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UNITED STATES

Patent OFFICE

HENRY F. STARBUCK, OF CHICAGO, ILLINOIS, ASSIGNOR TO W, A.
REYNOLDS, OF SAME PLACE.

AIR-COOLING AND ICE-MAKING MACHINE.

SPECIFICATION forming part of Letters Patent No. 266,547, dated October 24, 1882,
Application filed January 3, 1882. (No model.)

To all whom it may concern :

Be it known that I, HENRY I?, STARBUCK,
a citizen of the United States, residing at Cbi-
cago, in the county of Cook and State of .Illi-
nois, have invented certain new and useful Im-
provements in Air-Cooling and Ice-Making
Machines, of which the following is a specifi-
cation. . )

It is also designed to use the said improve-
ments in air or gas motors, and in engines op-
erated by steam.

My inventions relate more particularly to
improvementsin tkatclassof machinesin which
air is cooled by mechanical action, and these
improvements consist of certain parts of ma-
chines for such purpose.

The objects of my improvements are, first,
to provide an independent cooling-engine sep-
arate and perfect in itself, which ean be placed
in the chamber to be coocled or where ice is to
be formed; second, to pass the air around a
eylinder surrounded by a jacket or chamber
in which the compressed air is cooled, and to
take the moisture out of the compressed air,
and to furtherlower the temperature of the air
while under compression; third, to provide
an exhaust-valve to receive the pressure upon
the back side of the valve, and so to obviate
the usnal clearance or lost space, and to secure
an open, unobstructed discharge-port; fourth,
to provide a perfect automatic movement of
the valves in the expanding-cylinder in open-
ing and closing the same; fifth, to secure an
adjustable trip-piece on a cam-lever, by which
the valves in the air-chamber are opened and
closed; and, sixth, to secure a perfect air-cush-
ionin the surfaceof cams operating cam-levers,
I attain these objects by the mechanism il-
lustrated in the accompanying drawings, in
which— ’

TFigure 1 is a side view of the machine, with
a partial section taken on line g & of Fig. 3,
Fig. 2 is a vertical section on line ¢ d of Fig.
5. Tig. 3 is a plan of the bed or base of the
machine. Fig.4isahorizontalsectionthrough
the cylinder on line e f of Fig. 2:
front view of the machine. Fig. 6is a verti-
cal section of the cylinder and valves on line
klof Fig. 7. Tig.7 is a horizontal section on
line ¢ j of Fig. 6. Fig. 8 is a perspective view
of the exhaust-valves removed from the stem

Tig.5isa.

which turns them. Tigs. 9,10, 11, and 12 are
different views of the cams and levers which
regulate the opening and closing of the inlet-
valves, .

Similar lettersrefer to similar parts through-
out the several views, and to prevent confa-
sion the rods connecting the cam-levers with
the valves are omitted in Fig. 5.

In each of the figures, A representsthecylin-
der of the wachine, in which moves the piston
B, connected with the piston-rod G, and the con-
necting-rod D, and actuating by a reciprocal
motionthe crank-shaft E. On thiscrank shaft
is fixed the eccentric If, operating in the ordi-
nary manner the exhaunst-valves M M, and the
cams H H/, operating by means of the cam-
levers I J, working on the shaft K, and the
rods G’ G%, and the inlet-valves N N. The pis-
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ton rods, crank-plate, shaft,and eccentricare of yo

ordinary construction and exaectly the same i
operation as in the ordinary hLigh - pressure
steam-engine.

The parts which I claim as novel in con-
struction are the cylinder, the exhaunst-valves,
and the cams operating the inlet-valves and
the trip-pieces on the cam-lever.

As seen by Figs. 2, 4, 6,and 7, the eylinder
consists of its inside chamber, A, and an ex-
terior chamber or jacket, a «, extending en-
tirely around the inner case or shell, which
Jacket is connected by openings a’ and a® with
the valve-chambers «® and a'.. These cham-
bers are connected with the inside eylinder, A,
by the ports o o, Fig. 6, and p p, which are
controlied by the valves M M and N N, The
inlet-valve N is of ordinary construction. The
outlet or exhaust valve M is shown in its differ-
ent positions in I'ig. 6,in which thelowervalve
is open and the upper oneclosed. This valve
is'so constructed thatit has no clearanceor lost
space except the portway, and when open is
a straight passage from the cylinder to the
outside air. The purpose of this isto obviate
the freezing up of the discharge-ports, which
are cleaned in each movement ot the valve,
and offer no point for the accumulation of ice.
This valve is kept in its place by the pressure
on its back from the chamber ¢ . The inlet-
valves N N are moved by the cams and con-
necting-rods, the peculiar parts of which are
shown in Tigs. 9, 10, 11, and 12, in which L is
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a movable plunger or piston in the surface of
the cam H, operating as an air-cushion for the
cam-lever I, moving up and down in the ¢cham-
ber R, where b is a ball-valve; S, a spring. ¢
and ¢ are air-holes, and « a screw regulating
the escape of air at #. An ordinary check-

valve may be used instead of the ball-valve b. .

On the under side of the cam-leverI is a mov-
able trip-piece, T, held in its place by a serew
in the slot W, and by means of which slot and
serew the trip-piece may be moved at pleasure.
X X are the dis:harge-ports. Y is the inlet-
pipe for air to be cooled, and m and » are valve-
stems conunected with rocker-arms for operat-
ing their respective valves. Z Z are drip-pipes
for conveying the condensed moisture away
trom the chamber « a.

Having desecribed the various parts of the

machine in detail, I will describe its operation.
. As before stated, this machine is only part
of the system required for cooling air. The
airisfirstcompressed, whenitispassed through
coils surrounded by water in some place adja-
cent to the motive power which drives the
compressor. This compressed air may be car-
ried any reasonable distance aud introduced
into the cooling-engine at the pipe Y, having
been first reduced to the temperature of the
cooling mediam through which it has passed.
The compressed air first fills the jacket or
chamber, where it exerts a pressure on the
backs of the valves M M and N N, holding
them in place. The air is confined before ex-
‘pansion in the surrounding echamber or jacket,
and is made to come in contact with the cold
surfaces of the expanding-cylinder A and the
chamber ¢ @, thus both cooling the air and dry-
ing it, as the air will have its moisture con-
densed by contact with the cold surfaces of
the cylinders, and is thence drained off from
the chamber by the pipes Z Z. By the move:
ment of either of the valves N N air is admit-
ted to the cylinder on one side of the piston
B, and, exerting pressure, drives it the length
of the cylinder exactly as the piston is driven
in an ordinary steam-engine. On the recipro-
“cal motion the valve M on the same side is
opened, and the air is driven ont through the
port O, the valve M, and the discharge-port X,
from which point it is carried, if need be, to
the place to be cooled, or exhausted directly
into the room where the engine stands. On
the return-stroke the same operation is per-
formed on the opposite side of the piston B by
use of the opposite set of valves.

The operation of the cams H H’ in control-
ling the movements of the valves N N is as
follows: Thers being two exactly alike, oue for
each valve being set directly opposite, so as to
work alternately. Referring to Figs. 9,10,11,
and 12, it will beseenthatas the cam turns w1th
the main shaft, to which it is attached, it raises
the cam-lever by acting upon the trip-piece T,
attached to the lever I, raising it, as shown
in Fig. 11, thus opening theinlet-valve N. As
the cam turns it reaches the point shown in

Fig. 11, where it is ready to drop from the trip-
piece, shutting the valve N. As it drops its
fall is checked by the air-cushion I., which op-
erates as. follows: The ball-valve b Dbeing in
place, the escape of air is shut off, except by a
regulated aperture, ¢, and the fall of the cam-
lever is made less suadden, according to. the
size of this aperture. On the turning of the
cam to the position shown in Fig. 9 the ball-
valve opens automatically, the spring, aided
by the weight of the piston, pushes it out, and
it again takes the position shown in Fig, 11,
The movement of the fall of the cam-lever is
regulated by theadjustable trip-piece T/, which
is held in place by a screw in the slot W, Tig.
12, and may be moved as required.

It is a well-known principle of thermody-
namics that air or any permanent gas, when
compressed and cooled, will, upon expa-nsion,
be still farther deprived of its heat in the di-
rect ratio that it is [mde to perform mechani-
cal work.

I am aware that prior to my invention there
have been machines constructed for cooling
air by the same process that I doin myengine;
but it has been common heretofore to combine
in one machine all the parts necessary to com-
press the air and to cool it. The air was first
compressed, and in that state was cooled by
being passed through water, or by other means,
and was then expanded in a cylinder in close
conjunction with the compressing-cylinder and
motive power, generally a steam-engine, all of
which made the machine cambersome and ex-
pensive, and required the cooling-engine to be
in a warm room and away from the cooling-
chambers, thus losing much eapacity of the
machine for cooling.

I claim as my invention aud desire to secure
by Letters Patent—

1. In an independent expanding-engine for
cooling air, as described, to be operated by
compressed air, the combination of a jacket or
chamber, a a, with the expanding-cylinder A,
and surrounding the latter, for the purpose
substantially as set forth.

2. In a cooling-engine operated by ‘com-
pressed air, an exhaust-valve, M, made, as de-
seribed, so as to receive the pressure upon the
back side of the valve, and to leave a straight
portway, so as to offer no obstruction to the
free passage of air in its discharge, substan-
tially as set forth.

3. In any engine using independent osecillat-
ing exhaust-valves, the valve M, constructed so
as to receive the pressure on the back side of
the valve, thus obviating the usual clearance
or lost space, and operating substantially in
the manner described.

4. In a cooling-engine operated by com-
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pressed air or gas, in which cams are used to .

operate the inlet-valves, an air-cushion within
the surface of the cam, for the purpose as set
forth and described.

5. In a cooling-engine operated by com-
pressed air or gas, in which cams are used for
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moving theinlet-valves, movable trip-pieces T
and T/ forregulating theautomatic movements
of such inlet-valves, as described and set forth.

6. A revolving cam, with auntomatic air-
cushion within the surface of the eam, with
valve within air-cushion, for the purpose as
described and set forth.

7. A ball-valvein the pocket of an air-cush-
101 of a cam, as described and set forth.

8. An automatic air-cushion within the sur-
faceof a cam, in which an ordinary check-valve
may be used, as set forth and described.

9. In a revolving cam operating the valves
of an engine, the combination of a plunger, L;
a valve, b, the air-holes tand #, and the regu-
lating-screw w, together with the movable trip-
pieces T and T'.

10. In a cooling-engine operated by com-
pressed air or gas, the combination of the eyl-
inder A, the jacket or chamber a a, the valve-
chamber a’and a*, the valves M M N N, and the
exhaunst-ports X X, substantially as set forth,

11. In a cooling-engine operated by com-
pressed air or gas, the combination of the cyl-
inder A,thevalves M M and N N, together with
the cams H H’ and the automatic air-cushion

L L. snbstantially as and for the parpose set
forth.

HENRY F. STARBUCK.

Witnesses:
DwicHT SHIPP,
ASAHEL F. BENNETT.
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