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UNITED STATES PATENT OFFICE.

GEORGE G. FRYER, OF PHILADELPHIA, PENNSYLVANIA.

IMPROVEMENT IN REFRIGERATING AND VENTILATING APPARATUS.

-

Specification forming part of Letters Patent No. 219,085, dated September 2,1879; application filed
- May 27, 1879. )

To all whom it may concern :

Be it known that I, GEorGE G. FRYER, of
Philadelphia, county of Philadelphia, and State
of Pennsylvania, have invented an Improve-
ment in Refrigerating and Veutilating Appa-
ratus, of which the following is a specification.

My invention relates to apparatus which is
designed to produce artiticial refrigeration and
ventilation by first compressing air, and then
allowing said compressed air to expand within
a cylinder, at the same time performin g work,
which causes a great part of the calorific intens.
ity of the air to be given up, corresponding to a

certain amountof work done, and the expanded -

air allowed to pass into an air-tight compart-
ment, thereby producing intense réfrigerative
power within said compartment, and, finally,
the subsequent withdrawal of the expanded
air when its power of refrigeration is spent
and its return to the compression cylinders,
and so on continuously; and consists in the
constructionand arrangementof the machin ery
and apparatus so that, first, the air is com-
pressed and expanded simultaneously in the
same cylinder, only on - opposite sides of the
piston; second, the injection-water is thrown
into the compressing end of the cylinder dur-
ing compression in the form of spray, and has
a maximum supply when the air-compression
is nearest its maximum; third, the valves of
- the compressing end of the cylinder do not
necessitate any clearance whatever,and there-
by prevent loss in the pressure of the com-
.. Dressed air; fourth, the expansion-valve is so
constructed that a clear flow can be had from
the expansion end of the cylinder into the
compartment or main without the changing of
direction; fifth, the process whereby the ex-
panding air is expanded to atmospheric press-
ure, if necessary, to obtain the greatest re-
- frigerative effect from air compressed to any
pressure, and mechanism therefor; sixth, the
antomatic cat-off or throttling of the steam in
-the chest of the steam-cylinder of the compres-
sors through the agency of the compressed air,
so that the expanding air may be made to do
a maximum amount of work; seventh, the
-echanism of extracting the water from the
compressed air; eighth, the condensation - of
the exhaust-steam from the steam-eylinder of
the compressors by the cooled air from the ex-
panded-air main or cylinder; ninth, the injec-

tion of water into the top of the compressed-
air chamber by the same pump by which the
injection-water is forced into the cylinder H
tenth, the method of disinfecting the air with-
drawn from the compartment. - ‘

The apparatus will be fully described here-
inafter, showing the means by which it accom-
plishes the above ten effects.

The object of my invention is to produce a
low degree of temperature for the purpose of
refrigeration and ventilation, such as is neces-
sary to carry meats, fruits, and other perish-
able substances in a vessel to a great distance.
I also propose to ventilate and disinfect ves-
sels from infected ports.. I can also convert

- water into ice by the same means; but that is

not my present object.

My object is, further, to so construct and ar-
range machinery, and operate the same, that
the maximum effect is obtained with the min-
imum expenditure of power, and hence at a
small expense. '
- I do not claim the process of compressing
air and then allowing it to expand, at the
same time performing work, for that is old,
and was originally suggested by Dr. Gorrie
about 1855; mnor do I lay claim, broadly, to
any process for placing compressed air in -a
suitable condition to exercise refrigerating ef:
fect by causing it to operate the piston of, the
compression-cylinder, or to perform work, be-
cause such is not my invention. My process
consists in utilizing all of the energy of ‘the
compressed air, and producing the maximum
degree of cold due to the conversion of the
heat into work, by regulating the supply of
compressed air admitted to the cylinder ac-
cording to the degree of compression of the
said air. ! -

In the accompanying drawings, Figure 1 is
a vertical section of my complete apparatus.
Fig. 2 is a plan of same. Fig. 3 is a longitu-
dinal section and elevation combined of the .
compressors. Fig. 4 is a transverse vertical
section through one of the compressors. Fig.
518 a cross-section through the head of the
compressors, and shows the plan of the valves,
Fig. 6.is a section of the disinfectant-satura-
tor. Fig. 7 is a section of the expansion-valve
and automatic cut off. Fig. 8is a section and
elevation combined of the automatic cut-off or
throttling mechanism which regulates the sup-



ply to the steam-cylinder. TFig. 9is a section
of the pump-plunger, piston, and cap by which
the plunger is made to follow the piston. Ifig.
10 is a plan of a ship, showing the arrange-

ment of machinery and. the course of the air-

in the compartment to be cooled.
a modified view of Fig. 10.

A is a compressing and expanding eylinder,
the piston @ of which is operated by means of
the steam-engine B through the agency of a
shaft, cranks, and pitmen. The compressing-
cranks are directly opposite to each other,
and the engine-crank is at right angles to
them. ,

The top. or head of the cylinder A has two
chambers, ¢'and ¢®. Opening into the annular

Trig. 11 is

“chamber a'isthe suction-pipe C.  This annular

chamber a! is supplied with a circular or ring-
shaped valve, ¢®, which is held against its
séat by springs a*

The chamber «? is supplied with a valve, ¢’
The valve ¢® opens into the cylinder and is
used for the purpose of admitting air into said
eylinder prior to compression, and the valve
a’® is used for the purpose of allowing the es-
cape of air after compression.

Situated over the chamber «® is a pump-
cylinder, ¢5. Workingin this pump is a plun-
ger, 7, which is made to follow the piston «.
Upon the bottom of said plunger a7 is a small
perforated flange, and over this flange is a
perforated cap, a*, which is secured to the pis-
ton «.

"The plunger «” is hollow, delivering the
water forced through it by wmeans of perfora-
tions in flange and cap into the compressing
end of the eylinder. This plunger a”also acts
as a guide-rod for the valve @’ and tends to
raise or lower it at proper intervals.

The pump-cylinder a° is furnished with a
suction-pipe and check-valve, ¢, and a dis-
charge-pipe and relief-valve, a'’.

"The bottom portion of the eylinder A is sup-
plied with a port, ¢!', opening into a valve-
chest, ¢'?, which is furnished with a valve, «'?,
operated by an eccentric or eam. Opening
from this chest @' is the discharge-pipe D.
This port-opening a'' and discharge 1 are
so arranged that when the port in valve ¢ is
opposite port a" a clear discharge, as well as
a straight one, for the expanded air is obtained,
as shown in Fig. 4, and which straight dis-
charge prevents all possibility of the deposi-
tion of ice caused by the congelation of any
moisture that remains in the expanded air.

Opening into the chest a'? is the compressed
air-pipe E. The valve @' is made to cut off
either automatically or regularly, and will be
spoken of hereinafter.

The deseription thus far applies to the other
cylinder, A’, and its appurtenances also.
~ The steam-engine B is preferably of a con-
densing system. The steam is condensed in
the condenser b, (which may be constructed
on either the principle of the surface or jet
condenser,) in which the water may be re-
placed by cold air taken from pipe D or bot-

tom of the eylinder A and conveyed to the
condenser by pipe 0.

The compressed air from the compressors is
driven through pipe T into the top of cylin-
der or chamber .~ The interior of this cham-
ber G is occupied by a number of wire-cloth
sieves, ¢, held in suitable frames g, of sheet-
iron. These sieves are secured in an inclined
position, so that any water will run to the
slots ¢? in the framesg and pass down between
the chamber.G and the frames g to the bottom,
where it is allowed to pass off by means of a
valve and float, ¢% in the uasual manner. ,

The lower frame ¢ has an inclined bottom,
g%, which prevents the air from coming in con-
tact with the water at the bottom of the cham-
ber G. _

The openings between the sieves g' and the
frames ¢ are preferably meniscus in shape.

Water is discharged into the top of chamber
G by means of a rose-nozzle, ¢°, which has di-
rect communieation with the pump af and re-
lief-valve all. .

The relief-valve @ is used to regulate the .
supply of water injected into the cylinder A
and chamber G. . It also acts as a.check-
valve.

The air is led from the bottom of chamber
& to chamber H by means of pipe L. In this
chamber H are secured a series of screens, &, .
on an incline, and leaving openings A* between
the sides of chamber H and said sereens for
the passage of air. The screens in H may be
substantially the same as in chamber G.

Sitnated upon the top of the chamber H is
a Dbox, %, containing suitable drying mate-
rials (such as chloride of calcium) arranged on
trays. Opening into this box A?is the pipe E,
which conveys the compressed air to the air-
chest &' prior to being expanded.

Any water extracted by the screens b runs
down the walls of chamber H and is conveyed
by a pipe, &', to the bottom of the chamber G.
Both the chambers G and H may have non-
conducting coverings to prevent absorption of
heat. . .

The drying-box may be replaced or used in
connection with a disinfecting-fluid saturator,
such as shown in Tig. 6. The saturator may
be composed of a eylindrical basin,d, which con-
tains the disinfecting-fluid, and in which fluid
a fan covered with wire-gauze is caused to re-
volve by the current of compressed air pass-
ing in at the opening X and out by the pipe
Y, and which air is disinfected by . passing
throngh the saturated gauze.

Fig. 8 represents amechanism by which the
compressed airis made to regulate the supply
of steam to the chest of the engine B or to
the eylinder itself'; and consists of a eylinder,
K, in which a piston, %, works, and which
moves a three-armed lever, I mn, in which le-
ver n operates any of the ordinary automatic
cut-off or throttling mechanisms used to regu-
Iate the supply of steam, and, in reality, takes
the place of the governor. The fulcrum of the
lever I m n is at L. ' .
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The effect of cutting off the supply of com-
pressed air to the expanding end of the eylin-
der A is very importaunt, and this is one of my
improvements. ‘

The cut-off may be automatic, and is regu-
lated by the pressure of the compressed air
from the compressors. Mechanism for operat-
ing an automatic cut-off by this means is shown
in Fig. 7, in which a®. is the ordinary slide-
valve, and which has’ a second port, M, which
allows compressed air to pass into the cylin-
ner by means of port P. :

Upon valve o’ the cuat-off valve @ slides,
and which is secured to a hollow rod, R, upon
the lower end of which is. secured a piston,
T, which worksin a eylinder, S.

The compressed air passes through the hol-
low rod R, and gives the same pressure in
the cylinder S that it has in the chest a'2.

. The piston T imparts vertical movement, by
any snitable means to a rod, U, which is
weighted at V to balance the normal pressure
on piston T. _

The rod U in its upward movement becomes
weighted with weights W at certain distances,
which hold the valve Q in certain positions,
80 that it will eut off at required. portions of
the stroke of the piston « for given pressures.

.From this it is readily seen that when the
pressure of the air is greatest the cut-off takes
place sooner, thus making the air expand and
do more work, which insures greater refriger-
ative effect. v

Tig. 10 represents = plan of a steamship, in
which N is an air-tight compartment prop-
erly protected with non-condueting covering,
and divided by partitions p, which insures
regular currents, and O .the refrigerating ap-
paratus, from which the discharge-pipes D D
enter the chamber N, and the air is withdrawn
from said chamber through the pipe C. A
modified form of this arrangement is shown
in Fig. 11, in which like letters of reference
correspond to like parts. Here the discharge
and suction pipes enter two large mains, which
supply cooled air and withdraw air at two
or more places at once. - By this arrangement
a more uniform temperature is obtained and
maintained.

Operation: The operation of the apparatus
to produce refrigeration by air is as follows:
Air is compressed in the compressing-cylin-
der during the upward stroke of the piston tt,
and at the same time water is injected into
said cylinder in the form of spray by means
of pump-plungera’. This upward travel of the
pump-plunger a7 also tends to keep open valve
@, allowing the compressed air to pass into
the pipe I, by which it is conveyed to the
chambers G and H, which may be one cham-
ber divided into two compartments, if desired.
As the air is compressed in the eylinder and
the volume becomes smaller the same quantity
of water is injected as at the beginning of the
compression; hence the relative.volume of
water to the volume of compressed air is great-
est when it is most needed. ~ All of the water

does not: usially go throngh the plunger a7,
but some is forced through the relief-valve an,
and discharged as spray into the top of the

‘chamber G by a rose-nozzle, ¢°. The relief-.

valve may be closed, so that all of the water

~will be discharged into the eylinder A, The

water is discharged upon wire-gauze screens
¢'in the chamber G, and during its descent
it drips from one screen to the next, but tends
to run out by the slots ¢? and descend to the
bottom of chamber G out of contact with the
current of' compressed air, and little or none
of tlie water ever gets to the lower screen of
the chamber G. The compressed air is made
to take a circuitous route by the sereens g'.
Some-of the air passes through the screens.

By this means the partly-cooled air from the -

compressor is thoroughly cooled, and when it
passes through the pipe I it has very little
water in suspension. During the ascent of
this cooled air in the chamber H the screens
h extract most of the moisture, which runs
to the bottom of the chamber H, and finally
to the bottom of the chamber G by pipe L. -
When there is any excess of water it runs off
automatically by the ball float-valve ¢%.- The
air now passes through the drying-box h?, con-
taining the drying materials, where it is thor-
oughly dried. TFrom box %% it passes by the
pipe E to the chest a2, when it is allowed to
pass into the lower end of the cylinder A; but
the supply being cut off at a certain portion
of the stroke, it is allowed to expand itself
performing work. This expansionis performed
at the same-time that’the air is being com-
pressed on the other side of the piston a, and
consequently the air is madeto do work. As
soon as. the air is fully expanded the valve
@ opens its discharge-port, and a clear and
straight discharge is obtained into the com-
partment or main, which prevents the forma-
tion of ice, which forms when ordinary valves
and erooked discharge are used, and prevents
undue friction. ) - :

During the downward stroke of the piston
the airis drawn in at the top of the eylinder -
by the valve a?, and the expanded air i§ dis-
charged at the bottom. As the piston a de-
scends it draws the plunger « with it, which
sucks water into the cylinder af, and at the
sawe time instantly closes the valve a’. 4

The same air may be used over and over
again; bub when this is the case it should -
be invariably disinfected at each handling,
which may be done by the means shown in
Fig. 6. .

Should the pressure of the compressed air
be greater than required the mechanism shown
in Fig. 8 comes into play, and reduces the
power of the engine B, and makes the expand-
ing air do a greater proportion of the work of
compression. The automatic cut-off for the
air is shown in Fig. 7, and has been previously
explained. I do notconfine myself to the par:
ticular mechanism deseribed to do this; but
the employment of a cylinder, S, and piston T,
in combination with valve Q, is the best means.
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The valve shown in TFig. 4 may be actuated
by a suitable eccentric or cam, so as to make
it a regular cut-off; but I prefer two valves
and an automatic cut-off, as it is economy and
gives a greater refrigerative effect.

This operation of compressing and expand-
ing goes on simultaneously at each upward or
compressing stroke of the piston.

I claim—

1. In a refrigerating and ventilating appa-
ratus, the eylinder A, provided with a piston,
@, in combination with the annular induction-
valve a3, discharge-valve @’ and expansion-
valve @3, substantially as and for the purpose
specified. .

2. In a refrigerating and ventilating appa-
ratus, the pump-cylinder «f, provided with a
supply-pipe and check-valve, % in combina-
tion with a hollow perforated pump-plunger,
o’ attached to and actuated by the compres-
sion-piston, substantially as shown and de-
seribed.

3. In a refrigerating and ventilating appa-
ratus, the cylinder A, provided with a head
having separate compartments a' and a?, for
the induction and eduction of air, in combina-
tion with valves ¢* and a® substantially as and
for the purpose specified.

4. The cylinder for expanding the com-
pressed air, provided with the porta'l,in com-
bination with the valve-port «'* and pipe D,
leading in a nearly straight-line to the apart-
ment to be cooled, whereby a direct course for
the expanded air to said apartment is pro-
vided, as and for the puirposes set forth.

5. In a refrigerating and ventilating appa-
ratus, the combination, with the ecylinder-port
P and the valveport M, of the cut-off valve
Q, having a hollow rod, R, a piston, T, and a
cylinder, S, together with the rod U and the
weights V and W, for the purpose of cutting
off automatically the compressed air admitted
to the expansion-cylinder, substantially as
shown and described.

6. In a refrigerating and ventilating appa-
ratus, the chamber G, in combination with the
cylinder or frames g, provided with slots ¢?

the sieves g',’and a rose-nozzle, g° substan-
tially as and for the purpose specified.

7. In a refrigerating and ventilating appa-
ratus, the combination of the chamber G,
sieves ¢!, rose-nozzle ¢°, relief-valve a', and
automatic discharge-valve ¢°, substantially as
and for the purpose specified.

8. Thechamber H, provided with thesieves 7,
in combination with the compressing-cylinder
A and cooling-chamber G, as deseribed.

9. The process herein described of utilizing
all of the energy of the compressed air ad-
mitted to the cylinder, and producing the
maximum degree of cold due to the conver-
sion of the heat into work, which consists in
regulating the supply of compressed air- ad-
mitted to the eylinder according to the degree
of compression of said air, as described.

10. In a refrigerating and ventilating appa-
ratus, the combination of the plunger &', cyl-
inder of, relief-valve @', rose-nozzle ¢° and
chamber G, substantially as and for the pur-
pose specified.

11. In a refrigerating and ventilating appa-
ratus, the disinfectant apparatus compesed of
a cylinder, J, supply-pipe X, discharge-pipe
Y,and revolving plates j j, having their periph-
eries covered with wire-gauze or perforated
plates, substantially as shown, and for the pur-
pose specified.

12. In a refrigerating and ventilating appa-
ratus, the eylinder or eylinders for the simul-
taneous compression and expansion of air on
opposite sides of the piston, substantially as
described, in combination with the receiving-
chambers G and H, the suction-pipe C from
the refrigerator, disecharge-pipe I*, supply-pipe
B, and exhaust-pipe D, all constructed and
operating substantially as described, and for
the purposes specified.

In testimony of which invention I hereunto
set my hand.

GEO. G. FRYER.
Witnesses:

R. M. HUNTER,
CHAs. F. VAN HORN,



