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10 all whom it may concern:

- Be it known that I, JAMES 5. BALDWIN, a
citizen of the United States, residing at New-
ark, in the county of Essex and State of New
Jersey, have invented certain new and usetul
Improvementsin Air-Engines; and I do here-

by declare the following to be a full, clear, and |

exact description of the invention,such as will
enable others skilled in the art to which 1t per-
tains to make and use the same, reference be-
ing had to the accompanying drawings, and
to letters of reference marked thereon, which
form a part of this specification.

The object of this invention is to secure a
larger efficiency and economy than have here-
tofore been obtained in the conversion of heat,
and especially heat of a low temperature, into
motive power. |

The invention relates to engines which de-
rive their power from the expansion of air or
oas; and it consists of certain new orimproved
processes, devices, arrangements, and combi-
nations that may be employed therein or in
co-operation therewith, substantially as here-

2¢ inafter set forth, and finally embodied in the
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clauses of the elaim.

Referring to the accompanying drawings,

embraced in four sheets, in which like letters
of reference indicate corresponding parts in
cach of the several figures, Figure 1, Sheet 1,
is a side elevation and partial section of the
engine; IFig. 2, a partial plan, enlarged, of a
thermal regulator. Fig. 3 is an enlarged sec-
tional view of a portion of a valve-rod.
4, Sheet 2, is an enlarged plan of a portion of
an engine. Fig. 5, Sheet 3, is an end eleva-
tion of a portion of the engine with a section
of the bed-plate; Fig. 6, same sheet, 1s a sec-
tion of a modified form of plates for flexible
cells with attached flexible tubes. Iig.7 isa
plan and partial section of a single plate ot
the same kind. Fig. 8 is an enlarged plan of
the cams which actuate the valve, with two
detached rollers, showing their position. kig.
9 is an enlarged side elevation and partial
section of ‘a thermal regulator. Tig. 10, Sheet
4, is a side elevation of a pressure-regulating
apparatus, with a view of a portion of the in-
terior of the cold-air chest. Fig.11 ig a front
olevation of the pressure-regulating appara-
tus, with asection of the bed-plate. Fig.121sa
plan and partial section of rollers and co-oper-

IFig.

ating parts belonging to said pressure-regu-
lating apparatus. Fig. 13 isa vertical section
of the heater, regenerator, and hot-air valve-
chest, with a relief-valve in elevation. Iig.14
is a horizontal section adapted to represent the
structure of either the regenerator or heater.

In said drawings the bed-plate A, pillow-

block A’, crank-shaft B, crank B/, erank-pin

and box B?% and connecting-rod B? with its
working-joint B% all have the common and
usual funetions of such parts in any ordinary
engine. | |
Four rods E, Figs. 1 and 4, are firmly at-
tached to the bed-plate A and sustain the sta-
tionary plates I and F’. In Iig. 1 two of
these rods are omitted to show other parts
more clearly. Facing the stationary plates

are a correspondingnumber of movable plates .

G and G’. These movable plates are firmly
attached to therods G? asshown insaid Figs. 1
and 4. All the aforesaid plates are made ad-
justable on their respective rods by means of

“suitable lugs ¢ ¢/, Fig. 4, projecting from the

opposite edges of each plate and engaging

with said rods, the position of the lugs and

rods pertaining to the movable plates being

“anech .as to allow the simultaneous movement

of said plates without interfering with the
stationary plates. Both varieties of plates
are shown in the drawings with flat surfaces
and with edges approximately square; but
other forms of surface and outline may be
used when preferred. _

The central movable plates G and G, Figs.
1 and 5, are securely bolted to the bar D4
cach end of which forms a stud or wrist D7,
the whole corresponding to the cross-head in
anordinary engine. This cross-head 1s joined
by the connecting-rod D’ D? D to the pin C°
of the beam C, as shown in Fig. 1 and more
fully in Figs. 4 and 5. Any impulse commu-
nicated to the aforesaid movable plates 1s by

these means transmitted to the fly-wheecl of

the engine. Between each stationary plate
and its adjacent movable plate 1s or may be
interposed a bag or bellows of india-rubber
or other suitable material, or in lieu thereof

the edges of said plates may be connected by

a similar fabric or other suitable yielding ma-

" terial, thus providing in either case a yielding

or flexible air-tight cell or chamber. = A flexi-
ble or yielding chamber as thus constructed
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will, 1f supplied with air under pressure, ex-
pand, and by its inflation actuate its appro-
priate movable plate. On the other hand,
when such chamber is already filled with air,
force applied to said plate will, by compress-
ing the chamber, expel said air.

The three upper chambers 11, Figs. 1T and

5, have a larger diameter t_lmn the lower
chambers 11, and consequently a larger area
and displacement. "T'he larger chambers are
designed to receive heated air and the smaller
chambers cold air.
chambers are connected Dby suitable neeks
with a hot-air chest or header.IL, and the
lower or cold-air chambers in like manner
with a cold-air chest or header 1% in connec-
tion with which, and with certain other de-
vices o be hereinafter deseribed, the said

chambers are adapted to serve the parpose of

a cold-air pump.
In a modified form of hot-air cell or chams-
ber (shown in Figs. 6 and 7) I have provided

.means for keeping warm the greater part of

the walls thercof, in order that hot air enter-
ing sald cells when the engine is first started
may not be cooled and so deprived of its ex-
pansive power. In said figures, g are pipes
or channels in the body of adjacent plates,
both fixed and movable, through which c¢han-
nels steam, hot water, or other suitable heat-
ing medium 18 caused to eirculate, thereby
warming said plates and their attached or in-
cluded cells.  Flexible. tubing or hose ¢” and
q° is used where required to pmce said inter-

nal heating-channels in communication with
each other m‘ld also with appropriate external

points of supply and discharee.

Below the cold chambers F" Ifig. 1,18 an
accumulator I, which consists of an air-tight
chamber or bellows, which may be constructed
of 1india-rubber or other suitable materials,
substantially in the same manner as the air-
tight chambers hereinbefore deseribed. The
acecumulator rests on the bed-plate A, through
which passes the channel I’ opening into said
accumulator, and thereby establishing com-
munication between it and a regenerator J’
and a cold-air chest I, The accumulator is
provided with a head or plate 1. to which is
attached across-bar ..  Saidbariscontrolled
by the bands 1.7, which are actuated by the
concentriec pulleys 1./, provided with cam-
shaped projections I*. These projections arc
connected by bands L' to springs 1.5,

The springs 1° are or may be controlled by

a tension-screw attached to the bed-plate A
and adjusted by the operator to give any re-
quired tension in said springs. In place of
such means of adjustment, however, I prefer,
in the case of large engines, to employ an au-
tomatic thermal regulator, as shown in Figs.
1,2, and 9. The pulleys I.” are firmly secured

to the ends of a shaflt L7, and thereby always
act in unison with cach other, and so main-
tain an eqtml pressure on: e&eh end of the

cross-bar 1.7 |
The form of each cam-shaped projeection 1?2

The larger or hot-air | s

404,818

is so adjusted to the varying tension of its
springs L° as during their extension and re-
traction to sceure the required pressure upon
the contents of the accumulator during all
degrees of its inflation, malking no allowance,
however, for the varving temperature of the
atmosphere.

1o provide for these variations, I employ
the thermal reg nlm*mf already referred to, as
shown in Ifigs. 1, 2, and 9 in one of its forms.
in Csmd hgures, L’ represents one of the afore-

md 51)1111 S Mimﬂmd by a \1"01']&1} 0- "j()int m,
J“ ’1‘11@ shaft or [11101 um m said lm*er nmxs b
freely in the box [, which is secured to the
bottom of the bed-plate A. "T'he long arm of
said lever is provided with a weight P, which
preferably adjustable weight maintains a
constant pressure upon said spring, which
tension may bhe inereased or decreasced Dby
changing the position of said weight on the
arm. 1o the end of the bed-plate A is se-
cared the flange { of a cylinder '*, which cyl-
inder contains a piston [

A connecting-rod ! is attached at one end
directly to said piston by aworking-joint and
at the other end to the joint L' of the spring
and lever. 'T'he eylinder communicates by a
chest, Z”’ tube £, and stop-cock (! yith a closed
tank 22 and sealed tubes 7. 'This apparatus
18 adapted to receive through a stop-cock [P
elther atmospherie air, gas, or liquid under
pressure; but I usually prefer to employ bhoth
gas and liquid, the gas occupying the tubes
t’, and the liquid the tank 7 and the spaces
below. As thusarranged any increase in the
temperature of the atmosphere in contact
with tubes !’ will expand the gas or liquid in
sald tubes,and thereby inerease the pressure
against the piston /!, impelling said piston to-
ward the spring, and thereby reducing the
tension of said spring, and also the tension of
the alr 1in the accumulator I, and in the hot
and cold atr chambers. Conversely, any de-
crease In the temperature of said outer at-
mosphere will produce an opposite series of
results. The tube [P is preferably provided
with a stop-cock ' to control the flow of the
fluicd through said tube, and, by reducing said
flow to the smallest practicable amount, pre-
venting any vibratory movement induced in
the spring by the action of the accumulator

from Deing transmitted, except in a very

slight deﬂ'ree, to the WE’]”]H b,

IL will beseen that the pressure in the tubes
I tends to decrease the tension of the spring,
and the weight on the lever to increase s m{l
tension. Ly means ol this thermal apparatus,
wlen once properly adjusted, changesinduced
in the tension of the spring b} the variations
in the temperature of the outer atmosphere
automatically regulate and control the press-

ure of the air, both 1n the accumulator and -

the hot and cold air chambers, more perfectly
than would be done by the care of a skillful
attendant.

Kach of the two springs Iﬁ may be provided

70

75

SO

(O

95

100

105

1 TO

115




10

20

25

. 30

35

40

45

5o

55

60

65

404,818 ' - 3.

with a separate thermal apparatus; or one
such apparatus may easily be arranged to op-
erate both of said springs.

The cross-bar 1° is connected at each end
by the flexible bands Lf running over pul-
leys L°, to another cross-bar n', secured {o a
sliding block n. The sliding block 1s ar-
ranged to move up and down in gibs attached
to the casingof the regenerator J’. Aspring
1’18 placed beneath the cross-barn’and tends
to force said bar and said sliding block in an
upper direction, which movement is con-
trolled and counteracted by the bands LS,

~actuated by the pressure of the air in the ac-

cumulator. Any movement of the head of
the acecumulator will therefore induce a corre-
sponding movementof the sliding block »n, the
latter descending as the former ascends, and
vice versa. 'The face of the sliding block
forms at its upper parts a curved projection
adapted to act upon a roller or set of rollers
nt, Kig. 12, said rollers being carried by a
double connecting-rod N’, Figs. 1, 10, 11, and
12, which passes upward and over opposite
sides of the hot-air chest X to the beam €, to
which itis attached by the pin M. The roller
is thus caused to move upward and down-

ward with each upward and downward move-

ment of said beam. |

An inlet-valve I’ is arranged within the
cold-air chest by means of a hinge 2, and 18
provided with a projecting stud n* Said

valve opens freely to admit the external at-
mosphere to the chest I* and the cold-air
chambers I’ while said chambers are open-
ing. As soon as the chambers are full of air
the valve closes by its own weight, and there-
by prevents any outtlow throuﬂh said inlet.
The flat spring n°is secured to the outer cas-
ing of the cold-air chest and extends upward
between the roller n* and the stud n?, not
touching the latter except when 11111)elled
against It by the action of said roller and
sliding block n. -

The capacity of the cold-air chambers,and
also of the accumulator, is such aswould sup-
ply an adequate volume of air to the hot-air
chambers at the highest range of the atmos-
pheric tempemtures. W’henever by reason
of a decrease in said tempe.mture or for any
other cause, the amount of air entering the
acecumulator would be in undue excess of that
required by said hot-air chambers, its effect
would be to cause the head of the ACCUMU-
lator to ascend and the sliding block 2 to de-
scend slightly beyond then"' normal range,
thereby impelling the roller n tin its descent
against the spring n?, bringing the upper end
of said spring agmnsb the stud n?, and thus
holding the inlet-valve open during such por-
tion of each stroke as would ELHOW the . sur-
plus air to pass out through the said inlet-
valve, and thereby autonmtleally regulate tlie
amount of air retained to that l'eqmred by

the engine.
The eold- alr

K% and the outlet or exhaust V&IVG K,

are omitted from Kig. 4.

! check or outlet valve I* opening downward

and supported on its under side by a light
spring. This valve is shut while the cold-air
chambers are receiving air and is held closed
by said springs and the upward pressure of
the air from the accumulator acting against
the nunderside of said valve. When the cold
chambers are expelling their air, the pressure
of the air-currentis sufficient ’ro overcomethe
pressure of the air from the accumulator,
thereby opening said valve and permitting a

part of said current to pass into and through

the regenerator, and the other part into the
accumulator, as indicated by the arrows. The

hot-air (,hest is provided with an inlet-valve

13, controlled by rod K5
spring. K7, and cam B*“", sald cam being at-
tached to the crank-shaft B. The rod XK is
at the appropriate time forced upward by the
action of the cam B® thereby compressing the
spring X7 and closing the valve. Conversely,
by the recession of the cam the spring ex-
pands, the rod is drawn downward, and the
valve opened. A similar cam B’, working in
like manner by the side of B”, operates 1*0(1
Fig. 15.
The hot-air chest K communicates Vlﬂl a
heater J by an orifice or channel k5. The hot-

or supply k% Fig.

air chambers are thus enabled to receive air

under pressure through valve &* and to dis-
charge said air after its work is done through
/. The latter contains an orifice prowded
with a smaller secondary valve ¢, opening in
the same direction as the main VELlVG k', and
arranged to permit air to pass inwardly to the
hot-air chest K whenever a partial vacuum is

formed therein, all of which will be under-

stood by 1"eference to said Kig. 13.

The valves k' k* are carried by rock- shafts
irmly united thereto and passing out through
the casing of the chest K, preferably throu nh
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%tuﬂmn-boxe%, as shown in Kig. 4. The 0111:61 .

ends of the valve stemsgor c;hafts are provided
with eranks having studs S §’. These studs
are adapted to receive the hooked ends Q Q’
of the rods K° I% said hooked ends being
jointed and mpable of being disengaged from
said studs when required. These jointed ends
Other details may
be more clearly shown.

J, Fig. 1, represents a heater, and J” a re-
oenerator, both contained in the same outer

‘casing, and the interior details of which are
‘shown in Figs. 13 and 14.

The outer metallic
casing 4% common to both, containg in its up-
per part ‘the heater and in its lower part the
regenerator.
tallic tube-chamber 7, a little smaller in di-
ameter than the said outer casing. Saidtube-

chamber isprovided with an inlet-tube J®and

an outlet-tube J% through which it may re-

ceive and dlscharne s‘ramn , hotliquid, or other

heating medium, The tnbes J® and J* pass

throuﬂh the outer casing J°> and into the inte-

vior of the tube-chamber j 7. Satd chamber is

chest I* is provided Wlth a | provided with tl‘lbe%j : e\tendmn longitudi-

The heater consists of a me-
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nally from its lower to its upper head, around
which tubes the heating medium can freely
circulate.

The regenerator, which occupies the lower
part of said oufer casing, consists of a simi-
lar tube-chamber 7', ]uwmu an inlet k% com-
municating with the h ot-air chest K and an
outlet J% said inlet being adapted to admit
the exhaust hot air,which, circulating in con-
tact with the tubes % is discharged through
the outlet J° All of the various tubes and
outlets pertaining to said regenerator and
heater are at their passages and joints of at-
tachment made air-tight. The warm air thus
discharged from the upper chambers in con-
tact with the tubes 7® and their casing parts
with heat thereto, which heat is in turn 1m-
parted to the upward current of air whieh at
the appropriate time is supplied to the said

balance of heat 1‘*eq11il'ed to bring said air to
the desired maximum, which mayv be ﬂbout

210° Fahrenheit.
R, Fig. 1, is a tube provided with a valve

for ClOSHlﬂ tlle same and communicating with
the ch.:mnel I?’. Through this tube :z.md valve
air may either be for'eed in forthe purpose ot

starting the engine or it may be allowed to |

cscape for any desired purpose.

IKY, Tig. 1, 1s a standard, the upper end of
which carries a oOVernor K’ , adapted to be
driven in the usual manner by a belt running
from a pulley on the crank-shaft to the pul-
ley IX® of said governor. The governor is

“adapted, when smmbly a(,tua‘red to depress |

the roller X* when the speed is too hi gh and
to raise said roller when the speed 1s too low.

The valve-rod K?has the cylindrical portion
or barrel K17, Figs. 1and 3, provided with a spi-
ral spring adapted to thrust out the prolonga-
tion KM of said rod. The thrust of thisspring
is or may be resisted by a hook K*of the arm
{3, which hook may engage with and retain
the collar K%: but when, owing to too high a

velocity of the engine, the governor depresqes

the wheel or roller K2 the hook K4 will be dis-
engaged, and, the collar K" and 1its attached
rod bemﬂ 1*(}1(3:186{1 the spring will promptly
cxtend the prolon ation KM and close the
attached valve £? thus cutting off the supply
of air from the upper chamber. Af an ap-
propriate point in the revolution or in the
succeeding one the hook K* will be again en-
oaged Wlbh the collar K, said engagement,
however, being at all times under control of
the governor and its attached roller XK=
It “will be observed that the governor thus
automatically regulates the qumltlt} of air

- supplied to {he hot-air chambers.

60

The operation of the engine is as follows:
The hooked end Q" of the Valve-rod I, Fig.
1,18 disengaged and the exhaust-valve & is
opened, and the fly-wheel is then turned un-
til the crank-pin B*is at its highest position.
This movement will eomplesc_s the upper
chambers and expel the air therefrom, while

at the same time the lower chambers will be |

| opern and ﬁlled with cold air.

“sufficiently deseribed.
| operations are in progress a pump or bellows

404,818

Steam, hot
water, or other heating medinm is 5111)1)110(1 to
the heater J through pipe J3, as already de-
scribed, and to the jacket W of the regener-
ator and also to the plates of the upper cham-
bers, as shown in Figs. 6 and 7 and already
W hile these warming

operated by hand or by a small auxiliary en-
gine is connected with a stop-cock R, and
the latter being opened airis forced in, in-

fating the accumulator L. and filling all at-
tached channels and other inclosiures as

far as the valve £* which has been left
closed and connected with its rod.

This op-
eration being complete, the exhaust-valve L’
is hooked on and closed, the stop-cock R

is closed, and the steam or other heating me-
~dinm may be shut off from the jacket W.
upper chambers, the heater furnishing the | The fly-wheel is now turned sufficiently to
-throw the crank over the center and bring &
receding
“the rod 1&.3’ when the latter, impelled by its

part of the appropriate cam under

spring, will open the valve 7ﬂ2, admitting air

“under pressure to the upper chambers, which

will expand and cause the fly-wheel to re-
volve. The air thus supplied to said cham-
bers at the beginning of the stroke is fur-
nished by the accumulator L, but when the
upper chambers begin to expand the lower
ones are to a like extent compressed, and

when the air therein contained has reached

the necessary tension it opens the check-valve

I, TFig. 10, and passes through the channel I,

reg enerator J,and heater J’ to the upper cham-
bers. The revolution of the fly-wheel and
the downstroke continuing at a point not
later than that required to supply four-fifths
of the capacity of the upper chambers, a lift-
ing portion of the cam actuates the rod I
and closes the valve £* The air in the up-
per or hot-air chambers, being thus cut off
from any source of supply, completes 1ts work
and the stroke by expanding as an isolated
body of air. During this latter part of the
stroke the lower or cold-air chambers are at
the point of maximum efficiency, and the air
which they supply, naving no other outlet, is
stored up in the accumulator. The down-
stroke being completed, the fly-wheel contin-
ues to revolve and by i1ts momentum effects
the return or up stroke, at the beginning of
which the exhaust-valve &’ is opened by its
can in the manner already described in con-
nection with the supply-valve &% and as the
upper chambers are compressed the hot
waste alr is discharged through the said ex-
haust-valve and the regenerator J’, to which
1t 1mparts the greater part of its heat, finally
escaping through J?. The lower or cold-air
chambers at the same time draw in air
through the wvalve I° Fig. 10, and the com-
pletion of the upstroke finds them filled and
the exhaust-valve £’ closed by the action of
1ts cam at the appropriate time, while the
supply-valve /£*is about to open for a new
impulse to be communicated to the engine
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by the air under pressure, as at the begin- |

ning of the first stroke, the air requisite for
this purpose having already been supplied to
the aceumulator by the power of the engine
itself, the stop-cock R being now closed.
The motion of the fly-wheel continuing and
the valve k° opening, a new operative stroke
will be effected entirely by automatic meth-
ods, and being continuously repeated the en-
oine will soon acquire its proper speed and
will then be ready for its appropriate work.
The governor K’, &e., Fig. 1, controls the
speed of the engine by closing the valve k?
when the movementis too rapid. Its mannerof

operation has been hereinbefore sufficiently

described. The relief-valvef, Ifig. 13, permits
air to be drawn into the upper chambers
when the supply is cut off by the valve &7
early in the stroke, and there would be dan-
oer of a collapse or a rupture of the flexible
chambers if no air could enter. It will be
observed that in such a case the air 1s drawn

in through the regenerator, and 18 conse-
“quently warmed, thus avoiding the chilling

effect upon the extended internal surface of
the upper chambers, or at least the waste of
heat which might attend the introduction of
cold air. |

The engine may be stopped by a disen-
gagement of the hook K¢ which will permit
the immediate closing of the valve £° as al-
ready set forth, thus cutting off the supply
of air from the upper chambers.

A cord attached to the ring K may be car-
ried over pulleys to any convenient point.
During the above operations the accumulator
not only stores up at the end of each down-
stroke the air under pressure required for
the beginning of the next, butit also provides
for all minor inequalities of supply and caen-
sumption which take place while the lower
chambers aredelivering air through the valve
It&. In co-operation with the regulating de-
vice shown in Fig. 1, and also in detail, ¥Figs.
10, 11, and 12, as already described, the ac-
cumulator not only prevents its own overin-
flation, but also limits the work of the lower
chambers to that required for operative pur-
poses. -

The thermal regulator, as already described,
varies the working-pressure of the engine as
the temperature of the outer atmosphere
changes, in acsordance with the law that the
legs the range of temperature through which
the air in such an engine passes the greater
should be the volume employed and the lower
the tension to secure a given power; or, to
state the same principle in a different form,
the colder the outer atmosphere, and conse-
quently the colder the air delivered by the
Jower chambers, the greater the range Dbe-
tween that minimum and the constant max-
imum afforded by the steam in the heater
and the greater the most effective tension at
which that air can be used. -

It is obvious that the capacity of the upper
and lower chambers should be sufficient to

o

secure the rate of power of the engine under .

the most unfavorable circumstances—that 1s,
in the warmest weather. '
Itis obvious that two sets of chambers, &e.,

could be employed attached to the same

beam—one on each side of the fulerum and
post C® C+—the beam in that case being suit-
ably prolonged. As thus arranged the two
sets of apparatus would balance each other,
and the engine would be double-acting.

It will be observed that all the air supplied
to the upper chambers during an operative
stroke must pass through both the regenera-
tor, where it is partially heated, and then
through the heater, where itis brought to the

it expands under a constant pressure, so that
the volume delivered through the valve /k* is
larger than that supplied through the chan-

nel I7. -

As thus constructed and operated the en-
oine is adapted to develop power from at-
mospheric air or other convenient gas by
means of heat of a temperature such as that
of the exhaust-steam of a steam-engine or the
heat of hot water under the ordinary atmos-
pheric pressure. Itwill operate successtully
at pressures not exceeding two pounds per
square inch, and in ordinary use would sel-
dom develop a pressure three times as great.
These conditions are all very favorable to the
use of flexible cells or chambers, as shown.

It may be observed that the method of em-
ploying two sets, each embracing a series ot
shallow vessels opening and closing simul-
taneously, renders it practicable to deal with
very large volumes of air with much greater
ease than would attend the employment of
two single cells or chambers having the same
agoregate_capacity, for, while the practicable
limits to the depth and stroke of a single
chamber would soon be reached, the method
deseribed of employing separate but ¢o-oper-
ating chambers of small stroke could be car-
ried out to any desirable extent. The com-
paratively slow movement of the various
parts as secured by the same method is also
an important consideration. -

It will be observed that the various auto-
matic regulating devices areof asimple char-
acter, and that, while having no fine adjust-
ments liable to derangement, they are still
adapted under all ordinary circumstances to
bring the operation of the engine to a close
conformity with established theoretic and
practical conditions and requirements.
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I do not limit myself to the specific forms

and methods described, for-it is obvious that

my invention might be carried outin various

ways. |
The method or process of operating the ap-

125

paratus herein described I have not claimed -

‘herein, but have incorporated the method or

process and claimed itin my application filed

October 18, 1888, Serial No. 288,467, |
Having thus described the invention, what I

claim as new 18— -
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1. In an air-engine, the combination of a |

hot-air chamber and a cold-air chamber ex-
posed to the pressure of the outer air and
each having flexible walls, a regenerator, and
a heating apparatus heated by steam or hot
water for the development of power, substan-
tially as set forth.

2. In an air-engine, an operative chamber
having flexible walls and . arranged and
adapted to have a suitable heating medium
applied to warm a portion of the internal sur-

face thereof independent of the heat supplied

to the air employed therecin, substantially as
deseribed. | |

5. In an air-engine, the combination of a
series of automatically-movable plates and a
series of hot-air chambers having flexible
walls and flexible necks or outlets, said plates

being arranged and adapted by their simul-

taneous action to transmit power from said
chambers to the working parts of said engine,
substantially as and for the purposes set forth.

4. In anair-engine, an accumulator, in com-

bination with a hot-air chamber and arranged
and adapted to maintain a uniform pressure
in said hot-air chamber during the whole
time the hot air is entering therein, as set
forth. :
5. In an air-engine, an accumulator ar-
ranged and adapted to supply heated air to
the hot chamber or chambers at the begin-
ning of each inflation thercof before the cold-
air chambers commence the delivery of their
alr, substantially as desecribed.

6. In an air-engine, in combination, an ac-
cifmulator, a spring, and an intermediate cam
01 equivalent graduating apparatus, said cam
being arranged and adapted to change the
varying strain of the spring into a praectically
uniform pressure on the accumulator, as set
forth.

7. In an air-engine, in combination, an ac-
ciumulator having flexible walls and a spring
arranged and adapted to maintain a constant
strain upon the movable head of said accumu-
lator, as described.

8. In an air-engine, in combination, an ac-

cumulator having fiexible walls and a cold-
alr chamber, said accumulator being arranged
and adapted to receivecold air from the cold-
alr chamber and to supply said air under ten-
sion to the hot-air chamber, as set forth.

9. Inanair-engine, an accumulator, in com-
bination with a hot-air chamber, and adapted,
as described, to maintain a uniform tension
in sald chamber during nearly the whole of
the operative stroke of the engine, substan-
tially as set forth.

10. In an air-engine, an accumulator, in
combination with a regenerator, and adapted
to transmit air through said regenerator into
the hot-air chamber of said engine, substan-
tially as set forth.

11. In an air-engine, in combination, an ac-
cumulator, aregenerator, a heater, and means,
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as described, for supplying said accumulator
with cold air under pressure, as and for the
purposes sct forth. |

12, In an air-engine, in combination, an ac-
cumulator, a hot-air chamber, and a governor,
substantially as and for the purposes sct
forth. | |

13. Inanair-engine, the combination of hot
and cold air chambers having flexible walls
and an accumulator, substantially as set
forth.

14. In an air-engine, in combination, a cold-
air pump and an automatic regulating device
arranged to adapt the quantity of aiv deliv-
cred by said pump to that required by the
engine, substantially as set forth.

15. In an air-engine, in combination, a cold-
air chamber or pump and an automatie regu-
lating deviee adapted to regulate the amount
of air delivered by said pump by controlling
the action of the inlet-valve of the sard pump
or chamber, substantially as and for the pur-
poses set forth., - |

16. In an air-engine, in combination with a
hot-air chamber, a relief-valve opening in-

wardly and arranged and adapted to adinit
warm air to the said hot-air chamber when a

partial vacuum 1is formed therein, substan-

tially as set forth.

17. In an air-engine, the combination of hot

and cold air chambers having flexible walls,

an accumulatlor, and a thermal apparatus, the

whole constructed and operated substantially
as and for the purposes set forth.

18. In an air-engine,in combination, a ther-

mal apparatus, an accumulator, and a hot-air
“chamber or chambers, said thermal apparatus

being arranged and adapted to control the
tension of the air employed in said hot-air
chamber or chambers by the action of the
temperature of the external atmosphere, as
set forth. |

19. In an air-engine, a thermal apparatus
actuatea by the temperature of the external
atmosphere, and a hot-air chamber or cham-
bers, said thermal apparatus being adapted
and arranged, as described, to cause an 1n-

crease of the pressure of the air supplied to

said hot-air chamber or chambers by the de-
crease of the temperature of said atmosphere,
substantially as set forth.

20. In an air-engine, in combination with a
hot-air chamber or chambers thercof, a ther-
mal apparatus actuated by the temperature
of the external atmosphere, and arranged and
adapted, as described, to cause a decrease in
the pressure of the air supplied to the hot-air
chamber or chambers by the increase of the

temperature of the atmosphere, substantially

as set forth.

21. In an air-engine, the combination of a
series of parallel movable plates connected
by suitable rods or bars, a corresponding se-
ries of fixed parallel plates, and a series of
cells or chambers having flexible walls inter-
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posed between said series of plates for receiv-
ing heated air under pressure, substantially

as described, and for the purposes set forth.

22. In an air-engine, the combination ot a
series of parallel movable plates, a correspond-
ing series of fixed plates, said fixed and mov-
able plates being also adjustable in their re-
lation to each other, and a series of cells or
chambers interposed between said series of
plates and having flexible walls for receiving
cold air, substantially as and for the purposes
set forth.

23. In an air-engine, the combination of the
fixed plates I and F’, movable plates G and
¢/, chambers H and H’, heater J, and regen-

erator J’, constructed and operated substan-

tially as described.
24. In an air-engine employing the heat of

hot water or steam, the combination of a hot- |

air chamber, & cold-air chamber, each having

flexible walls and exposed to the pressure of

the outer atmosphere, and a valve adapted to
cat off communication between said cham-

bers, substantially as and for the purposes set

forth.

95. In an air-engine employing the heat of
steam or hot water, the combination of a se-

7

ries of hot-air chambers, a series of cold-air

chambers, each having flexible walls and each
exposed to the pressure of the outer air, a
corresponding series of fixed and movable
plates, a heater, and a regenerator, substan-

tially as described, and for the purposes set

forth.
26. In an air-engine employing the heat of

steam or hot water, the combination of a se-
ries of hot-air chambers, a series of cold-air

chambers, each having flexible walls, fixed
and movable plates, as described, and a valve
adapted to automatically cut off the supply
of air under pressure from the hot-air cham-
bers before their inflation is eomplete, sub-
stantially as described.

In testimony that I claim the foregoing I
have hereunto set my hand this 17th day ot
May, 1838. |
JAMES S. BALDWIN.
Witnesses:

O. DRAKE,
E. L. SHERMAN.
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