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UNITED STATES

PateEnT OFFICE.

JOHN ERICSSON, OF NEW YORK, N. Y.

IMPROVEMENT IN AIR-ENGINES.

‘Epecification forming pait of Lettcrs Patent No. 13,348, dated July 31, 1855,

To aut whom it may concern:
" Be it knowi that I, Jouxn ERICSSON, of the
city, county, and State of New York, have in-
vented an Improved Air-Engine for Produc-
ing Motive Power by Heated Air, of which
‘the following is a full, ¢lear, and exact descrip-
tion, reference being had to the accompanying
drawings, making
in which—
Figure 1 is a plan,
the pistons,

with the two cylii](lex's,

of the eylinders, the piston,and the air-heating
apparatus in section to exhibit the internal
‘arrangenrent. .

The application of the caloric in this engine
is identical with that of the air-engine for
which I obtained patentsin England and other
countries in the year 1833,
drawings’ of which have been published in
several works, among which may be mentioned
a work called ‘““Dictionary of the Arts.of Life
and Civilization,” by Sir Richard Philips,
published in Loudon, 1833. This work con.
tains a correct delineation an description of
my said air-engine. ’ '

The same letters indicate like parts’in the -

two figures. o :

The heated. air, aftes having performed its
office in the working-eylinder of my .present
improved air-engine, may be made to circu-
late through a vessel containing a series of
tabes, precisely as in my former engine referred
to, and the carrent of heated air in passing
throagh said vessel (called the ““regenerator’?)
may be met by a current of cold air circulat.
ing in an opposite direction through. the se-
ries of tubes on its way to the working:-eylin-
der, by which a transfer of caloric is effected
between the two currents of air passing off
-from and entering the working-cylinder, pre-
cisely as in my said former engine, and the
current of cold air on its way to the working-
cylinder, after having been thus partially
heated "Dy the described process of transfer-
ring the caloric, is afterward made to pass
through a series of tubes or other vessels ex-
posed to the fire of a furnace, as in my said
former engine, or in any other suitable man-
ner; but although the means adopted for heat-
ing and for transferring the caloric from the

escaping to .the cntering air is quite similar |

to that invented by me in the year 1833, yet
the mechanism or engine which I have now

part of this specifieation,

and the air-heating apparatus in:
seetion; and Fig. 2 is aside elevation, with one

deseriptions and

invented for rendering the heating of the air,
as described, subservient in producing motive
power differs altogether from anything hither-
to known. Before, however, describing my
invention I deem it proper [irst to notice, in
order that its nature may be correetly under-
stood, that in all air-engines on what is called
the ‘‘differential principle” (my improved air-
engine for which I obtained patents in 1851,
for instance) the motive energy dependssolely

- on the difference of areas of the working and

supply pistons. Experience has in the niean-
time demonstrated that in order to-obtain a
sufficient supply of air withou resorting to u
dangerously high temperature the supply-
pump must be of such large capacity that the
differential (active) area becomes too small.
Unuless, therefore, future experience should
Saggest someimprovement, the power of such
engines will always be found insufficient for
practical purposes.- '

I will nuw proceed to describe the principal
feature of my invention, which consists in -
charging the regenerator and Jieateror either,
with fresh compressed atmosphericair at each,
stroke of the engine without, the employment
of a sapply-pump by the peculiar combined
movements of two pistons within the working-
cylinder, the introduction of fresh air and ifs
transfer to the regenerator or heater in a com- -
pressed State being effected under a state of
equilibrinm of pressure, so that the supply-
biston becomes eutirely relieved from resist-
ance daring the process of charging the re-
generator or heater, while at the same time
one of these pistons performs the office of
working-piston, exerting full force on the en-'
gine without suffering retardation by any un-
balanced presstire against the supply-piston.

My said engine is single-acting, and I con-
nect two of them by a crank-shaft, placing the
two craunks at an angle of one hundred and
eighty. degrees, so that while the piston of one
engine is being impelled by the tension of
heated air the piston of the other shall be
making its return-stroke, and vice versa, and
as the two engines are identical in construe-
tion the description of one of them will an-
swer for the two. The manner of connecting
the two and the effecis resulting therefrom
will be subsequently described. '

The cylinder a is open at.one end and has a
head, b, at the other, with a central aperture,’
¢, leading to a valve-chest, d, with an indae-
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tion-port,e,and an exhaust-port, f, fitted with
valvesgand k. The stem of .the valve g passes
through the hollow stem of the valve k, and

. these valves are to be operated by any koown,
and suitablé valve-gear giving the periods of
‘inovements such as will be presently deseribed.
The exhaust-port leads by a pipe, i, to a cham-
ber, J,
constituting what has been termed the ¢‘ regen-
erator,”’ so that the air passing from the eyl-
inder tothe escape-pipelshall circulate around
and among the series of tubes to impart. its
heat to the cold supply-air- contained within
_the tubes, and the induction-port commauni-
cates with the tubes m of what is termed the
«heater.”” - The series of tubesk, constituting
the regenerator, are suitably secured to a tube-
sheet, 7, at each end, and open into two cham-
bers, o and p—the one, o, communicating by a
pipe, ¢, witha port in ‘the side of the cylinder,
governed bya seif-acting valve, r, opening out-

ward, and the other, p, communicating with.

the heater-tubes m, which are to be suitably
coiled or otherwise arranged to presenta large
extent of surface “to the action of the heat
evolved from the fire of a furnace, s, the series
of tubes m being placed above the fire, S0 that
- the produets of combustion in passing to the
flue ¢ shall circulate around and among them.
The bottom plate of the flue tisa tube-sheet,’
to which are secured a series of flue-tubes, u,
down which the products of combustion pass
to a flue, w, below, leading to the chimney.
The fiue-tubes u are inclosed in a chamber
having an aperture, v, near the bottom, to re-
ceive a current of air from the atmosphere,
and another aperture, z, near the top, through
whieh the current of air passes after circulat-
1ing around and among the flue-tubes by which
it 1s heated, so that the products of combus-
tion escape into the-atmosphere at a very low
temperature, for-it will be observed that the
two currents travel in‘opposite directions, the
atmospheric current passing from the coldest

toward the hottest ends of the flue-tubes grad--

ually absorbing the heat from the products of
- combustion whieh are passing through. the
tubes in the opposite direction.. - .
_ From the passage x the partially-heated air
passes down a vertical flue or tube, ¥, having
two. aperbures, z and «/, both governed by
dampers or registers, one leading below the
grate in the furnace to supply the fire when
. .more heat is required, and the other above the

fire to admit the air directly to the heater-tubes |

m when it becomes necessary to moderate the
heat of the tubes. By thisarrangementa gréat
saving of fuel is effected and the attendant can
control and regulate the heat of the heater-
tubes with perfect ease. , -
To the cylinder are fitted two pistons, b"and

¢. The one, ¥, is nearest the open end of the
_eylinder and called the ‘working-piston,”” and
~is provided with a self.acting valve, d’, open-
¢ ing inward, and the other, ¢/, termed the ‘‘sup-
. -ply-piston,’” ig’ placed between the working-
piston-and the head of the cylinder. .

surrounding a series of small tubes, k, | supply-piston, are

‘Thé rod f' of the sﬁpplyl-pi'ston‘ passes
through a stuffing-box, ¢, in the working-pis-

‘ton. - This pisbon-rod embraces thelend of an

arm, ¢', that vibrates on a folecrum-pin, 7/, and
the arm carries two rollers, ¢ and j'—one on
each side of the fulerum-pin I/—which rollers;
for the purpose of governing the motions.of the
alternately acted upon by
two cams, ¥ and 7, on the crank-shaft m/, the
cam & acting on the rolier # and the other, 7,
on the roller j. . o

“Tn Fig: 1 the arm and the two cams are con-
cealed on one of the engines, but represented
on.the other, and in Fig. 2 the-arm. and. its
rollers are represented in’the two oppositeex-
treme positions. The cam ¥’ operates on the
roller i’ to carry the supply-piston inward: to-
ward the head of the cylinder,-and the other .
cam, 7, controls or governs its motion in the
opposite direction when impelied during a
part of its movement by the heated air.

The ‘working piston is provided with two
wrist-pins, m’ m'—one on each side of the stuff-"
ing box #—which aretaken hold of by two con-
necting-rods, n’ 7, connected with a vibrating
arm, 0, 0n a rock -shaft, p’; whieh is provided.
with another arm, ¢’; at the angle indicated on
the drawings,and thearmg¢"isinturn conneeted
by a rod, ', with the crank s’ on the crank-
shaft ', before named. o

The required motions are to be imparted to
the induction and eduction valves by suitable -
valve-gear taken from the crank-shaft, as be-
fore stated, and as the two single-acting en-
gines are connected with one-and the same
erank-shaft, with the eranks:on opposite sides, -
asthe pistons of oneare impelied by the heated
air any power required:to ‘cause the pistons of
the other engine toreturn will, 1ie derived from
this source if the momentumof the moving '
parts be not safficient for this:purpose: .

. Having described the construction of one of
the engines with its regenerator. and’ héater,

-and stated that the twe siofle acting engines

arealike/n every respect, ag‘indieated by.cor-.
responding letters ‘of ‘veference, and -having

also deseribed in what manner the:two are con-
pected, I will now deseribe the mode of oper-

| ation, assuming that the furnaees-of the heat-

ers have been properly fired up.
By means of a hand air-pumpapplied to the

‘chamber p at one end of the regenerator,orany.

other part of the regenerator or heater-tubes, I

| introduce a supply of armosphericair atabout
the pressure of the atmosphere, aud then the

engive isina condition to begin its operations.
The cranks should be turned over or beyond.
the dead-point, as usual in steam - englnes. .
Starting with the pistons of one engine in the
position representeéd in Fig. 2, at the extrem-

“igy -of their outward stroke, as the crank s,

moving in the direction indicated by the ar-

‘row, is making that part of its eircuit near the

outer dead-point, and therefore imparting but
little motibn to the working-piston b', the sup-
ply-piston ¢ is carried from the-working-pis-
ton and toward the head of the cylinder with
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4 rapid motion by the action of the cam &' on
the roller ' of the arm ¢y the cam rotating in
the direetion of the arrow, and its acting face

being formed as represented, that the piston |

may be gradually started, rapidiy-accelerated,
-and nearthe end gradually arrested, and there
retained in a state of rest as the extremity of
the eam passes the roller. . During this in-
ward motion of the supply-piston the.working-
piston makes but asmall portion of its inward
stroke, and theréfore the valve @’ in the work.-
ing-piston will be opened by the pressure of
the atmosphere to permit cold air to enter and
fill that part of the cylinder between the two
pistons. . So soon as the supply-piston stops
the exhaust-port closes and the continued in-
ward motion of. the working-piston begins to
compress the cold air thus supplied, which of
course closes the self-acting valve d’, through

which the supply wasadmitted by atmospheric’

pressure. This supplied cold air continues to
be compressed by the working-piston until
the end of its inward stroke, ’
for effecting this compression is derived for
the time being from the other engine it isim-
portant to observe the condition of the connee-
tions. ‘ ‘ : —

At the time the supply-piston of one engine
is started and the air is entering by atmos-
pheric pressure, and when the arm o’ on the
rock-shafs p’, with which the working:piston
is'connected by the rod 7', is at its greatest le-

verage the corresponding arm of the rock- -

shaft of the opposite engine is at, its shortest
leverage; but as moved inward, and the sup-
ply-air, by reason of being gradually com-
pressed, increases the resistance, the arm o
gradaally shortens in leverage, and the same
arm of the oppesite engine gradually and in
nearly the same ratio inereases in leverage, on
the principle of the bent lever, thus applying
the power required to compress the supply-air
to the best advantage. - It should be borne in
mind, however, that the power thus applied
to eompress the'supply-air is not actually ex-
pended, but merely borrowed, for it is so much
added to the elastic force of the air by which,
when heated, the.-engine is impelled.

Just before the supply-piston begins the in-
wardstroke just described, the eduction-valve
¢ is opened, the induction-valve J having been
previously closed, so that the charge of heated
air by which the previous stroke of the engine
was effected is permitted to escape freely into
the atmosphere, so that the power required to

move the supply-piston inward ig very slight, |

the air escaping freely to the atmosphere on
onesideand entering by atmospheric pressure
on the other through the valve d’; but as the
‘heated air exhausts or escapes from the eylin-
der it passes around and
- Small tubes % of the regenerator, thus impart-
ing its heat through,the metal of the tubes to
the cold air contained insideof the tubes, which
air is thas partially heated preparatory to be-

. ing finally heated in passing through the

heater-tubes. 1In this way much of the.heat

and as the power”

among the series of.

3

| which wonld be otherwise wasted is saved.
Thesupply of cold air having been introduced
- and compressed,. the engine is prepared:to be
impelled by the expausive force of the heated
air. The eduction-valve ¢ having remained
closed during the greater. part of the inward
motion of the working-piston, the induaetion-
valvel'isnow opened, which admits the heated .
air from the heater to the cylinder, by which
the sapply-piston is forced outward toward -
_the working-piston. .The form of the face of
the cam 7, as represented, is such as to cause
the ‘piston to be carried back with a rapid ac-
' celerated motion until it comes nearlyin con-
tact with the working-piston; and at first in
this outward motion of the supply-piston the
already-compressed supply-air between the
two pistons is still further compressed, not by
the power of the engine, but by the elastic
foree of the heated air, the supply-piston be-
ing, as it were, suspended between the heated -
air from the heater on one side and the cold
air on the other, with the self-acting valve »
(in the side of the cylinder) interposed be.
tween the two, for it must be remembered that
as the heater and regenerator are in commun-
nication the air, which is a perfectly elastic
flaid, will be under ‘equal pressure in both,
notwithstanding a portion is more highly
heated than'the other, and as the supply-air
in the cylinder is simply separated from the
air in the regenerator by the interposed valve
rin the side of the eylindér the supply-pis-
ton will be moved outward Ly the heated air
until the snpply-air is compressed to an equal
tension, and then the further motion of ‘the
supply-piston, effected by the cam 7’ ag it ap-
proaches the working-piston, will transfer the
supply-air from the eylinder to the regenerator
through the valve ». The only power ex-
pended by the engine iri this transfer will be
the small amouut required to move the sup-
ply-piston between two equal pressures to give
the slight preponderance to the one necessary -
to open the valve 7, through which. the trans-
fer is made. The moment the supply-piston
passes this'valve and overtakes the working-
piston the preponderance of pressure ceases
and the valve closes by gravity. If desired,
however, a positive motion properly regu-
lated may be impaited to this valve by a suit-
ablevalve-gear. Theoperations Jjustdescribed
for the final compression and: transfer of the
supply-air take place during the time that the,
working-piston is at rest, or nearly so. It is
while the erank is passing the dead-point far-
thest from the arm ¢, eonnected by the rod.»
with.the crank, and as the crank and the con-
necting-rod have their centers of motion at the
time of passing the dead-point on the Same
side of their points of connection, it follows
that during the time the crank moves a given
distance each side of the dead-point the piston
will move through a distance comparatively
much shorter-than when the erank moves the
same distance each side of the opposite dead-.
point, for in the one case the crank and the
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conneeting rod simply represent the radii of
two eccentrie circles, while in the other they

represent the radii of two opposite circles. By .

the time the supply-piston reaches its nearest
proximity to the working-piston the latter
has made but a very small part of its outward
stroke. - : -

At the time the supply-piston passes the
valve » a ilm of compressed air remains be-
tween the two pistons toactas an elastic cush-
ion. At this time the heated air then in the
cylinder is cut off by the ¢closing of the indue-
tion-valvé h, and -thé working-piston is im-

pelled outward by the expansive force of the

heated air and the supply-piston by the cam-
motement described.

. The form of the canf?, which acts on the
roller j to govern the outward stroke of the
supply-piston, must be such, as represented,
that the piston will move with a rapidly-ac-
celerated motion until it approaches the work-
ing-piston,.then gradually retarded, and fronr
the point 1 to 2 its curvature must be such that
its motion will be in anison with the motion
‘fmparted to the working-piston, by reason of
its connection with the crank, modified by the

~ jnterposition of the arms o’ and ¢/ operating
on the principle of the bent lever.

1t has‘been sliown that the alternating le-
verage of thearms o’ of the two engines is such
as to apply the power for compressing the sup-
ply-air to the best advantage, and it remains
to show the connection between the twoin fur-
therance of thiseconomy. 1t will be seen that
the arm ¢/, connected with the working-piston
‘auring the outward stroke,gradually increases
in" leverage as the heated air, by dilatation,
gradully decreases in tension. Now the le-
vorage of this arm gradually increases during
the oupward stroke of the working-piston of
one- engmne as it gradually decreases in the
other. ‘engine, where the working-piston is
compressing the supply-air, and vice versa.
1v. a8 been stated that the power exerted on

the working-pistdn to compress the supply-air
‘was not an aetual consimption, but a mere
transer of* power. #This will be apparent from
the ‘déscription. of thie entire operation, be-
causeé the air thus compressed is transferred
to the regenerator and from the regenerator
to the heater, and-thence to the cylinder,where
it exerts on the piston the elastic force first

_ impressed upon i¢ by the piston, together with
the tensive force which ip has acquired by be-
ing heated, so that the compression which it
received at first from the piston when work-
ing in one direction it-returns to the piston
when working in theopposite direction un-
der the advantages due to the arrangement of
the two engines, as above specified.

" By the alternate strokes of each engine the
required supply of cold airis introduced, com-
pressed, and transferred from the cylinder to
the regenerator, carried through the regen-
erator, thence through the heater, and from’
the heater back to the cylinder, and in this

circuit it is.gradually heated, first by the heat

which it takes up from the escaping heated
air, and then by the heat of the furnace, and
as atmospheric air is a bad condunctor of ca-
lorie, the heat will not be carried back by con-
duction from the heater to the regenerator,
but after the heated air has exérted its elastic
force in the eylinder In escaping it transfers
its surplus heat to the supply-air on its pas-
sage through the regenerator. The object of
the regenerator being, however, merely that of
economizing fuel, it is evident that the sup-
ply-air may be passed diréctly from the eold
end of the working-cylinder, by the action of -
the supply-piston, to a heater communicating
with the other end of the working-cylinder.

‘What I elaing as my invention, and desire to
secure by Letters Patent, is—

1. The method of supplying fresh air to the
engine, compressing and transferring it to the
regenerator and heater, or either, by the ac-
tion of the supply and working pistouns within
the one cylinder, operating on the prineiple
and in the manner substantially as herein de-
seribed, whereby the air is admitted under at-

‘mospheric pressure as the supply-piston is

moving from the working-piston as the pre-
vious. charge of heated air is exhausting, so
that.the said supply-piston moves in equilib-
ria, or nearly so, and by which, also, the sup-
ply-air is finally compressed and then traus-

ferred the regenerator and heater, or either,as

the supply-piston moves between the supply-
air and heated air during the period of the
nearly stationary position of the working-pis-
ton. :

9. In combination with the double-piston
movement of each eylinder, the method of con-
necting the working-pistons of two single-act-
ing engines to constitute a dounble-acting en- -
gine by means of two sets of vibrating arms
attached to each other and vibrating onacom-
mon center connected with the two working-
pistons, and with the two cranks on opposite
sides of the axis of the erank-shaft, the two '
sets of arms operating on the principle of the
pent lever, and the crank-shaft being so lo-
cated relatively to the cylinders and the cen-
ters of vibration of the arms, substantially as
described, that thé working-piston shall be at
the end of its inward stroke at the time the
¢rank is passing the dead-point farthest from
the point of connection of the connecting-rod
with the vibrating arm, as described, by which
the power of that working-piston which is be-
ing impelled by the heated air is applied to
the best advantage to operate the other work-
ing-piston during its return-stroke, and by
which,also, the working-piston remains nearly
at, rest during the time the supply-plston is
making that part of its outward stroke during

which the partially-compressed air is finally

and fully compressed and transferred to the
regenerator and. heater, or either, as de-
seribed.
Witnesses: .
Wu. H. BISHOP,
ANDREW DE LaAcY,

J. ERICSSON.




