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SPECIFICATION forming part of Letters Patent No. 228,713, dated June 8, 1880. 
Application ?led May 1, 1879. ' 

To all whom it may concern: 
Be it known that we, JAMES A. WOODBURY, 

JOSHUA MERRILL, GEo. PATTEN, and En 
WARD FRANKLIN WOODBURY, all of Boston, 

5 in .the county of Suffolk and State of Massa 
chusetts, have jointly invented certain new 
and useful Improvements in AinEngines, (Case 
13,) of which the following, taken in connection 
with the accompanying drawings, is a speci? 

IO cation. 
Our invention relates to that class of air-en 

gin es which are operated by altern atelyheatin g 
and cooling the same body of air, and to that 
particular kind‘ of such engines in which a 

[5 working-cylinder is used in combination with 
one or more reverser-cylinders, each provided 
witha reciprocating piston adapted to dis 
place the air alternately from either end of 
said cylinder and force it to the opposite end; 

20 and it consists, ?rst, in the combination of two 
reverser-cylimlers, a double-actin g working 
cylinder provided with a long piston, and a 
furnace or other means of applying heat to 

' each of said cylinders. 
2 5 It further consists in the use, in combina 

tion with a double-acting working-cylinder 
operated by hot air applied to both ends of 
the working-piston, of a chamber in the cylin 
der-head, through which the piston-rod passes, 

30 and in close proximity to the packing of the 
piston-rod, through which water or other cool 
ing material is made to circulate as a means 
of preventing the heat from destroying the 
packing. ' ’ 

35 _ 

a working-cylinder provided with a long pis 
ton actuated by hot air applied to both ends 
thereof, of a packingfor said piston, located at 
or near the center of the length of said cylin 

40 der. 
It further consists in the combination, with 

a working-cylinder provided with a piston act 
uated by hot air applied to each end thereof, 
and a packing for said piston, located at or 

45 near the center of the length of said cylinder, 
of an annular chamber above and below said 
packing, through which water or other cooling 
liquid is made to circulate as a means of keep 
in g the packing cool. 

It further consists in the combination, with 
E a double-acting working-cylinder and one or 

50 

more reverser-cylinders, each composed of a, 
heater, a refrigerator, and a regenerator, of 

\. 

It further consists in the combination, with 

one or more pipes or passages leading from said reverser-cylinder at a point between the 55 

heater and regenerator to either end of the 
working-cylinder. _ 

It further consists in the combination, with 
a working-cylinder and one or more reverser 
cylinders, of an air-pump adapted to force air 60 
in to said cylinders under pressure, and a cooler 
located between said pump and the reverser 
cylinder, and through which water or other 
cooling liquid freely circulates in contact with 
the pipe through which the air passes on its 65 
way from said pump to the cylinders. 

It further consists in the use of a cooler for 
reducing the temperature of the air before it 
enters the cylinders of the engine, composed of 
three pipes, arranged one within the other in 70 
such a manner as to form an outer and an in 
ner water-space and an annular air-space be 
tween them“, with suitable inlet and outlet 
pipes communicating with both the water and 
air spaces, as will be described. 7 5 

It further consists in the combination, with 
a- working-cylinder and one or more reverser 
cylinders, of mechanism for varying the power 
of the engine at will by increasing or dimin 
ishin g the stroke of the reverser-piston. 

It further consists in the combination, with 
the piston of a reverser-cylii'lder and the crank 
shaft operated by the piston of the working 
cylinder, of an. adjustable eccentric mounted 
on said shaft and connected by its rod- and a 8 5 
lever or beam to the reverser-piston and a 
wedge connected therewith and with a regu 
lator, and adapted to be moved endwise by 
said regulator in either direction parallel with 
the axis of the shaft, thereby causing the ec- 9o 
centric to be moved radially upon said shaft 
to vary the throw of the eccentric, and thereby 
change the stroke of the reverser-piston. 

It further consists in the combination, with 
the piston of a reverser-cylinder of an airen- 95 
gine, of an eccentric-rod made in two parts, 
adapted to slide one within or upon the other, 
a lever connected with one portion thereof, as 
a means of operating the reverscr-piston by 
hand to start the engine, and a locking device I00 
adapted to securely couple’the two parts of 
said rod together. ' 
Figure 1 of the drawiu gs is afront elevation 

of an engine embodying our improvements. 
Fig. 2 is a side elevation. Fig. 3 is a vertical 1o 5 
section on line a; w on Figs. 2 and 4. Fig. 4 is 
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a plan. Fig. 5 is a central vertical section of 
the tubular air-cooler. Fig. 6 is a longitudinal 
vertical section through the eccentric and its 
appendages, and Fig. 7 is a transverse section 
of the same on line y g; on Figs. 1 and 4. 
A is the furnace of the working-cylinder, 

provided with a grate, a, ?re-door a’, ash-pit 
A’, and heater A2, and connected by the ?ue 
A3 with the furnace B, also provided with a 
grate, I), a ?re-door, b’. ash-pit B’, and heater 
B2, all constructed substantially the same as 
described in detail in another application of 
even date herewith. 
O and O’ are the two sections of the work 

ing-cylinder, provided with the cylindrical 
de?ector c, packing-rings c’ and 02, secured by 
the metal rings (I and d’, and ?rmly'secured 
together and to the furnace A by suitable 
bolts, with a packing of asbcstus or copper 
wire gauze embedded in red lead, and having 
its upper end closed by the head 02, as shown 
in Fig. 8. 
D is the working-piston, made long, and 

connected by the piston-rod D’ and link D2 to 
one end of the ‘beam E, mounted by central 
trunnions E’in bearings in the column E2, the 
opposite end of said beam being connected by 
the rod F to the crank F’, secured to one end 
of the shaft F2, mounted in bearings c and c’, 
said piston-rod being guidedin its movements 
by the cross-head D3 and the slides D“. 
The piston-rod D’ is packed, where it passes 

through the cylinder-head C2, by means of a 
leather-cupped packing, c2, ?rmly held in place 
by the disk f, bolted ?rmly to the cylinder- 
head, and clamping said packing-ring be 
tween it and the cylinder-head, as shown. 
An annular chamber, 9, is formed in the 

cylinder-head O2, surroundiiiig the piston-rod 
and in close proximity to the packing-ring, 
through which water or other cooling liquid 
is made to circulate to prevent the packing 
from being injured by the great heat of the 
air contained in the space between said head 
and the piston D. 
Similar annular chambers g’ and g2 are formed 

‘above and below the piston packing-rings c’ 
and 02, through which water or other liquid is 
made to circulate to keep said packing-rings 
cool. 
The space beneath the working-piston D is 

connected by the annular passages h and 71,’ 
and the pipe 7&2 to the reverser-cylinder, com 
posed of the heater B2, regenerator-casing G’, 
de?ector or inner cylinder, G2, outer casin g, G3, 
refrigerator G“, and bonnet or outer cap, G5, 
all constructed, arranged, and secured to 
gether with suitably-packed joints, substan 
tially in the same manner as described in the 
application before cited. 
The space between the lower portions of the 

de?ectors c and G2 and the outer and inner 
walls of the heaters A2 and 132, between the 
upper portion of the de?ector G2 and the outer 
and inner walls of the refrigerator G4, and 
between the central portion of the de?ector or 
inner cylinder, G2, and the regenerator-casing 
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1 G’, are ?lled with corrugated plates of metal, 
as described in the before-cited application 
of even date herewith. 
H is the reverser-piston, provided with a 

hollow piston-rod, H’, having therein an inner 
pipe, t", as shown, said piston-rod being con 
nected by the links H2 to one end of the beam 
I, and by the link I’ to one end of the beam J, 
mounted by centraljonrnals in bearings formed 
in the upper end of the bifurcated stand J’, 
and connected at its other end with the up 
per end of the eccentric-rod J 2, as shown. 
K is a second reverser-cylinder, and K’ its 

furnace, constructed in all respects like the 
reverser-cylinder and its furnace hereinbefore 
described, and provided with a reverser-piston 
and the hollow piston-rod L, also constructed 
as heretofore described, said piston~rod L be 
ing connected by the links L’ to the beam I 
at the end opposite where the piston-rod H’ 
is connected thereto, said beam being mounted 
by central journals, L2, in bearings formed in 
the stand M, supported by the two reversing 
cylinders, as shown. 
The heated end of the reverser-cylinder K 

is connected by the pipe N with the chamber 
above the working-piston in substantially the 
same manner that the other reverser-cy-linder 
is connected by the pipe k2 to the chamber 
beneath said working-cylinder. 
The eccentric-rod J2 is made in two parts, 

j and j’, the upper part, j, being weighted or 
made heavy to partially balance the piston H 
of the reverser, and its lower end is made 
tubular to receive the upper end of the por 
tion j’, the lower end of which is connected 
by the strap jz to the eccentric J3, the two 
partsj and j’ of the rod J 2 being ?rmly secured 
together, so as to act as one rod, by the spring 
actuated locking-pin k, as shown in Fig. 1. 
O is a lever, fulcrumed at k’ vand connected 

to the lower end of the portion j of the rod J 2, 
by means of which, acting through the beam 
J, the reverser-piston H may be moved by 
hand for starting the engine. 
The eccentric J3 is provided with an oblong 

slot, 1, which ?ts closely upon two opposite 
sides to a square portion of the shaft F2 in 
such a manner that the eccentric may be 
moved radially upon said shaft to increase or 
diminish its throw. 

1? is a wedge ?tted to and adapted to slide 
in a longitudinal groove formed in the shaft 
F2, and having formed in opposite sides thereof 
inclined grooves 122 m, which engage with cor 
respondingly-inclined in wardlylprojecting lips 
n n, attached to or forming a part of the co 
centric, as shown. The wedge P is ?rmly 
secured to the grooved disk P’, with the groove 
of which the shipper-fork Q, engages, said 
shipper being connected to one arm of the el 
bow-lever R, pivoted at o, and having-its other 
arm connected to the vertically-sliding rod 1) 
of the governor S, supported upon the stand 
S’, and having motion imparted thereto by 
the belt 1', leading from the pulley T on the 

I shaft F2 to the pulley U of the regulator. 
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T is a stand-pipe or cooler, composed of three 
pipes arranged one within the other, as shown 
in Fig. 5, to form an annular air-space, 0’, an 
inner water-space, p’, and an outer water 
space, 192. > 

S2 is an air-pump, the plunger S3 of which 
is operated from the beam E, and by its recip 
rocation forces air through the pipe 02, air 
space 0’ in the cooler T’, and through the pipe 
03 to the interior of each of the reverser'cylin 
ders. The object of this pump is twofold 
namely, ?rst to pump up the pressure in the 
cylinders to the desired standard, and, second, 
to supply any loss that may be occasioned by 
leakages, and thus maintain the pressure at 
the desired standard after it has once been 
attained, the air being prevented from return 
in g from said reverser-cylinders by the check 
valves 04 and 05. 
U’ is a water-pump, the'piston U2 of which 

is operated by the beam E, and acts to force 
water through the pipe 193 and water-spaces p’ 
and p2 in the cooler T’, thence through q to the 
annular chamber g’, after traversing which it 
passes through pipe q’ to the annular cham 
ber 92, and thence through pipe 1", chamber 9 
in the cylinder-head O2 of the working-cylin 
der, and through pipe 1" to the annular cham 
ber surrounding the regenerator of the con 
tiguous reverser cylinder, then through the 
pipe 1'2 into the chamber surrounding the re 
generator of the other reverser-cylinder, and 
then passing in two currents through the pipe 
1'3 to the water-chambers surrounding the re-, 
frigerators, from there through the pipes s, 
a portion of which, at least, are made of ?exi 
ble material, to one of the passages in each of 
the piston-rods H and L, through which it 
reaches the chambers in the upper ends of 
the reverser - pistons, from which it is dis 
charged through the central passages of said 
piston-rods and the ?exible pipes 8’ into the 
open air. 
V is a pipe set in the lower end of the cooler 

T, and provided with the cock V’, for the pur 
pose of facilitating the withdrawal of the wa 
ter of condensation from the air-space within 
said cooler. 
WVhat we claim as new, and desire to se 

cure by Letters Patent of the United States, 
is— 

1. The combination of two reverser-cylin 
ders and a double-acting working-cylinder 
provided with a long piston with a furnace or 
other means of applying heat to each of said 
cylinders, substantially as described. 

. 2. In a double-acting working-cylinder op‘ 
erated by hot air upon each side of the piston, 
a water-space in close proximity to the pack 
ing of the piston~rod, substantially as and for 
the purposes described. 

3. In combination with a double - acting 
working-cylinder of a hot-air engine provided 
with a long piston, a packing for said piston, 
located at or near the center of the length of 
said cylinder, substantially as and for the pur 
poses described. 

4. In combination with a double - acting 
working-cylinder provided with a piston act 
uated by hot air applied to each end thereof, 
a packing for said piston, located at or near 
the center of the length of said cylinder, and 
an annular water-space upon each side of said 
packing, substantially as and for the purposes 
described. _ . 

5. In combination with a double - acting 
working-cylinder provided with a long piston 
and two reverser-cylinders, a pipe or passage 
leading from the hot end of one of said revers 
er-cylinders to the lower end of the working 
cylinder, and a pipe or passage leading from 
the hot end of the other reverser-cylinder to 
the upper end of the working-cylinder, sub 
stantially as and for the purposes described. 

6. In combination with a working-cylinder 

75 

85 
and one or more reverser-cylinders, an air- _ 
pump adapted to force air into said cylinders 
under pressure, and a cooler located between 
said pump and the reverser-cylinder, through 
which water freely circulates around the pipe 
or pipes through which the air passes on its 
way to said cylinder, substantially as de 
scribed. 

7. A cooler composed of three pipes, ar 
ranged one within the other, as set forth, to 
form an outer and an inner water-space and 
an air-space between them, substantially as 
described. 

8. In combination with one or more work 
ing-cylinders and one or more reverser-cylin 
ders, mechanism for varying the stroke of 
the reverser piston or pistons, as a means of 
regulating the power of the engine, substan 
tially as described. 

9. In combination with the piston of a re 
verser-cylinder and the crank-shaft operated 
by the working-piston, an adjustable eccentric 
mounted on said shaft, and connected by its 
rod and a suitable lever or beam to the re 
verser-piston and a wedge connected there 
with and with a regulator, and adapted to be 
moved by said regulator in either direction 
parallel with the axis of the shaft, and there 
by cause the eccentric to be moved radially 
upon said shaft to increase or diminish its 
throw, substantially as described. 

10. In combination with the piston of a re 
Verser-cylinder of an air-engine, an eccentric 
rod made in two parts, adapted to slide one 
within or upon the other, a lever connected 
with one portion thereof, as a means of oper 
ating the reverser-piston by hand, and a lock 
ing device adapted to securely couple the two 
parts‘ together, substantially as and for the 
purposes described. 
Executed at Boston, Massachusetts, this 

28th day of April, A. D. 1879. 
JAMES A. WOODBURY. 
JOSHUA MERRILL. 
GEO. PATTEN. ' 

EDWARD FRANKLIN WOODBURY. 
Witnesses: 

N. C. LOMBARD, 
E. A. HEMMENWAY. 
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