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Be it known thatwe,JAMnrs A, W O()DBDRY
residing at W mohosiel' in the county of, Mld—
‘dlesex and bmlooﬂmswohuso ts,andJosHUA
MERRILL, GEORGE. PATTEN, and KDWARD ¥
WoopBURY, tesiding at Boston, in the county
of Sulfolk -and: State of Massachusetis, eitic
zens of the United States, have invented o
new and useful Air-Engine, of which the 'f()lf
lowing is a speeification.

Our invention relates to that class of air-
egngines in which the encrgy exerted-is dwe to

“the alternate, rising and lowering of fempar-
ature of the same inass of air, and it hils for

its.objeet a perfected air-engine of this class.
Figure 1 represents the air-engine in front
elevation.  Fig. 2 represenis the air-engine
in rearetevation. ” Fig. 3 represents the air
engine in me, and I<‘10 +is a central vertical
sectional view of ﬂm same on line 10 10 of
“ gl 1.
The essential features of our air- engine are
a heater, regenerator, and cooler, \\]uchﬂn’oo
~in omnlmmtlon mctcrmml a “reverser,” and’
in conjunetion with a working- (*)hndm' con-
stitute a single-acting air-engine.  The draw-
ings represent a double-acting  air-engine’
with two reversers and two working-eylin-
ders. - The bed-plate 11, made in halves, for
convenienee, is d(\swnod to receive -all thé
parts of the engine, \\hlch are superimposcd
thereon. .
he veverser ‘uk 8 is 0011st1‘1xct0(1 as fol-
lows: The reverser-furnace 12;which is lined
with fire-hrick to lessen radiation, isprovided:
with the flange 13, by means of which the
firnace is bolted to the lm(l-plnto, door 14,
ash-door 15, grate-supporter 16, grate 17, noz-
zle 18; and flange 19; by means of which the
regenerator- L)lmdm 20 is bolted to the fur-
nace.  Underncath the grate is the asli-pit21.
The mwmu‘*mtm -eylinder 20 s provided
with the ﬁann" 22, by which the eylinder is
holted {o the rey (*1\(31' furnace and to which
the reverser-heater 23 s bolted, pipe 24, and
flange 25, to which is"])oll(*d the eooler 26,
The cooler 26 is provided with. the flange
27, by which it ix holled to 1he redencrator-
t'\lmdv (fange 28, to which is bolted the
cooler-cover 24, i (ln(-umn pipe 30, andan-
nular tube Ml(l\\"l“‘)' s]m(‘(\ -)] through whieh |

S

J'n('i er.portion
‘displacer-cylinder 36,

l".Ai,R;-i%:N G’iN'}E,.}',;

Lt
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scmlNo.zsv 322. (Nomodel) S

1

ondl tho 00])1)(,1 onolmo tubes,

flanges 27 and 28, The annolar space is pro-
vu]ulmth the we 11(\1‘-11110& pipe 33 and the
vater-outlet pipe.34. . To the displacer- e)l
35
J'o the upper part of
the:displacer-cylinder portion of the cooler a
row of regenerator- pins; as 37, is fastened,
and- to th(\ lower portion-of the dlspmcmkeyl-
inder a row of-regencrator - pins, as 38,
fastened.
eylinder portion and displacer-eylinder and
the regenerator-eylinder and reverser-heater
is tornied the 1 regencrator-space ” 39, With-

.0 59, whigh m'(\_
securely o \lnndod into the tube- holeg in the"

The space between the dlsplacer )

55 -

of ﬂm cooler is fastened the. .

6o

in this space is 1)](1('(*11 the regencrator 40, =

Stubbs’ wire-gage, mld about No. 12 muh

This wire is wound on and around the dis-

aE

placer: -eylinder portion 35 and displacer-cyl-
inder’ 36 hetween the rows of regenerator-
pins, as 37 and 38, until a continuous roll is
formed of a ihlc]\ness sufficient to fill or

nearly fill the regencrator-space.

Then the

which iz made; pres omb]y of yellow ]noh_'
brass-wire doth, size of wno, about No. 25,

70

end of the roll is fastened, so as to. plovont ity

unwinding, v o
"T'he reverser- 1)1\1011 41 is provided w ith the
piston-head 42, piston-rod 43, follower 44, and

“a style of packing commonly known as the
“two-ring” packing, composed of the twe .
‘paokuw—rm% 45 and 46, placed between the

composition seats 47 ,md 48 of -the pxsmn heagt
and follower, mspcchvoly The rings are set
out radially by a series of kaf—qm imgs, as 49,
and setting-out bolts, ag 50,in the usnal m:m—
ner.: “To ﬂle eV usorpulon -head is holted
the reverser-piston Tower scotmn A1, whichi is
provided with the aiv-port 52

The cooler-cover 29, \\hlch is bolted to Hw'

cooler, is provided with the nozzle 5: 5, designed
toreceive the two teather-cupped: pa(‘]\mn\
51 and 35 for the reverser- pl\l(m rod, relief
packing-ring 56, and gland 57.

The reverser side & is a duphcxto of the
reverser side 8, and i a like manner is pro-
vided with the roverser- mnm(‘v 27, having
flange 13’, door 147, ash-doer 157 '(mvu(mltm-
eylinder 207; having plpo 21 and: flanges 9/
and 257 ,om)lor 247 h wing.flanges 27’ ‘unl 287,

waler-inlet pipe 3 7 and wafm omini pipe a4
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- reverser-beam pin 61 are connected by means,
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and cooler-cover 29/, having nozzle 53’ and
gland 57/, through which extends the reverser-
piston rod 43'. : ,

To ihe eooler-covers 29 and 297 is bolted the
reverser-beam stand 58, in which is mounted
the trunnion 59. To the trunnion is fastened
the reverser-beam 60, provided with the re-
verser-beam pins 61 and 617 and side lever,
62, provided with pin 63. ..

"fo the reverser-piston rod 43 is keyed the
cross-head 64, which is -provided with the
eross-head pin 65. The eross-head pin 65 and

of the connecting-link 66. In a like manner
to the reverser-piston rod 43’is keyed the
ctoss-head 647, which is provided with the
cross-head pin 65, The cross-head pin 65’
and reverser-beam pin 617 are connected by
“means of the connecting-link 66’ ’

The working-cylinder furnace 67, which is

lined with fire-brick to lessen radiation, is pro-
vided with the flange 68, by meansof which the
furnace is bolted to the bed-plate, nozzle 69,
nozzle 70, and flange 71, by means of which
the working-cylinder 72 is bolted to the fur-
nace. The working-cylinder 72 is provided
with the flange 73, by which the cylinder is

‘bolted to the working-cylinder furnace, and to

which is bolted the working-cylinder heater
74, pipe 75, pipe 76,and flange 77, to which is
bolted the working-cylinder head 78. The
working-eylinder heater 74 is provided with
the side air:port, 79. The working-cylinder
piston 80 is provided with the piston-head 81,
piston-rod 82, follower 83, and astyle of pack-
ing commonly known ‘as the “three-ring”
packing, composed of the three packing-rings
84.85, and 86, placed between the piston-head
and follower. The rings are set ont radially
by a series of leaf-springs, as 87, and setting-
out bolts, as 88, in the usual manner. To the
working-cylinder piston-head - is bolted the
working-eylinder piston lower scction, 89.
~The working-eylinder head 78, which is
bolted to the.working-eylinder, is provided
with the two leather-cupped packings 20 and
91.for the working-cylindér piston-rod, relief

packing-ring 92, and- gland 93, and the two-

cross-head guides 94 and 95, which are se-
curely bolted to the working-eylinder head.
The working-eylinder side 9 is aduplicate of
the working-eylinderside 9, and in a like man-

"ner is provided with the working-cylinder fur-

nace 677, having flange 68’,nozzle 69’, and noz-
zle 70/, working-eylinder 72/, having flange

757, pipe 757, pipe 76”,and flange 777, and work-

. ing-cylinder head 78’; provided with cross-

6o

head guides 94" and 95", through which cyl-
inder-head extends the working-cylinder pis-
ton-rod 82"

Pothe working-cylinders 72 and 72" isbolted

the working-cylinder Beam-stand 96, in which
is mounted the trunnion97. - To the trunnion

. is fastened the working-eylinder beam 98, pro-

65

vided with the horn 99 and the beam-pins 100,
1007, and 10k : o
Vo the working-eylinder piston-rod 82 is

‘

keyed the cross-head 102, adapted to slide on .

and to be gnided by the cross-head guides 94
and 95 and provided with the cross head pin
108. 'The crosg-head pin 103 and the work-
ing-eylinder beam-pin 100 are connected by

‘means of the ‘¢onnecting-link 104, In a like

manner to the working-cylinder piston-rod
82’ is keyed -the cross-head 102/, provided
with the cross-head pin 103’  The ¢ross-head
pin 103’ and working-cylinder beam-pin 1007

70

are connected by means of the connecting-

link 104, = .

The cross-head guides 94 and 95 arve braeced
by means of the eross-head guide-braces 105
and 106, respectively. ~In a like manner the
cross-head guides 947 and 957 are braced by
means of the cross-head gnide-braces 1057
and 106’, vespectively. , AP

To the bed-plate the pillow-blocks 107 and

108 arebolted. Thepillow-block 107 is hrace.
by means of the reverser-furnace:brace 109,

The pillow-block 108 is braced by means of
the working-cylinder brace 110, to which, is
bolted the centrifugal governor 111, of a comp-
mon style. Within the pillow - blocks, the

So

85
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main shaft 112 is journaled, whieh is pro-

vided with reversér-crank 113, having re-
verser-crank pin 114, air-pump ececentric115,

95

having .eccentric-straps 116, fly-wheel 117, .

governor-pulley 118, thrust-collar 119, and
working-cylinder crank 120, having working-
cylinder crank-pin 121. "The air-pump 122,
bolted to bed-plate, is of the single-acting
piston type, and is operated in the usual man-

100

ner by means of air-pump eccertric 115. - It -

is provided with the air-inlet pipe 123 and
the air-outlet pipe 124 The reverser-bean
side lever-pin, 63, is connected with the vre-
verser ¢rank-pin 114 by means of reverser
connecting-rod 125.
governor is connected with governor-pulley

118 by means of belt 127. :

The pin 101 of the horn 99 of the working-
eylinder beam is connected with working-
eylinder erank-pin 121 by means of working-

105’

The pulley 126 of the -

110

cylinder connecting-rod 128. "The rveverser

side 8 is connected with the bottom-of work-
ing-eylinder 72 by means oEpipe 24, pipe 75,
and lower connecting-pipe,7129, and flanges:
In a like manner the reverser side 8 is con-
nected with the bottom of working-eylinder
72’ by means of pipe 24’y pipe 75’, and lower
conneeting-pipe, 1297, and flanges.
of working-eylinder 72’ is connected with re-
verser side 8 by means of pipe 76" and upper
connecting-pipe, 130, and flanges, which upper

The top

115

120

connecting-pipe extends through the eooler-

cover 29, In a.like manner the top of work-
ing-eylinder72 is connected with reverser side
8’ by means of pipe 76.and upper connecting-
pipe, 1307, and flanges, which upper connect-

ing-pipe extends through the cooler-cover 297,

To the pipe 706is conneeted the check-valve
131, which is of a common style and is de-
signed to operate in the usaal manner. Tna
like manmer to the pipe 767 is conneeted the

T30

check-valve 1317, - The check-valves 131 and”



safety-valve 132,

404,237 o 3

1317 are connected with the airpump by
means of the aiv-pumyp outlet-pipe 194, The

nected with the air-pump outlet-pipe 124.
The governor-valve 133 is connected on one
side by means of piping 184 with pipe 76 and
on the other side ‘by means of piping 134/
with pipe 76'. The governor-valve is of the
reciproeating type, and is provided with the
sfem 155, which is conneeted with one end of
the governor-lever 136, a lover of the first
class, pivoted at 157, The other end of the
governor-lever is conneetell with the spindle

138 of the wovernors The working-eylinders

15

20

72 and T are provided with the blow-off
valves 139 and 139, vespectively.

I the construction of the reverser side 8
suitable ports are made for the free passagé
of the air displaced by the displacer-piston

from the cool chamber 140 above the dis-

placer-piston, into and through the cooling-

tubes, through the regencrator, around the

25

30

40

50
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lower portion of displacer-cylinder, and into

the hot chamber 141 below the displacer-pis-

ton; also from the cool chamber 140, through

-pipes 130 and 767,10 the top portion of work-

ing-cylinder 72" and into the space above the
working-eylinder piston, and from the hot
chamber 141, through port 52, pipe 30, pipe 24,
pipe 129, and pipe 75, into the lower portion
of working-eylinder 72, through port 79, and
into the spaee below the working-cylinder
piston 80, I a like manner in reverser side
¥ suitable ports are made for the free passage

‘ol the air displaced by the displacer-piston

from the cool chamber to the hot chambor
and from the eool ehambierto the top portion
of working-cylinder 72, and into the space
above the working-eylinder piston R0, and
from the hot chamber to the lower portion of
workivg-eylinder 727, and into the space be-
ow the working-cylinder piston of working-
<ylinder 727, B} . o
Description of the preliminary steps to be
luken priovfo the starting of the engine.—It
being predetermined to have the engine run
over,asindicated by arrowon fly-wheel, therel-

ativepositionsof the cranks 113 and 120 should.

be sueh as will give the reverser-piston of the
reverser side § alead over the working-eyl-
inder piston of the working-cylinder side 9 of
“rom one-third to one-half stroke. The lead
cepresented in Iig. 4 is one-half stroke, the
diveetion of movement of the pistons being
indicated byarrows in Fig. 4. The reverser-
pistons of reverser sides 8 and 8 heing con-
neeted by means of the reverser-beam: and
connecting parts, and the working-eylinder

pistons. of working-eylinder sides 9 and 9

being connected by means of working-eylin-
der bean and conneeting parts, if is evident

that the reverser-piston of reverser side 8!

will have the same. lead over the working-

eylinder piston of working-eylinder side 9 as |

the reverser-piston of veverser side 8 lias over
working-eylinder piston of working-cylinder

side 9, The water-inlet pipe 33.0f cooler 24

of awell-known style, is con--

is eonneeted with suitable water-sapply, and
a cireulation of water is maintained in the
annular tube and water-space 81 and out of
the cooler through water-outlet pipe 34, from
which the water is conveyed by means of

suitable piping to any convenient place. In

a like manner a cirealation of water is main-
tained in-cooler 26’ through water-inlet pi pe
33" and water-outlet pipe-34/. A fire is then
started in both of the reverser-furnaces. In
reverser side 8 the fire is started upon the
grate 17 within the veverser-furnace 12, and
the products of combustion pass about and
around the reverser-heater 23 through noz-
zles 18 and 69 into the working-cylinder fur-
nace 67, then about and around the working-
cylinder heater 74, and then escapes through
the nozzle 70 into chimney through switable
piping. 1In a like manner in reverser side 8’
the products of combustion pass from re-

-verser-furnace 12’ to working-eylinder fur-
nace 677, through nozzles 18" and 697, and then
-escape throughthe nozzle 707, When'sufficient:

heat has been imparted. to the reverser and
working-cylinider heaters, the engine may be
set in operation by giving the fly-wheel about
a onc-half revolution in the direction of its
runiing movement,

Inthe operation of the engine the alternate
raising and lowering of the temperature of
the'same mass of air is accomplished s fol-
lows: In the upward stroke of the reverser:
piston +1-the mass of air inthe cool chamber
140 is foreed, fivst, through the eooling-tnhes
in its downward passage, through which the
temperature of the air is not materially.

8o

83

90

{00

changed; sceond, the air enters the regen-

erator 40, and in its passage through the re-
generator it absorbs heat which has been im-
barted to the regencrator; third, the air then-
passingoverthe heated surface of the reverser-
heatet, therehy becoming further heated, en-
ters the hot chamber 141. The temperature
of the air in the cool chamber is about 120°
Fahrenheit, and the tempsrature of the airin
the hot chamber is about 600° Fahrenheit.

In the downward strokeof the reverser-piston -

41 the mass of air in the -hot chamber 141 is
foreed, first, to the regenerator 10; second,
the air enters the regencrator, and in its pas-
sage through the same it deposits thereon the
greater portion of its heat; third, through the
cooling-tubes, where its temperature is re-
duced to about 120° Falirénheit, and then into

the cool chamber 140.  Therefore at each up-

ward and downward stroke of the reverser-
piston of reverser side & the temperature of
the same mass of air is alternately raised and
lowered, and the reverser side 8/ beingwdu-
plicate of reverser. side S, 1t is evident that

the same alternate raising and lowering of

the temperature of the aiv would take place
in reverser side 8’ as in reverser side” 8 but
at opposite times—that is to sa¥, both re:
verscr-pistons being operated by the reverser-
beam, whenever one reverser-piston is mak-
ing its upward stroke the other veverser:

Iic

120



piston is making its downward stroke. It is
therefore evident that when the air in one re-
verser side is being heated the air in the
other reverser side is being cooled. The al-
ternate raising and lowering of the tempera-

'~ ture of the reversed air in both reverser sides

10

generates a power in accordance with the
well-known laws of ‘the expansion of gases,
which power isdeveloped by the working-cyl-
inders as follows: Referring” to’ Fig. 4, and
presuming the movements of the reverser and
working-cylinder pistons to he in the diree-

" tion as indicated by arrows, the reverser-

15

20

25

35

piston of reverser side 8 is making itsup-
ward stroke and is heating and expanding
the displaced air, thereby produeing a press-
are which is exerted against the bottom of
working- eylinder piston of working-eylin-
der side 9 and against thc top of working-
cylinder piston of working-cylinder side 97,
between which and the reverser side S are
open ports, while at the same time the re-
verser-piston of reverser side 8’ is making its
downward stroke and is cooling and contract-
ing the displaced air, thereby reducing the
pressure against the bottom of working-cyl-
inder piston of working-cylinder side 9" and
the top of working-cylinder piston of work-
ing-cylinderside 9, bevween which and the re-
erger side 8 are open ports. Thus each
working-cylinder piston is subjected to dif-
ferential pressures, which are alternately re-
versed as the displaced air is alternately
heated and cooled. Thus & power is exerted
to cause the working-cylinder pistons to have
reciprocating motion, swwhich is changed to &
rotary motion by means of the working-eyl-

_inder beam and its connected parts to the

40

45
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- into reverser

60

65/gine.

main shaft and fly - wheel, from which the
power may be taken off by means of a belt.
A portion of the power, -developed is absorbed
in the friction of thw cugine, and a portion is
used to operate the reverser-pistons by means
of reverser-crank, reverser conneecting- rod,
side lever, trunnion, reverser-beam, and con-
nected parts. - ' :

. The engine is designed to run on an initial
pressure of air of from four to five atmos-
pheres, and the duty of the air-pump is to
‘supply and maintain thisinitial pressure of air
in theengine, which duty is- accomplished as
follows: After the starting of the engine at
each revoiution of the engine a certain quan-
tity of air is pumped by the air-pump into
the air-outlet pipe 124, from which the on-

_gine receivesthe compressed air, which passes
side 8 through check-valve 131,
pipes 76" and 130, and into reverser side 8’
through check-valve 131, pipes 76 and 130°. In
practice a reservoir is usually placed for con-
venience in circuit with the air-outlet pipe
124. The safety-valve 132 is placed on the
ir-ontlet pipe 124 for the purpose of control-
_fing the pressure of theair supplied to the en-
By setting the safety-valveat forty-five
: four atmospheres, it is

unds, Srom zero, or
that pressure will

evident that any air above

404,237

be permitted to escape into.the atmosphero

through the safety-valve, and as the safety-

valve may be set at any number of pounds -

desired it is obvious that any initial pressure
may be maintained in the engine. The air-
pumnp not-only supplies the initial pressure,
but it supplies any leakage of air that may
leak out of the engine around the piston-rods
and flange-joints.

The duty of the governor and governor-
valve is to equalize the differcntial pressures
in the engine, and, as the differential 1 ross-
ures ave the power-producing factors: of the
engine, therefore, in regulating the difference
of the differential pressures, the power, and
consequently the speed, of the engine may be
regulated. This regulation of the engiue is
accomplished as follows: The goverior heing
of the ordinary centrifugal style, and beinyg
connected with the governor-valve, of a ve-
ciproeating type, by means of the lever of the
first class, any inerease of speed of the engine
would raise the governor-balls, thereby de-
pressing the spindle of the governor and rais-
ing the stem of the governor-valve, thereby
opeuning the governor-valve, which controls
the bpening between the two reversersides of
the engine—that is to say, between reverser
sides § and 8’—and as thesize of the opening
between the two reverser sides of the engine
is controlled by the action of the governor in
opening and closing the governor-valve the
difference of the differential pressures iscon-
sequently controlled, and therefore the power
and speed of the engine are regulated.

It has been determined by us after many
years of costly geientific and practical ex-
perimenting that the following special con-
straetion and arrrngement ave of vital impou-
tance: The cold chamber should be dirvecliy
connected with the top of a working-cylinde:
and the hot chamber should be direetly con-
nected with the bottom of a working-cylinder;

75

8o

~

go

100

108 .

110

the regenerator should occupy the regenecr-

ator-space between the- regencrator-cylinder,
reverser-heater, and displacer-cylinder, and
should extend from the cooler to a point at
or near the bottom of the reverser-heater;
the regenerator should be compused of wire-
cloth and located in the regenerator-space, as

115

stated; the cooler should have a-cast annular

tube and water-space; the cooler should be

provided with a cooler-cover, as represented i

and deseribed, which should be provided with
a connecting-pipe te a working-cylinder; the
cooler should -have a cast annular tube and
water-space, through which should pass the
cooling-tubes; the cooler should have -cast
thereon a displacer-cylinder portion; the dis-
placer-cylinder should be securely fastened
to the displacer-cylinder portion of the cooler;
the regenerator should be composed of wire-

cloth and should be wound onto the dis- -

placer-cylinder portion: and displaeer-cylin-
der; the regenerator composed of wire-cloth
and wound onto displacer-cylinder pertion

and displacer-eylinder whould be held in po-
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sition: vertically between rows of regenerator-
pins. ' .

& hot and cold ehamber, each of which is di-
reetly connected with a working-eylinder, suk-
stantially as and for the purpose set forth.

2. In an air-engine in which the tempera-

ture of the same mass of air is alternately

I5

raised and lowored, the reverser side, as 8,

.provided with the regenerator-space formed
between the regenerator- cylinder, reverser-’

- heater, and displacer-cylinder, within which

20

is placed the regenerator,in combination with
the tubular cooler having the cooling-tubes
and provided with the cooler-cover, substan-
tially as-delcribed. o

3. In an air-engine in which the tempera-
ture of the same mass of air is alternately
raised and lowered, having the reverser side,

" as 8,the combination, with the tubular cooler

' g

having the cooling-tubes- and provided with

* the cooler-cover, of the regenerator composed

30

35

40

15

of wire-cloth and placed within an annularly-

constructed space at or near the inner surtace.

of the outer shell of the heater, substantially
as and for the purpose set forth. ' '

4. In an air-engine, the combination, with
reverser-heater provided with an annular re-
generator-space.ator near theinner surface of

its outer shell, of the cooler provided with the

annular-tube and water - space, having the

cooling-tubes and provided with the.cooler-.

“cover, substantially as described. .

. 5. In an air-engine, the combination of the
reverser-heater, a wire-cloth regenerator, the
tubular cooler, and eooler-cover provided with

the_connecting-pipe by means of which the:

cold chamber is directly connected with a

working-cylinder, substantiallyas and for the .

purpose set forth. - , .
6. In an.air-engine, the combination, with

- the reverser-heater, of the cooler provided with
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the' annular tube and water-space and cooler-
cover andhaving the cocling-tubes, and the

cold chamber within which the displacer-pis-.

ton reciprocates, substantially as deseribed.

. 7. In an air-engine having-a reverser side,
as 8, the tubular cooler having the cooling-
‘tubesand provided with the cooler-cover,with-
in which cooler the displacer-piston recipro-
cates, provided -with the displacer-eylinder
portion. east'on said cooler,said portion being

‘adapted to receive within it the displacer-

" piston; substantially as deseribed.

8. In'an air-engine having a reverser side,

6ogas 8, the tubular cooler having the eooling-

“tub~sandprovided with the coolei-cover,with-
in « aich eooler the displacer-piston recipro-
cates, provided with the displacer-cylinder
portion, in combination with displacer-eylin-

What we claim as our invention, and desire
" to.secure by Letters Patent, is— ’ '

1. An airengine i1t which the temperature
of the same mass of air is alternately raised.
and lowered, having a reverser provided with.

der (adapted to recoive within it the displacor-

piston) fastened tosaid displacer-eylinder por-
tion, substantially as and for the purpose set
forth. - ' B

9. In an air-engine having a reversey side,
"as 8, the eombination, with the cooler having

the cooling-tubes and - provided with the dis-
placer-cylinder and cooler-cover, of the vege~

erator wound on said displacer-cylinder, cont-’
posed of wire-cloth, Substantially as described. -

10, In .an air-éngine having a reverser side,

‘as 8, the cooler provided with displacer-cylin- -

der, which is provided with a'series of regener-
ator-pirs, as 387 and 38, in combination with
the regenerator ccmpoued of wire-cloth and
wound on said displacer-cylinderand btheon
said series of regencrator-pins, substantially
as described. o o

11. An air-enginéin which thetemperature
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of the same mass of air is alternately raised -

and lowered, having the reversers, cach. of
which is provided with a hot and cold cham-
ber when each of said chambers is directly
connected with the working- eylinders, sub-
Stantially as.described. S
12. In an air-engine in which the téempera-
ture of the same mass of air is. alternately
raised and lowered, the combination of two
reversers and two donble-acting working-eyl-
inders with a regenerator composed of wire-
cloth, said cylinders being directly-conneeted

8s .

Qo

by means of connecting-pipes, as shown; sub- -

stantially as described. S
+ 13. In-an air-engine in which the tempera-
ture of the-same mass of air is alternately

raised and lowered, having a revewser pro-
-vided with a hot and cold chamber, each of -
which is-directly connceted with a dotible-
acting working-cylinder,in combination with

a regenerator, substantially as described.

14. In an air-engine in which the tempera-
ture of the same mass of air is alternately
raised and lowered, having a reverser pro-
vided with a 'heater, regencrator-cylinder, a
Swire-cloth regenerator, and a tubuniar cooler

‘having the cooling-tubes and provided with

r05
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the cooler-cover, so constructed and arranged

as 'to provide for an annular port having

straight or nearly straight sides and extend-
ing from the eooler to the bottom of the
heater, so-that the air may have a diveet and’

a free passage to and from the hot and cold

chambers, substantially as desecribed. v
~In testimeny whereof we have signed our
names to this specification in the presénce of
two subseribing witnesses. - .
JAMES A, WOODBURY.
JOSUUA MERRILL.
FEORGE PATTEN.
EDWARD ¥. WOODBURY.
Witnesses: : ; o
WALTEE 1. PERRY,
" B.J. PORTER.
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