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| UNITED STATES

PaTENT OFFICE.

FRANZ WINDHAUSEN, OF BERLIN, GERMANY.

COM.PRESSING APPARATUS.

SPECIFICATION forming part of Letters Patent No. 460,696, dated October 6, 1891,
Application filed January 8, 1889, Serial No, 295,798, (No model.)

o all whom it may concern: .

Be it known that I, FRANZ WINDHAUSEN,
a subject of the Emperor of Germany, resid-
ing at Berlin, in the Kingdom of Prussia and
Empire of Germany, have inveated anew and
useful Improvement in Gas-Compressing Ap-
paratus for Ice and Cooling Machines, of
which the following is a specification.
- My invention relates, particularly, to an ap-
paratus for use in connection with machines
for producing cold, and known in the art as

- “ice, refrigerating, or cooling machines,” and
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for more especial use with such machines as
employ a gas liquefiable under mechanical
compression and the expansion of which pro-
duces the cold in taking up heat from a sur-
rounding body. Carbonic-acid gas isthe ecold-
producing medium, for the control of which
my improved compression apparatus is more
particularly intended. Henceand for thesake

of convenience the following description is.

confined to carbonie acid as the cold-produc-
ing medium, though it is to be understood
that I do not limit myself to the same, as
other gases having similar properties may be
employed with my improved machine.

My present invention affords an improve-
ment upon the apparatus for compressing gas
for which Letters Patent of the United States
No. 405,289 were granted me on the 18th
day of June, 1889, whereby the force-pump
therein shown and described shall be sup-
planted by the compressor hereinafter set
forth, and the means for regulating and con-
trolling the supply of the refrigerating me-
dium from the condenser to the refrigerator
or vaporizer shall be supplanted by an ex-
pansion-chamber into which the cold-produc-
ingmediumin liquid forni enters as required,
and therein becomes cooled by vaporization
and partial expansion, and is thence forced
into the refrigerator. .

The principal objects of my present im-
provements are to provide means whereby
contact of the gas with the piston and stuffing-
box packing shall be prevented, to provide
means for economizing in the motive power
of the machine, to provide means whereby
the machine may be replenished with the cold-
producing medinm (carbonic acid) from an
extraneous generator, and to provide means

whereby the gas from the refrigerator may be
compressed in two successive operations and
forced into the condenser. _

In the accompanying drawings, Figure 1
representsin sectional elevation my improved
compressor communicating with an expan-
sion-eylinder, both being shown as connected
with a well-known form of aetuating mech-
anism. Figs. 2, 3, and 4 show similar views
of modified constructions of my improved
¢OTPressor.

The compression-pump is formed of two
chambers or cylinders A and A’, communi-
cating through a channel z.. The cylinder A
is accurately bored and contains a piston B,
provided with a piston-rod B/, which extends
below the cylinder through a double stuffing-
box K K’. In the heads of the cylinders A
and A’ are provided, respectively, suction-
valves a and a’ and discharge-valves b and
0’. Into the space adjacent to the suetion-
valves suction-pipes d and d’ enter, and a dis-
charge-pipe ¢ communicates with the space
adjacent to the discharge-valvesband b’ and
common to both of the latter. - Within the
cylinder A, between the piston and the stuff-
ing-box of the piston-rod, andalso within the
chamber A’, is a pressure-fluid X, which
serves, incidentally, as'a lubricant;sand upon
the upper surface of which, in the cylinder
A’, the carbonic-acid vapors are drawn by
suction-from the refrigerator and compressed,
while compression and suction of the vapor
in the eylinder A takes place on the outer or
upper side of the piston B.

The quantity of pressure-fluid should be
sufficient to fill the chamber A’ to the valves
o’ and b’ when the piston B is at the end of
its downstrokein thecylinder A. Between the
double packing K K’ of the piston-rod B’ is
a space m, which receives any of the pressure-
fluid that may eseape through the packing K,
and from which it flows through a pipeginto
a spacem’ of the stuffing-box of a cylindrieal
expansion-chamber C, Fig. 1, whence it is con-
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duected in the manner hereinafter deseribed -

into the cireuit of the machine. _
The expansion-chamber C supplants the
regulating -valve and regulating apparatus

IQ0

shown in my said former application,and re-

ferred to therein, respectively, by the letters
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L and M. Liguid carbonic acid flows from
the condenser (not shown) through a pipe o
with a pressure of about sixty atmospheres,
and enters through avalve f, of tubular form,
the cylinder C,wherein it presses against the
piston D during about one-tenth to two-tenths
of its back-stroke, after which the valve & au-
tomatically closes. During the back or down
stroke of the piston D a portion of the liquid
carbonicacid within the chamber C (from one-
fifth to one-third) evaporates and expands
nearly to the pressure within the refrigerator,
(twenty to twenty-five atmospheres,) and is
then, being correspondingly cooled, by the op-
posite stroke of the piston discharged through
a slide-valve o’, Fig. 1, regulated by an eccen-
tric on the fly-wheel of the machine, into the
refrigerator.

The timely opening of the inlet-valve X is
effected by the piston D striking a stem 7/,
extending from a piston-head 7? in the tubu-
lar valve I into the eylinder C and capable
of reciprocating therein, a spring 1% confined
in the valve against the head 7? producing a
tendency in the latter to close upon its seat
afforded by the head of the valve through
which the stem 7’ extends. The extent of
projection of the stem 7 into the eylinder C
(about one-tenth to two-tenths of the stroke of
the piston) corresponds with the depth to
which the cylinder should De filled with the
liquid carbonic acid. By its forward or up-
ward stroke the piston D pushes back the rod

or stem 7/,and thereby,shortly before attain-.

ing the end of its stroke,opens the valve /i by
eventually foreing the stem against the head
at the upperor outer end of the tubular valve
h. During the return stroke of the piston D
and the simultaneous influx of liguid carbonic
acid from the condenser the valve I remains
open until the head %2 on the rod 7/ impinges
against the valve h, thereby closing it and
shutting off the supply. IFFrom the time of
shutting off the supply, as described, and un-
til the piston D completes its return stroke a
portion of the liquid earbonic acid contained
in the ¢ylinder evaporates,owing to its latent
heat, and the resultant vapors expand te a
pressure nearly equaling that in the refriger-
ator, into which the mixture of liquid and
gaseous carbonic acid thus cooled to a low
temperature is discharged by the upward or
forward stroke of the piston through the slide-
valve o’. Anyof the carbonie acid which may
have escaped around the packing of the pis-
ton D enters the space ¢ around the piston-
rod D', and is reconducted by the downstroke
of the piston into the cylinder between the
piston and valve 7 through' a valve 7, pro-
vided in the piston. The same valve  serves

also for the passage of any of the pressure-
fluid X which may find its way into the
space m’ from the chamber m of the stuffing-
hox of the compression-cylinder A, it being
conducted through the valve » by way of the
suction-pipe sand thespace?. Pressure-fluid,
and also ecarbonic-acid gas produced in an ex-

trafeotis generator, miay e initioduced by the
action of the compressor into the circuit of
the machine through a pipe [ and valve I'.

The actuating mechanism with which the
pistons B and D are connected and thus con-
nected together presents no features of nov-
elty, being the same as that used with other
compressors, and may be varied at pleasure
without affecting my improvement.

If it be desired to compress the gas intro-
duced from the refrigerator into the com-
pressor in two successively-performed opera-
tions, the snction-valve ¢’ is placed in the po-
sition of the discharge-valve b’ and, vice
versa, the discharge - pipe e, leading to the
condenser, closed, and the suction-pipe d’ con-
nected with the condenser, (not shown,) when,
the machine being in operation, the gaseous
carbonice acid is drawn through the pipe d
from the refrigerator (not shown) and dis-
charged by the upward stroke, Fig. 1, of the
piston B, through the valves b and «,into the
cylinder A’ over the pressure-fluid X therein,
and subsequently, by the return stroke of
the piston and the consequent compression of
the pressure-fluid in the chamber A’, through
the valve 0’ and the pipe d’,into the con-
denser.

Without altering the principal of operation
of my improved compressor, as shown in Fig.
1 and described in connection therewith, it
may be disposed as shown in Fig. 2, wherein
it comprises two eylinders, one A within the
other A’, and provided with a piston B and
rod B’. The two eylinders communicate
through openings n near the base of the cyl-
inder A, throngh which the pressure-fluid in
thetwoeylinders movesupintheoneand down
in the other simultaneously with the move-
ments of the piston. The suection and the
compression of the gas from the refrigerator
are accomplished asby thearrangementshown
in Fig. 1—namely, over the pressure-fluid in
the cylinder A’, whence the compressed gas
is discharged through the pipe e into the
condenser. The stuffing - box involves the
construection shown in Fig. 1, and any of the
pressure-fluid X which enters the chamberm
passes through the pipe g into the expansion-
eylinder. The cylinders of the compressor
may also be arranged at right angles to each
other, as shown in Fig. 3. By this arrange-
ment the pressure-fluid is confined in the
vertical cylinder A’ between the piston B
and piston - rod B’ of the horizontal cylin-
der A. The gas is drawn from the refriger-
ator first into the cylinder A, wherein it is
compressed and discharged through the valve
b and a pipe f into the cylinder A’ upon the
pressure-fluid. There, by the back-stroke of
the piston, the gas, thushaving been partially
compressed, is discharged through a valve ¢
and the pipe einto the condenser.

Any of the pressure-fluid which has escaped
into the space m of the stuffing-box may be
returned to the compressor by means of a
suitable pump operated by the actuating
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mechanism of the machine, or, as hereinbe-
fore described, into the expansion-cylinder,
if employed, when it may also be. disposed
in horizontal position. '

As shown in Fig. 4, the eylinders A and A’
are arranged as in Fig. 3; but they are pro-
vided with similar heads containing similar
suction-valves ¢ and o’ and discharge-valves
b and 0’, whereby the carbonic-acid vapors
may be drawn and compressed in the two
successive operations, as heréinbefore de-
seribed,orseparatelyintothe cylinder A’ upon
the pressure-fluid X therein and into the
cylinder A from the refrigerator, (not shown,)
respectively, through the pipes d’ and d and
discharged throughthe pipeseand ¢’ (shown in
dottedlines) into the condenser. (Notshown.)
If the gas is to be compressed by the two suc-
cessive operations referred to and forced into
the condenser through the medium of the
pressure-fluid, the two pipes ¢ and d’ are
omitted and supplanted by the connecting-
pipe f, affording communication of the cham-
ber of the discharge-valve b of the eylinder
A with the chamber of the suction-valve o’
of the eylinder A’. _

For returning any of the pressure- fluid
which may escape a cylinder A2 of smaller
diameter than either of the other cylinders,
may be concentrically extended from one end
of the horizontal cylinder A. In this eylin-
der A*is a piston B? on the piston-rod B’ of
the piston B for the cylinder A. Pressure-
fluid which escapes from between the pistons
B and B?first enters the space between the
piston B*and the stuffing-box, and is then by
the back-stroke of the piston B2forced through
a valve into the cylinder A’, as shown, and
any pressure-fluid which escapes from the
space m of the stuffing-box is reconducted

through the suction-pipe o into the space ¢
behind the piston B? and thence through the
valve p and the pipe g into the cylinder A’.

_For the purpose of reducing the heat of
compression the compressor in the various
forms thus shown and described should be
surrounded by a water-jacket into which wa-
ter enters through a pipe « and from which
it escapes through a pipe v.

‘What I claim as new, and desire to seenre
by Letters Patent, is—

1. In a machine for producing cold by the
expansion of a gas liquefiable under mechani-
cal compression, the combination, with a com-
pressor having a chamber A, provided with a
piston, a chamber A, communicating with the
chamber A and containing a pressure-fluid
X, confined between the piston and the stuff-
ing-box of the piston-rod,of an expansion-
cylinder C, having a piston provided with a
valver,aspacetaround the piston-rod,a valve
s, and a space m’ within the stuffing-box of
the piston-rod and communieating with a
space m in the stuffing-box of the compressor,
substantially as and forthe purpose set forth.

2. In a machine for producing cold by the
expansion of a gasliquefiable under mechani-
cal compression, the combination, with the
compressor and an expansion-chamber C, of
a pipe g, affording communication between
the compressor and expansion-chamber at
their stuffing-boxes, and a branch pipe I, pro-
vided with a check-valve I, through which to
draw carbonic-acid ‘gas from an extraneous
source into the machine, substantially as de-
seribed.

' FRANZ WINDHAUSEN.,

In presence of—

B. Rog,
CARL WINDHAUSEN,
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