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UNITED STATES
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PATENT OFFICE.

JOSEFH KOENIG, OF MANITOWOC, WISCONSIN.

HOT-AIR ENGINE.

Application filed May 8, 1925.

This invention relates to liot air engines,

This invention is an improvement over
iy copending application Serial No. 22,682,
filed April 13, 1925, for hot air engines, and
has the same general objects as those dis-
closed in such application. .

In a hot air engine in which air treat-
ing cylinders are employed, it is necessary
to move the pistons in such cylinders to
displace the air in accordance with the posi-
tion of the working piston.

Objects of this Invention are to provide
means for moving the air displacing pistons
in a simple and effective manner without
requiring stuffing boxes for the air treating
cylinders and without requiring any form of
cam or crank mechanism for moving the
air treating pistons. ‘

Further objects are to provide a hot air
engine in which the air treating pistons are
moved by pneumatic pressure automatically
generated DLy the operation of the working
piston, and in which means are provided to
msure the dwell of the pistons in the air
treating cylinders at each end of their stroke.

An embodiment of the invention is shown
in the accompanying drawings, in which (—

Figure 1is a plan view of the engine with
the working cylinder in section.

Figure 2 1s a vertical sectional view
through the air treating cylinders.

Figure 3 is an enlarged fragmentary sec-
tional view showing one of the valves at one
end of the working cylinder.

Referring in detail to the drawings, it will
be seen that the engine is provided with a
driving shaft 1 having a crank plate 2 there-
on provided with a crank pin 8. This crank
pin is connected by means of a pitman 4
with a cross head 5 carried in any suitable
guide 6. The crosshead is connected by
means of the piston rod 7 with the working
piston 8 operating in the working cylinder 9.

It is to be noted that the working cylinder
is provided with a stuffing box 10 adapted
to receive packing and oil under pressure in
the usual manner.

A pair of air treating cylinders A and B
are provided and are mounted one above
the 6ther with the working cylinder substan-
tially centrally .positioned with reference to
these air treating cylinders. The air treat-
ing cylinders are of identical construction

Serial No. 28,839,

and one only need, therefore, be described.
For instance, the uppermost cylinder A.
The cylinder is provided with an outer
head 11 and with an inner head 127. Tt is
further provided with an inwardly extend-
ing sleeve 12 which projects rearwardly
from the head 11, as shown in F igure 2. A
piston 13 slides within the sleeve 12 and is
preferably provided with a heat insulating
line 14 on its inner side, as disclosed in my
above mnoted application., The cylinder 1s
further provided with a rear shell 15 which
extends forwardly and is positioned within
the hollow piston 18 and spaced therefrom,
as shown. The rear end of the air treating
cylinders are water jacketed, as indicated at
16, so that such rear ends remain constantly
cool. The forward ends of these air treaf-
ing cylinders are provided with an annular
chamber 17 which completely surrounds
them and which receives the main air Pipes
from the working cylinder hereinafter de-
scribed in- greater -detail. :
The annular chamber 17 is in communi-
cation with the front end of the eylinder
by means of a plurality of heated pipes 18.
Preferably, these pipes’extend from one por:
tion of the annular member 17 and open
through the head 11 into the cylinder at a
diametrically opposed point. These pipes
18 may be heated in any suitable manner
and, if desired, an enclosing hood 19 may
be provided. For example, a burner 197
may open into the casing 19 at the lower end,
and a vent pipe 19’ may lead from the casing
at the upper end. o
The air treating cylinders A and B are
provided with smaller cylinders 20 and 21,
respectively, within which pistons 22 and 23
are adapted to work. The pistons 22 and
23 are connected with the pistons 13 and
137, respectively, by means of piston rods
24, such piston rods passing through blocks
25 carried within the rear cylinder heads
127, :
It is to be noted from reference to Figure
1 that opposite ends of the work cylinder
9 are connected to the annular members 17
of the cylinders A and B by means of pipes
26 and 27. These pipes open into the work-
ing cylinder 9 at points spaced a slight dis-
tance from. the ends of the eylinder and
the openings from the pipes are adapted
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to Le closed off by the piston 8, as shown
in Figure 1, as the piston nears the cnd of
its stroke.

It is to be -noted from Figure 1 that the
sxtreme ends of the cylinder 9 are connected
through valves 28 with the pipes 27 and 26.

_These valves are adapted to cpen inwardly
I 3

towards the piston under certain conditions
of ‘operation, as will be described later.

It is-to be noted further from reference
to Figures 1 and 2, that a pipe 29 leads

* from the rear end of the working cylinder

—

1

9 and from reference to Figure 2 it will be
seen that this pipe 29 has two branches 29
which extend to the forward end of the
eylinder 20 and to the rear end of the cyl-

inder 21, Similavly, the forward end :of .

the working cylinder 9 hasa pipe 36 which
is also provided with two. branches 31 ex-
tending to the rear end of the .cylinder 20
and the forwardend of the eylinder 21. -

The air tweating cylinders A and B are
cach provided with sn inwardly opeming
valve 32, ene of which appears in Figure 1,

¢ g0 that both sides of the system may be

placed under initial compression.

_Upen reference to Figure 1, it will be seen
that the driving shaft 1 i3 provided with
any suitable type of governor 33 which rocks
the -control shatt:84. This control shaft 34,
as shown in Figuve 2, is provided with «
vadve 35 swhich contrels communication be-
twaen the eylinders A and B establishing
commrunication when the speed of the en-
oine exceeds a predetermined value and nor-
mally shutting off -communication hetween

- the weylinders.
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The operation of the apparatus is as fol-
lows —Assuming that the working piston 8
is approaching the rear end of its stroke,
it has previously discharged air through
the pipe 96 into the amnular member 17 of

the cylinder A and this air passes between

the avall of the cylinder A and the sleeve 12,

-and thus is drewght into intimate contact

with the chilling end .ef the cylinder, such
air-discharging behind the piston 13. The

“air is contracted and thus the wolume is re-

duced and accommodated in this portien of
the system. Further motion of the piston 8
towards its rear end closes the opening from
the. pipe 26 -and icampresses the -air behind
it. 'This forces compressed air thvough the
pipe 29 and threugh branches 297 Suca
.com]laressed. air -acts mpon the forward side
of the piston 22 and the awear side of the
piston 23, thus forcing the piston 22 and the
piston 13 rearwandly, and fercing the piston

"~ 18" and tle pisten 23. forwardly.

65

- Consider the airtreating cylinder A. The
rearward motion of the piston 13 forces the
air between the sleeve 12 and the cylinder
wall and inte the -annular chamber 17. The

“air passes through the heated pipes 18 and

is expanded and discharged in front.of the
9% 2
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piston 13. Fowever, this air is under pres-
sure and is transmitted through the pipe 26
behind the forwardly moving piston 8, thus
producing a working stroke of such last
mentioned piston. When the piston 8 nears

~the other end of its stroke the reverse action

talkes place, as will be apparent from th-
previous -description.

It is to be noted that during the time that
the piston 8 is traveling forwardly and has
closed off conmnumication with either of the
pipes 26 ov 27 that suction will not be
created buek of the piston 8 as the appro-
priate valve 28-will open and wvelieve this
condition. Thus the pistons 22 and 23 are
not moved when the piston 8 starts from
s extveme position.

Tt will be seen that a het air engine has
been provided which dees notemploy sliding
valves. or any movable type of valves for
controlling the flow .of air from the work-
ing «cylinder to the air treating cylinders.
Tarther, it will be neted that ne link, cam
or crank mechanism is employed for mev-
ing the pistons 13 and 13’, and that no
stuffing boxes are employed dor these pistou

vods.  They are «comtawned wholly wwithin
the cylinders and do not projest ountwardly

therefrom.  Further, due to the action ot
the auxiliary or small cylinders 20 and 21,
veverse action of the pistons 18 and 13" is
insured.

Preferably springs 36 ave positioned at

opposite ends of ithe small eylinders 20 and .

91 #o cushion the shock of the pistons when
they arrive at the lmit of their stroke.

Although the imvention ‘has Deen .de-
seribed in considerable detadl, it is to be un-
derstood that the invention may be various-
Iy embedied and is, therefore, to be limited
only as claimed.

Telaim:

1. A hotair engine comprising a working

‘eylinder, @ piston mounted therein,.a pair of

cylinders connected with wpposite ends of
said working cylinder, each of said pair -of
cylinders thaving air civculating pistons
therein provided with piston rods and hav-
ing heating and cooling means at opposite
ends thereof, a pair of auxiliary cylinders
into awhich said piston rods project, pistons
fithing said auxiliary eylinders and carvied
by said piston rods, said -auxiliary eylinders
having their ends connected with the :ends
.of said working cylinder. ‘

2. A hot air engine comprising.a working
cylinder, a piston mounted therein, a pair of
«eylinders. .connected avith opposite ends wf
said working cylinder, each of said pair of
cvlinders having air cirewlating pistons
therein provided with piston rods and hav-
ing heating and cooling means at opposite
ends thereof, a pair of auxiliary .cylinders
into which said piston reds project, pistons
fitting said auxiliary cylinders and carried
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by said piston rods the ends of one auxiliary
cylinder being connected to the reverse ends
of the other auxiliary cylinder by means of
pipes, and pipes leading from  said first
nentioned pipes to opposite ends of said
woerking cylinder.

3. A hot air engine comprising a working
cylinder, a piston mounted therein, a pair
of air conditioning cylinders having at one
end external heated means through which
the air is adapted to pass, said pair of cyl-
inders having the other ends cooled, pistons
within said pair of cylinders and controlling
the flow of air through said heating means,
lueans - connecting opposite ends of said
working cylinder with said pair of cylin-
ders, pneumatic means controlled by the
piston of said working cylinder and causing
simultaneous reverse motion of the pistons
in said air conditioning cylinders, and
mean for permitting the introduction of air
under pressure to the air conditioning cyl-
inders.

4. A hot air engine comprising a pair of
air cylinders each having closed ends, a
sleeve carried by one -end and projecting
into the cylinder and spaced from the walls
thereof, an annular chamber surrounding
such end of the cylinder and communicat.
ing with the space between said sleeve and
the “cylinder walls, a plurality of heated
pipes extending from the annular chamber
and opening through the head of the cyl-
inder, a piston mounted within each cylin-
der and fitting within said sleeve, cooling
means for each cylinder remote from the
heating pipes, a working cylinder having
opposite ends connected with the annular
chambers of said pair of cylinders, a work-
ing piston within said working cylinder,
and auxiliary cylinders associated with said
air cylinders and having pistons connected
with the pistons of said air cylinders, the
ends of one auxiliary cylinder being con-

8

nected to the reverse ends of the other auxil-
iary cylinder by means of pipes, and other
pipes leading from the first mentioned
pipes, to opposite ends :of said working
cylinder, '

5. A hot air engine comprising a working
cylinder, a piston mounted therein, a pair of
cylinders connected with opposite ends of
sald working cylinder, each of said pair of
cylinders having air circulating pistons
therein provided with piston rods and hav-
ing heating and cooling means at opposite
ends thereof, a pair of auxiliary cylinders
ito which said piston rods project, pistons
fitting said auxiliary cylinders and carried
by said piston rods, said auxiliary . ¢ylin-
ders having their ends connected with the
ends of said working cylinder, and means
for insuring a dwell at each end of the
stroke of said air circulating systen. '

6. A hot air engine comprising a working
cylinder, a piston mounted therein, a pair of
cylinders connected with opposite ends of
sald working cylinder, each of said pair of
cylinders having air circulating pistons
therein provided with piston rods and hav-
ing heating and cooling means at opposite
ends thereof, a pair of auxiliary cylinders
into which said piston rods project, pistons
fitting said auxiliary cylinders and carried
by said piston rods, the ends of one auxil-
lary cylinder being connected to the reverse
ends of the other auxiliary cylinder by

means of pipes, pipes leading from said first

mentioned pipes to opposite ends of said
working cylinder, and means carried by the
auxiliary ecylinders for cushioning  said
pistons at the end of their stroke.

In testimony that I claim the foregoing
I have hereunto set my hand at Manitowoc,
in the county of Manitowoc and State of
Wisconsin.

JOSEPH KOENIG.
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