb the power gen-
erated. - - |

A safety-valve may be applied to the cas-
ing and so regulated as to prevent the in-
crease of pressure to a point which woulden- -
danger the integrity of the machine.

It should be observed that the valve-chest
covers, through which pass the valve:stems,
are provided with pipes T, Fig. 5, which ex-
tend througu the casing for ‘the purpose of
bringing the packings of the valve-stems to
a position where they are not materially af-
the heat from the furnace.

Having described my invention, what I
claim as new, and desire to have secured to
me oy Letters Patent, is— |

1. The combined arrangement, in a caloric-
engine, operating substantially as herein
shown and described, of the cylinders, pis-
fons, reservoir, and furnace, the cylinders
and their aceesspries acting together to rotate
one shaft, and the cylinders being located
partly within and partly without the reser-
volr, which eontains a supnly of compressed
ana healed air, and a furnace which heats the
said supply, which, with the gaseous products
of combustion, passes through the engine.

2. The combination of the finished or up-
per part of the eylinder with'its head, piston, -
and trank therewith connected, all operating
together, substantially as described, and with
inlet and outlet valves, and suttable packing
round the said trunk to form an annular air.
puamp.

5. The chamber or groove around the cyl-
inder arranged and operating, substantially

as specified, at or near where the lower part

of the piston comes at the term

ination of its
downward movement. |
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- 4. 'T'he isolated oil-trough within the cham-
~ ber or groove around and mthm the eylmdm,
_‘ for the specified purpose. '

| . The inwardly - pro,]ectmtr flange &, ar-
mnfred and operating substantmll-y as &hown

and deseribed.

6. Admitting mto the cvhn.ier compam-

_twely pure and cool air from & resewon‘ in

wlnch it is wustantb haintained compressad,

at the place and times and by sunitable valve:
| gearing, bubstantmlly as and for the pur poses
| weczﬁed

| PHILANDER SIHAW.
Wltﬂesses: S -
4. B. CROSBY,

GALEN COFFIN.
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