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UNITED STATES
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AIR-ENGINE.

SPECIFICATION forming part of Letters Patent No. 228,716, dated June 8, 1880.
Application filed December 31, 1879.

To all whom it may concern:
Be it known that we,JAMES A. WOODBURY,
- JospuA MERRILL, GEo. PATTEN, and Eb-
WARD F. WooDBURY, all of Boston, in the
5 county of Suffollt and State of Massachusetts,
have invented certain new and useful Im-
provements in Air-Engines, of which the fol-
‘lowing, taken in connection with the aceom-
panying drawings, is a specification.

1o Ourinvention relates to that class of air-
engines which are operated by alternately
heating and cooling the same body of air over
and over again, and to that particular kind
.ot such engines in whieh a working or power

15 cylinder and piston are used in combination
with a reverser-piston; and it consists in cer-

tain improvementsin the construction and ar--

rangements of the parts,which will be readily
understood by reference to the description of
the drawings to be hereinafter given, in
which—

Figure 1 is a plan of an engine embodying
our invention. Tig. 2 is a front elevation.
Fig. 3 is a rear elevation. TFig. 4 is an end
elevation. Tig. 5 is a vertical section on line
1 1on Figs.1land 2. TFig. 6 is a horizontal
section on line 2 2 on Fig. 5. Tig. 7 is a par-
tial vertical section on line 3 3 on Figs. 4 and
6. Tig.8is a partial vertical section of the
working-cylinders on line *: 4 on Tig. 1. Fig.
Y is a transverse section < itne 5 5 on Figs. 1
and 8. Tig. 10 is a partiai vertical section of
the upper portion of the working-cylinder on
line 1 1 on Fig.1, enlarged. Tig. 11 isa plan
35 of the cooler-pipes. I'ig. 12 is an inverted
plan of the heater-pipes of the working-eylin-
der. Tigs. 13 and 14 are respectively a sec-
tional plan and a sectional elevation of the
devices for operating the throttle-valve. Fig.
15 is a partial vertical section of the reverser-
cylinder enlarged. TFig. 16 is a horizontal
section through the upper part of the reverser-
cylinder, and showing the regenerator-plates.
Fig. 17 is an elevation of the inner cylinder
of the reverser with the regenerator-plates se-
cured thereto. I'ig. 18 is a plan of the iriner
cylinder of the reverser; and Fig. 19isa plan
of the lower head of the reverser-cylinder,with
the inner c¢ylinder shown in seetion.

In the drawings, A and A’ are two fire-boxes
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or furnaces, mounted upon the bed-plate B,
and provided with the grate «, ash-pit C, fire-
door b, and ash-pit door ¢, all constructed in
a well-known manner.

The fire-box casings A and A’extend to the 55
rear of the combustion-chamber sufficiently far
to serve as supports for the working-cylinders
D and D/, the rear portion being partially sep-
arated from the combustion-chamber by the
bridge-wall I, above which the products of 6o
combustion pass through the flne E’ across
the chamber IF, and thence eseape into the
chimney (not shown) through the passage V.

The working-cylinders D and D’ are cast
open at both ends, and provided at their lower 65
ends with broad flanges d, the outer portions
of which rest upon and are securely bolted to
the casings A and A/, while to the inner por-
tions of the same flange of each cylinder is
firmly bolted the disk or circular plate-head 7o
G, in which are set both ends of a series of
U-shaped pipes, ee, so arranged that the body
of each of said pipes depends from said plate
into the chamber T8, and its two ends pass
through the plate G at different distances 75
from its center and the center or axis of the
cylinder Dvor D/. The lower portion of each
of the cylinders D and D’ is made of some-
what greater diameter than the upper portion,
and has fitted therein the short secondary cyl- 8o
inder or shield f, the lower end of which rests
upon the plate .G, while its upper end is pro-
vided with an outwardly-projecting narrow
flange or band, f’, which fits the chambered
portion of the eylinder D or D/, said shield 85
being made of sueh a length that its upper
end does not guite reach the shoulder g of the
cylinder D or D/, when its lower end rests on
the plate G, to allow for unequal expansion,
three or more coiled ‘metal springs, ¢/, being go
inserted between said shoulder ¢ and the up-
per end of said shield, to insure contact De-
tween the lower end of said shield and the
plate G, as shown.

Between the shield f and its eylinder is an gg5
annular space, h, into which one end of cach
of the pipes e ¢ opens, while the other end of
each of said pipes opens into the chamber be-
neath the piston H, the upper portion of which
is fitted loosely to the upper portion of its c¢yl- 100
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inder, so as to be gnided thereby in its up-
ward and downward movements, while its
lower portion is reduced in diameter, so as not
to touch the cylinder, as shown in Fig. 5.
The upper ends of the cylinders D and D’/

are closed by the cylinder-heads D? and D3,

each provided with an opening for the passage
of the piston-rod I or I and a cupped packing-
ring, 4, to prevent the escape of air around
said rod, the upper end of whick is connected
by the link J to one end of the beam K, or by
the link J’ to the opposite end of said beam,
which is also connected by the rod K’ to the
crank L upon the driving-shaft L/, mounted in
bearings upon the standards M M, and having
secured to its opposite end the crank 1.2, and
carrying the driving-pulley 17, as shown.

The upper end of the piston H has mounted
thereon two cupped leather packing-rings, j 4,
the inner edges of which are turned in oppo-
site directions, said rings being firmly secured
to the piston, so as to move with it, by means
of the metal ring %, and their cupped edges
are kept in proper position and shape by the
metal ring %, interposed between the two
leather rings j j, in a well-known manner.

A metal packing may be used instead of the
cupped leather rings, if desired.

The beam I has its bearing upon the stand
K/, supported by the eylinders D and D’; or
said stand may extend downward to and be
supported by the bed-plate B.

N N are two cylinders, each provided with
a broad flange, I, at its lower end, the outer
portionof which rests upon andis firmly bolted
to the furnace-casing A or A’ in a position
directly above the grate «, and having its
lower end closed by the disk or circular plate
O, firmly bolted to the inner portionus of the
flange I, and having set therein a series of U-
shaped pipes, ¢/, which depend therefrom into
the combustion-chamber, and are arranged rel-
ative to each other and communicate through
the plate O with two separate chambers, sub-
stantially as heretofore described in connec-
tion with the heater attached to the power-
cylinder.

Pis the reverser-eylinder, made of somewhat
less diameter and placed within and concentric
with the cylinder N, with its lower end resting
on the plate O in such a manner as to form an
aunular chamber between the cylinders N and
I’, to serve as a regenerator.

The upper ends of the cylinders N and P
are closed by the plate Q, which is firmly
bolted to the cylinder N and rests upon a rub-
ber packing-ring, m, placed in a groove in the
upper end of the cylinder P, to form an air-
tight joint and allow for unequal expansion.

The plate @ has set therein and projecting
upward therefrom a series of pipes, », bent
into the form of an inverted U, one end of
cach of which communicates with the space
between the ¢ylinders N and P and the other
end with the interior of the eylinder I above
the reverser-piston R, and is also provided
with the central upwardly-projecting tubular

hub, Q’, through which the piston-rod R/
passes, and to the upper end of which is se-
cured the upper end of the cooler-casing S, the
lower end of which is firmly bolted through
the plate Q to the cylinder N, thus forming a
cooling-chamber inclosing the pipes =, to be
filled with cold water, as will be hereinafter
described.

The piston-rod R’ is connected by the link
T tooneendof the beam U, having its bearings
on the stand -U’, as shown, the opposite end
of which beam is connected, by the link T
and piston-rod R? to the reverser-piston in the
second reverser-cylinder, which is constructed
in all respects like the oneheretofore deseribed.

The beam-center U? has firmly secured toits
outer end the pendent arm V, provided with
the handle V’, by means of which the beam

U and the reverser-pistons may be worked by -

hand to start the engine; or, by means of the
hook connecting-rod W and the crank 1.2, said
beam and pistons may be worked by the
power exerted by the working-pistons H, the
hook end of the rod W engaging with the
handle or pin V7, as shown in Fig. 2

The reverser-cylinder P has formed upon
its upper end three or more outwardly-project-
ing lugs, o 0, as shown in Ifig. 18, which rest
upon shoulders formed in the upper end of
the cylinder N, to support said cylinder P
wlhen the heater-plate O is removed, and is
provided mnear its lower end*with a lateral
opening, p, through an outwardly-projecting
boss, p’, the outer end of which fits closely to

the inner periphery of the cylinder N imme-
diately around a corresponding opening

through the pipe ¢, projecting horizontally from
the rear of the eylinder N, through which and
the pipes ¢’ and ¢* air may pass freely from
the interior of the reverser-cylinder to the an-
nular space & in the working-cylinder, and
thence through the pipes ¢ ¢ to the space be-
neath the working-piston H, and vice versa
when the throttle-valve # is open.

A throttle-valve, #, is placed in each of the
pipes ¢ and mou“ﬁ?d upon opposite ends of a
rocker-shaft, +, €xtending from one pipe to
the other, and having secured thercon a short
lever, 7%, to the movable end of which the ver-
tically-moving rod #° of the governor X is con-
nected in such a manner that a radial move-
ment of the governor-balls shall move both of
said valves about their axes to open or close
them, according as the speed of the engine is
diminished or increased.

AZ?is a hand-lever, pivoted at &' in such a
position that its rear end may bear upon the
movable end of the lever #? to depress it and
close, or partially close, the throttle-valves #
when the front end of the lever A?is raised
independently of the movements of the gov-
ernor for the purpose of slowing the engine,
the front end of said lever A? being retained
in the desired elevated position by engage-
ment with the ratchet-teeth &'. When the
frontend of the lever A2 is depressed its rear
end is so removed from the lever #? that it
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presents no obstacle to the free action of the
governor upon the throttle-valve.

The space between the cylinders N and P
is filled with a series of thin sheet-metal plates,
0?, attached to the outer surface of the eylin-

der P by means of screws ¢’ and ¢, the hole’

in said plates for the passage of one of said
screws being slotted, as shown in Fig. 17, to
allow for unegual expansion.

The plates * are each provided with one or
more vertically-arranged ribs or corrugations,

d’, of slight projection, with broad plane sur-

faces d? at either side thereof, said ribs serv-
ing the purpose of keeping said plane surfaces
from coming into close contact, and thus form-
ing a series of very thin annular or segmental
passages, through which the air is compelled
to pass from the heater to reach the cooler,
Or vice versa, said plates being shown in Figs.
15, 16, and 17. -

The U-shaped pipes ¢ and ¢ of the heaters

are secured into their respective plates G or

O by brazing, and are plated with mallea-
ble nickel, which adheres firmly to the pipes
when subjected to great heat, and renders
them less liable to corrosion or deterioration
under the action of the heat to which they are
subjected, and at the same time the plating
tends to close any pin-holes or any imperfect

30 joints in the pipes or théir connection with the

35

40

45
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plate or plates.

B’isa damper placed above the fire, between
the grate a and the heater O ¢y and - adapted
to shut off communication between the fire on
said grate and the heater O ¢’y to prevent un-
necessary heating of the tubese’ when the en-
gine is not working, at which time the smoke
and hot gases pass throngh the supplementary
smoke-flue ¢/, (shown partly in full lines and
partly in dotted lines in Fig. 5, in full lines in
Tig. 7, and in dotted lines in Fig. 6,) said flue
C’ being closed by the damper ¢ when the
damper B’ is open.

D?is an air-pump, provided with suitable
valves and a plunger, D3, to which 2 vertical
reciprocation is given by means of the con-
necting-rod g* and the crank L, said pump be-
ing arranged and adapted to force air under
pressure through the pipes 4’ and A% into the
working-cylinders D and D’ above their pis-
tons H.

E? and E? are pipes connecting the spaces
in the working-eylinders D and D', above their
respective pistons, with the regenerator-space
in the reverser-cylinders N N, each pipe being
provided with a check-valve, ¢/, to prevent the
return of the air to the workin g-cylinders.

F?is a planger circulatiug-pmnp, operated
by the erank I2 acting through- the connect-
ing-rod ¥? and adapted to force water throngh
the pipes j' and j2into the interior of the cooler-
casings S 8, thence through pipes k?and %3 into
the annular chambers I and P, surrounding

“the upper ends of the reverser-cylinders N N,

to prevent the transmission of heat to the
cooler Q@ » S, and thence through pipes w/ and
m? to the annular chambers #/ and #?, sur.

rounding the working-cylinders D and D/, re-
spectively, near the middle of their ‘height, or
at points below the lowest positions to which
the packing-rings j j on the upper ends of the
pistons Hdescend, to preventheatin gtheupper
portions of the eylinders D and. D’ to such an
extent as to injure the packing JJj, the water
being finally discharged from the chambers n
and #% through the pipes o’ and 0%, into any
convenient receptacle. (Not shown.)

The piston-rod Rfis packed by a cupped
leather packing-ring, D%, secured to the upper
end of the hub Q' of the cylinder-head Q, as
shown.

The beater and cooler Pipes, instead of be-
ing bent to a U shape, may be straight pipes
with their lower ends connected by half-turn
Junetions, or an annular pipe, if desired, with-
out departing from the principles of our in-
tion; but we prefer the U-shaped pipes as be-
ing the best construction, all things considered.

70
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&5

The operation of our invention is as follows: -

The cranks L and Iz2 being set so that the

go

crank I? leads the crank L in regard to the -

effect produced upon the respective pistons
operated thereby from seventy to ninety de-
grees, supposing the crank-shaft to be revolved
in the direction indicated by the arrow on TFigs.
2 and 3, if a fire be built upon the grate a, so
as to heat the air in the heater-pipes e and ¢
to start the engine, the operator disengages
the hook-rod W from the pin V!, and by means
of said pin V/ works the beam U by hand, and
thereby moves the reverser-pistons alternately
up aud down in their respective cylinders, the
effect of which is, that the pistons in the re-
verser - eylinders displace the air contained
therein by driving the air in the cold end of
one of said cylinders down through the tubes
n and the regenerator-space into the tubes e,
and driving the air in the hot end of the other

-reverser-cylinder through the tubes ¢’ and the

regenerator-space into the tubes 1, thereby
greatly increasing the pressure in one reverser-
cylinder and in thelower end of one working-
cylinder,and correspondin gly diminishing the
pressure in the other reverser-cylinder and the
lower end of the working-cylinder with which
it communicates, while o changein the press-
ure above the working-pistons takes place, the
effect of which is, that the increase of pressure
beneath one of the workiug-pistons canses it
to be moved npward till it reaches the extreme
of its upward stroke, when the reverser-pis-
tons are made to change their positions by
hand, thereby diminishing the pressure be-
neath the working-piston which has Jjust com-
pletéd its upward stroke and increasing it be-
neath the one that has just completedits down-
ward stroke, thus creating a differential press-
ure beneath the two workin g-pistons, by means
of which the engineis setin motion, the press-
ure alternately changing from one eylinder to
the other, when the hook W is allowed to en-
gage with the pin V*, and the reverser-pistons
will then continue to be worked by the power
of the working-pistons, and the air-pump and
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the water-circulating pump will be set in mo-
tion and made to perform their respective of-
fices of forcing air into the upper ends of the
working-cylinders under pressure and eircu-

lating cold water around and through certain

parts of the engine to keep such parts cool.
As air is pumped into the engine the press-
ure is increased therein by compressing the
air throughout all the air chambers and pas-
sages; but the air in the working-cylinders
above their respective pistons,not being af-
fected sensibly by the heat from the furnaces,
remains substantially at its normal pressure,
and as the two chambers above said pistons
are connected by the pipe 7? through which
the air contained in said chambers may pass
freely in either direction as one piston as-
cends and the other descends, and as the ag-
gregate of the cubical contents of the two
chambers is atall times substantially the same
in whatever positions the pistonsmay beplaced,
it follows that there will be no material change

in the pressure in said chambers, except such
_asisdue to the compression of the air by pump-

ing in more air, and this being understood, it
will be equally clear that the power of the en-
gine will be determined by the difference in
the pressurealternately created in the reverser-
¢ylinders by the movements of their pistons,
heating the air in one reverser-cylinder and
cooling it in the other, thereby at cach stroke
of the engine increasing the pressure beneath
one working-piston and diminishing it beneath
the other working-piston.

With the cranks adjusted to give the proper
lead and the beams in the position shown in
the drawings, the piston in the working-eylin-
der D will be at the extreme of its apward
movement and the piston in the working-cyl-
inder D/ will be at the extreme of its down-
ward movement, while the piston which works
in the reverser-cylinder which isin direct com-

munication with the lower end of the cylinder.

D has not quite reached the center of its down-
ward stroke and the other reverser-piston has
not quite reached the center of its upward
stroke.

The downward stroke of the reverser-piston
forees the hot air beneath it through the tubes
¢/, throngh the regenerator-space among the
plates 0%, which extract a large proportion of
the heat from the air asit passes, and through
the tubes n, which are surrounded by cold wa-
ter, as before described, into the space above
said piston, thereby reducing the pressure be-
neath the piston of the working - cylinder
which has just completed its upward stroke,
while at the same time the other reverser-pis-
ton, by its upward motion, is forcing the cold
air above it through the pipes 7, through the
regenerator, where it takes up a large amount
of heat from the plates 0%, through the pipes
¢/, where it is heated, throngh the lower part
of the eylinder I, pipes ¢, ¢ ¢, and ¢, where
it is still further heated and discharged into
the space beneath the piston in the working-

4 298,716

eylinder, to exert its power, due to the increase
of pressure caused by the rise in temperature,
upon said piston to move it upward. Thisop-
eration is repeated as long as power is desired
to be used, the increase of pressure and con-
sequent development of power alternating
from one working-cylinder to the other, each
of said working-pistons being controlled by
its own reverser-piston, as above described,
and by the throttle-valve in the pipe ¢ and the
governor connected therewith.

What we claim as new, and desire to secure
by.Letters Patent of the United States, is—

1. In an air-engine, a heater composed of a
series of tubes opeun at both ends, communi-
cating with the interior of the eylinder, and
set in a position to be acted upon by the hot
gases from the furnace or other means of ap-
plying heat, and through which air may be
circulated by the movements of the reverser-
piston, substantially as described.

9. In an air-engine to be operated by alter-
nately heating and cooling the same body of
air, a cooler composed of a series of tubes
open at both ends, communicating with the
interior of the eylinder, and through which
air may be circalated by the movements of the
reverser-piston, in combination with an inclos-
ing casing surrounding said tubes and adapted
to be filled with water, substantially as de-
scribed.

3. In an air-engine to be operated by alter-
nately heating and cooling the same body of
air, a heater and cooler, each composed of a
series of tubes open at both ends, commauni-
cating with the interior of the eylinder, in
combination with a reverser-piston adapted to
move the air through said tubes, substantially

as described.

4. In anengine to be operated by alternately
heating and cooling the same body of air, a
heater or cooler, one or both composed of a
series of U-shaped tubes, both ends of each of
which are set in and communicate through the
cylinder head or heads, substantially as de-
seribed. ) :

5. Tn an air-engine, the combination of the
eylinders N and P, arranged one within the
otlier, with an anuular space between them,
and having their ends closed by suitable heads,
a heater or cooler, one or both composed of a
series of U-shaped tubes set in said head or
heads, when one end of each of said tubes com-
munieates with the interior of the cylinder i id
and the other end of each of said tubes com-
municates with the annular space between
said eylinders, and a reverser-piston adapted
to move the air alternately in opposite direc-
tions through said tubes, substantially as de-
seribed.

6. The cylinder N, closed at its two ends by
the heads O and @, in combination with the
inner cylinder, P, resting upon the head O,
and pressed thereto by a spring or elastic ma-
terial, m, placed between its apper end and
the head Q, substantially as described.
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7. Incombination with the cylinder N, closed
at its ends by the heads O and Q, the eylin-
der P, made slightly shorter than the cylinder

N, and placed therein and concentric there-

with, and a packing of rubber or other suita-
ble elastic material placed betiween the upper
end of said cylinder P and the under side of
the plate or head Q, and resting in an annu-
lar groove formed in the upper end of said
cylinder P, substantially as desecribed.

8. In combination with a working-cylinder
and a reverser composed of two cylinders
placed one within the other, with an annalar
space between them, a pipe or passage lead-
ing from the interior of the inner reverser-
cylinder to the interior of the working-cylin-
der, substantially as and for the purposes de-
seribed.

9. In combination with a working-cylinder
and a reverser composed of two cylinders
placed one within the other, with an annular
space between them, the short pipe p p’, bridg-
ing the annular space between the two cylin-
ders, and a pipe leading therefrom to the
working-cylinder, substantially as described.

10. Tn an air-engine, the combination of a
working-cylinder and a reverser-cylinder con-
nected by a pipe, for the passage of air from one
tothe other,athrottle-valveplacedin said pipe,
and a governor connected to and adapted to
move said throttle-valve to control the speed
of the engine, all arranged for operation sab-
stantially as described.

11. In combination withaworking or power
cylinderand a reverser-cylinder, connected by
an air-passage, a throttle-valve placed in said
passage, a governor connected with and adapt-
ed to operate said throttle, and a hand-lever
adapted to close said throtile against the re-
sistance of the governor, substantially as de-
scribed.

12. In an air-engine having two working-
cylinders and two reversers arranged in pairs,
twothrottle-valves placed upon the same shaft,
and a governor connected to and adapted to
partially rotate said shaft, and thus open or
close both of said throttle-valves at the same
time, substantially as deseribed.

13. In combination with a working-cylinder
chambered at its lower end, the shield 7, fitted
to said eylinder, with an annunlar space be-
tween it and the chambered portion of said
cylinder, and supported upon the cylinder-
head G, substantially as described.

14. The combination of the working-cylin-
der D or D/, chambered as set forth, and pro-
vided with the head G, the shield or inner
cylinder, f£, fitted thereto, with an annular
space between it and the chambered portion
of the eylinder,and thesprings ¢',all arranged
and adapted to operate substantially as and
for the purposes deseribed,

15. In a hot-air engine, the combination of
a working-cylinder, a long piston adapted to
be worked under pressure upon both sides
thereof, and a packing ring or rings .secured
to aud moving with said piston and adapted
to resist the pressure in both directions, sub-
stantially as deseribed,

16. The regenerator-plates 12, provided with
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slightly - projecting vertical ribs or corruga- -

tions, with broad plane surfaces between them,
when used in combination with the eylinders
Nand P and air heating and cooling devices,
substantially as desecribed.

17. In combination with the cylinders N and
P, arranged as set forth, the regenerator-
plates 07, secured to the exterior of the cylin-
der P, substantially as described.

18. In an air-engine, the damper B/, placed
between the grate and the tubular heater, and
adapted to shat off the passage of the hot
gases to said tubular heater, substantially as
described.

19. In combivnation with a furnace having
set in its upper part an air-heater, and pro-
vided with a damper placed between the fire
and said heater and the main smoke-flue, a
supplementary flue, opening from said furnace
below said damper, substantially as and for
the purposes described.

20. In combination with a reverser-cylinder
provided with an annular regenerator and a
refrigerator, a heater provided with a series
of passages leading from the heated end of
the reverser-cylinder to the regenerator, and
adapted to sabdivide the column of air moved
by the reverser-piston into a series of smaller
columns, substantially as described. '

Lxecuted at Boston, Massachusetts, this
15th day of December, A. D. 1879.

: JAMES A. WOODBURY.

JOSHUA MERRILL.
GEORGE PATTEN.
EDWARD F. WOODBURY.

Witnesses:

C. H. Dopp,
. W. E. LOMBARD.
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