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UNITED STATES PATENT OFFICE.

BENJAMIN F. CRAIG, OF WASHINGTON, DISTRICT OF COLUMBIA.

HOT-AIR ENGINE.

Specification of Letters Patent No. 26,837, dated January 17, 1860,

To all whom it may concern:

Be it known that I, Bensamin Faxeuin
Crate, of Washington, in the District of
Columbia, have invented a new and Im-
proved Method of Using Heated Air as a
Motive Power; and I do hereby declare that
the followino is a full and exact description
thereof, reference being had to the accom-
panying drawings and To the letters of ref-
erence marked thereon.

My improvement consists in communicat-
ing motion to the piston of a hot air engine
by means of two separate currents of com-
pressed air or other gaseous matter : the said
currents having different temperatures. The
improvement 1s particularly designed for
those forms of engine in which air, after be-
ing compressed by an air pump, is highly
heated, and then by its elastic pressure made
to give motion to a piston. The objections
heretofore found to such engines, arise from
the injurious effects of the contact of hot air
with the sides of the cylinder, and with
other working parts, and to obviate these
objections, 1 provide means for preventing
such contact; and this I do by causing a cur-
rent of cooler air or of other gas or vapor
or of a liquid convertible into vapor to enter

‘the cylinder by a different passage from that

traversed by the hot air, and to circulate in
contact with the parts which it is designed
to protect.

The form of hot air engine to which my
improvement is especially applicable, is that
which has most commonly been proposed as
a means of using heated alr as a motive
agent, and swhich consists of three distinct
parts (viz.) 1st An air pump, or condensing
apparatus, by which air is subjected to com-
pression, as a preliminary to the process of
heating it. 2d A vessel or chamber in which
the compressed air is heated, either by means
of a metallic heating surface, or by being
brought into direct contact with fuel that is
made to burn in an air tight chamber. 38rd
A working part consisting of one or more
cylinders. It can easily be understood that
in such an engine the air must pass from the
compressing pump into the heating cham-
ber; and from thence, after being heated and
consequently augmented in bulk, into the

- working cylinder, where it acts on a piston
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of greater diameter than the piston of the
compressing pump. It is evident, upon con-
sidering the mode of working of such an
engine, that the actual tension or working

pressure of the hot air will be due, rather to
the compression given to it before being
heated, than to the effect of the heat: the
air being allowed to expand and to enter the
working eylinder without change of pres-
sure, so that the bulk of the air is increased
by the heat, but not its tension.

Physical investigations have shown that
the employment of. high temperature and
pressure is necessary to the economical work-
ing of a hot air engine, but to the employ-
ment of a high temperature an objection lies
in the injurious effect of great heat upon
rubbing and lubricated surfaces, and the
efforts of inventors have been directed to this
as the great and almost the only difficulty
in the way of the substitution of hot air
engines for steam engines. The means here-
tofore used to meet this objection consist in
making the piston work in a part of the cyl-
inder to which the hot air has not free ac-
cess, and in interposing between the working
piston and the hot air some protecting body,
either in the form of an append‘we to the
piston, as in Cayley’s patent of 1837, or as a
separate piston as in Ericsson’s m01e recent
patents. A jacket of cold water has also
been employed to keep that part of the cylin-

“der in which the piston moves cool.

The means which I propose for attaining
the desired end differ from the foregoing
and may be used in addition to them. I
cause the air from the compressing pump to
reach the working cylinder by two routes;
that which comes by one route being heated
in its passage, while that which comes by the
other remains cool: to effect this, in addition
to the usual passage from the compressing
pump to the heating chamber, and thence to
the cylinder, a sepqmte pipe is used which
leads from the pump directly to the cylin-
der: the termination of this pipe is shown
attached to the cylinder in the drawing and
model accompanying this specification. The
cooler air, as will be seen, enters the cylin-
der outside of the hotter, and is thus made to
envelop it; and, to prevent a premature mix-
ing of the two currents, an arrangement of
the cylinder and piston such as that de-
scribed further on or some equivalent of it
is adopted.

My improvement is also meant to meet the
difficulty which arises in that form of engine
in which the compressed air is passed through
a fire, and the products of combustion used
as a motive agent: such, for example, as the
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engines of Cayley and of Beriett. The
difficulty alluded to arises from the dust,”

which 1s carried along with the gaseous
products of combustion, and proves as de-
structive to the cylinder as the high tempera-
ture. The arrangement described in this
specification will be seen to be a protection
against both causes of destruction.

To enable others to make and use my in-
vention I will proceed to describe it by ref-

~erence to the accompanying drawings.

A A B Bis a cylinder of which the upper
part A A is of the usual construction, but
the lower part B B is lined and partly filled
with- brick, fireclay, or -other suitable ma-
terial. In this filling there are three cavi-
ties: 1st H, a tube for the entrance of hot
and compressed air; 2d X, a similar tube for
the exit of the air after its expansion or per-
formance of work by raising the piston; 3rd
E, a narrow circular hollow space or an-

‘nulus close to the outer wall of the cylinder.

The piston head I F has attached to it a
cup ¢ ¢ ¢ ¢, which I prefer to make of thin
sheets of metal and single or double accord-
ing to the size of the cylinder, the total

thickness of the cup being such as just to

allow it to move without friction in the an-
nular space I into which it is meant to be
received. The connection of this cup with
the lower face of the piston head is by means
of short and narrow rods, sections of which
are shown in the drawing, or by thin plates
of metal or other methods by which a mod-
erately firm attachment can be secured with-
out preventing the passage of air between
the cup and the piston head. In the cen-
ter of the base of the cap there is a small
opening. :
At L is shown a pipe which surrounds the
cylinder at the junction of the parts A A
and B B: this pipe opens into the cylinder
by numerous small apertures, and its pur-
pose is to convey cold air, which it receives
from the compressing pump of the engine
through the pipe G, to that part of the
cylinder which is exterior to the cup ¢ ¢ ¢ e
The working of the engine is as follows.
The valve N being open and the valve M
closed hot air from a suitable reservoir of
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compressed and heated air enters through H

and by its expansive force raises the piston,
and at the same time cold air from a con-
densing pump enters through L at an equal
or at a somewhat greater pressure, fills that
space in the cylinder which is exterior to
the cup ¢ ¢ ¢ ¢, and assists in raising the pis-
ton: while this is taking place there will be
some mixing of the two bodies of air un-
der the edges of the cup and through the
hole in its base. - The valve N and also the
valve through which the pipe L receives air
in a state of compression are now closed, and

- when the up stroke of the piston is com-

pleted by the expansion of the air already
in the cylinder the valve M is opened, and
the piston descends, driving out the exhaust-
ed air through K.

If sufficient heat still remains in this ex-
hausted air it may be used to generate steam,
which steam, after having acquired a suit-
able pressure, may be allowed to pass into
the pipe L, where it may replace wholly or
in part the compressed air which has been
described as passing through that pipe.

I do not confine myself to a particular
form of cylinder and piston, but may use
certain others in which the parts have their
relative position somewhat changed and in
which certain appliances are introduced to
meet such changes; but in general I prefer
the form shown in the drawing.

What T claim as my invention and desire
to secure by Letters Patent is—

The introduction into the cylinder of a
hot air engine of two separate bodies or cur-
rents of gaseous matter one of which is much

cooler than the other, and the hotter of

which is controlled ‘and limited by the ac-
tion of the cooler and by the form and ar-
rangement of the piston and cylinder to such
an extent as that it does not come into con-
tact with those working parts which its heat
would injure: substantially as above de-
scribed.

BENJAMIN F. CRAIG.

Witnesses:
J. H. Laxg,
JornsoN Krior.
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