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To all whom it may concern :
Be it known that I, STEPHEN WiLcOX, of
Brooklyn, Kings county, in the State of New

“York, have invented certain new and useful
JTmprovements in Hot-Air Engines, of which

the following is a speelﬁcatlon

T employa COO]IHO‘ -Jacket in connection with
the regenerator, both arranged around the eyl-
inder; by which the zones of low temperature
are lowered in the regenerator, and the water
cools not only the air which moves to and from
the cool end of the ¢ylinder, but also cools the
cylinder itself. I antomatically regulate the
engine by means of a governor by shlftlng a
hnk which movesthe chano ing pistons. Ipro-
vide peculiarly-adapted packmOP around the

‘piston-rods and force air into the pipe con-

necting the tops of two opposite working-cyl-
inders to compensate for leakage.: By regu-
lating this action autom‘mtlcftlly I maintain a
uniform pressure. I have devised nieans for
subtracting a large portion of the heat from
the gases disecharged from the furnsdce and for
imparting it to the incoming air. - A blower
promotes the draft just sufficiently to over-

‘come the resistance due to these provisions.

I have also devised means for distributing oil
in the upper portion of each cylinder. The
engine has twocylinders and furnaces, fired in-
dependently, with the npper ends of the cyl-
inders connected by an ample pipe and their
several working and changing pistons joined
by a vibrating beam, so that the weights shall
balance. - Two: such pairs or any other num-
ber of pairs may be united toact on one Shaft
I will describe one pair only.

The following is a description of what I con-
sider the best’ means of carrying out the in-
vention.

The accompanying drawings form a part of

this specification.

TFigure Lisa central vertical section through
one of the cylinders and immediately connect-
ed parts.- Fig. 1*isahorizontal section on the
liness in Fig. 1 Xig. 2isan elevation, partly
in section. Iuo 2" is on a larger scale. It is
avertical sec’clon through ther e@ula’m ng-cham-
ber for the automatic- 11111( 'LdJuStmGllL Fig.
31is an elevation at right angles to Fig. 2. “The
remaining figures are on a la ger scale. - Fig.

4isa vertleftl sectlon through one of the stuff-

(No model.)

ing-boxes. Fig. 5 isa vertical section through

‘the device for automatically controlling the

effect of ‘the air-pump, and TFig. 6 isan eleva-
tion of the same.  Fig. 7'is a section, partly
in elevation, showing the provisions for indi-
cating the highest pressure.  Tig. 8 isan ele-
vation of the friction-pinion or jack-wheel.

Fig. 9 is a section of the same on the hne it
in 1‘10 8.

Similar letters of reference indicate corre-
sponding parts in all the figures where they
oceur.

A-is the briek-work of a furnace, A’

A’ is an arech, and A? a short fannel.

B is a dome- shaped double heater.

C is the working-cylinder.

D is the wo1kmﬂ -piston, and-d the plstou
rod.

B is the annular changing-piston, working
in a eylinder, ¥, larger than the working-cyl-
inder, and arranged concentric thereto. Both
pistonsare of considerable depth. Thechang-
ing-piston' simply performs the function of
shifting the air alternately from the cold to
the hot:portion of the apparatus and back
again.  Hach working piston-rod, d, is con-
nected by a link, &, to one end of a working-
beam, M, which is keyed onto a strong rock-.
ing shaft, m, having a crank-arm, M, and
mounted in fixed bearings. The two work-
ing-pistons and their connections balance each
other. The connecting-rod M? extends from
a pin on the crank-arm M’ to a pin in the
crank O’ on the crank-shaft O.:

Eccentrics O*O* connect by eccentrie-rods
‘W’ W?to a Stevenson link, W, which takes
hold of a link-block, V7, which s mounted on
a pin, V’, carried on an’ arm fixed on a rock-
ing shaft V, supported in a fixed bearing in
the framing. This shaft 'V has two arms, VS,
(only one of which is shown,) which carry, re-
spectively, links V* (only one of which is
shown,) connecting the arns to the changing-

‘beams P, and by them operate the changlnd-

pistons B. The two changing-pistons, con-
nected to the opposite ends of the changing-
beams by the rods e and links €', balance each
other.

inertia and slight friction of the changing-pis-
tons and the slight resistance of the air which
the changing-pistons cause to be transferred
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rapidly between the hot and cold portions of
the apparatus. The power is produced by
the changes of temperature, and consequently
of pressure, due to such transference, as will
be readily understood.

I is a regenerator, composed of metallic
plates set on edge and held a little distance
apart. It is mounted in a sufficient annular
space exterior to the changing-cylinder, and
in communication with the hot-air space be-
low the two pistons, and also through a cooler
above with the relatively cold-air space above
the changing-piston. The space above the
working-piston is subject to a constant press-
ure from air pumped in, as will be fully ex-
plained further on.

K is the cooler. It is formed with thin me-
tallie tubes J, allowing the air to flow up and
down through them, and having cold water
circulating in the spaces around them. The
cooling-water enters through a pipe, ¥, and,
afber traversing this cooling-chamber and also
another, which occupies an annular space
between the working-cylinder and the chang-
ing-cylinder, is discharged through a pipe; /=2
The air-tubes J of the cooler communicate
through passages at the top with the annular
space over the annular changing-piston. The
traversing of the air between the top and bot-
tom of the apparatus in a thin annular space
around the working-cylinder is of advan-
tage in making the. passage contracted and
the amount of space in the passage small.
The presence of the coolerinsures that the up-
per edge of the regenerator, which is below it,
shall be at a low temperature. . The regenera-
tor, with its several zones of temperature, va-
rying from the hottest at the bottom to the
coolest at the top, is a well-known adjunct of
hot-air engines. It absorbs heat from the air
a8 the hot air rises, and becomes heated there-
by, its lower edge being heated the most. It

_imparts heat to the descending air and is it-

self cooled thereby, the upper edge being
cooled the most. All the zones of heat are
carried low on the cylinder by reason of the
cooler above them. The ultimate effectis the
confining of the heat in the cylinders and in
all the parts to a limited domain at the base
of the apparatus. By shifting the annular
piston to the fullest possible extent theoreti-
cally, all the air is transferred alternately from
the top tothe bottom of the apparatus. Thisis
the condition for the most. effective working.
I have adapted my engine to drive delicate
machinery by providing an automatic regula-
tion. Ibtacts by reducing the extent of motion
of the changing-pistons, and consequently the
extent to which the air is transferred between
the cool and hot portions. .

‘When the link W holds the link-block V2
in its cemter, as indicated in Fig. 2, there
is little or no. motion of the changing-pis-
tons. By shifting the link ‘W so that it re-
ceives. and holds the block V? in one end
of its eurved slot, the changing - pistons &

3 289,481

receive sufficient motion to cause them to

traverse to the fullest extent and shift all
the air. "'When the link W is held in some in-
termediate position, it induces a less amount
of motion of the changing-cylinders. Under
these conditions less air is transferred alter-
nately between the cool and the hot end of the
apparatus, less changes of pressure are in-
duced, and less power is developed by the ac-
tion of the air on the working-piston.

R'is a link which connects the Stevenson
link W with a bell-crank lever, R, turning on
a fixed center, . This lever R connects by a
link, R? and rod R’ to a piston, R, in a small
cylinder, Q. This latter is equipped with pas-
sages, arranged as shown, controlled by valves
T" T?% which, when the valves are held open,
permit the fluid, which should be oil or some
analogous inelastic fluid filling both ends of
the cylinder, to shift from one end to the other.

The action of the engine communicated
through the link W induces, by well-known
laws, a tendency of the piston R*to shift al-
ternately in one direetion and the other. This
tends to raise that piston during one portion
and to lower it during another portion of each
revolution of the main shaft. This tendency
is resisted by the fluid; but the fluid ean, un-
der certain limitations, shift past the valves T’
T*. Whenthesevalvesarebothallowed to close,
no such motion can oceur, The piston R, and
consequently the link W, is held against any
shifting. It vibrates by the action of the ec-
centrics O* O, but does not shift to one side
or the other. When, however, one of the
valves T' T* is held open, the fluid in the cyl-
inder Q may shift a little in one direction.
The governor controls the opening of these
valves. This control by the governor is ef-
fected through a lever, G, which israised and
lowered, either directly or indirectly, by the
action of the governor G. Tt is connected by
the link G* to the lever G°. Thislever rocks
the spindle g and the rigidly-connected wheel
G* and by means of face - cams formed on
the latter forces open oune or other of the
valves T” 'T% one being released when the
other is open—that is to say, when the le-
ver G rises it turns the wheel G* into such
position that the uppermost valve, T, is held
open. Under these conditions the fluid may
flow from above.the piston R* around into the
space. below said piston, the lowermost valve,
T%, opening automatically against the force
of its gentle spring. TUnder these condi-
tions the piston R* rises, and, acting through
the connections, shifts the link W to the left
and increases the power of the engine; but
when the lever G’ ascends it liberates the up-
per valve, T, and allows it to shu#, thus re-
sisting any tendency of the oil to escape from
above the piston into the space below. The
same movementopensand holds openthelower
valve, 1%, and allows the oil to flow away from
below the piston and to come into the space
above it. Thiscausesthe piston Rtto sink, and
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shifts the link 'W to the right, thus decreasing
the power. ‘ '
The.piston-rods d ¢ are surrounded by a se-
. ries of rings, 4, of good leather,shaped by wet-
5 ting and stretching to the form shown in Fig.
“'4. These must be carefully kiln-dried at a
moderate heat, after which they will endire
the temperature without difficulty. Therings

© jare of vuleanized india-rubber of circular |

1o Section. The stuffing-boxes are deep,and con-
‘tain a number of these leathers, each partially
ineloging its ring of rubber. - The whole being
gently compressed by the gland induces a gen-
tle contact against the piston-rod d, and, be-

‘ | 15 coming highly polished by the friction, reduces

the leakage around the piston-rods to a very
small amount, even-if the pressure in the en-
-gine be as high as a hundred and fifty pounds
per square inch. .One hundred pounds per

20 square inch I esteem about the best pressure

t0 maintain above the working-piston. The

packing in each working-piston allows some

of the air above it to move down past it when-
ever the pressure below is less than that.

25 X'is a constantly-acting force-pump, oper-

“ated by the engine with a uniform stroke,and

tending to receive and force into the spaces

above the working-pistons a small uniform

quantity of air at each revolution. -Theleak-

" 2 ageis liable to vary, and I vary the admission
30 45 ’ y

of the air to this pump accordingly.

X°F is a casing, having anozzle, z, bolted on
the induction-aperture of the pump. There
areaperturesz’, through which theair is drawn

.35 in freely; but the passage therefrom to the

pump is controlled by a peculiarly-mounted
valve, X7, having a long stem, and capable of
closing tightly upon a seat, 2°. It is held up
and .open by a coiled spring; X acting be-

‘40 tween the collars 4* and an adjustable abut-

ment, «*, controlled by a screw, 4%  On the
upper end of the stem is a considerable button

or disk, 2%, on which rests aflexible diaphragm,
X, above which is a chamber connected by a

45 pipe, 27, with the connection X between the
upper parts of the working - eylinders. So
long as the pressure in the latter is sufficient

" the valve X! is, by the tension of the air on

© the diaphragm X*, held:down to its seat; but

<o the moment the pressure becomes reduced by

leakage the spring X7 lifts the valve X? alittle

-and allows the pump X' to take in air and

foree it into the pipe X until the full pressure

is restored, when it is again stopped by the re-

55 fusal. of the valve to rise.. In practice the

valve X* rises a little and the pump takes a

little air at each stroke. ~Changing the screw

- determines the amount of pressure to be
maintained in X.

60 The air to support the combustion in the

- furnace i$ received throughinverted- U-shaped

- pipes:U. These pipes, being exposed to the

hot gases escaping: from . the furnace through

the passage «, warm the air within, -so that the

65 fresh air therefrom entering the fuinace; by

.~ being partially heated, contributes to the effi-’

cieney of the fuel and consequently the econ-
omy of the engine; but the passage of the air

through these -U-shaped pipes is resisted by -

frietion.  So, also, is the passage of the escap-
ing gases from the furnace resisted by the ef-
fort required to flow through the chamber ob-
structed by these pipes. " The consequence is
a tendency to a retarded draft, :
.U’ is a blower driven by a belt from the en-
gine and forcingtheair strongly inits entrance
through the pipes U. The effect of this blower
should be sufficient to overcome the resistance
of the fresh air in moving through theinte-
rior of the pipes T, and also to overcome the
registance of the hot gasesin escaping from the
furnace through the obstructed flue or cham-
ber. in which the pipes U are mounted. - The
combination of the blower with the pipes se-
cures both economy and efficiency. ‘
The c¢hanging-piston,. although it need not
be packed, and need not rub with much tight-
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ness against the surfaces on the exterior and -

interior, respectively, has large surfaces sub-
ject to frietion, and parts are liable to rise to
a high temperature under some conditions

which cannot be conveniently insured against. .

I provide peculiarly efficient means for intro-
ducing oil to Iubricate the parts.

H is-a single-acting hand-pumyp, provided
with a reservoir, H’, for receiving oil. It
communicates by a small pipe, %', with a per-
forated pipe, %, extending around in a recess
provided in the top of the working-cylinder.
Its perforations are arranged toallow the ejec-

tion of the oil upon the annular changing-pis-.

ton. It spreads thereon and lubricates both
the outer and inner edges.

L/ is a thermometer, the sensitive portion of
which is immersed in.the pipe I, through
which cold water enters the cooler K. I# is
another thermometer, havingits sensitive por-
tion eorrespondingly immersed in the pipe%?,

which conveys away the warm water from the

cooler. An inspection of these two  ther-
mometers shows, by direet comparison, the
changes of temperature induced in the water
of the heater. ‘When the change of tempera-
ture is too small, it indicates that too much
water is admitted to the cooler, and I par-
tially. close a controlling-cock, (not shown,)
which lessens the gquantity of water allowed to
traverse the cooler. This isimportant when,
as is frequently the case, the supply of cool-
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ing-water is small. When the- difference of 120

temperature of the two thermometers is unu-
sually great, it shows, that the water in the
heater is allowed to becometoomuch warmed,
and consequently that the air is being too1lit-

tle cooled by the cooler. When this is ob- -

served, the attendantopensa cock (notshown)
and. allows the water to circulate through the
cooler more freely. :

‘L is-a pyrometer, having its sensitive por-
tion immersed in the hot gases filling the flue
or-chamber.a. It has a dial mounted in posi-
tion to beé easily observed by the attendant.
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‘a valve, #/, opening freely upward, to allow
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‘When he sees that the heat in the flue is too
low, he opens the damper and quickens the
blower, or otherwise encourages the fire in the
furnace. When he observes thatthetempera-
ture of the pyrometer is too high, heclosesthe
damper or decreases the action of the blower,
or both, and consequently allows the fire to be-
come less active. The several furnaces havc
cachaseparate pyrometer.

N is a pressure-gage. Its interior is sub-

ject to the inﬂuence of the pressure within the

cylinder. Thispressurevaries widely between
its greatest and its least during any given revo-
lution. It also varies considerably in its ab-
solute pressure at the period of greatest press-
ure. Whentheworking-pistonisbeing driven
upward in its cylinder, my gageindicates the
It is provided with

the pressure of oil or other fluid acted on

.by the air to pass upward freely. When,

during another portion of the revolution, the
pressure in the working-cylinder is greatly re-
duced, this pressure-gage does not show the
corresponding diminution of pressure. The
pressure does not diminish in the gage except
by a very small amount, that is due to a slow
movement of the oil or other fluid past a stop-
cock, N’, which communicates through small
passages with the gage and with the source of
pressure. At every revolution of the main
shaft there is a period at which thehigh press-
ure is felt by the gage, the same being trans-
mitted freely past the valve w'. The gage
runs down a little, but only a little, in the in-
tervals. It vibrates between indicating the
highest pressure which obtaingin the cylinder
and a pressure only a pound per square inch,
or thereabout, below such highest pressure.

N* is a pressure-gage working under oppo-
site conditions. The valve is arranged to al-
low the oil to escape freely from the pressure-
gage N? at each lowering of the pressure, and

" to rise only slightly during the period of high
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pressure. An additional gage, N? is of the
ordinary construction, and is connected to the
space above the working-piston. Itissubject
to a nearly-uniform pressure of air. The air

_in the upper end of one working-cylinder is

transferred from- the pipe X to the top of the
opposite working - cylinder as the working-
beam M vibrates and the two working-pistons
alternately ascend and descend.

I communicate power from my engine
through friction - gears peculiarly mounted.
The fly-wheel O® is a large pulley having V-
shaped grooves turned or otherwise produced
in its periphery, adapted to transfer power by
friction in the well-known manner.

F is a jack-wheel, certain portions being
designated, when necessary, by additional let-
ters of reterence, as F' F°. It has an iron pe-
riphery; F', equipped with V-shaped beads

Jf, corresponding to the grooves in the wheel

0% but instead of the whole jack-wheel being
rigid and mounted fixedly upon the shaft I

the force is communicated through an annu-
nular mass, I? of vulcanized india-rubber,
which is mounted between the hub I®and the
annular rim T, and which, byits yielding,
avoids the trembling due to ordinary friction-
gear. It alsoallows the shafts to be slightly
out of their .true positions without inducing
mischief. Thefalseposition is accommodated
by the yielding of the rubber F.

I have shown in the drawings, Figs. 2 and
3, a flexible pipe, ¢, of india-rnbber or analo-
gous material, having a contracted nozzle at

70
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one end, and connected at the other to an iron -

pipe, ¢, which connects with the top. of the
working-cylinder C. On opening the cock ¢*

8a

a strong blast of air is ejected from the noz-

zle, which, on opening one of the slides b and
directing the current into the aperture thus
exposed, clears the ashes and soot from the
space around the base of the heater.

Y are the girders, which support the mech-
anism, resting on brick walls Z.

Modifications may bemade in the formsand
proportions. I can increase or diminish the

.width of the friction-gear wheels O*°F. I can

make the annular mass of rubber F? of greater
or less diameter and thickness. Parts of the
invention may beused without the whole. In-
stead of rubber,any other elastic material—as
twisted wool or hair-—may be employed as the
part j to distend the formed leathers when the
gland is pressed down.

Some of the advantages due to certain fea-
tures of the invention may be separately enu-
merated as follows:

TFirst, by reason of the fact that the cooler
or water-jacket K surrounds the cylinder, as
shown,with the regenerator I below it, the zones
of low temperature are carried lower in the
regenerator, and the upper end of the eylin-
der'is maintained cooler than would be other-
wise possible.

Second, by reason of the fact that the cylin-
der C forms the side of the water-jacket K,
and also that the cooler is fraversed by the
pipes J, through which the air moves in its
passage upward in coming to such cylinder
and downward. in flowing from it, the water
performs the double fanction of coohnfr the
air in its passages and also of b%thlno and
cooling the cylinder.

Third, by reason of the combination of the
governor G and its connections to the hy-
draulic eylinder Q, with its piston R*and con-
nections to the rod R/, controlling the link W,
I am able to automatically regulate the extent
of motion of the changing-pistons, and -con-
sequently the power of the engine, so as to
maintain uniform speed. .

Fourth, by reason of the contmuously act-

ing pump X/, valve X7 spring X%, and dia-
phlzwm Xt the Tatter 1nﬁuenced as shown, by
the pressure obtaining on the upner faces of
the working-pistons, T am able to automati-
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cally open the valve and allow air to be taken- -

i by the pump when the pressure is below a
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given point, and to auntomatically close the
valve and prevent air from being taken when
the pressure has reached and is maintained at
the required standard.

Tifth, by reason of the blower T, forcing air
thr ouo"h the pipes U into the ash -pit, “and
thence throu ghthe furnaceand escape-passage
«, I am able to overcome the considerable
frictional resistance due to the passage of the
air through the pipes and to the passage'of the
escaping gases from the fire past such pipes,
and maintain an active combustion and con-
sequent efficiency of a given size of apparatus,
combined with provisions for high economy.

Sixth, by reason of the perfomted pipe %
e:xtenchno around over the changing - piston
and conneetlons I/ to the pump H, Wlth its oil-
reservoir H', T am able to convemenﬂy intro-
duce 1ub110at1ncr fluid and to distribute it ef-
fectively in the upper portion of the annular
changing-cylinder.

I cl*um as my invention—

. The annular cooler or water-jacket K,
arran@ed relatively to the eylinder C" and £0
the ‘mnular regenerator I, substantlally as
herein spe(nﬁed

2. The water-jacket K, with its plpes J,ar-
ranged as shown, and with suitable water-
conneetlons, F 12, arranged as shown, adapted
to perform the double functlons of eooling the
cylinder ¢’ and of cooling theair in its passage
to and from it, as hereln specified.

ot

3. The link W and suitable connections for
receiving motion from theshaft and imparting
it to the changing-piston, in combination with
such. piston and with' the governor G, and
with means for automatically shifting the link,
as herein specified.

4. In'a hot-air engine, the case X, pipe «,
and - diaphragm ¥x% in “combination with a
valve, X7 controlling the admission of the air
to the air-pump X', 'so as to automatically
maintain a uniform pressm e, as helem speci-
fied.

5. In a hot-air engine, the blower T, air-
heating pipes U, furnace A*, and escape -flue
a, combined and arranged for joint operation
as herein specified.

6. In a hot-air engine, the oil-reservoir H/,
pump H, and oil-distributing pipe #, in com-
bination with each other and with the con-
centric. cylinders C C' and annular changing-
piston E, arranged for joint operatlon, as and
for the purpose herein specified.

In testimony whereof I have hereunto set
my hand at New York city, N. Y., in the pres-
ence of two subseribing witnesses.

STEPHEN WILCOX,

Witnesges:
Epw. WM. FRANCIS,
War. C. DEY.
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