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To all whom it may concern :

Be it known that I, H. D. WALtEN, Jr., of Fort.
Columbus, in the eeunty of New York, and State of

New Yerk have invented a new and 11:.~.eful Improve-

“mentin. Gelorm—Engnes ‘and I do hereby declare that

the following is a full, clear, and exact description

thereof, whleh will - eneble OthEIb skilled in the art to

make and use the same, reference being had to the
a;eeempa,nymﬂ' drawings, 101 ming part et this epeelﬁ- |

cation, in which—
Figure 1 is a side elevation of my inv entlen

I‘1g111e 2 is a plan view of the same.

- Figure 3 is a detall cross-section through the line

T, f g. 2.

Sumlel Tetters ef reference indicate eerreepondmg

parts.

- The obj eet of this mveuhon is to prevlde hot-air
engines which will work m’oh bettel 1esults than those
- heretotore made. -

The general features of the mventmn consist i in the
employment of two parallel cylinders, each cylinder
being provided with air-heating eha,mbers at each end.
The cylinders communicate with each other through
suitable ports, opening from the heating-chamber of

one cylinder into the adjacent heating-chamber of the |

other, and these ports are provided with valves, the
‘mmelv operation of which is accomplished bv suitable

valve-gear.

The pistons are made, by means of any emteble_

“lost-motion” devices, to move and rest alternately ;
that is to say, one piston is at rest, either at the top

“or bottom of the stroke, while the ethel piston is mak- .

ing the stroke towards ‘the resting piston.
This arrangemént allows time for the air to be re-

ceived into and heated in the air-chambers at either

end of the cylinders, Whleh is & promment feature of
my invention.
Another advantageous feature obtains in the utili-
zation of the excess of pressure in the first cylinder
- to assist in actuating the piston of the second or aux-
~ iliary cylinder, whereby the expanded air of the first
cylinder escapes into the second heating-chamber, and,
by its pressure, assists to actuate the second piston te
make its stroke while the first piston is resting. This
operation takes place at each -end of the cylinders, so

that the pistons are eetueted, in both dlreetlene, by
| first eylinder behind the plston for the chamber A’

expanded air.

- By expanding the air at both ends of the oyhnders,-
I am enabled to employ a srhaller air-pump, in propor-

tion to the capacity of the cylinders, than the caloric-

engines heretofore made, for one volume of air is drawn

into the air-heating chambers at each stroke of the
pistons, after the manner of a common air-pump. The
air thus introduced is augmented by the introduction

of compressed air, which escapes from the reservoir,

" in which it was compressed by the air-pump, and this,
being then heated, actuates the piston, as will be _shemzx

- ceed with the degcription f.

‘This eperatleu is more speelﬁceﬂy expl&med by ref-

| erence to dr awings, where A is the first eyhndel, and
' B the second or wmha,ry cylinder.

The air-chambers of the cylinders are shown at A’A” '

and B’ B”, respectively.

In prectlee the alr-chelnbels mev be ef eopper or

composition, the better to withstand the eemen of the
flame by which they are kept heatpd.

The air-pump F is double-acting, end is worked by -
a crank, L, and rod, I, the crank bemg on the main

dI’lVlllg—S]l&fb M, of the engine. - .
‘The air-pump dehvers air, through the pipe E, mte

the reservoir C, in which it is kept eempressed

. E E are the 111duct1011—p1pes which. admit the com-

pressed air from the reservoir into the air-chambers
A’ A” of the first cylinder, through the eduction-ports.
k } of the said chembers Whmh ports are preﬂded
with any suitable valves. |

b b are the valve-levers of such va,lves and are piv-
oted at b’ I, and operated by cams on the shait M, te
open and close the said ports. |

7 j are the exhaust-valves tor the mr—ehembexs |

d d are the levers for these latter valves, and are

‘plveted at d' d, and actuated by cams on the shafb M,
-in the same manner as the induction-valves, though at

|- different times.

i i are the induction-valves. for the second cylinder,

and are operated by levers ¢ ¢, pivoted at € ¢, and cams
on the driving-shafts, as the other efereseld levers.

These valves admit the compressed air

from the cham-
bers A’ A" atter the eempletlen of the stroke of the

first piston. |
h & are the exhaust-valves of the seeend cylinder,

and operate in a manner similar to thé corresponding
valves of the first cylinder.

The operatmn of these

Velvee and pistons is as follows:
I will suppose that the engine 1s running, and pro-
om the port k& of the ﬁrst

cylinder.
The air from the reservoir enters at k, augmenting,

by one volume, (the measure of the ey]mder A,) the’
air'already in the chamber A’.
eonstantly heated, the air it now contains is expanded,

~and the piston is eetueted one stroke, leaving its rod
.at rest.

There is now a pressure of two etmospheree in the

was primarily filled with air at the ordinary tension of
one atmosphere. - This was augmented by another and

“equal volume of air from the reservoir, which raised

the tension of the air to two etmespheres This, being
heated. to a degree sufficient to expand the air to twice
its natural volume, gave an initial pressure behind the
piston of four etmospheres When the piston reaches

the extent of its stroke, the tension of the air behind

it has fallen to two eﬁmospheres
The first piston, by means of suitable. lest-motlon

The chamber A’ being -



mechanism, is now made to rest, and the valve ¢ is
opened, pelmlttmﬂ the air in the first cylinder to escape
into the chamber B’ of the second eylinder. .

Fig. 1-shows the engine at the moment that the
first: plstml has u:}mplt,ted its stroke. The valve i is
being opened to admit air to the chamber of the
second cylinder, which contains also one volume of
air, whiclh is now augmented by one-half volume of air
from the first cylinder ; the second chamber will then
contain one and 2 ha.]t volume of air, giving a press-
wre of one and a half atmosphere. The air now be-

comes expanded, giving, it the proper heat be applied,

an initial tension of three atmospheres, whl(,h tension
acts to -drive out the second piston.

When the second piston arrives at; the end of its |

-stroke, the air which was in the opposite. chamber A"
is &ugmeut{.,d by air from the reservoir, in the manner
first deseribed, and the first piston is drlven ba,ck while
the second is resting. .

As the first piston begins to- 1etmn, the valve b
opens, and exhausts the air before the piston, thus
leaving the chamber A’ full of air, when the said pis-

ton has arrived back from *whel,e 1t f:t.-.utt,d, as herein

described.
The c:-per&twu is the same at both ends of the

cylinder.

The cams on the shafta M are so formed and 5et-

as to lift the several valves at certain movements,
which movements are governed by the relative posi-

tion of the pistons. Thus, valve kopens first, and ad-

mits a charge of air, (one cylinder’s measure,) from the
reservoir, and then closes. The piston is driven out,

the exhaust-valve J belng open to discharge the air

before it.

When the first; piston is out, the mlve b ape:us, aud
remains open for a portion of the stroke of the second
piston ; the exhaust-valve /v being open to discharge
the air in front of the second plbt()ll. The valves ¢ or
i are closed when in front of” the second piston.

The air-pump is double- actmtr and of the same
capacity as the cylmder |

The reservoir is also of the same capacity as ‘the
cylinders, or nearly so, and as 1t contains primarily
one volume of air, and receives another at each stroke
of the DUmp- plston, it will always contain at least two
volumes of air while the engine is running, but in prac-
tice a pressure of about four atumspheres is allowed
to collect in the reservoir before the cocks o o are
opened to connect it with the first cylmder
measure of air is delivered into the reservoir for one
that is discharged therefrom into the cylinder, the
proper excess of pressure 1is maintained in the res-
‘ervoir to inject a charge or measure of air into the
chambers A’ A", when the valves kor & are momen-
tarily opened for that purpose.

p is a safety-valve in the reservoir:

" The lost-motion mechanism, for resting each plbtf}ll
alternately, ‘will now be descrlbed

P P’ are rocking-shatts,
the rounded end of which works with finished contact
within a suitable recess in its respective cross-head
“R” of the plston-mds Q, by means of which the rock-

-positions of the same, are

As a | ing chambers A’ A”, B’ B”, and the

each having an’ :zurm, Q,

83,114

' shafts are osoﬂl&ted bv th(, movement of theu' reSpect-

ive pistons.

The rock-shafts are provided w 1th other arms, IR
R’, which are connected, by rods S %, to the leldtlllg
.;ums or plates 1" 1, as slmwn Thmu latter arms are

1*11(1]3' attixed to one another, and vibrate together.

U is a fixed plate, having a rectangular slot, m w’
n . 'This rectangular slot is (:mnposed of °fmu CON-
nected arched blots the radial centres of which are
the céentres of vibr ation of the rods T and S,

The rod T connects the arm T” with the rod S on
stud ¢, the projecting end of which traverses in the
rectangular slot of the said plate T.

V is a slotted arm, on the end of the shaft M, and
the stud ¢ works in the said slot as it traverses in the
rectangular slot. WI{)tlon s ﬂll'l"a commummted to the
shaft .M
~ The arms TV T rest alt(.,rmtelv for each plthll, but
the arms R R’ move and rest w 1th their respective pm—-
tons and rocking-shafts. | -

W W W W are the cross-head guides.

The air-pump is supported by the uprights G G.

X is the flv-wheel and pulley, for transmitting the
power of the engine..

The red outlines show the 1}051‘(10115 of the several
parts of the lost-motion mechanism, when both pis-
tons are at the extent of the out-stmhe. The other
the positions when both
pistons are at the end of the return-stroke.

The air-chambers may be heated, in practice, by any
of the known devices for such purpose, but I prefer
to employ a coil of pipe, encircling each chamber, and
provided with series of’ burners, so arranged &1011{_, the
coils, that the flames from the said burners will im-
pinge directly upon the chambers, and thus keep them
hemt{,d |

This form of hea’rmg—&ppcm*atus will be av fulmb]e, ior*
burning gas or petroleum, when properly-constructed
burners iur each case are employed |

When coal or other similar fuel is enmlayed, annular
chambers, encircling the air-heating chambers, may be
employ ed to wnduet thie heat from the fuel, and b1'111tr
the heat thereof in contact with the 111*—-(,11;,11111)&1'5.

Having thus deseribed my invention,

I ciaim as new, and desire to bl:léult‘ by Letters
P&ten’cm
1. The two p"u allel cvlmdem A DB, when arranged
side by side, and 1}1‘0\"1(1&(1 at both ends with air “heat- |
-alve-gear to cause
the alternate 11101'@1116111: and resting of 13116 pistons,
all subsmntmllv as shown and debcrlbed

2. The rock-shafts P P/, having arms ¢ R R/, the

connecting-rods S 8" T, and {mgulm lever T, substati-

tially as herein shown mld deseribed, in combmatmn
with and arranged with relation to the shafs M, slotted
plate U, slotted arm V, and cross-heads R”, as set forth.

The above smmﬁmtmn of my invention bl“‘ﬂﬁ‘d lw
me, t111s 8th day of May, 1868.

H. D. WALLEN, Jx.

Witnes'ses :
C. B. THOMPSON,
Arex. .

ROBERTS.
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