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UNITED STATES PATENT OFFICE. 

JOSEPH L, BAIR, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR TOJOSEPH 
J. WHITE, OF NEW LISBON, NEW TERSEY. 

HOT a A R ENGINE. 

SPECIFICATION forming part of Isetters Patent No. 389,045, dated September 4, 1888. 
Application filed October 28, 1887, 

To all, Luhon, it 7alf concert: 
Be it known that I, JosEPH L. BAJR, a citi 

Zen of the United States, residing in the city 
and county of Philadelphia, and State of Penn 

5 Sylvania, have invented certain new and use 
ful Improvements in Hot - Air Engines, of 
which the following is a full, clear, and exact 
description, reference being had to the accom 
panying drawings, of which 

Figure 1 is a longitudinal vertical sectional 
elevation of an air-engine, in which my inven 
tion is embodied, showing the position of the 
parts when the displacer is at its lowest point. 
Figs. 2 and 3 are sections taken, respectively; 

I5 on the lines a, b and cd, Fig. 1. Fig. 4 is a 
a front elevation of the upper part of the en 
gine. Fig. 5 is a vertical section of the upper 
part of the piston-chamber, showing the pis 
ton-head provided with vertical guide-rods. 

2O Fig. 6 is a plan of guide-bracket, detached. 
This invention relates to that well-known 

class of air-engines wherein a confined volume 
of air is alternately heated and cooled within 
a suitable chamber, in order by its expansion 

25 and contraction to successively reciprocate a 
working and a displacing piston connected 
with a suitable driving-shaft. 
The object of my invention is to improve 

the general construction and operation of en 
3o gines of the class referred to; and to this end 

my invention consists in a certain arrange 
ment and combination of devices, which will 

C 

Seria No. 253,577. No mode.) 

be hereinafter fully set forth, and be pointed 
out in the claims. 

35 Referring to the annexed drawings, A rep 
resents the exterior cylindrical casing; B C, 
the central chambers formed therein for the 
pistonb' and displacer C, respectively; D, the 
shaft to which the piston-rod band displacer 

to rods care connected; E, the annular regen 
erating-chamber between the casing A and 
chamber C, and communicating at each end 
with said latter chamber; F, the circumfer 
ential water-chamber surrounding the piston 

45 chamber B, and G the furnace below said 
chainbers. 
In order that the internal chambers and 

devices working therein may be readily con 
nected together for operation or be detached 

5o for inspection or repair, I form the casing A. 

in two sections, a' a', the upper section, a, 
containing the chambers B, C, E, and F, and 
the lower section, a, the furnace G. The Sec 
tion a' is provided at its lower end with an 
outer flange, a, to which is secured, by bolts 55 
a', or otherwise, a flange, a, on an introverted 
cylinder, a”. The annulus a, formed between 
the introverted walls of this cylinder, Con 
prises the lower part of the displacer-cham 
ber C. Depending from the displacer-head c. 6o 
into said annulus is an annular collar, c', 
whose function will be hereinafter explained. 
The lower section, a, of the casing A is pro 
vided at its upper end with an exterior up 
turned flange, a, to which the united flanges 65 
at a on the upper section, a', are firmly Se: 
cured by bolts a, or otherwise. Thus it will 
be seen that when the piston b is in place the 
interior chambers, B, C, E, and F, are per 
fectly air-tight. 
The construction of the regenerator or heat 

economizer is as follows: At the top of the 
annular chamber E, between the walls of the 
chamber B and casing A, are radial Wings or 
arms e', upon which is supported, before the 75 
section a? and cylinder a are bolted together, 
an open wire ring or screen, e. The chamber 
is now filled with finely-divided metal pieces, 
such as lathe or planer chipse', and a similar 
ring or screen, e", is placed upon the cross- 8o 
pieces e, formed at the lower end of the cham 
ber, an annular perforated ring, e", being 
screwed or otherwise suitably secured to Said 
cross-pieces. (See Fig. 3.) Thus the cham 
ber E is laterally separated from the chamber 85 
C, but is in open communication there with at 
its upper and lower ends. 
By constructing the regenerator in the man 

ner just described there is attainable more 
positive and satisfactory resuits than by the 90 
previous constructions. 

Projecting vertically from each side of the 
displacer-head c', up through a tube, f', in the 
water-chamber F, is a rod, c, whose upper 
end, c', is screw-threaded, as seen. Secured 95 
to the end c of each rod c is a yoke, c', which 
may be nicely adjusted vertically by set-nuts 
c. The yokes care pivotally connected with 
cranks l'on the shaft D by means of rods c. 
The rods care preferably hollow, as shown, IOO 
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said piston. 

and communicate with an interior chamber, 
c', formed in the displacer-head c, in order to 
allow a current of cool air to circulate through 
said chamber, so as to keep the head c” in a 
comparatively cool state. These rods c' may, 
however, be solid, thus making the chamber 
c" air-tight, the confined air therein acting as 
a non-conductor between its upper and lower 
walls. 
On the shaft D, about midway between the 

cranksh', but at right angles thereto, is also 
formed or secured a crank, h", which is con 
nected with the piston-head l' by a rod, b. 
Said shaft D runs in boxes h, supported by 
the uprights or brackets h". 

In order to steady the reciprocating piston 
head b', I sometimes provide the same with 
vertical rods b, which work in guide brack 
ets b, secured to the upper edge of the walls 
of the chamber C. The head b of these brack 
ets is slit or divided, as shown, and provided 
with an adjustable screw, b, whereby the 
guide-hole b may be nicely adjusted to adapt 
it to the rods b. 
The water fisfed to the chamber F through 

a pipe, f, connected with an adjacent pump 
O eSeWOI. 

The above is a description of the construc 
tion of the engine. Its operation is as follows: 
A volume of air is confined within the commu 
nicating chambers BC. The lower end of the 
chamber C is kept in an intensely hot state by 
the furnace, G and the chamber B is kept in a 
comparatively cool state by the water f' in the 
surrounding jacket F. Said air is alternately 
driven from the hot end a' of the chamber C to 
the cool chamber B, and vice versa, by means 
of the reciprocating displacer C. When the 
air reaches the hot surface a, it is instantly 
heated and expanded. The pressure due to 
this expansion acts directly upon the working 
pistonb', giving it a powerful upward impulse, 
and imparting motion to the driving-shaft D 
through the crank hand connecting-rod b. 
By reason of the cranks l'h', to which the pis 
ton and displacer rods bc, respectively, are 
connected, being at right angles to each other, 
as shown and described, when the said piston 
b' nears the end of its upward stroke the dis 
placer C will descend and drive the heated air 
below the same through the regenerator E to 
the chamber B, whereit will be instantly cooled 
and contracted, thus removing the pressure 
from the Working-piston and allowing the fly 
wheel h" to complete the downward stroke of 

A downward impulse is also im 
parted to the working-piston by reason of the 
rarefied air beneath it exerting less pressure 
than the atmospheric air above. 
The regenerator acts as an economizer of 

heat, because it assists in cooling the air while 
On its Way to the cool chamber B and in heat 
ing it while on its way to the hot surface of 
chamber C, the heat being alternately taken 
up and given out by the finely-divided metal 
lic chips e. 

389,045 

Having thus described my invention, I claim 
as new and wish to secure by Letters Patent 

1. In a hot-air engine, the combination of 
the body A, composed of two sections, a C, 
provided with flange a' and covering-flange a, 
respectively, the upper section, ct, having 
formed integral therewith the chambers B, C, 
E, and F, and having secured thereto an in 
troverted cylinder, a”, forming a part of said 
chamber C, the displacer, the piston, the crank 
shaft with which said displacer and piston are 
connected, and the regenerative material in 
said chamber E, together with the furnace, 
substantially as and for the purpose set forth. 

2. In a hot-air engine, the combination, with 
the piston and displacer chambers, of a regen 
erative chamber laterally separated therefrom, 
but communicating at its upper end directly 
with the piston-chamber and at its lower end 
by an indirect and devious passage with the 
displacer-chamber, substantially as described. 

3. In a hot-air engine, the combination 
therein, with the piston and displacer cham 
bers, of an annular regenerative chamber Sur 
rounding the displacer-chamber, but laterally 
separated therefrom, said regenerative cham 
ber being filled with metallic particles and 
communicating at its upper end directly with 
the piston-chamber and at its lower end by an 
indirect and devious passage with the dis 
placer-chamber, substantially as described. 

4. In a hot-air engine, the combination, with 
a displacer provided with the introverted cyl 
inder, and the displacer. chamber, of a regener 
ative chamber filled with metallic particles lat 
erally separated from the displacer-chamber, 
but communicating at its upper end directly 
with the cylinder-chamber and at its lower end 
by an indirect and devious passage with the dis 
placer-chamber, said passage being formed in 
part by the introverted cylinder of the dis 
placer and a screen supporting the metallic 
particles of the regenerative chamber, sub 
stantially as described. 

5. In a hot-air engine, the combination, with 

7 ) 
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the regenerating-chamber thereof, of the me- . 
tallic material-such as chips-in said cham 
ber, the wire screene', and the perforated ring 
supporting said screen and chips, substantially 
as and for the purpose set forth. 

6. The combination, with the regenerating 
chamber communicating at its upper and lower 
ends with the chamber C, and the introverted 
bolted cylinder, of the radial pieces at the up. 
per and lower ends of said regenerating-cham 
ber, the metallic chips, the wire screens e'e', 
and the perforated supporting-ring, substan 
tially as and for the purpose set forth. 

7. In a hot-air engine, the combination, with 
the piston working in the chamber B, of the 
divided brackets secured to the top of the 
walls of said chamber, the adjusting-screws in 
said brackets, and the vertical rods extending 
from said piston up through guide-holes in 
said brackets, substantially as and for the pur 
pose set forth. 
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S. In a hot-air engine, the combination, with 
the displacer working in the chamber C, pro 
vided with the central air-space, of the tubu 
lar rods connecting with the said displacer and 
its central air-space and extending outside of 
said chamber, the adjustable yokes, and the 
rods connecting said yokes with the crank 
shaft, substantially as described. 

9. The combination, with a displacer-cham 
ber and an annular regenerative chamber sur 
rounding the Same, of a piston-chamber, a wa 
ter-jacket surrounding the piston - cylinder, 
having its base extending above the regenera 
tive chamber, and passages leading from the 
regenerative chamber into the piston-cham 
ber, the lower wall of the water jacket form 
ing the upper wall of said passages, substan 
tially as described. 

10. In a hot-air engine, the combination, with 
the piston and displacer, of the common fly 
wheel shaft provided with three cranks, the 
said piston being connected by a single con 
nection with one of said cranks and the dis 
placer connected with the others, the said 

3 

crank-shaft being provided with supporting 
bearings on each side of and adjacent to each 
of said cranks, substantially as described. 

11. In a hot-air engine, the combination, with 
the piston and displacer chambers and the pis 
ton and displacer, of a common crank-shaft 
provided with three cranks, the said piston 
being connected with one of said cranks and 
the displacer with the others, and a support 
for said crank-shaft having its base portion 
consisting of two parts attached to the cylin 
der-chamber, and provided at its upper part 
with bearings for said crank-shaft on each side 
of and adjacent to each crank and the yoke 
connecting the two portions, Substantially as 
described. 
In testimony whereof I have hereunto affixed 

my signature this 18th day of October, A. D. 
1SS7. 

JOSEPH L, BAR. 
Witnesses: 

JNO. NOLAN, 
GEO. W. REED. 
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