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"UNITED STATES

PaTENT  OFFICE,

. STEPHEN WILCOX, OF BROOKLYN, NEW YORK,

HOT-AIR ENGINE.

SP_ECIPICATION for’mil_:g p’ért of Reissued Letters Patent No, 10,529, dated October 7, 1884.
T : Origﬁml/i\'o. 289,481, dated Décembcn 4, 1883, Applieatit;n for _féi_éﬂua’ﬁled March 24, 1884, . -

To ‘@il whom it may concern: o
. Be it known that I, STEPHEN WILCOX, of
Brooklyn, Kings county, in the State of New

. York, have invented certain new and useful

10
.15

.20

Improvements in Hot-Air Engines, of which
the following is a specification.. =~ . -~ .

I employ a cooling-jacket in connection with
the regenerator, both arranged around the

© changing-eylinder, by which the zones of low "

temperature are kept low in the regenerator,
.and the water. cools not only the air which

moves to and from the cool end of that cylin--

der, but also cools the cylinder. itself. ~The

‘engine is antomatically regulated by a gover-
nor, which shifts a link, and thisin turn.moves.

the changing-pistons. | I provide peculiarly-

- adapted packing around the.piston-rods, and I -

force air into the pipe connecting the tops of
two opposite working-cylinders to compensate

for leakage.” By regulating- this action auto-
.matically a uniform pressure is maintained.

I have devised means for subtracting a large

_‘portion of the heat from the gases discharged:

25

from the furnace’and for imparting it to. the

incoming air. A blower promotes the draft
. -sufficiently to overcome the resistance.due to
.- these provisions.

I have also devised means

~for distributing oil in the upper portion of

30

each annular eylinder. The engine has two
furnaces; fired independently, and two work-

.ing-cylinders, the upper ends of which are-

conpected by an ample pipe. - Their pistons
are joined by a vibrating beam, so that the

. moving partsin each balance each other. ' Con-

centric with and outside the working-eylin--
ders ‘are placed two.changing-cylinders, the-

_pistons of which are-also connected to'a beam.

Two such pairs, or any other number of pairs,
. may.be united to’'act on
40

one shaft. . Twill de-
scribe one pair only. " AR B

. The following is a‘des(:_ription_ of what Lcon-

siderthe best means of carrying out the inven-
tion. s :

~ Theaccompanying drawings form a l)al'b".‘)'f

45

this specification. N

"Figure 1 is a central vertical section through
‘one of the cylinders and immediately connect-
ed parts. - Fig. 1" is a horizontal section on the

 linessinFig. 1. Fig. 2 isan elevation, partly

o

in section. Fig. 2* is on a larger scale. Itis

a vertical section through the regulating- cham-

‘one of the stuffing-boxes.

pin - to
- O"-on the crank shaft-O.

ber for the automatic link adjustment. Fig.
3is an elevation at'right angles to that shown
in Fig. 2. The remaining figures are on a
largerseale. Fig.4isaverticalsectionthrough
Fig. 5 is a vertical .

55

section through the device’ for automatically -

-controlling the air-pump, and Fig. 6 is an ele-.
_vation of the same. . Fig. 7is a section, partly

in elevation, showing the provisions for indi-

6¢c

cating the highest pressure. ~TFig. 8 is an ele- -

| vation of the friction-pinion: or jack-wheel.

Fig. 9 is‘a section of the same on the line ¢ ¢ '

in Fig. 8. : ‘ -
- Similar letters of reference indicate corre-.

-sponding parts in all the figures where they

oceur. - . L »
A'i8 the brick:work of a furnace, A*,
A’is an arch, and A’ a short funnel. A
B is the heater, the central part of which is
dome-shaped. : : ' '
C is the working-cylinder. R
D is'the working-piston, and d the piston- -

‘Tod. .

E is the annular changing-piston WOrking in
a cylinder, O, larger than the working-cylin-
der and placed concentric thereto. Both pis-

65
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75°

tons are of considerable depth. - The chang- .

the hot portion of the apparatus and back

ing-piston simply performs the- function of "
- shifting . the air alternately from the cold to

8o

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-

85

ing-pistons and their connections balance each =’

other. The connecting-rod M? extends from a
on the crank-arm M to a pin in the crank -

Eecentrics  O° O* conneet by éceentrie-rods -

W’ W?to a Stevenson link, 'W, which takes

hold of a link-block, V2 which is mounted on
a pin, V', -carried on an.arm fixed on a rock-
ing shaft, V, supported. in bearings in the

‘framing., This shaft 'V has two arms, V3

(only one of which is shown,) which carry,

Ead

95

respectively, links V* (only one of which is .

shown,) connecting the arms to the changing-

‘beams P, and by them operate the changing-

pistons E.' The two changing-pistons, con-
nected to opposite ends of the changing-beams

100
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by rods e and links ¢, balanee each other.. The
link 'W has to overcome only the inertia and
slight friction of the changing-pistons and the
slight resistance of the air which- the chang-

. 5 ing-pistons canse to be transferred rapidly be- |

_-tween the hot and cold portions of the appa-
ratus.
of temperature, and coniequently of pressure,

- that. follow such transference; as will be read-
1o ily understood. . s o

-1 i$.a regenerator ._;(3_0,mi)o'sed. of. metaivlié :
plates sét on.gdge and held a little distance;

apart, Itis mounted in-an’annularspace ex-

terior to the thanging.cylinder and in ‘com-,

15 munication with the hot-air space below the

two pistons, and also through a cooler above, |

with the relatively cold air-space above, the
changing-piston, The space above the work:-
ing-piston; is subject to a constant pressure

20 from air-pumped in, as will be fully explained .

farther on. . .

K is the.cooler.,
tallic tabes J, allowing the . air to flow up
‘and down. through -them, and having cold

25 waber eirculabing in the spaces around them..

The cooling-water enters through .a pipe, &%

and after traversing this cooling-chamber, and |
dlso andther which oceupies-an annular space -

between the working and chanhging eylinders,

30 is discharged through -a-pipe, &.- The: air-
tubes J of the cooler communicate threugh

- passages at the top with the annular space:
over the annular changing-piston, - Theétrav-.

... prsing of the air between.the top and bottom

35 of the -apparatus in.a thim annular ‘space
“-around the changing-cylinderis of advantage
in requiring but a short passage of small.vol-

~ ume, . The presence of the cooler insures that’

. the-upper edge of the regenerator, which is be-
4o ow: it, shall be at a4 low temperature. The
* regenerator,with .its séveral zones of temper-

‘ature varying from the hottest at the bottom

to the coolést at the top,.is 4 well-known ad-
junét of hot-air engines. - It absorbs heat from

45 the air as the hot air rises and becomes heated.

thereby, its lower edgebeing heated the most.

‘Tt imparts heat to-the descending air and is
jtself cooled thereby, the upper edge being.
-cooled the most. -The zones of heat are car-
50 ried low on the cylinder by this arrangement
~ of cooler'and regenerator. The ultimate effect

is the.confining of the heat in: the cylinders’|
and in-all the parts to'adimited:domain atthe |
“baSe.-of the apparatus, 'The ascent and de- 1.
‘seent of the changing-piston through thelong-.

55 seent of 1gi) ugh ]
est-possible disfance causes al the -inelosed
‘air, excepting what is contained in the pas-

sages, to move from end to end of the appa-

ratus alternately. This is the condition for
the most effective working..

Thave adapted my engine to.work at aregu-
lar speed by providing an automatic regula-
tion.” It acts by controlling the motion of the
changing - piston., By shifting the link ‘W so
65 that it receives and holds the block V*in one
end of its curved slot, the changing-piston E

60

The power is produced by the changes

‘a fixed center, 7.
~a link, R? and rod R’, to a piston, R 1o &
“sinall cylinder, Q. 'The ecceniriés cause an

1t is formed with thin me--

receives sufficient motion to_cause- it to trav-
erse to the fullest extent and shift all the air.
‘When thelink W is held in some intermediate
position, it causes a shorter motion of the
changing-piston. Under these conditions less
air is transferred bétween the cool-and. hot
ends’ of the apparatus alternately, smaller
changes of pressure. are produced; and less
power is developed by the action of the air on
the working-piston. s o

link ‘W with a bell-crank lever, R, turning on
This lever. R connects, by

ahgular motion in the link and a correspond-
ing tendency to slip from end to end of its slot

to the piston R and its direction is changed
to verfical. - The cylinder is. provided with

70,

75

R’ is a link which conpects-the Stevenson .

8o

-on the link-block. Through the cennections -
R, R/, R*, and R*this tendency is communicated.

85

_passages, arranged as' shown, controlled by -

valves TT®. 'Whernthésevalves areheld open,

.the finid—oil or some other analogous inelas-
tic fluid filling both ends of the cylinder—is:

9

free to move from oné end of the cylinder to .‘

the other. "'When they are elosed no such mo-
tion can oceur. . The piston’ R, and- conse-
quently the link W, is held against any shift-
ing. -1t tends ta vibrate by the action of ‘the:

eccentries O* O, but does not shift to-one side:
‘When, however, one of the -
~valves T/I* is held open, vibration of the pis-
ton in one direction is permitted by the flow-

or the other,

of the liquid through the open valve, and it

95

100

moves toward that end of the cylinder com: -

inunicating with said valve, but its return is
prevented:: The governor controls the open-

“ing of these valves. This control by the gov<’

ernor i effected through a lever, G', which is

.raised or lowered by the action of the governor.

It is connected by the link G* to the lever G°.
This Iéver rocks the spindle ¢ and the rigidly-

" connected wheel G*, and by means of face-cams

105

110

formed ou the latter forces open one or the

.other of the valves T"T% one being released

when the other .is open—that is to say, when
the lever G’ rises it tuens the wheel G* into
such a:position that the uppermost valve, T/,
is held open..'‘Under these conditions the fluid

11§ -

may flow from above the piston R* around in- .
to the &pace below said piston, the lowermost
valve; 1% opening automatically”against the

force of its-gentle spring. -+ The piston R* rises,

120

and, acting throughthe connections, shifts the .

link W to the left, apd modifies thie power de-

' velopéd by the engine; but when the lever G’

ascends' it liberates the upper valve, T', and

‘allows it to shut, thus resisting any tendency

of the oil to escape from above the piston inte
the space below. . The same movement opens
and holds open the lower valve, T% and allows

 theoilto flow away from below the piston and

to come into the space above it. This causes
the piston R* to sink, and shifts the link W to
the right, thus again modifying the power.

125
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The "piston-rods d ¢ are surrouude@ by a
series of rings, ¢, of good leather, shaped by
wetting and stretching to the form shown in
Fig. 4. 'These must be carefully kiln-dried at
a moderate heat, after which they will endure
the heat without injury. The rings j ave of
vuleanized india-rubber of circular section.
The stuffing-boxes are deep, and contain a
number of these leathers, each partially in-
closing its ring of rubber.
gently compressed by the gland causes a light
pressure against the piston-rod 4, and, becom-
ing 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 one hundred and fifty pounds
One hundred pounds per
square inch I esteem the best pressure to main-
tain above the working-piston. The packing
in each working-piston allows some of the air

.above it to move down past it whenever the

pressure below it is lower.

X' is a constantly-acting force-pump oper-
ated by the engine with a nniform stroke,and
forcing into the spaces above the working-
pistons ‘a small uniform quantity of air at
each revolation. The leakage isliable to vary,
and the admission of air to the pump is varied
aceordingly.

Xk is a casing, having a nozzle, z, bolted on
the induetion-aperture of the pump. . There
are apertures 2/, through wl.ich the air is
drawn in freely; but the passage therelrom to
the pumpis eontrolled by a peculiarly-mount-
ed valve, Xt having a long stem, and capable
of closing tight upon 2 seat, #>. It is heid up
and open by a coiled spring, X% acting be-

_tween the collar 2* and an adjustable abut-

ment, a*, controlled by a screw, 2°. On the
upper end of the stem is a considerable button
or disk; 2, above which -is a chamber con-
nected by a pipe, 27, with' the conneetion X
between the upper parts of the working-eyl-
inders. So long as the pressure in the latter
is sufficient, the valve X* is,by the pressure of
the air on the diaphragm X* leld down to it
seat; but the moment the pressure becomes
reduced by leakage the spring X?® lifts the
valve X* a little and allows the pump X' to
take in air and force it into the pipe X until

the full pressure is restored, when it is again |

stopped by the refusal of the valve to rise.
In practice the valve X* rises a little, and tlhe
pump takes a little air ab each stroke. Chang-
ing the screw 4 determines the-amonnt of
pressure 1o be maintained in X. - )
The air to support combustion in the far-
nace is reccived through inverted U-shaped
pipes U. These pipes, being exposed to the
hot gases escaping from the furnace through
the passage a, warm the air within, so thatthe
fresh air therefrom entering the furnace, by
being partially heated, contributes to the effi-

" ciency of the fuel, and consequently to the

65

The whole being.

by friction. So, also, is the passage of the

eseaping gases from the furnace resisted by
the effort required to flow through the cham-
ber obstructed by these pipes. The conse-
guence is a tendency to retard the draft.

U’ is a blower driven by a belt from the en-
gine, and forcing the air strongly in its en-
trance through the pipes U. The effect of this
blower should be safficient to overcome the
resistance of the fresh air in moving through
the interior of the pipes U, and also ko over-
come the resistance of the hot gases in escap-

70

75

ing from the furnace through the obstructed '

flue or chamber in which the pipes U are
mounted. Thecombination of the blower with
the pipes secures’both economy and efficiency.

The changing-piston, although it need not
he packed and need not rub with much tight-
ness against the eylinders, has large surfaces
subject to frietion, and parts-are liable to rise

which cannot be conveniently insured against.
I provide peculiarly efficient; means for intro-
dueing oil to lubricate the parts.

. H is a single-acting hand-pump, provided
with a reservoir, H’, to receive oil. It com-
municates by a small pipe, #, with a perfo-
rated pipe, %, extending around in a recess

‘provided in the top of the ehanging-cylinder.

Its perforations are arranged to allow the ejec-
tion of the oil upon the annular changing pis-
ton and eylinder. It spreads thereon and lu-
bricates both the outer and inner surfaces.

1/ is a thermometer, the sensitive portion of
which is inserted in the pipe %/, through which
cold water enters the cooler K, 17 is another
thermometer, having its sensitive portion cor-
respondingly inserted in the pipe &%, which
conveys away the warm water from the cooler.
An inspection of these two thermometers
shows by direct comparison the changes of
temperature produced in the water of the
heater. . When the difference of temperature
is too small it indicates that too much water
is ‘admitted to the cooler, and by partially
closing & controlling-cock (not shown) the
quantity -ef water which traverses the cooler
is lessened. This«is important when, as is

frequently the case, the quantity of cooling-

water is small. ‘When the difference of tem-
perature shown. by.the two thermometers is
unusually great, it shows that the water in the
hieater is allowed to become too much warmed,
and consequently that the air is being toolittle
cooled by the cooler. When this is observed.
the attendant opens’a cock (not shown) and
allows the water to circulate through the cooler
more frecly. .

L is a pyrometeér, having its sensitive por-
tion immersed in the hot gases filling the flue
or chamber «. It has a dial mounted in po-
sition to be easily observed by the attendant.
When he sees that the heat in the flue is too
low, hie opens the damper and guickens the

economy of the engine; but the passage of the | blower, or otherwise quickens the five in the
air through these U-shaped pipes is resisted | fornace.  When he observes that the tempera- .

80
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-to a high_temperature under some conditions,
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.1ng diminution of pressure.

.
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ture of the pyrometer is too high, he closes |

the ‘damper or decrcases the action of the
blower, or both, and consequently allows the
fire to become less active. The several fur-
naces have each a'separate pyrometer.

N is a pressurc-gage. Its interiorissubject
t6 the pressure mLhm ‘the- eylinder.  This
pressure varies widely 1)et\w een ils greatest
and its least during any given revoluhwn It
also varies eonsiderably in,,its absolute press-
ure at the peried of greatest préssare. . When
the worklng piston 1s beiig drivenupwardin
its eylinder, the gage indieates the pressure af
its highest. ~ It 1s provided with a valve, #/,
opening freely apward to allow the pressure
of oil or other fluids acted on by the air to pass
upward freely. . When, during another por-
tion of the revolution, the pressure in the
working - eyvlinder 'is gle‘my reduced, this
pressure-gage does not show the correspond-
The pressure
does not diminish in the gage except by a very
small amount, that is due to a slow movement

.of the contained air pasta stop-cock, N’,which

communicates through small passages with
the gage and with the source of pressure. Af

-every revolution of the main shaft there is a

35

40

45

.50

period at which the high pressure is felt by
the gage, the same being transmitted freely
past the valve #’. " The gage runs down & lit-
tle in the intervals. It vibrates Quring each
revolution between a point indicating the
highest pressurewhich obtains in the eylinder
and one representing only one. pound per
square inch, or thereabout, belowsueh highest
pressure. ‘

N? is a-pressuré-gage working uander oppo-
site conditions. The valve is arranged to al-
low the air to escape freely from the pressure-
gage N* at each lowering of the pressure, and
to rise only slightly during the period of high
pressure. “An additional gage, N% is of .the
ordinary construction, and is connected to the
space above the wmkmg piston. TItissubject
to ‘@ nearly uniform pressure of air. 'The air
in the upper end of one working-cylinder is
transferred through the pipe X to the top of
the opposite working-eylinder as the working-
beam M vibrates, and the two working-pis-
tons alternately -ascend and descend. The

‘power is transmitted from the engine through,

friction-gears peculiarly mounted. . The fly-

- wheel Oz is a large pulley having V- -shaped

55

60
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grooves turned or otherwise produced in its
perlphery, adapted to transmit power by fric-
tion in the well-known manner.

Tisa jack-wheel, certainportions being des-:|
ignated, when necessary, by additional letter‘s
of reference, as I¥ B2 It has an iron periph-
ery, I, carrying V-shaped beads f,correspond-,
ing to the groovesin the wheel O; but instead
of the whole_]ack wheel being 11cr1d and mount-
cd fixedly on the shaft F, an annul’u mass,
¥, of vuleanized india- rabber is motnted be.-
tween the hub F® and the annular rim F',
which by yielding avoids the trembling due

'3, o flexible pipe, ¢,

to ordmary friction-gear. It also allows the

shafts to be slightly oub of their true positions
without-causing mischief. The false position
is accommodated by the yielding of the rub-
ber I*

T have shown in the drawings, Figs. 2 and
' of india-rubber or analo-
gous material having a contracted nozzle at
oune end and connected at the other to aniron

‘pipe, ¢, which connects with the top -of the

working-cylindeér C. On opening the coek ¢*
a stronnr blast of air is ¢jected from the noz-
zle, Vhl(,h on opening one.of theslides b and
directing thc current into the aperture thus
e*zpoaed clears the ashes and the soot from

- the space around the base of the heater.

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

The concentric changing and working ¢yl-
inders C and (' have one end the lower end
of each, opening directly into the heater. The
head of the changing-cylinder is cast in one
piece with the working—cylinder.

Modifications may be made in the forms and
proportions. - The width of the friction gear:
wheels O* F can be increased or diminished,
as may be desired. The annular nass of rub-
ber F* may be of greater or less diameter or
thickness. mets of the invention may be
used without the whole. Instead of rubber,
any other elastic material, as twisted wool or
han‘ may be employe

pressed down.

Some advantages due to certain features -of
the invention may be Sepd ately enumerated
a3 follows: ’

- First. 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 Lempemture are carried lower in -

the regenerator, and the upper ‘end of the eyl-
inder is mamtamed cooler than Would be oth-
erwise possible.

Second. By reason of the fact that the eyl
inder ¢/ forms the side of the water-jacket K,

and also that the eooler is traversed .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 funcmon of eoohno- ‘the
air in its passages and also of- bathmg and

' cooling the cylinder:

Third. By reason of the fact that the chang-

and working-cylinder with no appreciable loss
in intermediate passages, and Lattain thisend
withont making any joints.

Fourth. By reason of the fact that the head
of the annular changing-eylinder is formed in
one casting with the inner eylinder, C, I save
joints, avoid leakage, and add to the 5trenfrth
and stiffness of the construction.

Fifth. By reason of the combination of the

as the parts j, to dis-
'end the formed lealhers when the gland is

70

75
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85"

90

95

“Ico

105

110

I15

120,

Jing and workmo cylinders are arranged con-
-centrically, the one within the other, w1th the.
| lower end of each communicating directly and
‘freely with the heater, the effect of the chang-,
ing-cylinder is communicated to the hea,ter.
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- is below a given point, and closes te prevent |
-air being taken when the préssure reaches and
is maintained at the required standard. = -

" Beventh. By theblower U’ forcing air through
- thepipes U intotheash-pit,and thence through-

15

10,529 ' 5

governor Gand its connections to the cylinder
Q with its piston R*and connections to the
rod R/, controlling the link W, the extent of
motion of the changing-pistons, and conse-
quently the speed and power of theengine, are
automatically regulated. '

. Sixth. By the eontinually-acting pumps X/
valve X spring X°, and diaphragm X* the
latter influenced, as shown, by the pressure ob-

taining onthe npper faces of the working-pis- |
tons, the valve X* opensautomatically to allow

air t0 be'taken by the pump when the pressure

the furnace and escape-passagea, thefrictional

" resistance dueto the passage of the airthreugh

20

* anactive eombustion and consequent efficiency

25

30

the pipes, and to the passage of the escaping
gases from the fire past such pipes, is overcome,

are maintained, combined with provisiouns for
high economy. - :

Eighth. By means of the perforated pipe ,
extending around over thechanging-pistonand

connections b’ to the pump H, with its oil-res- |-

ervoir H', the lubricating-fluid can'be conven-
iently introduced.and distributed effectively
in the upper portion of the annular changing-

* -cylinder.. L

I have, it will be secen,. set forth the inven-

- tion' as an entirety in order that it may be more

“clearly understood; but I:have made the con-

35

40

struction and arrangement of the packing de-

.8cribed in the foregoing specification and

shown in Figs. 1 and 4, the gages described
and shown in Figs. 3 and 7, and the gearing

-, also described and shown in Figs. 8, 8, and 9,

the subjects of separate applications for pat-
ents, and I do not claim these portions of the
invention in this application for patent.

I claim as my invention—

1. The annular cooler or water-jacket K,

arranged relatively to the cylinder C and to
the annular regenerator I, substantially as
herein specified. .

2. The water-jacket K, with iis pipes J ar-
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ranged as shown, and with suitable water-con- -

nections, %’ &%, arranged as shown, adapted to

‘perform the double funetion of cooling the

50

cylinder 'and of coolingthe airinits passage ‘

to and from-it, as herein specified. g
3. In a hot-air engine, the concentric chang-
ing and working cylinders, having one end of
each opening direcily into the heater. - ;
“4. In ahot-airengine, thehead of the chang-
ing-cylinder east in ohe piece with the work-
ing-eylinder,. @ - 0
- 5. The link "W, and suitable coninections for
receiving motion from the shaft and impart-
ing it'to the changing-piston, in combination
with such piston and with the governor G, and

with means forautomatically shifting the link, -

48 herein specified. .

6. In a hot-air engine, the case X*, pipe #,
and diaphragm XY in combinationi with a
valve, X? controlling the admission of air to
theair-pump X', so as to automatically main-
tain a uniform pressure, as herein specified.

7. Ina hot-air engine, the blower T, air-
heating pipes U, furnace A*, and escape-flue
as herein specified. , .

8. In a hot-air engine, the oil-reservoir H,
pump H, and oil-distributing pipe &, in com-
bination with each other and with the concen-
tric ‘eylinders 'C ¢’ and spnular changing-
piston B, arranged for joint operation as and
for the purpose herein specified.

In testimony whereof T have hereuntoset my

hand at New York city, New York, in the

presence of two subseribing witnesses.
. STEPHEN WILCOX.
Witnesses: : '

M. F. Bovix,
J. . RENWER,
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&, combined and arranged for joint operation
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