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UNITED STATES

PaTeNnT OFFICE.

STEPHEN WILCOX, OF BROOKLYN, NEW YORK.

'H-QT-A-{R_ ENG!NE_.,

SPECIPICA TION forming part of Rexssued Letters Fatent Na. 10, 4-86 dated June 3,1884.
Ouﬂ'ma.l No. 289, 482, d'tted Decembor 4, 1883. Apphcatlon for reissue filed April 17, 1884,

To-all whom zt MAY CONCErn,:

Be it known that I, STDPHEN WILCO\ of
Brooklyn, in the nountv of Kings and State
of New York; and domg busmess ‘in the eity
of New York same State, have invented cer-
tain new 'md useful Improvementq in Hot-

Ajr Enfrmes, of whlch ‘the followmtr isaspeci- -

fication.

The irvention relates to details of construc :

tion as fully set forth below.

. The-accompanying drawmgs foi‘m a p‘ut of
this specification, and Tepresent ‘what I con-

sider the best means of carrymw out the in-

- venblon

15

, cousmtutmw one half of the complite setof’
- Fig. 2 is'a corresponumg plan

- Pigure 1 is an end elevatlon of the engmes

apparatus.

- view, Showing also. the adjadent engines con-
'stl‘outln(r the other half of the combined set.

20

25

.‘30'

_consmtutmo- one englne
‘scale.

Fig. 3 is a side elevation of the pair of com-
pound cylinders and duecbly connected parts
‘Fig. 4is on a larger
It is a . vertical section through the
main portions.of one of the compound ¢ylin-

‘ders and the- iminediately eonnected parts..

Fig. 5 is a vertical section &f a.portion on a

larger seale.

zontal section.
Similar letters of 1eferenee indicate corre-

‘spondmtr parts in all the figures. -

My improved engine has upright cyhnders

- pécaliarly compounded Each has two deep

35

- larger.

40

45

30

pistons, having tight-fitting packings in their
upper portiens only and running free in their
lower portions, with a heater and furnace still
lower. Each cylinder.is compound, 'theie be-
ing in each case a smaller cylmder within 3
These compound cylinders are coup-
led Uin twos to form one engine. Two of these
engines or pairs of compound cyhnders are
united to work together on one shaft. -

I will first describe one of the compound .

cylinders and its immediate connections,

. In the figures, A is the brick-work of the
furmee, and Az a fire-brick funnel extending
-upward a little from an arch, A’, in the top of

the furnace, ard causing the ho‘n gases -there-

from to be projegted directly 1nt0 the top of
the dome-like heater above.

“C is the interior eylinder. Its upper part
isof cast-iron, made of two thicknesses.  Be-

tween the outer and i inper thwknesses isan an-.

as will be presently described.

-otherwise, as plainlyindicated in Fig.4..
-interior is filled with plaster; so as to form a

Fig-6is a corresponding hori-

“the beam-center .

nular clnmbe1 ¢, in whxch water is circrlated,
The upper
portion of this part of the cylinder Cis meely
finished on both its ifmer and outer faces, s
It is finished on its inner face to form a tight

-contact with the w. orkmv piston D by the aid

of Dunbar 1nek1ng or other suitable packing
in the piston.

1t is finished on its outer face

W8]

to form a tight contact by the aid of packing, -

with an annulaf’ ehanging piston, I&. The

lower portion of this eylinder C is also double.

It is made. of sheet-iron or other thin material
secured to the rigid part above by riveting or
The

strong and stiff support to the metal.
seryes also as'a good. non- -conductor.

It

of air outward and inward.

G is the outer or changing eylinder; formed -

ab its upper portionalso of considerable thick-

ness, arid chambered annularly, as indicated -

by ¢ Water also circulates through this
chamber g.. The lower portion is made of &

single- thickness of substantial material, as

cast-iron, with a faeing of plaster, G. There
is thin sheet-iron or other metal, G, to form
the extreme inner surface of the hnmg @
The working-piston D is connected by a sin-
gle piston-rod, d working through an efficient
stuffing-box ah' the top, to a oross'-h'ead con-
nected by links to thebeam M. The other end
of this beam is.similarly connected to the work-

ing-piston rod ‘of another similar piston. I

termi these two sets of pistons, with their ac-

-companving parts thus connected,an‘“engine.’’

The heam'is keyed to a strong’ “beam center”
or rocking shaft, m, on one end of which is

‘keyed an mchned arm, M, from a pin in the

end of -which the power is’ communieated by

alink, N, to a erank-pin of a crank, O, keyed

to.a revolving shaft, O, and equipped with an

efficient fly-wheel or pulley, 0% from which
- power, is communicated, by belting or other-

wise, to any machine Whlch it-is 1equ1r°d to
drive. . )
The annular changing-piston Ehastwo small

‘There
is 4 ‘space below the bottom for the free flow

65°
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85
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95

piston-rods, ¢ ¢, WOI‘kan' through stuffing-_roo

boxes at the top, each of Whlch is conmnected
by a link to a beam, P, which turns loosely on
"The other end of each
beam ,’P is sumlar]y conneeted to the opposﬂ;e
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changing-piston. . 1t follows that all the parts
in the two cylinders balance each other.

The heater is designated by the lctter B, ad-
ditional marks of reference, as B’ B? being
added when necessary to designate certain
parts thereof. "It is substantially dome-shaped
on its under and inner side, B, and ¢ylindri-
cal on its outer side, B with a strong and
wide flange, ¥, around the top, by which it
is bolted to the”expanded base of the outer
cylinder, G. Between the dome-like interior

~-and the eylindrical exterior is‘a limited space,

ot
w

(%)
(o]
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45
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55 |
© necting-passage ¢’ to shift alternately. from the
~bottom to the top of the

60
“to an eccentrie-strap, ¥, which is worked by

/65

“which is kept full at a spitsils

which performs tlie important function of thor-
oughly heating the air to a high temperature
in its rapid transference from the top to the
bottom, of the machine under the action of the
changing-piston.

the forees tending to warp and destroy it under

the high temperature to which it is subjected. .

This bracing consists of six webs, BY, which
are east in one therewith, and firmly connect
B’ and B, extending. from the base fo a level
near the top of the heater, - -

H isa casting adapted fo extend down in
the six spaces between B’ and B nearly to the
hottom. Itis divided from the bottom nearly
to the top, to allow it to’ apply between tlie
webs B This casting leaves a thin space ex-
terior to it bebween it and B, anda thin space
next to itsinterior between it and B, Tt need
nob fit tightly to the webs BY; ‘but it is impor-

tant that it shall approximate thereto, $o as to

-compel the main portions of the air to traverse
down the entire depth of- the heatcr and up
again in its transfer back
top to bottom of the engine: : The air contai ned

.in the heater B and the’connected spaces is

cempressed by a pump to. a-tension consider-
ably above that of the atmosphere. ‘The space
imthe bobtont below the changing-piston K and
below the working-piston D is marked 2. 1t
is kept in free communication through the thin
but widely-extended spaces between the parts
B’ and B* of 'the hedter and a vertical cylin-
[drical chamber, I, at.one side, and a suitable
top passage with the anuular space y in the
top of the engine above the annular changing-
‘piston 1." The thin spaes in the heater B is
connected with the upright eylinder I by .a

chamber or connecting-passage, ¢/, which ex-’
- tends around in the base of the outer

A _ cylinder,.
G; asshown., Asthe changing-piston is shifted
up and down it conipels a portion of the com-
pressed air in these spaces y # and in the con-

tom is hot. The top is as cool as it can well
be maintained by all the facilities available.
- Fisthe pump, worked bya rod, J, connécted

an’'eccentric, 0%, on the.main shafh 0., This
pump takes air ffom the atmosphere, and, com-
pressing it to the required - tension, forces it
into 2 capacious tight receiver, (not shown,)
jrsssure above

“atmosphere after the engise & gopiped, ready

The heater is braced, so as’
to effectually held it in form in opposition to

“ahd forward from:

apparatus. The bot-

to be availed of to- charge the engine when
required to starf again. Sritable pipes and
valves communieate from such receiver with
the space above the working-pistons, from
whieh the Dunbai packing allows it to pass
down; as required, but'not to retnrn.. Little
is required after the engine is- fully charged.
The Icakage is chiefly av the top around the
stufling-boxes. 'Whenthemachineisworking,
this pump is or may be operated- congtantly,
and compensates for leakages, and maintains
the requiréd high pressure of the air. A
small safety-valve (not represented) is pro-
vided to diseharge the air when the pressure
rises too high. ‘

The engine is, in its general foatures, analo-

‘oous to that known as the ¢ Btirling Xngine.”?

‘When, by the rise of the annalar changing-
piston, a large portion of the compressed air
is transferved into the bottom space, z, it is
expanded; and the'effect is felt on the under

fage of the working-piston D, driving it forci-

bly upward. - 'When, by the descent-of the an-
nular changing-piston, « large portion of the
air is cansed to move into the top of the en-
gine, its pressure is reduced by cooling, and
the working-piston D .is allowed to. deseend
agaihst a reduced pressure.  The space over
the working-piston I is .inopevative, and I
provide for an equal pressure thercin at all
times. It is well that the pressurc in such
space shall be aboub equal to the Towoest pross-
ure below the - working-piston—that is to.say,

if the pressure below the working-piston va-

ries between sixty and nimety pounds-per
square inch, the air in the space above the
working:-pistonshould bealwayssixty ponnds.
The, idle space over: the werking.piston is
marked z. 1 extend it upward in asniall an-

‘nulae chamber, «, around the stufting-box,

whieh incloses the piston-rod d, and “unite
these portions of the two connceted engines by
a pipe, Xo. T .
“As the working-piston inone of the two eon-
nected cylinders always déscends when the
other rises, the pressure of the compressed air

-on.the upper surface of the two working-pis-

tons is practically uniform in all conditions.
I take care to provide avery efficiens stulling-
box around the.several histon-rods, so as {o
hold the compressed air efticiently with amini-
mum frietion. “The upper portion of the cas-
ing around the ve&Ttical cylindrical chamber
Tis chambered, as indicated by 7. Water cir-
culates through "this. echamber.  The top is
closed by a removable bounet, I'.. This alse
is chambered, as indieated by i’ &% These two
chambers in the bonnet are kept filled with
cold water, and.are divided by a continuous
partition. ' ' R
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Withintheupright é.ylinder Laretwo picces

of apparapus .whieh perform importunt fune-.
tions. . 'When the bonnet I’ is taken off, boti -
may be taken out and repaired or exchanged’
by simply raising and lowering through the
open top. . The lowermost, J, is arcgenerator,

the function of which is to alternately absorb

30
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'cooler
direction and the other between the chambqrs ‘
y and #, moves through these. tubes ¥k and.is

_other supp]y source into the chamber ¢'.
- passage, 3 leads the water away from the

10435 . ' '3

heah fiom the zﬁ' ind give it off again, us

will beuore fuily e\pl'uned further on., . The .
upperniest, K, is a.cooler:for absorbing and,

conveying -away heat. ..It.is. of. eynndue&l

~form, pretty elosely ﬁlhng the interior of the
cylinder I.. . All the surfaces of this cooler are-

made. tight ‘and. strong... Two, plpeb, K X2
conitect it with the chambers . 2 respebmvc-
1y,.in the bonnet. .
vided, extending from end to end 'shrough this
.The air, in its. rapid transfer in one

cooled .by the cold water around thém. A
pipe, L, brings -cold water from 2 pump or

_chamber ¢ into the space 4, which surrounds

the chamber I.. - This latter chamber isin free

communication with the chamber g, which ex-

tends arouné near the upper portlon of the
changing-cylinder (. . A passage, ¢, (seen at

“the top of the cylinder,) leads the Wate1 into

the chamber ¢.  After circulating around the

“Wor kmg cyhnder,the water escapes througha-

passage, ¢, into a dlschargmg pipe, Q. The
inner. end ‘of the .passage ¢' regeives. water

" throngh a pipe, which extends down nearly to

35

the base of the annular. chamber ¢. This and

the arrangement generally. eompel a complete

ciredlagion. of the ‘water: in. one ‘continuous
stream through the properspaces inandaround
the upper portion of the engine. "The effect is
to absorb and carry away the heat which
creeps up to the upper poxblon of the appa-
ratus. -

The revenerator J is formed of twe sheets of -

thir brass or other metal—one corrngated and
the other plain —woand t]ghbly together

-, around a central rod antil it is as large as the

- 55

" er,
always substantially equal above and below..

60
© It requires merely sufficient power from the

chamber I will receive. . It is held tightly by

fine wires bound around, or by other suitable

means. The air in its albernate transfer be-
tween the upper and lower . ends of the appa:

Tatns moves thr ough:the spaces between these

plates. In commg up from below it heats the
lower parts of J and emeiges greatly cooled at
the top, and the small amounb of remaining
heat in the air is abstracted by the cosler I

The air on itsreturn throughthelegenerator J
takes up the heat which it before left in the

plates, and it consequently emerges from the |

lower end of J alrealy heated nea,rly to the re-
yuived degree;and nedds only a little more heat
fobe added by the heater B to give it the full

~ temperature necessary to induce the required
" tensiom,

The motion of the changing-piston
doesnotadd to but subtracts from thetotal pow-
"This loss is slight, because the pressure is

- other workiug parts of the engine to over-

 gome the friction and inertia.

. b5

- The changmg
_pistons are operated by means of what is
commonly known as 4 ‘dink-motion.”  Ttal-

" lows the engine to be reversed,

Refelrmg to Tigs. 1, 2,and 3, W s th(,hnk

Small thin. plpes kare pro-

from one end of th

A | thereof. It is-also

-changing- cylmder will allow.

‘charged :through a} horizontal flue, 4°

It 18 worked hytwo eceentric-rods, W W', eon-
nectedkto straps which inclose eccentrios O (60
propetly. keyed on the-shaft 0. .The link ;is

shifted by 4 hand- lever,. W‘ cormectet' m tha
ordlmry manner.. .

70

'V.is a stout roeking shaft havmg an aw“

‘ Wlth o link-block, V?; which is moved by the

link 'W.. . Two arins, V3 V3, keyed on the rock-
ing shaftV connech by lmks V* to pinscn the

75

respect;lve beams P P, to.which the changing-:. .
piston I is cennected The link thus em- -

ciency of the engine depm.]ds onthe skifting of
the air from one endto the other by fhe action
of the changing- piston E. T iiave until Tow

-described the motion of this changing-piston
as being a.IWdys complete—-bhab istosay,mak- .

ing the whole stroke which the length of the

“This will occur
when the link W.is: shlfbed o either extreme

“position, : and should be done when the full’

working-power of the engine is required; but

| when less than the full power is reqmred the

adjustmellu of the link secures ready control
of the power. It is only necessary to ship the

lever W* and consequently >the link "W, into
some mtermedxate position, so that the link-

block V*will beheld not at either exireme end
of the link. " Whenitis desired {o siop thc en-
gine altogether,the lever W*shouid be placed -
in such positidn that the link-block V* will be

held wear the middle of fhe link 'W. The

main pertions of th etwo enginey are counber-
parts ofeach other.  The arms M’ of the re-

-spective beam-centers m work iu such posi-

tions thaf their respective links N engage with
cranks O, lying in the same plane. One ig'in
the posxtlcn for operat, ng on_the erank with
it§ full force while the otkesis passing its dead-

point. - By reason of this arrangement,the t=o

‘engines combined work with a contmuom ant

nearly uniform action, requmng a fly-wheel,
0% of only moderate size and weight. - The
ﬁy-wheel can be dispensed with entirely for
some uses,-as for propelling vessels.

It will be seen that the hob prodnets of com-

bustion, rising from the farnace through the
funnel A% bathe the entire dome-like interior

-ployed serves to reverse the action by shifting..
thelever W, and uonsequenﬂy the link Wd

so that the lm -bloek V* is shifted completely '
 link W to"the other end .
practicable by this mech-

;a,nu;m to stop or reduce the action of the en- - *
gine without reversing it, 8s follows: The effi-

80
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of the heatm B, and, descending, move out-

ward and thence upward babhmg the exterior
of the heater. .They are finally 4i Qchawpd
through the passage a-into 2 chamber, &, in
which they descend, and thence pass by shvht

lateral movement into a parallel chamber, aty

in which they rise, and ultlmate]y are dw
. They
ible connecting- passafre.,
(See Fig. 2.) The fresh

thence pass by a sul
a“, info a stack, ¢’

‘airto support combustion in the furnace is lec.

throughaseries ofinverted- U-Shaped pipes, 3,
extending through the chambers ¢’ «*,a5 dﬁa s)ig

125

130



~ Ing in the chamber ¢’ they heat that portion of

. | | . 10,486

shown in Fig. 4. The motion of the fresh air
is indicated by short arrows. The motion of

_the hot gaseous products of combustion is in-

dicated bylong arrgws with round heads. The
hot gases flow from the furnace through the
passage ¢ ab a high temperature. In deseend-

the pipes S and become themselves partially

cooled. In subsequently rising in the chamber

10°

IS5

20

‘actuated by an arm or lever, R'.

a* they come in contaet with cooler portions of

the pipes S, which have just received fresh
cold air from the atmosphere outside. The
produets of combustion impart still more of
their heat to the air-pipes in this passage, and
finally flow away to the stack with their spent
heat largely ntilized by being transferred to
the air which is destined to support combus-
tion in the furnace. - :

R is a damper turning op an axis, r, and
This damper
.exercises a controlling influence on the draff

“of air through the furnace, and consequently

.'25

‘heater.
sufficiently high to make the engine efficient

on- the in’sensi@f%.of the heat supplied ,bo the
It is important o maintain the heat

~ andalso to avoid burning the metal. . “In other
- words, it isimportant to Keep the temperature

30

'35

,40

50

of the gases discharged throught-the flue a
nearly upiform. . I attain this by working the
damper automatically. o

- The arrangement of the damper in Fig. 4is
slightly modified from that in the other fig-
ures, but will be readily understood. . .

- T is'a hollow spheroidal casting filled with
mercury or other fiuid having a high boiling-
point, connected by a pipe with 4 chamber un-
der a flexible diaphragm, U.. Thisdiaphragm

is loaded by the weight U, and connected by.

the rod E to thelever R of the damper through
the movable block I, fixed in any desired po-

* sition on the arm or lever R’ by the screw Rt

‘When from any cause the temperature of the
gases in the Aue a rises too high, the mereury
in T eommences to boil, and the mereury-va-
por, pressing on the surface, drives the mer-
cury down and raises the diaphragm U, there-

by closing the damper R.. When the tempezr--

ature falls sufficiently, all the mercury-vapor
-condenses again and the diaphragm U sinks,
opening the damper,

- farther by the action- of the mercury, as re-
" quired, so'that the temperature of the gases

55

"in the- flue @ is kept nearly uniform. ~ These

features, however, will be made the subject-

. matter of a separate application. - I employ

(e}
3

a thick mass of ashes or other good non-con-

“ducting material around the bases of'the gev-

eral parts of the apparatus above the brick-
work A, and held by an exterior case of metal

or other suitable material. - Ifthe regenerator
is removed and the air allowed to flow from

- the cooler directly into the heater, the escap-

63,

ing products of combustion can be reduced to-
- some 300° or 400°; but if the regenerator is.

v ‘When the apparatus
.works properly; it keeps the dampér always
partially shut; closing it tighter or opening it

in nde théair is delivered into the heater at
about 500°; and as there must be a difference
of temperature of some 200° between the air
inside the heater and the gases outside in or-
der to effect a rapid transfer of heat,.the gases
will pass away at some 700°, involving a loss
of one-third -of the efficiency of the fuel. Un-
der -these circumstances the efficacy of the
economizer-pipes becomes apparent, ds by
thém at-least one-half the escaping heat is re-
turned to the furnace, and a high degree of
efficiency secured. The part which fails first:
in ordinary usage is the heater B. This por-
tion, being exposed to intense heat, becomes
partially oxidized or burned, while the rest

“of the engine remains in good condition. -

. It is important to be able’to replace the

70

73

80

heater without disturbing the main portion of

the engine. I support the engine at the mid-

‘height, soas to allow the lower portions to ex-

pand and contract with heat and cold without
indueing any movement of the upper portinn.
This also relieves the lower portion largely
from strain. —_— . S
Y Y are stiff girders of cast-iron or other

,85

g0

suitable ‘material supported at each end by

good bearings on-walls Z, of masonry. The
compound cylinders are provided with stifily-
braced flanges, which are bolted upon these
girders, o -

The furnace is suspended in a. sufficiently
stout casing or box of boiier-iron or other suit-
able material, as indicated by Y. (See Fig.
4.) This I equip af the top with means for
making a tight and strong connection to the

bases of the compound cylinders gbove, The'

fire-box ahd its eontents are thus suspended
from the girders ¥. Within the box Y’, Iaz-
range the fire-brick Yining A, with its.arched
top A’ and short-chimney or funnel A? and
suitable grates, &e. The furnace and ash-pit
doors are hihged on & casing, Y. Its front
may bedoubled or tripled to protecs the work-
men from heat.  ‘The grate-bars are scparate

95

10

105§

110

bars of ‘hard iron or steel, to.be turned over

o

from time to time. I can use water-grates, *f
preferred in anycase. The furnace-asing
Is just large enough to hold the leater and
necessary brick-work without regard to the
size of the foundation, except that it must
have room between the walls Z. The heater
issecured to the top of the furnace-casing, and
to apply it in place the whole is.slid under
the compound cylinder C G, and the heater-
boltsare serewed up. Theentire furnace, with
itsinclosing-case, is thus suspended in its place.
-1 completely separate the fire-room, which
sarrounds or is adjacent to the lower portion,
from the engine-room, which surrounds or is,
adjacent to the upper portion. I accomplish
this by constructing a horizontal partition, v/,
at or near the level of the girders Y. All the
hottest portions are below this. The horizon-

‘tal partition y serves as a floor for theéngine-
room,which contzins the machinery above it,

and as'a-means for protecting the machinery

120

125
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from the heat due to the five below. It ents

off the heat, noise, dust, and gshes,which ave
~annoyances in ap engine-rogm.

All the parts not fully ropm,en'oed or de-

5 seribed may be of any ordmary or hﬂ]t'lubl(‘

description. ’
, Modifieations may be made in the formsand
'propox:tmns of the  detals. I can vary the

_proportions of the diameter to the stroke. I.

10 can incréase the length of ‘the-arms M, eorre-
‘ ql)ondmgly inereasing the throw of the cranks
Q'. This will have an effect on the relations
- of the two engines to each other. It is well
-to 8o proportion the parts- as to bring the ef-

15 fect of the respective links N of ’rhe two en-
gines about ‘‘quartering’’ to each other. I
c¢an extend the. cooling- Thath of water farther
down on the respective eylinders. I cin ex-

tend the on-conducting envelope farther up. |

20 Instead of the solid webs'B*, Lcan use hol-
Yow stays forming an open commumeatnon be-
bween the mterlol and exterior of the heater,
taking care to maké thesé passages so small
that s large portion of the gases will still -be
‘25 1°qu1red to descend and pass under the bot-
. tomrim of the heater. Such would increase
the heatmglsurfaces, and may be desirable in
some instances in large engines. Such flues
should be of much greater vertical than hori-

‘30 zontal dimensions, They should be narrow

der favorable con&itionsfor stubitity and cool-
“Ness. A

S&cond. By reason of the connections be-
tween the. baths of water in the apper por-
tions of-the euter eylinder, G, and.chamberI,
‘andlalso theinner evhndet , asingle euuuxb
of water is made efficient to ¢ool the pper
portions of the entire apparatus, as herein
speeiﬁed. ; .

Third. By redson of the construction of the
double inner eylinder, G, with its upper por-
tion, of cast metal, hlleu witl water, and its
lower portion,of sheeb metal, filled with anon-
condnebing material, the structure conduets
upward little heat, and is adapted to serve
for a bearing for the paekings on thé outer
and inner 51des, so far as the packings of the
$wo pistons move, and to serve merely as &
wall approximately ﬁttmfr the _piston in the

' lower portion,

. Fourth. By reason of the fact that the outer
‘eylinder, G; is of thick cast metal at the dpper
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go. .

portion, with water circulating in an ample

‘chamber therein, and that the lower portionis

-made thinner, the thickness being filled out
with plaster, as shown, T am able to strongly

.support the parts, and to maintain & switable

surface, and to avoid the transmission Qf
mueh heat ipward through the material. -
Fifth, B'y reason of the beams P P. and’ M

gaps extending up and down ab certain points | ,eng9ged by links to the respective piston: rocL

along the periphery of theheater. Icantnake
such gaps extend quite down to the bottom
“rim of the heater, $0 as to form the lower por-
tion of the heater in a niumber of separate sec-
‘fions or flattened pipes, a,lways takingcareto
form the base-castings H with correspondmg

divisions a little: narrower than the space-in |.

~-which they aré to fit, so.that they cani be easily
40 inserted and removed Series of cylindrical
or nearly cyhndnca,l pipes- may be provided
“instead of flab sections, . taking.care to always
provide a proper dlwdmg :piece in each pipe,
extendmg nearly to the bottom. -Such pipes

‘4;, ma.y "be screwed . or seécured: by any ordinary
s>34sble' means in a continuous ring above;’

bui; Tprefer the continyous dome, simply di-

‘'yided with webs, as'shown. I can make the |
N cyhnders C & each'in one continudus dength;.
50 dui it is petber fo make them in two or more
‘separate lengths, properly-joined, and having
a packing of asbestus or other non-conducting
‘material in the joints.. This greatly -retards

th_e conductlon of heab flqm the hot to the eold '

15 end.’
= Bome of the advantages due to certam fea-
tures of theinvention may be separatelyenu-
memted as follows:
. Firgb. By reason ‘of the mner cyhnder, C
60 bemg finished on both:its outer and inner sur-:

.ber extending arvund- in *its" upper portion,
- with suitable conneetion§ for circulating w
“ter, I prowde a_cylindrical surface for theéx-

65 terior of the inner piston, D, and for the in-"

terior of the ‘outer annular mston. E, bothun-

“d'and e e, with-their proper cross-heads, as -
shown, I am_axﬁe to communicate the power-

efficiently from the working-piston D to the
continuously-révolving shafs O and the annu-

{ar ubangmg -pistons L and to guide the sev-

«eral cross-hedads by a 1eW ‘slides.
‘Sixzth. By reason of the arrangemeit-of the
regeneratm J in a passage, I, outside of both

.pistons D and B, T am able to make the passage

large and. deup, and to employ & regenerator
of any desired size and weight.

Seventh. By reasort of the removable bonnet
I over the regenerater-passage I and ‘the ar-
rangement of the cooler K and regenerator J,
50 a8 fo provide foreasy removal’ a,nd mserblon,

‘1, am able to greatly i -acﬂltate exammatmn,

cleamng;, and repairs.

. Righth. By reason of the. passage /4 bemv
above the heater B, T am able to maintain the
continuity of the metal of the heater and allow

all required amounts of expansion and con:-

Sraction of the heater below without injury,
Ninth. By reason of the ¢onnection X bé-
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tween the u pper, pori,lons of the two working~ -

cylinders above the top of the changing-eylin-
ders, I am able to allow afree transmission of

| the: compressed air betwéen the tops.of the

~working- cyhnders,re%pectlvely, withoutinter-. =
Afering with the action of the changing-pistons.
faces and equipped w1m % Water -tight ‘cham-{-*

Tenth. By reason of the link W and its ¢on-
sctio :

o make them perform

bhus to véu 'y the power and regiilate the action

thie changing-pistons, I'
tent’ of motion of the.

various lesser strokes, and
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50 as to maintain umfmm speed,and am able, -

-also, to conveniently change the relations.of

their motions to those of the working-piston,
so ag to reverse the engine when desired.

‘Bleventh. By reason of the two séts of work< |’

m g-pistons and their connections; opemtmg,
shown, on 4 single shaft; O, located between
the cylinders G G, Iavmd dead- ‘points,
‘Twelith. By reason of thie fact that the en-
tire structure is supported on the cross gird-.

“ers 'Y above the heéaters, and that the heaters:

is’_’

20

are suspended therefrom with liberty to ex-
pand and contract freely, the heated parts
are relieved from strdin; and the machinery
above works in more exact positions. -

‘Thirteenth. By reason of the rigid support
of the cross-girders Y on parallel walls Z, with
a-clear passage between, T am able to more
conveniently ‘remove “and 1eplace a. heater
when necessary.

-Fourteenth. By reason of the tloht horxzou-

‘ ’tal partition or flooring ¢/, I defend the work-

ing parts of the engine from the hea.t and dust

due to the fire below. -
Fifteenth. By reason of the webs B* conneet

" ing the inmner and outer shells of the heater,

30

combined with a base:casting, H, formed in
corresponding divisions; I am able, by means.
easily removable and accessible, to stiffly sup-

‘port and increase the durability of the heater, .

"and also compel the air to trayerse in the thin
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space along ‘the whole mner surface of the
heater, = .

Sixteenth. By’ reason. of the. faeb that the
heater B, which requires to be very hot, and
necessnates the discharge of the gasesata hlgh

,temperatuxe, is combined with the pipes S,

eonductmg the fresh air to the ash-pit through
the escaping gaseous products of combustion,
I am able to return a large portion.of the heat-
of such gases to the furnace, and to discharge
the gases into the sta,ck at an economlcal tem-
perature.

inanair-engine, of the economizer-tubes §,.for
testoring to the furnage the heat in the escap-
ing gases, with the re_g(,nerator J, for restoring
to the-compréssed air- on its reburn a portion
of the heat with which it left the heater, I real-

ize the economy due to. both these prowsmns,
and am able to. ‘procure a highly efﬁmenb com-

. pach, and reliable engine,
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- the other parts

Elghteentb By reason@f the- casmtr ¥ in-

closing the entire furnace, with its bnck-work

grates, &c., I am able, by simply removing the
Lieater- bolcs aud ‘lowering the casing from jts.
conneetion with ths girders Y, to remove the |
entire furnace for repairs or exchange and to

‘replace it with little laboror gkill: Theheater”

is, with all the precautions, shorte¥ lived than.
This facilitates. the repanrs
and changes required.

- T claim ag riy mvem‘mﬁ—— \
. Z# In ahob-alr engine, the inner eylmder, G
ished ox both its inner and outer surfaees
i meang, substantially as described, for cir-

10,486

culatmo a current of Watel in the upper por-

-fion 'ohereof in combination with the innér

piston,- 1, and annular outer plStOD, E, as
‘herein: speclﬁed : :

2. In a hot-air engine; the inner cyhnder, (
and outer cylinder, G, having means, substan-

‘tially as deseribed, 'for-c ireulating a Smgle eur-

o

rent of water throufrh both eylinders C gnd &, -

‘in eombination w1th each other and with the
inneér piston, 1, (md fmnular piston I, ashere
in specified.

8. In-a hot-air engine, the evlmder C be--

twoen the" ‘working:piston' and the changing-

_piston, consbructed with: double cast - metal
water-chambers in the upper part; and a dou-
ble sheet-metal chamber inclosing a non-con-

dudtor in the lower pa1t subst:mtlally as

‘herei? specified. .
‘4, T a hot-air engine, the cylinder G, hav-

ing its upper portion of cast metal in tw o

thicknesses, forming a chamber adapted to
receive a current of water, and its lower por-

‘tion of less thickness, faced with a rigid non-
1 condueting material, as herein spemﬁed

‘5. .In'a hot-air engme, the innereylinder, G,

-and outer cylinder, &, inner piston, D, with
[its rod @, and’annular plston E, with its rods

€ e, im combmatmn with each’ other, and wi

‘slides and suitable cross-heads, and with hnks
-connecting these cross-heads to cranks mount-
ed oppos1telv on the shmﬂ: O as lierein speci-

fied. .

6. Tn'a hot air engme, in combmat]on with
thé working-piston D and changing-piston E,

“the regenerator J; mounted i ina passage, I, out-
“side of both, eubstantmlly as herein spemﬁe(.

g0
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7. In a hot-air engine, the regenerator J-

and cooler K, in combination with each other,

-and-with the passage I and removable honnet

T, adapted to allow their ready removal, and
W 11311 the working-pistonD and annular plston
E,. mounted concentneally in sulta,ble eylin-

- : ders, as herein spemﬁed
. Seventeenth: By reason of the comblnatlon, '

8. In'a hot-air engine, the ch‘momrr ¢ylin-
der G, havings passage, ¢/, extendmrf around
‘above the heater, and forming a connection

- between ’phe bottom space, 2, connected through
- the thin space in-the heater B, and the upper”
space;’y, connected through {he .eylinder or 113

passage H, as herein specified.
- 9. Ina hot -air engine,- the working-pistons

| D D, connected to the same béam, M, in com-

bination with the cylinder O C therefor, and
the two annular changing-pistens E B, with
the inclesingtcylinders G, concentric to C and

+ having a connectmg-passacre, X, between the
upper portion of the working- cyhndex s, 1orthe

‘rapid-and easy transfer of the air, above the
piston, ag herein speclﬁed :

‘10, In ahot-air engine, the link W, withits
rods W 'W*, operated as shown, in combina-

_tion with the block V*and suitable mechani-

‘cal connections 40 a changmo"-plﬂton, &, ar-

ranged to serve as he1em specified. .
1T, Tri & hot-air engine, the combination of

two pairs of workingwpistons, with theirire-
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speetive working means MW and links N N,
arranged to acton the shaft O/, located between
the cylinders G G, as herein specified. ™ .

' 12. The heater B and cylinder-C, in combi- .
nation with each other and with the girders:
Y, arranged to-relieve the heated partsfrom

strain, as herein specified. L
13. Thecross-girders Y, in combination with

the heaters B and cylinders € and their sev- -

eral attachments, and with- supporting-walls

~Z, arranged to present a clear passage between

the latter, substantially as herein spéeified:.
14.-The partition ¥, arranged relatively to
the furnace and to the working parts of the
engine, substantially as herein specified.
15. The webs or stays B connecting the

~ inner shell, B, with the outer shell, B, of the

heater, in combination with a base-casting,

" H, formed with corresponding divisions, as

herein described. . ) )
16. In combination with the heater B of a
‘hot air-engine, the air-heating pipes 8, con-

ducting through the escaping hot gases the

air to'support the combustion in the furnace,
substantially as herein specified. E

- 17. The économizer S, for returning to the
furnace a portion of the heat in the gases es-
caping therefrom, and the regenerator J, for
the alternately absorbing and giving out of
heat in the compressed air, in combination
with each other and with the working parts of
an aiv-engine, arranged for.joint operation as
herein specified. - : '

18. Ina hot-air engine, the easing Y’, in-
closing the furnace-and makingthe whole con-
veniently portable, in combination with means,
Y, for supporting the engine by its ipper por-
tion, as herein specified.

In testimony whereof I have hereunto seb.
my hand, at New York city, New York, in the 40

presence of two subseribing witnesses.
STEPHEN WILCOX.
Witnesses: ' o

. J. B. RENWEE,
- M. . BoYLE.
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