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UNITED STATES

PATENT @E FICE.

STEPHEN WILCOX, OF BROOKLYY,

NEW YORK.

: HO“T-‘AIR(_ENGI‘N E.

SPVCIFICATION f01m1n'r part of Letters Patent No. 289, 482 dated December 4, 1883

Applicatisn filed memry 13, 1883 Renewed Qctober 17, 1883,

Zo all whom it may concern : ‘

-‘Be it known-that I, STEPHEN ~-WILCOX, of
Bl ooklyn,in the coun‘ry of Kings and St-ate of
New York, and doing business in the city. of
New York, same State, havé invented certain

new and useful Improvements in Hot-Air In-.

gines, of which the fol]owm0 is a speelﬁca~
tlon

The invention relates to details of construc
tion, as fully set forth below.

The accompanying drawings: form a prrt of ‘

this specification; and 1epresent what I con-
sider thé Dbest Ineans of carrying out’ the in-
vention.

Figure 1 is an end eleva’mon of the. encrlnes,

constltutmg one half of the complete.set iof:
- apparatus,

Fig. 2 is a corresponding plan
view, showing also the:adjacent engine, .con-
stituting the other half. of the combined-set.

Fig. 3 is a side elevation of the pair of .com-’

pound cylinders and their directly conneeted
constituting one engine. - Fig. 4 is on
a larger scale. ‘It isa vertical section through
the main’ portions of .one of the compound
cylinders "and: the “immediately connected
Fig. b is a vertical -section of a por-
“Fig. 6 isa couespond-
ing horizontal section.

Similar letters of reference’ mdmate corre:
sponding parts in all the figures."

My improved engine has upright eyllndels
peculiarly. compounded Each:hastwo deep
pistons, having tight-fitting paekmgs in ‘their
upper portlons only and-runningifree in.the
lower portions, with a heater and furnace still
lower. Each cylinder is compound, there:be-
ing in each case a smaller:cylinder within-a
larger. These.compound cylinders are cou-

~ pled intwos to form one engine.  Two.of these
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e

engines or. pairs ‘of compound cylinders are

united to work ‘together on oneé‘shaft.

I will first describe one ‘of the .compound
cylinders and its immediate connections.

In the“figures, A’is the brick- work of the
furnace, and A*a fire-brick funnel extending
upward @ little .from.an arch, .A’;7in the top
of the furnace, ‘and causing the hot gases
therefrom: to be projected directly into the top
of ‘the dome-like heater above.

C 'is:the interior ‘cylinder. Its upper part

is of cast-iron, made of two thicknesses.. Be-

(No model.)

tween the outer and inner thickness is an an-

nular chamber, ¢, in-which water is circulated,
as will' be. pr esently described. The uppe1
portion of thispart of the cylinder C is meely

55

finished both on its inner-and outer face. It ..

is finished on its inner face to form a tight
contact with the working-piston D.by the aid
of ‘Dunbar packing. or-ether suitable pack-
ing. : It is finished on‘its outer face-to form a

‘tlght contact by.the-aid of packing, with an

annular:¢hanging- -piston, E.. The lower por-
tion of -this cylmdel C-is also double. .1t is
made of: sheet-iren or other:.thin material se-

‘eured -to the rigid part-above. by riveting or

otherwise, as plainly indicated in Fig. 4. - The
interior is filled with plaster, so ds t6 form a
strong and stiff support. to the metal. It
serves also as a good:non-conductor.  There
is a space below the bottom for the free flow
of air outward and inward. '
. Gisthe outer or changing cylinder, formed
at its upper portion also of cons1de1 able thick-
ness, and chambered -annularly,-as indicated
by g. "Water also circulates through this cham-
ber g. - The lower portion is mede of a single
thickness of substantial - material-—as east
iron—with a facing of plaster, G. There is
thin sheet-iron or other metal, Gr2 to form the
extreme inner surface of the 1ining .

The working - piston D is connected by a.

single piston-rod, d, working through an effi-

cient stuffing-box at the top, to a cross-head:

connected by links to a beam, M.: The other
end of this beam is similarly connected to the
working piston-rod of another similar piston.
I':'term these two, ses of pistons, with their
aecompanymw“ parts thus connected an ‘‘en-
gine.”’ . The beam iskeyed to a strontr “beam-
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center?’ or rocking' shaft, m, on one end of go

which .is. keyed -an inclined 2 arm, M, from a

 pin‘inithe end of which'the power is commu-

nicated: by.a link, N, to the ‘crank- -pin-of a

crank, O, keyed on the revolving shaft O,and -

‘ equlpped with an efficient fly- -wheel or pulley,

O, from which the power ‘is. communicated
by belting or otherwise to'any nnchlne which

‘it is required to drive.

The anntilar changing-piston: D has two Small

‘piston-rods, ee,wmkmgthrouohstufﬁno~boxes
‘at” the top, each of which is connected bya
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link to a beam, P, which turns loosely on the
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beam-center m. The other end of each beam
Pissimilarly connected to the opposite chang-
ing-piston. It follows that the gravity of all
the parts in the two cylinders balances each
other. ‘

The heater is designated by the letter B, ad-
ditional marks of reference, as B’ B* being
added, when necessary, to designate certain
partsthereof. Itissubstantially dome-shaped

on its under and inner side, B/, and cylindri-

cal onits outerside, B?, with a strong and wide
flange, B’, around the top, by which it is bolt-
ed to the expanded base of the outer cylinder,
G. Between the dome-like interior and the
cylindrical exterior is a limited space, which
performs the important funetion of thoroughly
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 chang-
ing-piston. The econstruection is braced, so as
to effectually hold it in form in opposition to
the forces tending to warp and destroy it un-
der the high temperature to which it is sub-
jected. This bracing is effected by six webs,
B*, which are cast in onetherewith,and firmly
connect B’ and B’, extending from near the
base to a level near the top ot the heater.

H is a casting adapted to extend down in
the six spaces between B'and B’ nearlyto the
bottom. It is divided from the bottomnearly
to the top to allow it to apply between the
webs BY. This casting leaves a thin space ex-
terior to it, between it and B’ and a thin space
next to its interior, between it and B'. It
need not fit tightly to the webs B but it is
important that it shall approximate thereto,
50 as to compel the main portion of the air to
traverse down the entire depth of the heater
and up again in its transfer back and forward
from top to bottom of the engine. The air
contained in the heater B and the connected
spaces is compressed by a pump to a tension
considerably above that of the atmosphere.
The space in the bottom below the changing-
piston B and below the working-pisten D is
marked 2z It is kept in free communication
(through the thin but widely-extended spaces
between the parts B’ and B® of the heater and
a vertical cylindrical chamber, I, at one side
and a suitable top passage) with the annular
space ¥ in the top of the engine,above the an-
nular changing-piston B. The thin space in
the heater B is connected with the upright

“c¢ylinder I by a chamber-or connecting-pas-
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sage; ¢, which extends around in the base of
the outer cylinder, G, asshown. As thechang-
ing-piston is shifted np and down, it compels
a portion of the compressed air in these spaces
y z and in the connecting-passage ¢’ to shift al-
ternately from the bottom to the top of the ap-
paratus. The bottom is hot. The top is as

cool as it can well be maintained by all the fa- -

cilities available.

F is the pump,worked by a rod, f, connect-
ed to an eccentric-strap, I, which is worked
by an. eccentric, O, on the mainshaft O. This

‘an equal pressure therein at all times.

2 ‘ , 280,482

pump takes air from the general atmosphere,
and, compressing it to the required tension,
forces it into a capacious tight receiver, (not

shown,) which is kept full at a suitable press-

ure above atmosphere after the engine is
stopped, ready to be availed of to charge the
engine when required to start again. Suit-
able pipes and valves communicate from such
receivers with the space above the working-
pistons, from which the Dunbar packing al-
lows it to pass down as required, but not to re-
turn. Little is required after the engine is
fully charged. The leakage is chiefly at the
top, around the stuffing-boxes. ‘When the ma-
chine is working, this pump is or may be op-
erated constantly, and compensates for leak-
ages and maintains the required high pressure
of the air. A small safety-valve (not repre-
sented) is provided to discharge the air when
the pressure rises too high.

The engine is, in its general features, analo-
gous to that known as the “‘Stirling Engine.”’
‘When, by the rise of the annular changing-
piston, & large portion of the compressed air
is transferred into the bottom space, #, it is ex-
panded, and the effect is felt on the under face
of the working-piston D, driving it forcibly
upward. When, by the descent of the annu-
lar changing-piston, a large portion of the air
is caused to move into the top of the engine,
its pressure is reduced by cooling, and the
working-piston Dis allowed to descend against
areduced pressure. Thespace over thework-
ing-piston D is inoperative, and I provide for
It is
well that the pressure in such space shall be
about equal to the lowest pressure below the

piston—that is to say, if the -pressure below

the working-piston varies between sixty and
ninety pounds, with a mean pressure of sev-
enty-five per square inch, the air in the space
above the working-piston should be always
sixty pounds. The-ldle space over the work-
ing-piston is marked #. 1 extend it upward
in a small annular chamber, ', around the
stuffing-box which incloses the piston-rod d,
and unite these portions of the two connected
engines by a pipe, X.

Asthe working-piston in one of the two con-
nected cylinders always descends 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.
Its pressure contributesto depress each against
the considerable pressure which remains on
the under face of the piston during the down-
stroke. It equally resists the pressure on the
lower face of the working-piston during the
upstroke. The existence of a considerable
pressure in the chambers 2 2 and pipe X tends
to reduce the slight leakage, which is, perhaps,
unavoidable, past the packing of the working-
piston. Itake care to provideavery efficient
stuffing-box around the several piston-rods, so
as to hold the. compressed air efficiently with
aminimum friction. Theupper portion of the
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casing around the vertical cylindrical cham-
ber I is chambered, as indicated by . Wa-
ter circulates through this chamber. The top
is closed by aremovable bonnet, I'. . This also
is chambered, as indicated by i’ >. These two
chambers in the bonnet are kept filled with
cold water, and are divided by a continuous
partition.  Within the upright cylinder I are
two pieces of apparatus which perform impor-
tant funetions. When the bonnet I’ is taken
off, both may be taken out and repaired or ex-
changed by  simply -raising and  lowering
through the open top. - Thelowerniost, J, isa
regenerator, the funetion of which is to alter-
nately absorb heat from the air and give it off
again, as will be more fully explained further
on. The uppermost, K, is a cooler for simply
and solely absorbing and conveying away heat.
It is of cylindrieal form, pretty closely filling
the interior of the cylinder I. All the sur-

. faces of this cooler are made tight and strong,

‘25
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with two pipes, K’ K? connecting it with the
chambers ¢ #, respectively, in the bonnet.
Small thin pipes%are provided,extending from
end to end through this cooler. - Theair, in its
rapid. transfer in one direction and the other
hetween the chambers y ¢, moves through thése
tubes &, and is cooled by the presence of the
cold water around them. A pipe, L, brings
cold water from a pump or othersupply-source
into the chamber ¢. - A passage, ¢, leads the
water away from the chamber’ into the space
4, which surrounds the chamber I. This lat-
ter chamber isinfree eommunication with the
chamber g,which extends around near the up-
perportion ofthe changing-cylinder G. A pas-
sage,c,seen at thetop of the cylinders, leads the

~water into the chamber ¢. - After circulating
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around the working-cylinder, the water es-
capes through a passage, ¢*, into a discharge-
pipe, Q. - The inner end of the passage ¢ re-
ceives water through a pipe which extends
down nearly to the base of the annular cham-
ber ¢.. This and the arrangement generally
compel a complete circulation of the water in
one continuous stream through the proper
spaces in and around the upper portion of the
engine. . The effectisto absorb and carryaway
the heat which creeps up to the upper por-
tion of the apparatus.” ‘
The regenerator J is formed of two sheets
of thin brass or other metal--one corrugated
and the other plain—wound tightly together
around a central rod until it is as large as the
chamber I will receive. It is held together
by fine wires bound around, or by other suit-
able means. The effect of this portion of the

. apparatus is the same as what is generally

60

known in hot-air engineering as a.‘‘regener-
ator.”’
tween the upper and lower ends of the appa-

‘ratus, moves through the spaces between these

plates. . In coming up from below it heats the

w0 lower parts of J and emerges greatly cooled

at the top, and only the small amount of re-

maining heat in the dir is-abstracted by the

The air, in its alternate transfer be-:

cooler K. . Onthe return movement of the air

which immediately succeeds, the cold air from
above moves downward through the regener-
ator J, and again takes up the heat which it
before left in the plates, and it consequently
emergesfrom thelower end of J already heated
nearly to the required degree, and needs only
a little more heat to be added in the heater B
to giveit the full temperature necessary to in-
duce the required tension. As in other en-

gines of this class, the power is derived from’

the working-piston alone. The motion of the
changing-piston does not add to but subtracts
from the working-power. The subtraction is
slight, because the pressure is always sub-
stantially equal above and below. Itrequires
merely sufficient power from the other work-
ing parts of the engine to overcome the fric-
tion and inertia.

I operate the changing-pistons by means of
what is sometimes known as the ‘‘Stevenson
link-motion.”” It allows the engine to be re-
versed.

Referring to Figs. 1, 2, and 3, W is the Ste-
venson link. Tt is worked by two eccentric
rods, W/ W', connected to straps which in-
cloge eccentrics, O* O, properly keyed on the
shaft O. The link is shifted by a hand-lever,

"W?, connected in the ordinary manner,

V is a stout rocking shaft, having an arm
with a link-block, V?* which is moved by the
link ‘W in the manner well known in eonnec-
tion with the valve-operating of steam-engines.
Two arms, V° V¥, keyed on the rocking shaft
'V, connect by links V* to pins on the respect-
ive beams P P, to which the changing-piston
E is connected. The Stevenson link thus em-
ployed serves to reverse the action by shifting
the lever W* and consequently the link W?,
80 that the link-block V* is shifted completely
from one end of the Stevenson link W to the
other end thereof. It is also practicable by
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this mechanism to stop or reduce the action

of the engine without reversing it, as follows:

I10

The efficiency of the engine depends on the .

shifting of the air from one end to the other
by the action of the changing-piston E. I
have, until now, described the motion of this
changing-piston as being always complete—
that is to say, making the whole stroke which
the length of the changing-cylinder will allow.

115

This will occur when the link 'W is shifted to

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 required the adjustment of the link secures .

ready control of the power. It is only neces-
sary to ship the lever W? and consequently the
link W, intosome intermediate position,sothat
the link-bloek V* will be held not at either ex-
treme end of the link.

stop the engine altogether, the lever W2 ghould
be placed in such position that the link-block
V*will beheld near the middle of the link W.
The main portions of the two engines are coun-
terparts of each other. The arms M’ of the

125

‘When it is desired to
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respective beam-centers m work in such po-
sitions that their respective links N engage
with cranks 0/, lying in the same plane. One
is in the position for operating on the crank
with its full force while the other is passing
its dead-point. By reason of this arrange-
ment the combination of two complete engines
works with a continuous and nearly uniform
action, requiring a fly-wheel, 0% of only mod-
erate size and weight. “The fly-wheel ‘cari be
dispensed with entirely for some uses, as for
propelling vessels.

It will be seen that the hot products of com-
bustion rising from the furnace through the
funnel A’ bathe the entire dome-like interior
of the heater B, and, descending; move out-
ward and thence upward, bathing the exterior
of the heater. They are finally discharged
through the passage @ into a chamber, «, in
which they descend, and thence pass, by a
slight lateral movement, into a parallel cham-
ber, ¢’, in which they rise, and ultimately are
discharged through a horizontal flue, @’. They
thence pass by a suitable connecting-passage,
«', into a stack, a®.  (See Fig. 2.) The fresh
air to support combustion in the furnace isled
through a series of inverted-U-shaped pipes,

'S, extending throngh the chambers &, as

clearly shown in Fig. 4. The motion of the
fresh-air: is indicated Dby short arrows. The
motion of the hot gaseous products of combus-
tion is indicated by long arrows with round
heads. - The hot gases flow from the furnace
through the passage « at a high temperature.
In deseending in the chamber o they heat that
portion of the pipes S and become themselves
partially cooled. In subsequently rising in
the chamber ¢’ they come in contact with cooler
portions of the pipes S8, which have just re-
ceived fresh cold air from the general atmos-
phere outside. The products 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 utilized by
being transferred to the air which is destined
to support combustion in the furnace.

R is a damper turning on an axis, r, and act-
uated by an arm or lever, R. This damper
exercises a eontrolling influence on the draft
of air through the furnace, and consequently
on the intensity of the heat supplied to the
heater. It is important to maintain the heat
sufficiently high to make the engine efficient,
and also to avoid burning the metal. In other
words, it is important to keep the temperature
of the gases discharged through the flue «
nearly uniform. -T attain this by working the
damper automatically.

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

T is a hollow spheroidal casting, filled with
mercury or other fluid having a high boiling-
point, connected by a pipe with a chamber un-
der a flexible diapliragm, U. This diaphragm
is loaded by the weight U’, and connected by

289,482

therod R*tothelever R of the damper through
the movable block R’ fixed in any desired
position on the arm or lever R’ by the screw
RY When from any cause the temperature of
the gases in the flue « rises too high, the mer-
curyin T commences to boil,and the mercury-
vapor,pressing on the surface,drives the mer-
cury down and raises the diaphragm U, there-
by closing the damper R. = 'When the temper-
ature falls sufficiently, all the mercury-vapor
condenses again and the diaphragm U sinks,
opening the damper. When the apparatus
works properly,it keeps the damper always
partially shut, closing it tighter or opening it
farther by the action of the mercury, as re-
quired, so that the temperature of the gasesin
the flue ¢ is kept nearly uniform. : These fea-
tures, however, will be made the subject-mat-
ter of a separate application.  Temploy a thick
mass of ashes or other good non-conducting
material around the bases of the several parts
of the apparatus,above the brick-work A, and
held by an exterior case of metal or other suit-
able material. - If the regenerator is removed
and the air allowed to flow from the cooler
direetly into the heater, the escaping produects
of .combustion can be reduced to some 300° or
400°; but if the regenerator is in use theair 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 order 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. Under these circum-
stances the efficacy of the economizer-pipes
becomesapparent, as by them at least one-half
the escaping heat is returned to the furnace
and a high degree of efficiency secured. The
part which fails first in ordinary usage is the
heater B. This portion, being exposed to in-
tense 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
heater withont disturbing the main portion of
the engine. Isupport the engine at the mid-

height, so asto allow the lower portions to ex-

pand and contract with heat and cold without
inducing any movement of the upper portion.
This also relieves the lower portion largely
from strain. o

Y Y are stiff girders of cast-iron or other
suitable material, supported at each end by
good bearings on walls, Z, of masonry. The
compound cylinders are provided with stiffly-
braced flanges, which are bolted upon these
girders. -

The furnace is suspended in a sufficiently
stout casing . or box, of boiler-iron or other
suitable material, as indicated by Y. (See
Fig.4.) ThisIequip at the top with means for
making a tight and strong connection to the
bases of the compound eylinders above,which,
the latter being supported on the girders Y,
has the effect to suspend the box and contents
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