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UNITED STATES PATENT OFFICE.

SEVERINUS J. CORRIGAN, OF ST. PAUL,

MINNESOTA.

AERO-STEAM ENGINE.

SPECIFICATION formmg part of Letters Pa,tent No, 708,02, dated September 2, 1902.
Apn]ma.tmn filed September 3; 1901, Serial No, 74, 055. (No model.}

To all whom it Ml CONCEri:

Be it known that I, SEVERINUS J. CORRI-
GAN, a citizen of the Umted States; residing
at St. Paul, in the county of Ramsey and State
of Minnesota, have invented certain new and
useful Improvementsin Aero-Steam Engines,
of which the following is a specifieation.

My invention relates to improvements in
aero-steam engines, consisting of an engine
in which the main working fluid consists of

heated air supplied from an air chamber and

reservoir and regulated by suitable valve
mechanism and: an independent eyele in
which steam is prefembb the working fluid,
designed for giving initial momentum to the
fly- wheel and of initially compressing there-
by air into the chamber and reservoir, which

initially-compressed air 1s utilized in the be- ,
ginning of the air-engine cycle.

The air
compressed in the ehamber and reservoir is
preferably heated by means of gaseous prod-
ucts of combustion and then allowed to ex-
pand in the main ¢ylinder to actuate the con-
tained piston. |

The construction and auanﬂ’ement of my

invention are particularly shown and de-

scribed in the acecompanying dmwmﬂs and
specification, In which—

Figure 1is a side elevation of my improved
engine. Fig. 2 is an end elevation. . Fig. 3
is a plan view,
through the cylinder and valves.
an elevation of the same. FIig. 6 is an ele-
vation of the steam-valve chests and valve-

operating mechanism, certain portions being

broken away, so as to show the contained
parts. Kig.
valve chests. Fig. 818 a detail of a valve
used in my engine.

vations of the governor. Fig. 11 isadiagram

of the electrleal connections of the govern-

ing mechanism. Figs.- 12 to 16, mcluswe are
detdlls of the governing mechambm
1s a lmrlzontal lonn'1tudmal_rsect10n of an air
reservoir or receiver used with my engine.
Fig. 18 is a vertical section of an air- ehamber
Fw' 19 is a detail of a modified form of steam-
valve Figs. 20 to 24 are diagrams showing
relative positions of ports in smd valve a,ud
its seat or casing at various periods in its
operation.
Figs. 26 to 29, ineclu-

sald valve and casing.

~ Flig. 4is a vertical section-
Fig. 5 1s

7 is a similar view of the air-

Figs. 9 and 10 are ele-

Flg 17

Fig. 25 is a transverse section of

- air-valve taken at the same intervals.

I ‘
r

| chest 11, the walls of which are preferably an

chest 11 is an exhaust-steam chamber 16
having in its side an opening 17, connecting
‘with an exhaust-pipe 13.

sive, are diagrams 1llust[a,tmg various rela-
tive positions of ports in the main and cut-
off steam-valves shown in Fig. 6. Figs. 30
to 37 are sections of the main air-valve taken
at certain intervals or periods of its opera-
tion. FKigs. 38 to 45, inclusive, are similar
sections of the air-release valve taken at the
same intervals or periods. Figs. 46 to 53, in-
clusive, are similar sections of the auxiliary
Fig.
54 is a detail of a part of the steams- valve—

governing mechanism; and Figs. 55 to 62, in-
ClUSlVP are graphical lespresentatlons of the

action takmtr nlace in the engine-cylinder
during its operatwn as an air-engine.

In the drawings, A isaframe mounted upon

the base B and supporting a e}hnder C and
platform D. - Within the eyllnder Cis a pis-

ton 2, of ordinary construction, connected by

meanq of the piston-rod 3, cwss—head 4, con-
necting-rod 5, and crank 6 to a shatt 7, these
parts opelatmn" in the same manner as like
partsin an ordinary steam-engine. Theshaft
7 is carried in the main bearings 3 and out-
board bearing 9 and has mounted upon 1t a
fly-wheel 10, of ordinary construction.

Upon one side of the cylinder C is a steam-

mtemal part of the eylinder-casting, the in-

-temor of said steam-chest being connected

with the interior of the eylinder C by the
portsor passages 12. (Shown in Figs.4and6.)
In one end of the steam-chest 11 is a cham-
ber 13, into which steam may be led from a
boiler (nob shown in the drawings) through
a pipe 14 and opening 15 in the side of said
chamber. At the other end of the steam-

55
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Between thecham- -

bers 13 and 16 are two. honzontal cyhndmcalf |

valve-chambers 19, having their axes parallel
to eachother and to the axis of the main shaft

7, each of said chambers having in its side

anopening 20, connecting withits correspond-
ing port or passage 12.
are preferably fitted with linings or bushings
21, which may be taken out when worn and
1eplaced by new ones. The ends of the

: Stealn chests 11 are closed by heads or flanges

22 and 23, secured to the mailn eastmg by
means of bolts 24,

| These chambers 19
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Concentrically arranged within each of the | the gears 53, of equal diameter, mounted

chambers 19 and extending through the
heads 22 and 23 is a rotatable shaft 25, upon
whichare mounted ahollow eylindrical steam-
valve 26 and a similar exhaust-valve 27,
closely fitting in the bushing 21, and closed

at their adjoining ends by webs or partitions

28 and 29, respectively, and open at their
outer ends to the chambers13and 16, respec-
tively. The valve 26 has at its outer end a
flange 30, bearing against the end of the bush-
ing 21 for the purpose of preventing endwise
movement of said valve.

In the side of the steam-valve 26isanopen-

ing 31, preferably of rectangular form, which
at certain periods of the revolution of said
valve registers with a similar opening 32 in

the bushing 21, communicating with the pas-

sage 12, thus permitting the flow of steam
from the chamber 13 to the interior of the
cylinder C. The exhaust-valve 27 has in its
side a similar opening 33, which at certain
periods of its revolution registers with an
opening 34 in the bushing 21, permitting the
flow of exhaust-steam from the eylinder C

through the chamber 16 and port 17 to the

outside atmosphere.

In order to regulate the amount of steam
to be admitted to the cylinder, I provide with-
in the valve 26 a similar valve 35, somewhat
shorter than the valve 26 and having in its
side an opening 36, which normally registers
with the opening 31 in valve 26, but is of
difierent form, preferably trapezoidal. The
valve 35 is open at both endsand is mounted
by means of a spider 37 on a hollow shaft or
sleeve 38, enveloping a portion of the shaft
29 and capable of being rotated and moved
lengthwise thereon, The sleeve 33 extends
through a stuffing-box 89 in the head 22 and
terminates in a drum 40. (Shown in detail
in Figs. 13 and 15.) The shaft 25 extends
through and beyond the drum 40 and has
slidably mounted upon its outer end a collar

41, which is prevented from turning on said

shaft by a feather 42. Upon the outer end
of the drum 40 is a cylindrical projection 43,
loosely fitting in a corresponding socket 44 in
the inner end of the collar 41 and grooved
circumferentially to receive the ends of
screws 45 in the collar 41, thus preventing
thedrum 40 and collar 41 from moving length-
wise relative to each other. TUpon one side

of the drum 40, near its outer end, is the lug

46, and directly opposite thereto is a lug 47,
forming a partof the collar 41 and connected
to the lug 46 by means of a helical spring 48,
which may be adjusted by means of a screw
49 through the lug 47.

The above-mentioned parts are in dupli-
cate, as shown,

In order to rotate the shaft 25 and the parts

~mounted thereon, I provide on the main shaft

7asprocket-wheel 50, which drives, by means

of a chain 51, a sprocket-wheel 52, mounted :

upon the outer end of one of the shafts 25,

which drives the other shaft 25 by means of |

upon the shafts 295.
and 52 are likewise of equal diameter, and
consequently the shafts 25 will rotate syn-
chronously with the main shaft 7.

It will be seen that the cut-off valve 35 will

normally rotate with the main steam-valve 26,
since the sleeve 38, upon which the valve 35
1s mounted, is connected by means of lugs
46 and 47 and the spring 48 to .the collar 41,
which must revolve with the shaft 25, as de-
scribed. The collars 41 are circumferen-
tially grooved toreceive the ends 54 of a yoke
55, (shown in detail in Fig. 16,) which yoke
18 securely mounted upon one end of a

screw 956, the axis of which is parallel to and

equally distant between the axes of the shafts
25. Said screw 66 is earried by bearings 57,
through which it is free to move longitudi-
nally, but is prevented from turning therein

The sprocket-wheels 50

no

75

80

by afeather58, secured inone of said bearings.

The bearings 57 are mounted upon a stand
0%, which is supported upon the platform D.
Upon the screw 56 and between the bearings
o7 18 a gear 60, internally threaded to fit the
screw o6, 8o that rotation of said gear in
either direction will cause a corresponding
longitudinal movement of the serew 56, and
consequently of the cut-off valves 35. The
gear 60 engages with a pinion 61, mounted
upon the shaft of an electric motor 62, (shown
in Iigs. 2 and 3,) said motor being supported

on the stand 59.

Mounted upon a stand 63 is a brake 64, act-
ing against the peripheries of the drums 40.
The shoes 65 of the brake 64 are brought into
contact with the drums 40 by means of a tog-
gle-joint 66 and the connecting-rod 67, piv-
otally connected thereto and to the armature
63 of an electromagnet 69. (See Fig. 12.)

In order to control the action of the motor
62 and brake 64, I provide a governor 70.
(Shown in detail in Figs. 9and 10.) The gov-
ernor cousists of the following - deseribed
parts: Mounted upon the platform D is a
stand 71, carrying a rotatable vertical shaft

72, on the upper end of which are lugs 73, to

which are pivotally connected arms 74, car-
rying upon their outer ends weights 75. The
arms /4 are connected, by means of rods 76,
to a sleeve 77 on the shaft 72. The shaft 72
1s capable of being rotated in a bearing 78 and
1s driven by a bevel-gear 79, engaging with a
similar gear 80, mounted upon a horizontal
shaft carried by the bearing 81 and having at
1tsouter end a pulley 82, which is connected by
a belt 83 to a pulley 84 on the main shaft 7.
In so far as described the governor is iden-
tical in construction with the ordinary fly-ball
gOovernor.

Pivotally mounted on the frame 71 of the
governor 70 18 an arm 85, capable of move-
ment in a vertical plane about its fulerum,
one end of which arm rests loosely in a cir-
cumferential groove 86 in the sleeve 77 and
carrying on its side near the other end two
electrical contact strips or brushes 87 and 88,

Q0

95

1 QO

105
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- to the contact-brush 87.
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terminal of the electromagnet 69
terminal of said magnet bemﬁ' connected byr
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which are insulated from the arm 35 and from | cured to the main casting by bolts 129.

each other. Arranged upon a plate or slab
89 of suitable msulatmg material,which plate
is mounted upon the frame71 of the aovernor,

are three metallic contact-blocks 90, 91, and

92, so disposed that by an upward movement
of the outer end of the arm 85 from the posi-

tion shown in the drawings the brush 87 is

brought into contact with bhe block 90, while
a downward movement will bring the brush

87intocontact with the block 91, and a further
downward movement will bring the brush 38 |

into contact with the block 92.

The electrical connections of the governing
mechanism, as shown diagrammatically in -

Fig. 11, are as follows: 93, 94, and 95 are ter-
minals of a three-wire electric-lighting sys-

tem or other source of electrical energy, the.
terminals 93 and 95 being of opposite polar-
ityand the terminal 94 opposed to both 93 and.

95-—1. e., positive with respect toone and nega-
tive with respect to the other.
is connected, by means of conductors 96 and
97, tothe contact-block 90 and brush 88. Ter-
minal 94 is connected by a conductor 938 to

one brush of the motor 62, the other brush of

the motor being connected by a conductor 99

nected by econductors 100 and 101 to contact-
block 91 and by conductors 100 and 102 to one

, the other

- a conductor 103 %o the block 92

35

112,

40

45

On the side of the eylinder C. opposite to
the steam-chest 11 is a similar chest 111, the
interior of which communicates with:the in-
terior of the cylinder C by means of passages
At one end of the chest 111 are two
compartments 113, which communicate by
the openings 114 with the air-chambers 115,
as shown in Fig. 18, said air-chambers hav-

ing no communication with each other, these
chambers consisting of two separate com-
partments, one of which is connected with
one end of the ecylinder and the other with.
the other end thereof through interposed.
- About the middle of the chest 111

valves. _
is a chamber 116, communicating by means
of the opening 117 and the valve 118 with an
outlet-pipe 119. At the other end of the chest

111 is a chamber 120, commumcatmg, by
, and.

means of an.opening 121 the valve 122

.. pipe 123,with a complessed -alr reselvmr 124.

55

.. allel to the axis of the main shaft 7 , each ot
said chambers having in its side an. opening

6o

Arranged within the chest 111 and extending

from chambers 113 through the chamber 116-

to chamber 120 are two horizontal eylindrical
valve-chambers 125, having their axes par-

126, communicating with 1ts corresponding
passage 112. These chambers 125 are pref-

erably fitted with linings or bushings 110,

. similar to the bushings 21:in steam-chest 11,

both of these-bushings having openings in.

their sides communicating with the chamber
116.

Terminal 93:| being c¢losed by a partition 133.

valves and shaft 130.
Terminal 95 is con--

‘The ends of the chest 111 are closed by

S

Con-

‘sidering for purposes ot descrlptlon only the

upper of the chambers 125 and its contained
parts, the lower one being an exact duplicate
of the same, the arranﬂ'ement of - the valves
is as follows Coneentrlcally arranged with-

in the chamber 125 and extending through

75
one end of which is earried by a bearing 131

the heads 127 and 128 is a rotatable shaft 130

and the other end through a stuffing-box 132
in the head 127. Mounted upon the shaft

e

130 is a cylindrieal valve 133, one end of

which opens into the chamber 113, the other

end being closed by a web or partition 134.
Adjacent to the valve 133 is a similar eylin-
drical valve 135, one end of which opens into
the chamber 116, the other end being closed
by.a partition 136. DBetween the chambers
116 and 120 is mounted. on the shaft 130 &
third eylindrieal valve 137, one end of which
opens into the chamber 120, the other end
The valves
133 and 137 have formed upon their outer
ends flanges 139 and 140, respectively, which
bear against the ends of the lining 110 in or-
der to prevent longifudinal motion of the
The valve 133 has in
its side an opening 141, which at certain

periods of the rotation of the valve regis-

ters with an opening 142 in the bushing 110,

30

Q0

05

thus establishing communication between the

chambers 113 and . cylinder C.
of the valve 135 are two openings 143 and
144, - the same being shown 1n -Figs. 38 :to
49, IDCthIVB Whloh at different periods of

the_ rotation of the valve register with an
opening 145 in the lining 110, thus establish-
ing communication between the cylinder C -

and the outlet-pipe 119. In the side of the
valve 137 is an opening 146, (shown in Figs. 46
to 53, inclusive,) which at a certain period in
the rotation of the valve registers with an
opening 147 in the lining 110, thus establish-

ing communication between the cylinder C
In order to rotate

and the air-reservoir 124. .

In the side-

100

105

" IIO

the shaft 130, I provide on the main shaft 7a |

sprocket- _wheel 148, which drives, by means of
a chain 149, a sprocket -wheel laO mounted’

upon one of the shafts 130, which drwes the

other of the shafts 130 by means of the gears

II5

151,0f equaldiameter, mounted upon the shaft :

180, " The sprocket-wheel 140 has twice-as
many teeth as the sprocket-wheel 148, and
therefore the. shafts 130 make but one revo-

lution, while the'main shaft7 makes two revo- |

11113101:15 | -
In order to maintain the deswed pressurein

the compressed-air reservoir 124, I provide an -
~air-compressor 152, which 18 drwen from the
‘main shaft 7 of the engine .by means of the

120

125

pulley 153 on the shaft 7, a belt 154, and a--

pulley 155 on the shaft of. the compressor 162,

‘the eylinder 156 of the compressor 152 bemw
‘connected by pipes 157 and 158 with the res-
In one end of the reservoir 124 I

ervoir 124,

130

provide a safety-valve 159 in order to prevent -

heads or-flanges 127 and 128, which are se- | the pressure within the reservoir exceeding
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the desired limit. Within the reservoir 194 I
provide a pipe 160 of the form shown, said
pipe not being open to the interior of the res-
ervoir, but terminating externally to the res-
ervoir in the pipes 161 and 162. In the air-
chambers 1151 provide similar pipes 163, pref-
erably coiled in helical form and connected
with the external pipes 164 and 165. The ob-
ject of these pipes 160 and 163 is to provide
for heating the air contained in the reservoir
124 and chamber 125, respectively, by forcing

heated air or gases through said pipes, using |

any suitable means, such as a fan, for pro-
ducing circulation of such gases through
these pipes. In order to restrict the conduc-
tion of heat through the walls of the reservoir
124, 1 provide a lining 166 of some substance,
such as magnesia or mineral wool, which isa
poor conductor of heat, and to restrict the
radiation of heat from these walls their outer
surfaces are preferably highly polished. TFor
a like reason I provide for the walls of air-
chambers 115 a similar lining 167 and polish
the exterior of said walls. It will be seen
that by varying the thickness of these non-
conducting linings 166 and 167 I can fix the
loss of heat by conduction through the walls
of the reservoir 124 and air-chambers 115 at
a predetermined amount.

As it is not intended that the engine shall
be operated by steam and air at the same
time, I provide the following means for in-
stantaneously closing the communication be-
tween the cylinder C and the steam-chest 11

and at the same time opening communication

between the cylinder C and the air-valve
chest 111, or vice versa. In each of the pas-
sages 12 and 112 I provide a stop-valve 168
of the form shown in Fig. 8 and shown in sec-
tion in Fig. 4. These valves fit in hollow cy-
lindrical casings 169, which preferably form
an integral part of the main cylinder-casting
and which are closed at their ends by heads
170 and 171, which are bolted to the casing
169. Kach of the valves 168 has projecting
centrally from one end a short shaft or trun-
nion 172, which is free to rotate in a bearing
173 in the head 170. The other end of the
valveis provided with a similar though longer
shaft 174, extending through a stuffing-box
175 on the head 171 and carrying at its outer
end a crank 176, To the outer ends of the
cranks 176 are pivotally connected rods 177
of equal length, said rods being connected at
their other ends to pins 178, set in a ““bell-

crank” 179, the fulerum of which is equidis-.

tant from the axes of all the shafts 174 and
which is attached to a hand-wheel 180, form-
ing practically a part thereof, said hand-
wheel and bell-erank being rotatably mount-
ed upon a stud 181, projecting from a boss 1382
on the main eylinder-casting, as shown in Fig.
3. As shown in Figs. 4 and 5, the positions
of the valves 168 are such that the passages 12
between the cylinder C and steam-chest 11
are open and the passages 112 betwecn the

cylinder C and air-valve chest 111 are closed. |

708,027

| It will be seen that if the hand-wheel 180 is
turned over to the left ninety degrees the

passages 12 will be closed and the passages
112 will be opened, thus causing the engine
to be operated by air instead of steam.

In order to regulate the speed of my engine
while it is being operated as an air-engine, I
provide the butterfly-valves 118 and 122 in
the pipes 119 and 123, respectively, as here-
inbefore described, said valves being operated
by a common stem or shaft 191, the other end
of which is supported by the bearing 192 in

the frame 71 of the governor and has secured

toit a ecrank 183, which is connected by a rod
184 to the arm 85 of the governor, so that the
downward movement of the arm 85 due to an
acceleration in the speed of the governor will
close or partly close the valves 118 and 122,
thus preventing free exhaust and likewise
free admission of compressed air from the
reservoir 124 to the cylinder C, and conse-
quently reducing the speed of the engine.
Counversely, a reduction in the speed of the
engine from the normal will, by means of the
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governor and its connections with the valves -

113 and 122, cause these valves to be opened,
thus increasing the speed of the engine.
1'he operation of my engine is as follows:
The passages 12 being open and the passages
112 being closed, steam is admitted from a
boiler (not shown in the drawings) through
the pipe 14 to the chamber 13 and valves 26
and 35, the openings 31, 32, and 36 to the pas-
sage 12, thence to the interior of the cylinder
C, causing the piston to be driven downward
or upward, as the case may be. At or near
the end of the downward stroke of the piston
the upper valves 26 and 35 will have revolved
sufficiently to close their ports, and the lower
set of valves will then open, admitting the
steam below the piston, driving it upward,

this operation being practically the same as

that of an ordinary steam-engine. If after

the engine has attained its normal speed it

should tend to further increase in speed, the
welghts 75 of the governor 70, thrown outsward
and upward by centrifugal force, will cause
the sleeve 77 to rise, thereby depressing the
outer end of the arm 85, making contact be-
tween the brush 87 and the block 91, thus
closing the armature-circuit of the motor 62,
causing the armature, and consequently the
pinion 61 and gear 60, to revolve, the con-
nections of the motor having been previously
made so that such revolutions will be in the
direction to cause the serew 56 to be moved
inwardly—i, e., toward the steam-chest 11—
causing longitudinal movement of the valves
50. As a result of this movement the open-
Ing 56 in the valve 35 will no longer register
with the opening 31 in valve 26, their rela-
tive positions at different stages of such
movements being shown in IFigs, 26, 27, and
25. Referringtosaid figures, the area bound-

ed by the full lines represents the opening
o6 1n the valve 35 and that bounded by
broken lines represents the opening 31 in the
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valve 26; the shaded area -répresenﬁng the |

resultant opening through which steam is
permitted to pass. Iig.26 shows the normal

‘relative position of thetwo openings, as shown

in Fig. 6. Figs. 27 and 28 show successive
positions in which the effective port-opening
is eonsiderably reduced, and in case of Fig.
28 the cut-off will oceurearlier. If the speed
of the engine should then continue to in-
crease, the brush 88 will be brought into con-
tact with the block 92, thus closing the cir-
cult of the electromagnet (9, operating the
brake 64. The action of the brake 64 will be

to retard the rotation of the drums 40, and

consequently of the cut-off valves 335, such:
retardation bringing the opening 36 out of.

coincidence with the opening 31 and, as dia-
grammatically shown in Fig. 29, which shows
the openings 31 and 36, in such position that
the port is entirely elosed and no steam can
be admitted to the cylinder. In case the

speed should fall below the normal the

weights 75 by falling downward and inwardly
Will' allow the sleeve 77 to fall, thus raising

‘the upper end of the arm 85 and bringing the |
“brush 37 in contact with the block 90, thus-

closing ‘the circuit through the armature of
the motor 62, causing the current to flow in
the opposite direction to that previously ob-
taining. As a result the screw 56 and con-
nected pa,lts will move outwardly, moving

~'the opening 36 back into coincidence with the

35

opening 31 as far as may be necessary to
bring the engine up to speed. It will be seen
tha,t as soon as the outer end of the arm 35
begins to rise from its lowest position the

| contact between the brush 88 and block 92

40

535

valve 26.

will be broken, so that the magnet 69, and
consequently the brake 64, will be no_longer

operative, and the action of the springs 48

will cause the eut-off valve 35 to resume 1its
normal angular position relative to the

In Fig. 19 I have shown a modification of
my Stea,m valve in which only one valve is
used instead of the two valves 26 and 35. Re-
ferring to Fig. 19, within the bushing 21 is a

hollow eylindrieal valve 185, mounted upon

the sleeve 381n the same manneras the valves
35. (Shown in Fig. 6.) In using this form
of valve I make the opening 32% in the bush-
ing 21 preferably of trapezoidal form,asshown

by the broken lines in Fig. 20, and the open-

ing 186 in the valve of triangular form and
arranged as shown in Fig. 19. Figs. 20to 24
are diagrammatice 1llustrations of different
relative positions of the openings 32* and 186,

- the opening 32* being shown by broken lines

60

shows the valve about to open.

and the opening 186 by full lines. Fig. 20
Ifig. 21 shows
itstillfartheradvanced, butstillfully opened,
and Fig. 23 shows it just closing. In Fig. 24

‘the angular position is thesame as in Fig. 21;
but the valve 185 has been moved lengthwise
by the governor mechanism a distance equal
to the width of the opening 322, thus decreas-
ing the effective opening of the port and also

‘this stroke.

=l

causmﬂ' the valve to cut off somew hat soonel
than 113 would in case of Fig. 21.

on line x x of Fig. 19 is shown in Fig. 25.

When it-is desu'ed to operate my engine by

air, I first start it as a steam-engine and a,l-

_low_it to operate as such until it has reached

normal speed and has driven the air-com-
pressor 152 for a su_fﬁeient time to compress

alr in the reservoir 124 to the desired pres-

sure. Ithen close the steam-passages 12 and
open the air-passages 112 by means of the
valves 168, as already described, when the
engine wﬂl commence to Opemte as an air-
engine.
place in the upper part of the cylinder C—
that is, above the piston 2—the c¢ycle of op-

eration is practically as follows: At the be-

ginning of a downward stroke of the piston,
which may be called the ‘‘first forward

‘stroke,” the valves 133, 135, and 137 are in the

posmon shown in FIE"S 30, 58 and 46, respec-

tively, the direction of the rotation of these

valves being indicated by the arrows in these
figures. - It will be seen that the main air-
valve isabout to open at the beginning of the

stroke, the release-valve 135 having closed
immediately before the beginning of this’

stroke. Figs. 31, 39, and 47 show the posi-
tion of 1hese malves at about the middle of

upward stroke, Figs. 33, 41, and 49 at the
middle of said stroke.
correspond to the befrmmnfr of the second
downward or forw&rd stroke, Figs. 35, 43,
and 51 to the middle of said stroke, Fws 36
44, and 52 to the beginning of the Secoud re-
turn stroke, and I‘lfrs 37, 45 and 53 to the mid-
dle of said return stloke As hereinbefore
stated, these valves make one revolution dur-

ing two revolutions of the main shaft of the

engine, and thus a complete cycle of opela-

{ tions includes two revolutions of the engine.

It will be seen that during the first forward
stroke the eylinder isopen through the valve
133 to theair-chambers113 and 115, the valves

135 and 137 being closed. As will be seen -
‘IIf

from Iig. 40, the small opening 144 in the
release - valve 135 opens at the beginning
of the first return stroke and remains open

until about the mlddle of said stroke, while

the main valve 133 is opened th1oufrhout,
the entire stroke, closing at the beginning
of the second forward stroke. Aswill be seen

5

A sectlon-

Figs. 32, 40, and 48 show the po-
sitions at the beginning of the first return or

Figs. 34, 42, and 50
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Considering only the action taking
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from Figs. 34 to 87, inclusive, the valve 133

remains elc-sed thr'ou*:rhou‘r the second for-
ward and return stlokes
valve 135 isclosed during ‘rhe second forward
stroke and open durmg the second return
stroke. The auxiliary valve 137 is open for

only a short period at the beginning of the.

second forward stroke. During the first for-
ward stroke the air contained in the chamber

115 and there heated by means already de-

scribed will be admitted to the cyvlinder C
to allow it to expand throughout the entire

.stroke, as shown in the diagram Fig. 55,

while the release--
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which is drawn to represent an indicator- | the eycle may be considered as the beginning

card taken from the upper end of the eylin-
der and in which a o' represent the atmos-

heric line, 0 o' the vacuum-line, a ¢ the vol- |
) |

ume of air-chamber 115, ¢ d the clearance
volume of the cylinder-ports, and d a' the
cylinder volume. ¢ 0 will then represent the

pressure in the air-chamber 115 immediately |
before the opening of the valve 133. When

this valve opens, the pressure of the cylin-
der at once rises, as shown by the heavy line
d e, to that in the air-chamber, and as the
piston advances the air expands adiabatic-
ally along the curve e ¢, doing effective work
on the piston. In the figure the expansion

curve terminates at atmospheric pressure;

but the engine may be so designed and parts
so adjusted that this curve would fall below
atmospheric pressure at or about the end of

the stroke.  In Fig. 57 is shown the action in
‘the upper end of the cylinder during the
first return stroke. It will be seen thatsince

the exhaust-valve 135 opens at or about the
beginning of this stroke and closes at or
about the middle of the stroke atmospheric
pressure will obtain during the first half of
the stroke, while during the last half the air
remalining in the cylinder and air-chamber

115 will be compressed into the air-ehamber |

and the clearance-space. At the end of this
stroke the main air-valve 133 closes and re-
mains closed during the next two strokes,
thereby confining the air compressed into the
chamber, which is there heated by the means

already described and the pressure thereby

materially increased. At the beginning of
the second forward stroke the auxiliary air-
valve 137 opens and remains open during a

small portion of the stroke, other communi-

cations with the cylinder being closed. Com-
pressed air is thus admitted from the reser-
voir 124 to the cylinder. This air, together
with that compressed by the piston in the

clearance-space during the preceding stroke,

will then expand, as indicated by the curve

J/ a’, Fig. 59, to or below atmospheric pres-

sure. During the second return stroke, the
exhaust - valve 135 being open and other
valves closed, the pressure in the upper end
of the cylinder will be that of the atmos-
phere, as illustrated in Fig. 64. Opposite
each one of the Figs. 55, 57, 59, and 61 are
shown the corresponding diagrams for the

other end of the cylinder, Figs. 56, 58, 60,

and 62. It will beseen thatthe stroke which
in the upper part of the cylinder is the first
forward is the second return or exhaust in
the lower part. The first return in the up-
per end is the first forward in the lower end,
the second forward in the upper is the first
return in the lower, and the exhaust in the
upper is the second forward in the lower end.
It will be obvious that it is not necessary
that the first stroke of the engine when start-
Ing should be what I have here designated as

the*‘first forward stroke;” but any portion of |

thereof. | |

In order to facilitate the operation of the
engineduring the first forward stroke on each
side of the piston at the beginning of the ini-
tial air-cycle—that is, when changing from
steam to air as a working fluid—I provide the

small pipe 193, leading from the air-reservoir

124 and provided with branches 194 and 195,
opening into the air-chambers 115, these
branches being provided with stop-valves 196
and 197.
can be filled with compressed air while the
engine is being operated by steamn. When
the air-chambers 115 are so filled and before
changing from steam to air as a working fluid,
the valves 196 and 197 will be closed, prevent-
ing any further communication between the
reservoir 124 and air-chambers 115. The ratio

of expansion of air from the air-chambers 115

into the cylinder C during each forward
stroke is greater than the ratio of compres-
sion of said airintosaid chambers 115 during
the latter part of each first return stroke, and
theratio of expansion of the air from the res-
ervolr 124 into the cylinder C during the sec-
ond forward stroke is greater than the ratio
of compression of said air into said reservoir
124 by the compressor 152, the total energy
developed by the expansion being greater
than the total energy consumed in compres-
sion, the surplus energy being available for
external work, thus utilizing the heat sup-
plied to the working fluid (air) by means of
the heated gases circulating through the pipes
160 and 163 in the reservoir 124 and air-cham-
bers 115. |

I claim—

1. The combination in an engine in which
fourstrokes of the piston and two revolutions
of the crank-shaft are comprised in a work-
ing cycle, of a cylinder, a piston contained
therein,a connected crank-shaft,an air-cham-
ber, heating means therefor, and valves in-
terposed between said air-chamber and pis-
ton-cylindersaid parts being so arranged and
connected that air is compressed by the pis-
ton from atmospheric pressure and tempera-
ture into said air-chamber and the clearance-
space of the cylinder, during the latter half
of the second stroke of the eycle, retained in
said chamber and heated therein during the
third and fourth strokes of the cycle, and ex-
panded from said chamber into the cylinder
during the first stroke of the following cycle.

2. The combination in an engine in which

By thismeans the air-chambers 115
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fourstrokes of the piston and two revolutions

of the crank-shaft are comprised in a work-
ing cycle, of a cylinder, a piston contained
therein,a connected ecrank-shaft,an air-cham-
ber, heating meauns therefor, and valves in-
terposed between said air-chamber and pis-
ton-cylinder said parts being so arranged and
connected that air is compressed by the pis-
ton from atmospheric pressure and tempera-
ture into said air-chamber and the clearance-
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space of:-the cylinder during. the latter half
of the second stroke of the eycle, retained In
said chamber and heated therein during the
third and fourth strokes of the cycle, and ex-
panded from said chamber into the cylinder
during the first stroke of the following cycle,

and means for giving mltlal mov emenh to Lhe'

piston.
3. The (,ombmd,tlon in an engine in which

four strokesof the piston and two revolutions
of the crank-shaft are comprised in a work-
ing cycle, of a cylinder, a piston contained

therein, aconnected crank-shaft,an air-cham-

ber, heating means therefor, and valves in-

terposed between said air-chamber and pis-

ton-cylinder, said partsbeingsoarranged and

connected that air is compressed by the pis-
ton from atmospheric pressure and tempera-
ture, into said chamber and the clearance-
space of the cylinder, during the latter half
of the second stroke of the c¢yele, retained in

said chamber and heated therein during the
‘third and fourth strokes of the cycle, and ex-
panded from said chamber into the cylinder

during the first stroke of the following cycle,
and means for givinginitial movement tosaid
piston.

4. The combmatlon in an engine in which
fourstrokes of the piston and two revolutions
of the crank-shaft are comprised in a work-

ing cycle, of a cylinder, a piston contained

therein, a connected crank-shaft,anair-cham-
ber divided into two compartments, heating
means therefor, and valves interposed be-
tween said air-chamber compartments and
piston-cylinder said parts being so arranged
and connected that air is compressed by the
piston from atmospheric pressure and tem-
peratureintosaid chamber and the clearance-
space of the eylinder, during the latter half
of the second stroke of the cyele, retained in
said chamber and heated therein during the

third and fourth strokes of the cycle, and ex-

panded from said chamber into the cylinder
during the first stroke of the following cycle,
and means for causing initial compression of

“alr 1n the air-chamber and clearance, sub-
stantially as set forth and described.

5. The combination in an engine in which
four strokes of the piston and two revolutions
of the crank-shaft are comprised 1n a work-
ing cycle, of a eylinder and piston contained

therein, a connected erank-shaft, an air-cham-

ber divided into two compartments, heating

means therefor, and valves interposed be-

tween said compartments and piston-cylin-

der, said parts being so constructed and ar-
ranged that air is adiabatically compressed

by the piston into the clearance-space of the
cylinder during the second stroke of the cy-
cle, and expanded into the ecylinder during
the third stroke of the cycle, thereby doing

positive work against the piston during the
said stroke, the ratio of expansion during said-

stroke of the eyele being greater than the ra-
tio of compression of the air .in the second-

-of the air expanding in the third stroke 1is

oreater than the energy consumed in com-
pressing said air in the second stroke, and
means for imparting an initial momentum to

'said piston, thereby compressing air into said
clearance during the second stroke of the ini-

7

tial cycle, substanblally as set forth and de-

serlbed |
The combmat*'on in an engine in which

_four strokes of the piston and two revolutions
of the crank-shaft are comprised in a work- |

ing cycle, of a cylinder, a piston contained
therein, a connected crank-shaft,an air-cham-
berdivided into twocompartments, means for
heating the contents of said chamber, an air-
reservoir, means for heating .the contents
thereof, means for compressing air in said
reservoir, valves arranged between said air-

‘chamber compartments and reservoir and

said cylinder, whereby the air is admitied

-from said reservoir to the cylinder during a

75

30

short part of the beginning of the third stroke

and expanded therein against the piston do-
ing positive work duaring said stroke, the ra-

tio of compression of said air into the reser-
voir being less than the ratio of expansion of

said airin the cylinderduring the third stroke
of the c¢ycle, whereby the energy derived from
the expansion of said air during the said
stroke of the cycle is greater than the energy
consumed in compressing said air into said
reservoir, means for initially compressing the
air in said reservoir, and means for imparting
initial movement to the operating parts of the
engine, -

7. The combination in an engine in which
fourstrokes of the piston and bwo revolutions
of the ecrank-shaft are comprised in a work-
ing cycle, of a eylinder, a piston contained
therein, a connected ‘erank - shaft, an air-
ehambel comprising two mdependent com-

partments, one connected with one end of
said cylinder, and the other with the other

end, means for heating the air in said com-
partments, valves interposed between each
compartment of said air-chamber and said

cylinder, an air- reservoir, a Ccompressor ar-
ranged in connection therew1th valves inter-

posed between said reservolr and ‘eylinder,
the parts being so arranged and connected

1 that air is compressed by the piston from at-
mospheric pressure and temperature into
each compartment of said air-chamber and’

the clearance-space of said cylinder during
the latter part of each alternate return stroke

Q0
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of said cycle and heated therein during the

second forward stroke and second return

stroke of said cycle and expanded from each
of sald compartments alternately into the.

cylinder down to or below atmospheric pres-

sure and temperature, the ratio of expansion

125

in the first forward stroke belng greater than

the ratio of compression in the first return

stroke, whereby the energy derived ifrom the

expansion of the air in said first forward

130

stroke is greater than the energy consumed

stroke thereof, whereby the positive energy | in compressing sald air durlng the latter part
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of the first return stroke, and the ratio of |

expansion of the air from the reservoir into
the cylinder during the second forward stroke
being greater than the ratio of compression
of said air into said reservoir by the com-
pressor, whereby the energy developed by
sald expansion is greater than the energy
consumed in said compression, means for
regulating the flow of air between said eylin-
der and air-chamber and external atmos-
phere, and between the compressor and the
reservoir, aud a governor for operating said
regulating means, substantially as and for
the purpose deseribed.

3. The combination in an engine, of a eyl-
inder, a piston contained therein, a connected
crank-shaft, an air-chamber, means for heat-
ing the contents of said chamber, an air-res-
ervolr, means for compressing air therein,
means for heating the contents thereof, valves
arranged between said chamber and reservoir
and cylinder, said parts being so arranged

and connected that air is compressed by the

piston from atmospheric. pressure and tem-
perature into said air-chamber and the clear-
ance-space of the cylinder, retained and heat-
ed in said chamber, and expanded from said
chamber into said cylinder, and is admitted
from said reservoir to said cylinder during
the strokes of the cyecle.

J. The combination in an engine, of a cyl-
inder, a piston contained therein, a connected
crank-shaft, an air-chamber, means for heat-
ing the contents of said chamber, an air-res-
ervoir, means for compressing air in said res-
ervolr, means for heating said air, and rotary
valves for establishing communication be-
tween said aiv-chamber, said reservoir and
sald piston-chamber, said parts being so ar-
ranged and connected that air is compressed
by the piston into said air-chamber, retained
and heated in said chamber, expanded from
sald chamber into said cylinder, and is ad-
mitted from said reservoir into said eylinder
during the strokes of the cycle.

10. The combination in an engine,.of a cyl-
inder, a piston contained therein, a covneeted

crank-shaft, an air-chamber consisting of two

compartments,meansforheating the contents
of said compartments, an alr-reservoir, means
for conipressing air in said reservoir, means
for heating said air, a rotary valve for estab-
lishing communication between said air-
chamber compartments and cylinder, said
valve being provided with ports for establish-
ing communication between said e¢ylinder and
the outer air, a rotary valve for establishing
communleation between said reservoir and
cylinder, said parts being so arranged and
connected that air is compressed by the pis-
ton into said chamber, retained and heated
therein, and expanded from said chamber
into said cylinder, and is admitted from said

- reservoirinto said eylinderduring the strokes

of the cycle.
11. The combination in an engine, of a cyl-

inder, a piston contained therein, a connected !
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crank-shaft, an air-chamber consisting of two
compartments,meansforheating the contents
thereof, rotary valves for establishing com-
munication between said compartments and
the opposite ends of said eylinder, said valves
being provided with ports for establishing
communication between said eylinderand the
outside air, an air-reservoir, means for com-
pressing air therein, means for heating the
same, and rotary valves for establishing com-
munication between said reservoir and ¢ylin-
der, said parts being so arranged and con-
nected that air is compressed by the piston

| from atmospheric pressure and temperature

into said air-chamber, retained and heated in
said chamber, and expanded from said cham-
ber into said ecylinder, and is admitted from
sald reservoir into said eylinder during the
strokes of the cycle.

12. The combination in an engine, of a eyl-
inder, a piston contained therein, a connected
crank-shaft, an air-chamber consisting of two
compartments,meansforheating the contents
of said chamber, an air-reservoir, means for
compressing air in said reservoir, means for
beating said air, rotary valves for establish-
ing communication between the compart-
ments of sald air-chamber and said eylinder,
and between said reservoir and ecylinder, a
source of steam-supply, and rotary valves for
establishing communication between said
steam-supply and cylinder, said parts being
so arranged and connected that air is com-
pressed by the piston from atmospheric pres-
sure and temperature into said air-chamber
compartments, retained and heated in said
compartments, and expanded therefrom into
sald cylinder, and is admitted from said res-
ervoir to said eylinder during the strokes of
the cycle, steam being admitted to said eylin-
der to impartinitial movement to said piston.

13. The combinationin a double-acting en-
gine, in which four strokesof the piston, 7. e.
a first forward stroke, a first return stroke, a
second forward stroke,asecond return stroke,
and two revolutions of the erank-shaft con-
stitute a cycle of operations, of a eylinder, a
piston contained therein, a connected crank-
shaft, two independent air-chamber compart-
ments connected with opposite ends of the
cylinder, means for heating the contents of

sald compartments, an air-reservoir, means
tor heating the contents thereof, a compressor

actuated by the engine for foreing air into
sald reservoir, two sets of codperating air-
valves actuated by the engine interposed be-
tween the air-chamber compartmenis, air-
reservolr and the cylinder, one set for each
end of the cylinder, each of said air-valves

beingin three divisions, one valve in the first

division of each set having a port to open
communication between each air-chamber
compartment and the corresponding end of
the eylinder, during the two first strokes
of each cycle, viz. the first forward and the
first return, one valve in the second division
of each set having two ports one of which
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opens communication between the cylinder
‘and the external atmosphere, in each last
- stroke of each cycle, viz. the second return
stroke, and the other of which opens comamu-

nication between the cylinder and the exter-
nal atmosphere during the first part of each
firstreturn stroke,a valvein the third division
of each set having a port which opens com-
munication between the air-reservoir, and
each end of the cylinder, during the first part
of each third stroke of each cycle, viz. the
second forward, the parts being so arranged
and connected that air is compressed by the
piston in the engine-cylinder into each air-
chamber compartment during the latter half
of each first return siroke, retamed in each
compartment and heated therein during the
second forward and second return '-'-‘-tlokes

~and admitted into the cylinder in each first

20

30

35

40

forward stroke, and expanded into said c¢yl-
inder during the said stroke down below at-
mospheric pressure and temperature, the

parts being also arranged and connected so
that airis compressed by the compressor dar-

ing the working of the engineinto the reser-
voir, from Wthh it 18 admltted into each end
of the eylinder during the first part of each
second forward stroke, and then expanded
into said cylinder down below- atmospheric
pressure and temperatureduring the remain-
der of said stroke, a valve controlling com-
munication between the eylinder and the ex-

ternal atmosphere, a va,lve eontrollmﬂ' com- |

munication between the COmMPressor and air-
reservoir, a governor for said valves actuated
by the engine, a steam -boiler, auxiliary
valves actuated by the engine for controllmﬂ*
communication between Séud boiler and the
cylinder to regulate the influx of steam into
the cylinder and the efflux therefrom for the

-purpose of starting the engine, a system of

four coodperating sbop valves two of which
are interposed between the cylmder and the

- air-valve chest, the other two being inter-

45
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posed between each end of the eylinder and

steam-valve chests, and means for actuating

said valvessimultaneously to throw thesteam-
valves into communication with the cylinder
and cutthe air-valves out of communication,

or to throw the air-valves into communica-
tion and cut the steam-valves out.

14. The combination in a double- actmﬂ' en-
gine, in which four qtroke% of the p1ston Viz.
a first forward stroke, a first return stroke, a
second forward stroke, and a second return

stroke, and two revolutlons of the crank-shaft

eonsmtute a cycle of operations, of a cylinder,

‘apiston contained therein, a connected crank-
shaft, two air-chamber compartments, means

for heatmﬂ‘ the contents of - said compart—
ments, an air-reservoir, means for heating the
contents of said reservoir, a compressor a,ctu-
ated by the engine to force air into said res-
ervoir, air- Valve chests interposed between

each end of the eylinder and the air-cham-

ber compartment and reservoir, hollow eylin-

chests, said valves being fixed upon and ro-

tatable by a shaft, gear connection- between
said valve-shafts-and the crank-shaft, said 7o
‘gearing being so arranged and proportioned

that said air-valves will make one revolution.
while the crank-shaft makes two, and the air-

valves in each of said chests being in three

divisions, a valvein the first of each division 75
in each chest having a port for establishing
communication between theair-chamber com-
partments and the end of the cylindetr con-

nected therewith, daring the first forward

and first refturn sr,ro]«:es of each cycle, a valve 3o

in the second division in each chest having.

two ports through one of which ecommunica-
tion is established between the eylinder and
the external atmosphere during each second
return siroke of each cycle, and through the 35
other of which valves communication is estab- -
lished between said cylinder and the atmos-

‘phere during the first part of each first return

stroke of each cycle, a valve in the third di-
vision of said- chest having a port through go
which communieation is establlshed between
the air-reservoir and the cylinder during the -
first part of each second forward stroke of
each cycle, a valve controlling communica-
tion between the cylinder and the external g5
atmosphere, a valve controlling communica-
tion between the air-reservoir and cylinder,

‘a governot for said valves actuated by the
engine, whereby the flow of air between the

cylinder and the external atmosphere, and 1oo
between the reservoir and the cylinder may
be regulated and the speed of the piston,
while the latter is actuated upon by air-gov-
erned, pipe connections between the reservoir
and each chamber-compartment, stop-valves 10j5
for said connections, and means for initially

compressing air in said reservoir and air-

chamber compartments. -

15. The combination in an engine, of a cyl-
inder, a piston contained therein, a connected 110
crank-shaft, an air-chamber, means for heat-
ing the contents of said chamber, valves fores-
tablishing communication between said cham-
ber and the eylinder, an air-reservoir, means

for eompressing air therein and valves for 115
‘establishing communication between said res-

ervoir and cylinder, said pcu'ts heing so ar-

|.ranged and connected that air is eompressed

by the piston from atmospheric pressure and

temperature into sald air-chamber, retained 120

and heated in said chamber, and expcmded |
therefrom into said cylmder and is admitted
from said reservoir to said cylinder during

the strokes of the cycle, and means for im-

parting initial movement to said piston. 125
16. The combination in an engine, of a cyl- |

inder, a piston contained therein, a connected

erank shaft, an air-chamber conswtmg of two
compartments, means for heating the con-
tents of sald compartments, an air-reservoir, 130
means for compressing air in said reservoir,
means for heating the air, valves for estab—_
lishing communication betweensaid air-cham-

| drlea,l rota,ry Va,lves arranwed in eaeh of sald | ber eompartments and cylinder, a,nd for es-
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tablishing communication between said reser- | source of steam-supply, and means for ad- 10

voirand cylinder, said parts being soarranged
and connected that air is compressed by the
piston from atmospheric pressure and tem-
peratureintosaid air-chamber compartments,
retained and heated in said compartments,
and expanded therefrom into said eylinder,
and 1s admitted from said reservoir to said
cylinder during the strokes of the cycle, a

mitting steam to said cylinder to impart ini-
tial movement to said piston.
~ In testimony whereof I affix my signature
In presence of two witnesses.

SEVERINUS J. CORRIGAN.

i Witnesses:

. S. JOHNSON,

1

C. J. MCCONVILLE.
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