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UNITED STATES

PatenT OFFICE,

JAMES F. PLACE, OF GLENRIDGE, NEW JERSEY, ASSIGNOR TO JAMES
CAVANAGH AND SAML. WEIL, TRUSTEES.

APPARATUS FOR COOLING BY LIQUID AIR.

SPECIFICATION forming part of Letters Patent No. 666,693, dated January 29, 1901.
Application filed August 29, 1900. Serial No. 28,445, (No model.)

To all whom it may concern:

Be it known that I, JAMES F. PLACE, a citi-
zen of the United States, residing in Glen-
ridge, in the county of Essex and State of New
Jersey, have invented certain new and useful
Improvements in Apparatus for Cuoling by
Liquid Air, of which the following is 4 speci-
fication.

My invention relates to an improved appa-
ratus for cooling by liquid air any given cold-
storage inclosure, warehouse, market, or re-
frigerating - compartment, or a plurality of
such compartments, and to maintain in the
same any predetermined and relatively low
temperature, the construction herein em-
ployed being mainly intended for cooling the
compartments by compressed air supplied
from a stationary air-compressing plant lo-

cated outside of the compartment or compart--

ments to be cooled, so that one plant can be
used for a plurality of cold-storage compart-
ments or chambers.

For this purpose the invention consists of
an apparatus for cooling by liquid air com-
prising the compartment to be cooled, a lig-
uid-air condenser located in said compart-
ment and consisting of a liquid-air reservoir
adapted to receive an initial eharge of liquid
air, a submerged liguefying-coil therein and
delivering thereto, a low-pressure coil sur-
rounding said liquid-air reservoir and con-
nected with the same, a high-pressure chan-
nel between the convolutions of said low-

pressure coil, said channel being connected

at its lower end with a source of supply of
compressed air and at its upper end with a
liquefying - coil, and cold - air - distributing
pipes connected with the lower end of the
low-pressure coil and delivering into the com-
partment to be cooled. ,

The invention consists, further, in the com-
bination, with the liquid-air condenser de-
seribed and the compartment to be cooled, of
an outside source of supply of compressed air
and a horizontal partition extending at the
upper part of the compartment to be cooled
below the air-distributing pipes, said com-
partment being provided with openings and
with angular perforated extensions at oppo-
site sides, so as to establish a current of warm
airin upward direction toward the upper part

of the compartment and to the outside of the
same; and the invention consists, lastly, of
certain details of construction and combina-
tions of parts, which will be fully described
hereinafter and finally pointed out in the
claims. .

In the accompanying drawings, Figure 1
represents a horizontal section of a refriger-
ating compartment or chamber, showing a
portion of the horizontal partitions arranged
near the top of the compartment removed, so
as to show the liquid-air condenser. Fig. 2
is a vertical transverse seetion through the
refrigerating-compartment and the liquid-air

‘condenser in the same, taken on line x «, Fig.

1. Fig. 3 isa vertical section on liney v, Fig.
1, showing the inlet-cock of the compressed-
air-supply pipe in connection with the ther-
mostatie governor; and Fig. 4is a plan view
of an air-compressing plant connected with a
plurality of compartments and apparatus for
cooling the same by liquid air.

Similar characters of referenceindicate cor-
responding parts.

In thedrawings, A and A’ are the side walls
of the cold-storage compartment or refriger-
ating-chamber, B B’ the top and bottom walls
of the same, and C C' are projecting walls,
which form a part of the compartment or
chamber in the nature of an extension, in
which the apparatus for cooling by liquid air
is located.

1 is a liquid-air reservoir, and 2 a storage-
tank for liquid air, which is connected with
the upper part of the reservoir1 by a jacketed
pipe 28. The storage-tank in insulated by a
vacuum-jacket 3 and an outside casing 4, the
latter being again insulated by a packing 5.

6 represents a compressed-air-supply pipe,
which is connected by branch pipes 7 and 7'
with several refrigerating-chambers.

8 is that portion of the compressed-air pipe
which is located at the inside of each com-
partment or chamber. 9 is a thermostatic
governor,alsolocated inside the compartment
or chamber to be cooled, whereby the amount
of compressed air admitted to the liquid-air
reservoir through the conduit 8 is regulated
by the temperature of the atimosphere in the
refrigerating - chamber. The thermostatic

governor 9 is made in the usual way of two
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pieces of metal of diiferent degrees of expan-
sion, so that any variation of the temperature
from a predetermined point may beregulated,
the governor opening or closing more or less,
according to the rising or falling of the tem-
perature in the refrigerating-chamber, so as
to admit either an additional supply of com-
pressed airor diminish thesupply of thesame
to the liguid-air econdenser. The amount of

compressed air admitted to and liquefied in |

the condenser governs the rapidity of evap-
oration, and thereby the amonnt of cold dry
vapor delivered to the compartment or cham-
ber to be cooled. The greater the quantity
of cold vapor delivered within a given time
the lower will be the temperature and the
smaller the quantity of vapor delivered the
higher will be the temperature in the com-
partment. The liquid-air reservoir 1 is sur-
rounded by an interior casing 11, which is
filled with a suitable packing and which is
again inclosed by an exterior closed casing 12,
having a tightly - fitting cover, an annular
space being forined between the interior and
exterior casings. The liguid-air reservoir 1
is also provided with a cover 15 and above
the same with a cold-air chamber formed be-
tween the coversof the liquid-air reservoir 1
and exterior casing 12. The cold-air cham-
beris connected with the upper end of alique-
fying-coil 21, that is suspended in the liquid-
air reservoir 1 and submerged in the charge
of liquid air placed in the same. The lower
end of the lignefying-coil 21 is bent inwardly
toward the center of the coil and then.up-
wardly, so as to form an upright pipe, which
is provided with a delivery-valve 23, through
which the air liquefied in the coil 21 is dis-
charged into the liquid-air reservoir,s0 as to
replace gradually the initial charge of liguid
air placed in the same when the refrigerating
apparatus is started. In the annular space
between the interior casing 11 and the exte-
rior casing 12 is arranged a low-pressure heli-
cal coil 13, between the convolutions of which
ahelical passage 20 is formed, to the lower por-
tion of which compressed air is supplied from
a source of supply outside of the compart-
menttobecooled. Thecompressedairiscon-
ducted from the lower part of the annular
chamber to the upper end of the same, said
lower end being connected with the part 8 of
the compressed-air-supply pipe located inside
of the refrigerating-chamber, asshown in Fig.
2. Theupperend of the low-pressure coil 13is
connected through the opening 14 in the cover
of the liquid-air reservoir with the interior of
thesame, so that the cold vapors pass from the
upper part of the reservoir in downward di-
rection through the low-pressure coil and then
from thelower end of said coil through the pipe

16 to the cold-air-distributing pipes 17 and

through the delivery-holes 19 of the same to
the upper pari of the refrigerating compart-
ment or chamber, as shown clearly in Fig. 2.
The compressed air from the outside source of
compressed air passes through the supply-
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pipe 8 within the compartment or chamber
to be cooled, enters into the lower part of
the annular space between the interior and
exterior casings, passes then up through the
helical channel 20, formed between the con-
volutions of the low-pressure coil, and is con-
ducted into the cold-air chamber-above the
liquid - air reservoir 1 and from the same
througha connecting-joint22, passing through
the cover 15 to the upper end of the liquefy-
ing-coil 21. The compressed air passes in a
a counter-current to the low-pressure vapor,
whieh is conducted in downward direetion
through the low-pressure coil 13 and is de-
livered at a low temperature into the liquefy-
ing-coil 21, then passed downward through
the same into the central upright portion of
the same, and through the check-valve 23
into the liquid-air reservoir, being liquefied
by the extreme cold to which the same is sub-
jeeted by its passage through the liquefying-
coil. The low temperature to which the com-
pressed air is first subjected while passing in
the helical channel between the convelutions
of the low-pressure coil and the convolutions
of the liquefying-coil in the liguid-air reser-
voir reduces the temperature of the com-
pressed air to such an extent that it is de-
livered in liquid condition through the check-
valve 23 into the reservoir, 80 as to replenish

"the supply of liquid air evaporated from the

same. The cold dry vapors evaporated at
the upper part of the reservoir are taken up
by the low-pressure pipe 13 and forced in a
downward direction through the same, 50 as
to absorb the heat from the inwardly and up-
wardly passing body of compressed air while
the same passes through the helical passage
20. Ifany moisture has been left in the com-
pressed air, it will be condensed-and settle
in the lower part 10° of the annular space 10,
from which it is removed through the pet-
cock 40. (Shown in Fig. 2.) The cold vapors
that are conducted in downward direction
through the low-pressure coil 13 are deliv-
ered at the lower end of the same to an up-
wardly -extending pipe 16, which counnects
with the perforated distributing-pipe 17 at
the upper part of the compartment to be
cooled. Below the distributing-pipe 17 is ar-
ranged a horizontal partition 18, which is pro-
vided with a number of openings 25, through
which the eooled air passes in downward di-
rection through the compartment or chamber
to be cooled, so as to cirenlate therein and
reduce the temperature in the same. As it
becomes gradually heated it passes along the
walls of the compartmentor chamberin an up-
ward direction and through the perforations
26 and 26’ in the angular upwardly-extend-
ing portions at the ends of the horizontal par-
titions' 18, said angular portions forming
spaces 30, that extend above the distribut-
ing-pipe 17 around the compartment, 80 4s to
permit the warm air to pass up and create a
current through the holes 26 and 26’ into the
space above the partition 18 and then out to
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the outside of the refrigerating-compartment
through the vent-tubes 27 and 27’ to the at-
mosphere. The vent-tubes 27 and 27" are
provided at their outer ends with flap-valves,
which permit the eseape of the air from the
inside of the compartment to the outside, but
prevent the ingress of the outside airinto the
compartment.

The compressed air is supplied to the sup-
ply-pipe 6 from a storage-tank 24, to which
the compressed air is delivered from an air-
compressor 32, which receives its steam from a
boiler 81. (Shown in Fig. 4.) The compressed
air is conducted from the air-compressor
through a purifying brine-tank 33 and a mois-
ture - extracting caleium-chlorid tagnk 34,
which are of the ordinary construction. The
heat of compression is removed from the air
by a cooler that is interposed between the
moisture-extractor 34 and the storage-tank
24 for the compressed air, or the tank 34 can
be used as a cooler. From the storage-tank

24 the compressed air is conducted through

the pipes 6 and branch pipes 7 and 7' to the
refrigerating apparatus, located in the dif-
ferent refrigerating compartments or cham-
bers, as shown in Fig. 4.

36 is a check-valve for retaining the proper
pressure within the storage-reservoir 24.

37 is a pressure-reducing valve which is lo-
cated in the supply-pipe 6 and by which uni-
form predetermined pressure is maintained
in the supply pipes, coils, and passages of
the refrigerating apparatus, regardless of the
pressure of the compressed air in the storage-
reservoir 2

38 and 38’ are cocks located in the branch
supply-pipes 7 and 7', so that the compressed
air may be shut off from any one of the com-

' partments to be cooled without shutting off

the others. 39 is a similar cock or valve in
the main supply-pipe 6, so as to close up the
supply of compressed air in the main supply-
pipe.

I am aware that refrigerating apparatusin
which a liquid-air reservoir is supplied with
an initial charge of liquid air and in which
the evaporated air is replaced by new quan-
tities of liquid air produced from an outside
supplyof compressed air by the graduallower-
ingof its temperatureis wellknown. Neither
do I claim the air-compressing mechanism,
purifying means, and compressed-air-storage
reservoir, as the same have been used hereto-
fore for refrigerating purposes; but I am
not aware that the improved construction of
the liquid-air condenser, and especially the
arrangement by which the incoming com-
pressed airiscooled by the outgoing orevapo-
rating cold dry vapors that pass in a coun-
ter- cunent to thex incoming compressed air
through the low-pressure coil,has been known
before nor the arrangeimnent of-a<horizontal
partition at the upper part of the compart-
ments or chambers to be cooled and the ven-
tilating-spaces at the upper part of the same,

I

S

by which a continuous current of the warm
air in upward direetion is produced, nor the
arrangement of a storage chamber or tank
for bhe lzqmd airiuconnection with the 11qu1d-
air condense

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

1. Inan apparatus for cooling byliguid air,
the combination, with the compartment to be
cooled, of aliquid-air condenser comprising a
liquid-air reservoir adapted to receive an ini-
tial charge of liquid air, a submerged lique-
fying-coil therein and delivering thereto, an
interior casing surrounding said liquid-air
reservoir and said reservoir provided with a
cover, a closed exterior casing, a low-pressure
coil located in the annular space between the
interior and exterior casings, the upper end
of said coil being connected with the upper
end of the liquid-air reservoir, a high-pres-
sure channel formed between the convolu-
tions of said low-pressure coil, the lower end

| of said channel being connected with a source

of supply of compressed air at the ontside of
the compartment to be cooled, and the upper
end with the chamber formed between the
covers of the exterior casing and the reser-
voir, said chamber being connected with the
upper end of the liquefying-coil, and perfo-
rated cold-air-distributing pipes eonnected
with thelower end of thelow-pressure coil and
delivering into the compartment to be cooled,
substantially as set forth.

2. In anapparatus for cooling by liquid air,
the combination, with the compartment to be
cooled, of aliquid-air condenser comprising a
lignid-air reservoir adapted to receive an ini-
tial charge of liquid air, a submerged lique-
fying-coil therein and delivering thereto, a
low-pressure coil surrounding the liquid-air
reservoir and connected with. the upper part
of the same, a high-pressure channel formed
between the convolutions of the low-pressure
coil, said channel being connected at its lower
end with a source of supply of compressed air
at the outside of the compartment to be cooled
and at its upper end with the liquefying-coil,
a jacketed storage-tank sidewise of the lig-
uid-air condenser, a jacketed pipe connecting
the upper partof the liquid-air reservoir with
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the upper part-of said storage-tank, and cold- .

air-distributing pipes connecting the lower
end of the low-pressure coil with the com-
partment to be cooled, substantially as set
forth.

3. Inan apparatus for cooling by liquid air,
the combination, with the compartment to be
cooled, provided with a horizontal partition
at its upper part having openings and up-
wardly-extending side channels, of a ligquid-
air condenser located in the compartment to
be cooled, and comprising a liquid-air reser-
voir adapted to receive an initial charge of
liquid air, a submerged liquefying-coil there-
in and delivering thereto, a low-pressure coil
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surrounding the liquid-air reservoir and con-
nected with the upper part of the same, a
high-pressure channel formed between the
convolutionsof thelow-pressure coil and con-
5 nected at its lower end with a source of sup-
ply of comnpressed air and ut its upper end
with said liquefying-coil, and cold-air-dis-
tributing pipes connected with the lower end
of the low-pressure coil and delivering into

the compartment to be cooled, substantially ro
as set forth. :
Signed at New York, in the county of New
York and State of New York, this 28th day of
August, A. D. 1900. )
JAMES F. PLACE.
Witnesses:
EDpMUND W. POWERS,
G. HARRY LISTER.




