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UNITED STATES
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SPECIFICATION forming part of Reissued Letters Patent No. 9,414, dated October 12, -I880.
Original No. 225,052, dated March 30, 1880. Application for reissue filed September 3, 1880,

- To all wohom it may concern:

Be it known that I, JoaN ERI10SSON, of the
¢ity, county, and State of New York, have in-
vented certain new and useful Improvements

5-in Air-Engines, of which the following is a
specification, reference being had to theé ac-
companying drawings.

This invention relates to that class of air-
engines in whieh, by the action of a piston,

1o which may be termed the ¢ exchange-piston,”
working in a eylinder, at or near one end of
whick is the working-piston and at the other

end of which is the fire-place, the same air is.

- over and over again transferred from each end
15 of the said eylinder to the other, alternately,
being heated and expanded  Quring its trans-
‘ference in one direction, and being cooled and
contracted during its transference in the other

. direction, the said piston also performing the

20 office of a regenerator.

One part of my invention consisis ina novel
system of mechanism for transmitting motion
from the working-piston toa erank and to the
exclange-piston, whereby, with a short stroke

25 of the working-piston, I obtain both a long
erank and a long movement of the exchange-
piston, and the movements of the two pistons
relatively to each other are so timed as to ob-

. tain the most effective action.

30 Amnother part of my invention consists in a
novel arrangement of-a pump and its connec
tions with an air-engine, whereby I obtain a
very effective- pumping-engine with a short
stroke - of the engine- plston and 2 very long

35 proportionate stroke of the pump phmffer or
piston.

Another feature of my inv ention 1elates
only to air-engines for pumping water, and
has for its ebject the effective and economieal

40 cooling of tbat part of the air-cylinder in

" which the air i5 required to be cooled. In
order to obtain this result I serround that
part of the cylinder with a water-jacket; and
this part of .my invention consists in so com-

45 bining sueh jacket with the water-pump, of
such an engine that the water delivered by
sach- pump is caused to circulate by a forced
pressure through the said jacket. - The water

‘any -suitable construetion.

_eenterof oscillation, ¢, of the beam.

thus circulating round the cylinder cools it
very eifectlvely, and ‘without imposing any so
appreciable additional work upon the engine
beyond that of its regular duty of pumping.

_ In the accompanying drawings, Figure 1 is

a verfical section of an upright engine con-
structed according to my invention, especially 55
adapted for pumping, but also capable of use
for other purposes. I‘lo 2 is a plan of the
same, and Fig. 3 a mmvelse vertical sec-
tion.

S is the cylinder of the engine, open at the
upper end, and containing two pistons—viz.,
the working-piston A and the exchange-pis-
ton B. The lower part of the said cyhuder is
closed and intended to be heated by gas, coal,
or other fuel, with a burner or fire-place of 65
. The working-pis-
tont A, which isin the dpper part of this eyl-
inder, is packed in any suitable manner to
work air-tight therein.

The exchange-piston B, which-is of consid- 7o
erable length in an axial direction, is so much
smaller than theeylinder that an annular space
for free passage of air is left. between its ex-
terior gnd the interior of the sylinder. The
said piston is represented as hollow aad hav- 75
ing its upper part, which is farthest from the
fire or heat, partly filled with cotton or other‘
fibrous material, @ a, below which, inclosed, is
a stratum, b, of powdered- cnarco'tl or other
sucl non- conductmg material as will protect 8o
the fibrous material from taking fire by the

60

" heat to which the bottom part of the piston is
subjected.

The working-piston A is conunected by a hol-

'low rod or trunk, A/, and short side links, A%, 8

with a beam, C, above.the cylinder, the con-
nection being at a short distance from the fixed
“This beam
is connected at a much greater distance from
the otherside of the said center ¢, by & con-
neeting-rod, 1, with the crank E on'the main
shafy B/ of the engine, which is arranged on.
cne side of the eylinder, This crank is also
connected by a rod, I, with one arm, G, of a
bell-crank lever, G G’, which has a hxed cen- g%
ter of osclllatlon at g, and the other forked arm,

g0
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G/, is connected by arched side rods, H, on op-
posnte sides of the cylinder, by an arched yoke,
with the head g

The piston-rod B’ ot the exchange-piston B
passes through the hollow rod or trunk A’ of
the working-piston, and is packed air-tight by
a stuffing-box, B in the top of said hollow

“rod or {runk. The center of oscillation of the

bell-crank is arranged on the same side of
the cylinder as the crank-shaft, but nearer to
the side of the cylinder and farther from the
wpper part, in which the working-piston workas.

- By means of this system of connectmns the

beam, receiving motion from the working-pis-
{on, is caused to transmit motion through the
fod D to the erank B, whieh is caunsed to trans-

mit motion, through the. rod F, the bell-crank.

lever G- G/, and the rods or yoke H;to the ex-
change- pxston

The movements of the pistons are as fol-
lows: During the upward movement of the
exchange-piston the cool air frem -the npper
part of the cylinder will be transferred by the
said piston through theannular spacebetween
it and the cylinder to the bottom and.lower
part of the latter, which is heated, as herein-
above described.  The air so tr ausferreu, be-

coming beated, expands in the lower part of |

the cylindec, and its expansion causes it fo
forcethe working-piston upward. This move-
ment of the exchange-piston iz about three-
fourths completed before the working-piston
commences its upward meovement, by:whick
ity work is done, and when the working:piston
has nearly completed the upward or working
stroke the exchange-piston begins to descend
and force the hot air back from the lower heated
to the upper cool part of the cylinder, com-
pleting its stroke by the time the working-
piston has made about one-third of its return-
stroke.

It will be understood that with sneh a move-
ment of the piston as above desecribed the
working-piston is actuated by the air which is
confined in the cylinder, and which is caused
to be heated and cooled alternately by the pe-
culiar motion of the exchange-piston, which
transfers it from the heatéd to the cool and
1:11'0111 the cool to the heated part of the eylin-

er.

It will be evident that the large surface pre-
sented by the outside of the long exchange-
piston and -inside of the long cylinder will
eause a rapid change of temperature ef the
latter, the exchange-piston  thas performmrr
the office of what has . been xermed in air-en-
gines a “ regenerator.”

By the arrangement cf the crank-shaft, the
centers of motion of the beam and bell- cxank
lever, and of the connections, I obtain a long
erank with a short stroke of the working-pis-

ton, and obtain a long stroke of the exchange-

piston with such long side rods or yoke for

working the latter piston and such slight de- .

i viation from & .ight line in the movement of 65

the said side rods or yoke that gunides for the
said rods or yoke are nnnecessary.

I is a pump arranged on the opposite suie
of the cylinder S to the crank-shaft. The pis-
ton or plunger rod J of this pump is connected 70
with the beam-C on the same side of the cen-
ter of oseillation of the latter as the engine-
piston connections, the beam being prolonged
beyond the cylinder S for the purpose of mak-
ing this counection, and so obtaining the well- 75
nnderstood advantageof a long stroke for the
pump with 2 short stroke of the working-pis-
ton of the engine, This pump is represented
as delivering its water through a jacket, K,
which surrounds the upper part of the engme- 8o
cylinder, the water from the discharge-port of
the pump entermg the said jacket near the
bottom at », Fig: 1,and passing out from said
Jacket at w, near the top thereof, on the side
opposite to . The water cn'culates in the 8s
jacket around the upper part of the cylinder,
for the purpose of cooling it,~apd so cansing
the air, on its being transferred to that part
of the cylinder; to be cooled not only more
rapidly, but to a lower temperature than would go

' be practicable without the water-jacket.

"As the power of the engine depends on the
difference between the repective temperatures

' of the lower and upper parts of the air-eylin-
der, it is obvious that its power must be in: g5
. creased by the cooling effect of the eirculation

- through -the water - jacket of all the water

- pumped by the engine. As this covling of

the cylinder is effeeted in an engine for pump-
ing purposes without imposing any work on roo -
the engine beyond that of its ordinary duty
of pumping water and the very slight frietion

- of the watfer in the jacket which, is scarcely,
| appreciable, the economy of this combination

of the water-jacket and pump with the eylin- xog
der is obvious.

The water jacket is not, however, absobately
necessary fo the successful operatiou of the
engine, for the eylinder, when made very long,
asin the example represented, presentsalarge 110
exterior radiating-sarface, which may be fur-
ther increased by corrugating its upper part.

I do not here intend to claim, broadly, a
water-jacket surrounding the cylinder of an
air-engine; bub 115

What I claim ag.my invention ige—

i, Thecombination Wxththecylmder,crank-
shaft, and crank of an air- -engine, of a work-
in o'-plsfon and an exchange-piston in the said

cylinder, 2’ beam and conneecting-rod connect- 120
ing the working-piston with the crank, and a
bell-crank lever and conuections connectmg
the erank with the exchange-piston, substan-
tially as herein described.

2. The combination of the working-pistons 125
A B, beam C, conuecting-rod D, crank E, con-
nectmg -rod F bell-crank lever Gr and rods or
yoke H, all substantially as herein described.
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3. The eombination. with the working cyl--| ing water, of a water-jacket surrounding the
inder and piston of an air-engine and a beam | said cylinder, and so connected with the said
with which the said pistor is connected, of a | pump that the water delivered from the said
pump having its piston or plunger connected | pump, causing a forced circulation, passes

5 with the said beam af a greater distance from | through the said jacket, substantially as here- 15
the center of oscillation thereof than the con- { in deseribed, for the purpose set forth.

nection of the working-piston, substautially as ] J. ERICSSON.
and for the purpose herein described. Witnesses:
4, The combination, with the air-cylinder - 8. W. TAYLOR,

1o and the water-pump of an air-engine for pump: FREDK, HAYNES.



