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1

This invention relates generally to refrigerator
containers, and more particularly to storage and
shipping containers for use in the transportation
of quick frozen foods, and all other products, re-
quiring constant freezing, zero or sub-zero tem-
peratures but usually from 0° ¥. to minus 20° F.
The invention further relates to improvements in
methods and apparatus for use with solid refrig~
erants, such as carbon dioxide (solid COz or Dry
Ice), and the like. ‘

A principal object of this invention is to pro-
vide a method of refrigerating by means of solid

‘refrigerants that shall be more efficient’ than
prior methods and shall materially extend the
period of time for which a given quantity of the
refrigerant will maintain the desired low temper-
ature in the lading space of the refrigerator con-
tainer.

The invention described and claimed herein re-
sides in a novel way of applying all of the refrig-
erating properties of solid carbon dioxide (Dry
Ice) and of the carbon dioxide gas sublimated
from the solid carbon dioxide, by interposing the
refrigerants in such manner as to intercept heat
passing into the interior of the container from
the outside atmosphere, causing such heat to be

‘returned to the outside atmosphere instead of
continuing into the interior of the refrigerator
container, and the apparatus designed to inter-
pose the refrigerants and to accomplish the heat
transfer to the carbon dioxide gas being vented
to an outside gas system or the outside atmos-
phere.

The invention described and claimed herein
further resides in the disclosure of an applica-
tion of the “gradient step-down” principle of re-
frigeration, wherein the normal gradient of a
refrigerator container is sub-divided into two or
more “gradient steps.”

Another principal objéct of this invention is
the reduction of the gradient inducing heat trans-
fer to the prime refrigerant of a refrigerator con-
tainer through the application of the “gradient
step-down” principle. ' It is an established fact
in refrigeration that the greater the gradient, the
differential in temperature between the outer sur-
face of the container and that of the interior of
the container, the more rapid the rate of heat
transfer to the refrigerant. It is a purpose of
this invention to divide the gradient of the con-
tainer into steps, by interposing secondary cham-
bers being chilled by gas sublimated from the solid
carbon dioxide, to cause the formation of two or
more gradient steps, only one of which will in-
duce the transfer of heat to the prime refrigerant.

10

15

20

25

30

35

40

45

50

Another object of this invention is the estab-
lishment of a closed gas system, including suit-
able chambers, interposed to intercept heat, the
same gas being reapplied to the same path of
heat in successive steps, in such manner that the
gradient of the refrigerator container will be
sub-divided into a series of steps.

Another object of this invention is to furnish a
means for bringing the gas sublimated from solid
carbon dioxide under control, housed in suitable
refrigerating chambers, to act as a secondary
refrigerant.

Another object of this invention is to provide
a refrigerator container for the transportation of
quick frozen foods and other products requiring
a constant freezing, zero or sub-zero temper-’
ature, and using a solid refrigerant, which re-
tains the carbon dioxide gas in a closed circuit to
preclude the contact of said gas with the food
products in the lading chamber, a condition which
causes a drying-out and desiccation of the prod-
ucts.

A further object of this invention is to furnish
a means for the control of the temperature of a
refrigerator container by the use of a pressure
control valve in a closed gas system, designed to
release sublimated gas from the prime refriger-
ant chambers intermittently to the secondary re-
frigerating chambers, the variable frequency of
this intermittent release being an effective tem-
perature control.

A further object of this invention is to provide
a sealed refrigerator container for the transpor-
tation of quick frozen foods and other products

-requiring constant freezing, zero or sub-zero tem-

peratures, that will assure the maintenance of
absolute sanitary conditions throughout an in-
transit period.

A further object of this invention is to provide
a refrigerator container for quick frozen foods
and other products requiring constant freezing,
zero or sub-zero temperatures, which will give
adequate air circulation around the refrigerated
products to insure absolute minimum growth of
molds, inherent in cold storage operations.

A further object of this invention is to provide
a refrigerator container, a multiple number of
which may be used for the transportation of car~
load-lots of quick frozen foods and other prod-
ucts requiring constant freezing, zero or sub-zero
temperatures, and one or more of which may be
used for less-than-carload-lot shipments.

Another object of this invention is to provide a
means for the even distribution of the refrigerant

‘of a carload-lot shipment of quick frozen foods
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and the like, by the use of a2 multiple number of re-
frigerator containers, as for example sixteen such
containers, each container being charged with 2
bro-rata proportion of the total refrigerant pro-
vided for the entire carload-lot shipment.

A further object of the invention is to provide
a refrigerator container which may be used for
the transportation of a “pooled” carload-lot, or
less, of quick: frozen foods and the like, requiring
constant freezing, zero or sub-zero témperatures,
consigned to two or more consignees at two or
more locations, without injury to that part of ths

shipment remaining after partial unloading, and_
without appreciable loss of refrigerant due topar--

tial unloading.
A still further object of this invention is to pro-
vide an outside gas system to syrround the top

perimeter of a multiple number of ‘réefrigerator
containers placed in a standard freight car, to os.

suspended from the contginers, between the con-
tainers and the sides and ends of the freight car,
to be charged with’ calbon dioxidé gas vented
from the gas system of refrigerator containers
operated on the. “gradient step down” prmclple
for the purpose of. prov;dlng supplemental re-

frigeration and msulatlon for the refnverator

containers placed in the frelght car.

And still another obJect of_th.ls_mventlon is
protective layer of blown msulatlon around above
and beneath a multlple number of refrlgerator

containers placed in s standard fre1ght car, thei

minute openings between the particles of 1nsula-
tion to be filled with carbon d10x1de gas, released
from an outside gas system suspended around the
top perlmeter of the refr1gerator containers.
Prior inventions have made a partial use of
gaseous carbon ‘dioxide, to ‘supplement the re-
frigerant action of the’ sohd carbon dioxide, by

releasmg the subhmated gas 1nto “the ladlng'
chamber, by releasmg the gas into a secondary'
refrigerant such as a brine, by passing the gas

around an area pravided between the msulatlng
walls and the lading chamber, by releasmg the
gas into the 1nsu1ated area, and in many other
devices, but in no pr1or method is found the fuil
utilization of the gas as prov1ded in this “gra-
dient’ step-down” prm(nple )

Still other and more specific objects and ad-

vantages of this invention will become” apparent
from the description hereinafter set forth of

one embeadiment or example thereof and from
the accompanying drawmgs to whlch the descr1p-
tion has referenceé.

In the drawings;

Fig, 1 is an exterior front and side angle view
with the door closed, of one embodlment of a re-
frigerator container;

Fig. 2 is. a front view of the same contamer
with the door open; -

‘Fig. 3 represents g, vertical sectional view from
the front taken on line 3—3 of Fig. 4; =~ =

‘Fig. 4 represents g, vertical sectional view from

the side taken on line 4—4 of Fig. 3:

‘Fig. 5 represents a fragmentary perspective.

view of the solid cdrbon dioxide chambers and

the piping system for. the reléase of the sub-.

limated’ gas. to the secondary refr1gerant char-
bers;

Fig, 6 represents an enlarged, fragmentary cross
section of a side wall, showing.the assembly of
the secondary refrigerating chambers:

Fig. 7 represents a perspectlve view of the com-
ponent parts of: the first secondary refrlgerat-
ing chamber or grooved chamber
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Fig. 8 represents a perspective view of the ¢ome
pbonent parts of the second secondary refrigerat-
ing chamber, or duect chamber;

Fig. 9 represents a perspective, fragmentary
view of the over-all gas system;

Fig, 10 represents a vertical cross sectional view
of a freight car loaded with refrigerator coi-
tainers, taken from the side of the car;

Fig. 11 represents a vertical cross. sectzonal view

of g freight car loaded with refrigerator con-
tainers, taken from the end of the car;
" Fig. 12 represents a fragmentary, perspective
view of an outside gas system, charged with car-
bon " dioxide gas through a flexible connection
joined to the vent of the refrigerator container:

‘Fig, 13 répresents a fragmentary, transverse
view of a loaded freight car, with the outside gas
system  and " supplémental blown insulation in
pilace, taken from the end of the car on a set-
back basis;

Fig. 14 is a diagrammatic illustration of the
path and transfer of heat to the refrlgerant inan
ordinary refrigerator COntalner, '

Fig. 15 is a diagrammatic illiistration of the

'path and transfer of heat, as it would oceur, if

it were practical to install a part of the refriger-
ant between divisions of the’ 1nsu1at1on in the
walls of a refrigerator contamer “and.

Fig. 16 is a diagrammatic’ 111ustrat10n of the
path and transfér of heat to the. secondary re-
frigerants and to the prime. refrlgerant in'a re-"
frigerator container embodying the appaiatus for
the functzonmg of the “grad1ent step down” prin-
ciple.

"The quick frozen food industry has become one
of the fastest growing 1ndustr1es in’a little more
than one decade, and gives’ prom1se of continu-
ing, even accelerating, this rapid pace of growth.
One of the major problems of the industry is the
maintenance of 4 caonstant, relatively low tem-
peratiire from the moment of quick fréezing until
the “timie of intentional de-frosting for eating
purposes. This problem is reasonably s1mp1e in
the’ processoz s plant, in the wholésaler’s storage
and in the retailer’s dlsplay To date, the main-"
tenance of these constant low temperatures dur-
ing in-transit periods. has been eXteedingly diffi-
cult, and much ‘of the inferior duality product
which has appéared on the maiket. has had this
inferior guality 1mparted to 1t durmg pe11ods of
transportatlon ’

This invention will furnish the necessary re-
frigerated protection to all dquick frozen foods
and other products requiring constant. freezing,
zero and sub-zero temnperatures, durmg in-transit

and unloadmg at Shlpper and conmgnee termmal
points.

Shipments of quick frozen, foods and. the like.
ments and  less- than carload lot shlpments
Carload-lots are usually shippad by frelght less-
than. —carload lots are usually shlpped by express,
truck or air. The period of iri- transit time for
less-than-carload-lots is usually briefer than that
Be-
cause of these two general class1ﬁcat10ns the de-
scription which follows hereinafter is d1v1ded into
two sections, first, the operatmns which are com-

‘mon to all shipmients, and second, the, additional

protection prov1ded for carlo délots

By making use of the refrigerator -container
of this invention, all shlpments of quick frozen
foods, and’ ‘other prodiets’ requiring constant
freezmg, Zero or sub—zero temperatures, may be.
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made in ordinary freight cars, express cars, ordi-
nary trucks and freight planes; refrigerated cars
and: refrigerated trucks will not be required.

The refrigerator containers designed and used
‘for-carload-lot’ shipménts must of necessity be
of a size which will permit the use of the maxi-
‘mum space of the freight car, and with this con-
sideration in mind, it has been found that a con-
tainer of a size which will permit the placement
of ‘eight such containers from end to end in the
car, and two from side to side, utilizes the space
inthe average freight car to excellent advantage,
although it is obvious that a container for this
purpose need not be confined to these dimensions.
Containers of this size may be readily handled
by ‘either manusal or automatic lift trucks, and
since such shipments will usually originate and
terminate - at -cold storage  terminals equipped
‘for handling such shipments, no d1fﬁcu1ty will
be encountered.

The refrigerator containers de51gned and used
for less-than-carload-lot shipments, will usually
be of -a size more conveniently handled in LCL
trafiic, though ‘the larger container may be used
‘where practical. - The principles of construction
‘and- of operation: are -idéntical, except for the
added exterior insulation and refrigeration pro-
visions made in the freight car for the-handling
of long-distant carload-lot shipments. -

The refrigerator - containers are exiremely
durable in-construction to withstand the severe
handling involved in transportation and yet the
‘over-all weight-of the container is low due to the
relatively lishtweight material used in construe-
‘tion.- It is important that excessive tare not
‘be added to the weight of the shipment.

-In the form chosen for disclosure herein, the
invention is embodied in a refrigerator container
C having an-outer casing 1 of light weight but
durable ‘metal or like material, reinforced with
bracing members as is the practice in such con-
struction. The container C has an inner shell 22
that is of lighter weight metal or other mate-
rial and is:also:braced with supporting mem-
bers 23, and:a door 3 afforded that is constructed
to close flush:with the outer casing, being se-
:eured by locked nuts fitted over threaded studs §
protruding from the walls and inserted through
recessed openings in the door. The outer casing
or shell I, and the inner shell 22 are supported
in conventional heat-breaker relation, and the
same-is true with respect to the inner and outer
walls of the door 8. Provision is made in the
‘form of a rubber gasket 6 for sealing the door
tightly, to.'insure air-tight protection to the
jading compartment during transit periods, and
recessed gripping wells T are provided for han-
dling door..- Each container is mounted on skid
legs- 4 formed by the extension of the corner
bracing members, to permit handling with me-
‘chanical equipment. An outer gas vent § is re-
cessed in the side or top of the outer casing for
protection, and is threaded to permit the attach-
ment of flexible pipe connections. 55 in the freight
car as will-hereinafter ‘be described in detail.
An ‘- emergency pressure release vent 9 ‘also
afforded and is also recessed in the side or top
of the outer casing.

Since no object on the exterior of the con-
tainers C protrudes beyond -the-surface of the
outer casing, when loaded into freight cars, it
is ‘possible “to place them flush -against one
another, forming a compact unit set away from

‘the.ends 49 and sides 50 of the car; with a six
.or eight inch space on all sides of the container,
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6
and with the doors of the containers turned in-
wardly against another container. This arrange-
ment materially reduces the area of the container
surfaces in the freight car exposed to heat
transier.

In the carload-lot containers, one or more
solid carbon dioxide chambers (prime refriger-
ant chambers) 1f are provided, however, in the
smaller less-than-carload-lot  containers, oniy
one prime refrigerant chamber is necessary. The
prime refrigerant chambers 11 are suspended in
brackets {2 from the top of the inner shell 22
and because of the relatively heavy weight of
these loaded chambers, and due to the shunting
and jarring -of the freight cars in transif, and
therefore of the refrigerator containers, substan-
tial bracing members I3 are placed from the
chambers to the inner shell and between the two
chambers. -

The doors {4 of the pr1me refrigerant cham-
bers are arranged with rubber gaskets 16 and
mechanical sealing devices {5, to insure gas-
tight sealing of the doors of the prime refrig-
erant chambers. Suitable piping i1 is provided
to exhaust the sublimated gas from the prime
refrigerant chambers and an emergency pres-
sure release valve {9 is installed in the piping
circuit to cause the venting -through the vent 9
to the outside atmosphere of any undesired pres-
sure-of -gas which might accumulate.

Under and in accordance with the present in-
vention the gaseous refrigerant that is subli-
mated from the solid carbon dioxide within the
chamber or chambers {1 serves first, of course,
to cool the walls of the chamber or chambers (I,
thereby to cool the ambient air within the lading
chamber of the container, and such gas is there~
after passed successively to a plurality of second-
ary refrigerating chambers that are disposed in
heat transfer relation to a similar plurality of
walls located in spaced relation to each other in
the space between the inner and outer shells of
the container C. Thus in the form herein dis-
closed, each wall of the container C has a pair of
plates or walls 34 and 34A disposed therein in
spaced relation to each other and to the inner
and outer shells of the container, and these walls
are made from a material such as metal so as to
be good conductors of heat. The wall 34 is
closest to the inner shell 22 and has a refrigerat-
ing chamber 85 associated in heat transfer rela-
tion thereto; while the wall 34A iIs disposed be-
tween the wall 34 and the outer casing | and has

-5 secondary refrigerating chamber 39 associated

therewith in a heat transfer relation. The gas-
eous refrigerant is under the present invention
passed from the chamber or chambers |1 through
the chamber 35, then through the chamber 39,
and is then vented from the container C by the
vent 8 as will hereinafter be described in greater
detail.

It will be observed that a flexible pipe connec-
tion 20  has been made from the gas exhaust

piping to the secondary refrigerating apparatus

or chambers of the refrigerator container door
for the input of carbon dioxide gas and another
flexible connection 21 is provided for venting the
gas from the secondary refrigerating apparatus
of the door.

It has been found that this invention funec-
tions ‘well for certain temperatures and certain
purposes without the installation of a pressure
control valve {8 in the closed gas system, how-
ever, the installation of such a valve is pre-
ferred, for by regulation of such valve 18, the
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eold-gas -in the -secondayy refrigerating cham-
bers-3§ and- 39 .may be changed with- such fre-
quency as-may be requlred to. mamtam the de-
sired temperature within the refrigerator con-
tainer lading compartment.
.- Side supporting members-of elongated S-shape
24 are welded at contact pomts to- the inner shell
bracing members-23, and to. these S-shaped sup-
porting members are - attached angle -iron -tray
holders 25 for rece1vmg and holdmg the ladmg
trays-26, or shelves, of the contamel Trays_»_‘or
c1rculatlon of a1r around the ladmg Protrudmg
contacts- 21 are attached to the tops ano, bottoms
of the sides of the trays, to:insure further air
cireulation and. to-give firm storage in the con-
tainer to" prevent shifting during transit )
. Because -of the novel 'secondary refngerating
chambers 35 and 39, installed in the side walls
of the-refrigerator container, and to insure a dry-
ness of the-insulation material in the side walls
at -all times, provision-is-made for the: perlodlc
drying of the insulation by forcing a slow stream
of ‘heated, dry -air into ‘the insulated ‘walls,- for
which purpose-a normally closed 1nsulat10n-dry-
er inlet 28-and a-normally closed insulation-dryer
outlet-29 are provided in the inner shell-of the re-
frigerator container.

The side walls-and- door of the refngerator con-
tainer are constructed with: three layers of insu-
lation: 81, 82, and: 33, -Fig.°16, between which-are
mtelposed ‘the two walls 34 and 34A with ‘their
secondary refrigerating -chambers §5 and 39
This-insulation may take the form of reﬂectlve
insulation-as indicated in Fig. 6, or mayytake_th_e
form of fibrous -or -like 'material ‘in -either bulk
formy’ or-in-sheets, as indicated in Fig, 16, It will
be-noted in-Figs.'6 and 16 -that-one layer of in-
sulation-3{- is-placed outside-of the inner: shell 22,
after which thefirst of the secondary refrigerat-
ing-chambers 35 and-its heat transfer wall"34-are
installed against-shoulders 46. 'This chamber 35
is "herein  more-specifically “termed -the “grooved
chamber,-due to the nature of its-construction,
and- is-ntore- fully ~described. hereafter. - TFhis-is
foilowed -by - another ‘layer -of -insulation §2-and
then-the installation-of the second:secondary: re-
frigerating chamber-39-and:its-heat transfer-wall
344, “the-charaber 29:being herein-designated as
the-duct chamber; and' more:fully-deséribed-later.
Another-layer ‘of - insulation-38- is ‘placed-between
this "second- secondary refrigerating -chamber -39
and “the “outer -casing -i. “The insulatiohs pre-
ferred-in-this invention-are- those known-as:Fer-
ro-Therm or Fiberglas, -however; it has -been
found-that -those- commercial products*known as
Dry-Zero, rock wool; and several others-will-serve
the -purpose. --Ferro-Therm - insulation -is"-com-
mercially -available and-comprises -a--steel ‘sheet

covered -on-one -face by an-alley coating- of -lead 4

and tin with a finishing film of palm oil over-this
coating. - Fiberglas insulation is-also- commercial~
ly-available-andis-afforded-by a-body of relative-
ly-fine-glass- fibers that are-usually deposited in
the-form of+a-mat or batt-so-that- this-batt'may
bedisposed -in -the ‘space between two walls, ' Dry
Zgro insulation “is*available commercially: and-is
afforded in either bulk or-batt-form. -The Dry
Zero material is made from fibers of-the pod -of
the: tropical~Ceiba tree; “Rock~Wwool-is similarly
available ‘in -eithér- bulk or batt-forin iand this
materia] is in-the-form-of -fibers -iade: from-a
mineral or rock materigl.

The+piping 11 provided :for-the escape* of the
carbon dioxide~gas “from “tlie-prime - refrigerart

15

20

30

36

ke

40

45

50

b

66

70

k{3

cnamber Il the groo ( d secondary refrlgera.tmg
chamber 35 and the duct. secondary refngeratmg
chamber 39

mbels H
the opéning of the pressure contro1 alve 18, is

forced into the -grooved secondary rlgeratmg
chambe1 35 and uhe old, higher temperature gas
confained in chamber 35 is forced ghrough the
connectmn 44 mto the duct secondary retngerat-
ing chamber 39 whlch in turn causes the -0ld,
st1ll hlgner temperature gas in chamber 39 to be
forced oub through the iconnection 45 to be re-
leased through the vent 8

Whiie the two secondary refrlgeratmg cham-
bers 35 and 39 are for- s1m1lar purposes, thelr op-
d Ierent The ﬁrst ot these secondary refrlger-
atmg cnamoers known -as the-grooved chamber
has_a specific reason for its-desien. A block of
alummum or other: good heat- conductor mate-
r1a1 apprommately Yo mch ‘thick -and 10-inches
wide, is-cut with-a % inch-grooved- pattern 36 as
shown;:in F1gure 7, -This ‘block is then: welded
vertmally to:the-center -of-a: mounting-plate 34, of
a surface area of ‘the-length-and-width of- the in-
s1de dnnensmns of- the side: wall, with-the grooved
sulface -placed - 1nwardly ‘toward -the conductor
mounting ' plate $4,-to form-the eguivalent -of ‘a
%-1inch eoil-mounted -on ‘a -conductor mounting
plate. -In- fact a coil-so-mounted, but-with a good
heat conductor Jjoinp: th1 oughout,-may be used.

Thls small -path-for tlie -passage -of the -gas
downward, *when “released- urider - ~pressure-from
the- prime-refrigerant ‘chambers, -is-for the-pur-
pose-of-forcing uli‘of the-old, higher temperature
gas forward in-the gas:system, without'permitting
counter-currents of the-higher’ temperature- ‘gas
to:move-upward or:backward: in-the system,

The *seconid -of -the *seécondary - refrigerating
chambers -39-isconstruéted by welding ‘a duct of
aluminuim-4§-or-other-good heat-conducting ma-
terigl,-approximately -3 in¢h-deep-and 10-inches
wide,:vertically ‘to’ a-conductor mounting plate
34A-of tlie same-good-heat’ “conducting ‘metal, &
plate of the léfigthrand width of “the inside dimen-
sions' of the-side wail.. When'gasis forced-out of
the-first-secondary refrigerating ‘chamber: "85, gt
the-exit -38*thirough the-poor Heat ‘conductor con-
hection-44, it rises-from-the entry §1-in’ the duck
of the sécond -seconddry- refrigerating chamber
39, the warmergas-being-of lighter: “Weight; to be
vented from the réfrigerator: container ‘through
the exit 42 and the vent 8. Whilevtertdin difden-
sions “are ‘used 'in’the- féregoing: descnptxon for
pUrposes™of -explariation; it is obviois these ‘Sec-
ondary 1efrigerat1ng ‘dhEmbers " may -~ e “ton-
structed’ in~vafiolls sives' ahd:-proportions ‘as fit
theteguirenents.

“Another- princigal fedture“of thls mvention is
the ‘novel method-for: providitig-additional insii-
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lation and refrigeration for a mass of refrigera-
tor containers, in the storage of such containers
in the freight car.. This method is only possible
because of the nature of the construction of the
refrigerator container of this invention and its
prineiples of operation, and for that reason is in-
eluded in this application as another of the prin-
cipal claims of this invention.

The loaded refrigerator containers C are
shored into the freight car through the use of
planking 53 and mechanical jacks 94, as shown
in Figure 13. This is a progressive operation,
performed as the containers are moved into the
car. The following additional operations are also
performed progressively as each container is
placed in the freight car.

Perforated piping 56, sufficient ~to extend
around the perimeter of the mass of refrigerator
containers loaded into the freight car, is pro-
vided. This is jointed in practical lengths, ap-
proximately the length of one side wall of the
refrigerator container, of a type easily joined and
secured by a friction fitting 57, or some other
simple means of connection. Each length has
a connection 58 for the attachment of a flexible

pipe 55, the other end of each flexible pipe being -

connected to the vent 8 of one of the refrigerator
containers.

A perforated and screened metal cover 59,
round except for a flat surface on the side toward
the container, with a screéned opening in the
bottom, is provided in similar lengths and is sim-
ilarly capable of being easily joined 68, to sur-
round the perforated piping and disposed by
means of bracing members about two inches from
the circumference of the perforated piping.
Strap hangers 62 are arranged to suspend the
perforated piping 56 and the metal cover 58 from
the recessed wells 10 of the outer casing of the
refrigerator containers. When all containers
have been loaded into the freight car, an outside
gas system of perforated piping with protective
metal covering, with screened bottom opening,
will surround the perimeter of the mass of re-
frigerator containers, near the top of said con-
tainers, and disposed between the outer casing of
the moss of containers and the sides and ends of
the freight car.

As containers are loaded into the freight car
and the outside gas system is installed and con-

nected, a layer of loose insulation is blown into’

the freight car in all open area between the mass
of containers and the roof, fioor, ends and sides of
‘the freight car, the outside gas system being com-
pletely enclosed in said layer of blown insulation.

The gas escaping from the refrigerator con-
tainers now passes from the vent & of said con-
tainers, through the flexible connections 55, into
the perforated piping 8% of the outside gas sys-
tem, then through the perforations into the metal

cover 59, and from the screened openings of the

metal cover .into the blown insulation &1 sur-
rounding the mass of‘refrigerator containers, to
seep through the minute openings between the
particies of blown insulation to form a blanket

of insulation and refrigeration to further inter--

cept hieat entering through the walls of the freight
“car, before such heat can come intc contact with
the surface of the refrigerator containers.
. Inthe operajion or use of the containers of this
invention, though they are of simple mechanical
construction, care should be exercised in their
‘packing, charging and loading to secure the best
vresults It is desirable to pre-cocl the container
in a cold room of approxzmately minus 20° F.
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temperature, to insure a constant freezing, zero
or sub-zero temperature immediately upon the
lading being placed in the container. When the
refrigerator container has been brought to the
desired temperature, the lading compartment
should be thoroughly sterilized with an ultra-
violet ray lamp.

The lading which has been maintained at low
temperature is then packed in the container trays
and the trays positioned in the lading compart-
ment of the refrigerator container. The prime
refrigerant chambers are then charged with solid
carbon dioxide (Dry Ice) and these chambers are
sealed, after pressure valves have been checked.
Carbon dioxide gas is then forced through the gas
system, under pressure, to remove all air or warm
gas from the system and to reduce the tempera-
ture of the gas system to the desired point. The
gas system is then connected to the prime refrig-
erant chamber gas outlet. The lading compart-
ment door is closed and sealed, to insure that this
compartment will remain air-tight during transit.

If the shipment is less-than-carload-lot, the
container or containers are then ready for ship-
ment. If the shipment is a carload-lot, the load-
ing operation requires further deseription.

For carload-lots, further insulation and refrig-
eration is provided. Beginning at the ends of the
car and loading toward the middle, loaded refrig~
erator containers are placed two across in the
car. Mechanical jacks and planking are used to
shore in the containers, car dimensions being
taken into consideration, to divide equally the
surplus space which will remain around the mass
of loaded containers, at the ends and sides of the
car.

Joints of perforated piping, to form the outlside
zas system, are suspended by the strap hangers
from the recessed wells in the ends and sides of
the containers, and are joined one to the other,
as the containers are placed into position. Con-

‘nections between the container vents and the

outside gas system are made, and the sawdust
or other insulation is blown into the open areas
surrounding the mass of containers. The gas
escaping from the outside gas system will grad-
ually seep through the insulation to fill all avail-
able openings, giving a drying and refrigerating
effect.

The unloading operations begin with the re-
moval of the blown insulation, by means of the
reversed blower device. The outside gas system
and the metal covers are removed as the con-
tainers are unloaded. -

All refrigerator containers, whether carload-lot
or less-than-carload-lot shlpment are immedi-
ately placed in the cold room at the receiving
terminal upon arrival and the container is
checked for temperature and for condition of the
lading.

"The automatic operations of the refrigerator
container en route is controlled by the transfer

" of heat to the prime refrigerant and the develop-

ment and intermittent release of the evolved gas
of sublimation to the secondary refrigerating
chambers by action of the pressure control valve.

There are but two sources of heat in the interior
of the refrigerator container, that which results
from the oxidation of the products of the lading
chamber, and that which enters the walls of the
container by conduction or radiation. The heat
of oxidation may be ignored, for the amount of
heat so generated in & sealed container at freez-
ing, zero or sub-zero temperature is negligible.

. 8 Such heat, if any, will by the laws of nature, rlse -
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to.the upper-area-of:the-container. to.be: brought
into contact convectively with the-conductor -plate
upon: which : rests- the: solid: carbon - dioxide, and
will thus be-transferred-to therefrigerant.

Any heatientering'the interior of the container,
through the walls, will likewise rise- by convee=-
tive currents: to:be -transferred to.-the: prime re-
frigerant: by. contact’ with the: conductor. plate:
All:heat: so-transferred to-the: prime-refrigerant
will - cause’ the: sublimation: of: gas; to: be:foreced
under the pressure-of’ the:accumulated: gas- into
the gas' system:and’ the:secondary refrigerating
chambers:.

"The:“gradient: step-down” prineiple is-best de=
seribed :and explained:by reference to Figures 14,
15 and 16, wherein the path: of heat entering
through the ‘walls:of: refrigerator: containers and
the transfer of said heat.to:the container: refrig-
erant; or refrigerants, i$ diagrammatically illus-
trated for: first, an: ordihary: refrigerator con-
tainer (Figure 14); secondly; a:theoretical refrig-
eratorcontainer (Figure15);.and thirdly, a refrig-
erator: container: embodymg the- “gradlent step~
down” principle: (Pigure 16)..

In Figure 14; the outer casing 104, the:insula-
tion 131, the’inner'shell 122; therefrigerant cham-
ber b4, and: a fragmentary view' of an:ordinary
refrigerator container X! gre. illustrated: Heat
entering through:the walls.of the.contginer:is in-
dicated by H, HI, H?/ and: H? and i the ascending
sequence indicates the direction: of flow.

From:. this: illustration: it* will: be- observed: that
all heat which: successfully-enters:the-interior of
the container; by passing through the walls of the
container, is ultimately brought into contact with
the refrigerant chamber;. in: this:case there being
only one refrigerant chamber, and:is. transferred
by conduction to:the refrigerant; causing a refrig-
erant consumption: in: direct: proportionr to the
amount of heat gbsorbed:

In Figure: 15,. the: outer: casing: 201, the outer
Insulation: layer: 232,. o theoretical placement. of
apartof the refrigerant 21 {A between:divisions of
the insulation;. the inner insulation layer 234, the
inner shell 222, the refrigerant.chamber:2{4 and
a.-fragmentary view: of: ai theoretical refrigerator
container: Y are illustrated:. Heat entering
through the walls of the container is indicated by

-H HI, H?, H3; HY, and HS and the-ascending se-
quence: indicates . the: direction: of: flow.

If it were practical to construct a refrigerator
contginer as:described:in this drawing; a part of
the refrigerant would be interposed between:divi-
sions- of the:insulation: in: such. a. manner as to
intercept-heat.entering the container before such

“heat reached the:interior of the container. Heat
brought into contact. with therefrigerating cham-
ber:21:{A, containing. that part of the refrigerant

interposed in the walls of the container, would.

cause a consumption of the refrigerant in.cham-
ber 24:£A; and would-not. induce a - transfer of heat
-to-therefrigerant in chamber 211, thus conserving
for' a: longer period. of time that: refrigerant in
chamber 21{. However, no:practical gain results
from this-arrangement as an actual. consumption
of refrigerant. eccurs; partial consumption oc-
curring in chamber 24{A: rather than in chamber
244, e
In:-Bligure. 16, comyponent parts:of a refrigerator
container embodying the “gradient step-down”
principle of this invention. are illustrated. In
the construction.of. this container, the.outer shell
i, the outer insulation. layer 33, the second sec-
ondary refrigerating chamber (duct-.chamber) 23,
and its heat transfer wall 34A, the center insula-
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tion:layer 32, the first- secondary. refrigerating
chamber. (grooved: chamber) 35. and. its heat
transfer. wall. 34, the:inner. insulation layer 2i,
the:inner.shell 22, the.prime refrigerant. chamber
14:and.the. fragmentary. view of the-refrigerator
container C are arranged as.the component parts
and apparatus of said.refrigerator container are
placed in-. actual. construction. Heat entering
through . the: walls- of the container is indicated
by H; 1, H? H3, HY H5 HS and H? and the
ascending sequenee indicates. the direction. of the
flow.

From the nrevious.desecription:of the construe-
tion.and. operation of.this:refrigerator container,
it will be recognized that.the:prime refrigerant
(Dry Ice).is placed in the prime refrigerant cham-
ber. (1, and that the evolved gas. of sublimation
accumulates in the gas-tight chamber until the
desired: pressure has.been.built up against the
pressure control valve I8 in. the gas system,
whereupon. it is released to be-forced. into the
first secondary refrigerating chamber 35; which
in-turn forces the old, higher-temperature gas in
chamber 35.into the second secondary refrigerat-
ing chamber 29, the old, higher-temperature gas
of.that chamber being forced from the gas system
through the vent in the outer casing to the out-
side.gas system, .or to the atmosphere. Since the
secondary. refrigerating chambers are isolated
against heat transfer from one to the:other, and
from.all other sections of the gas system, by hea
breaksr connections:made of poor heat-conduct-
ing material, this refrigerator container has three
refrigerating chambers, the two secondary refrig-
erating chambers so disposed as-to.intercept heat
from the sides before it reaches the interior of
the-container, and the prime refrigerant chamber
which absorbs heat reaching the interior of the
container with the-resulting sublimation of fur-
ther gas.for the replacement: of old gas which
has. been warmed somewhat in the secondary
chambers. .

Although the temperature of the prime refrig-
erant, and the gas.in the.various steps of the gas
system, will: vary somewhat, let - us assume, for
purpeses.of illustration and. explanation, certain
reasonable temperatures throughout the gas sys-
tem. The temperature of the prime refrigerant
may be assumed. to. be minus 110> F,, that of the
newly sublimated gas under pressure control in
the prime refrigerant chamber as minus 85° F.
to.minus.80° F., that of the first.secondary refrig-
erating chamber as minus-60° F., to minus 10° F
that of the second secondary. refngeratmg cham-
ber as.minus 10° F. to plus 30° F. and that of the
gas being vented to the outside gas system, or to
the atmosphere, as approximately plus 30° F.

It will be obvious to those skilled in the art that
a.transfer of a.large percentage of the heat enter-
ing the walls of the container has been made to
the cold gas of the second secondary refrigerating
chamber, raising the temperature of the gas of

.this. chamber from minus 10° F. to plus 30° P,

after which it is vented from the container.
Likewise, a large amount of the heat which was
not. intercepted. by the second secondary refrig-
erating chamber, through.the medium.of the con-
ductor mounting plate, has been transferred to
the cold gas. of the first secondary refrigerating
chamber, raising the. temperature of the gas of
this chamber from minus. 60° F'. to minus 10° F,,
after which the gas is forced.into the second sec-
ondary refrigerating chamber..

That heat which. did. enter the.interior of the
refrigerator container, and was brought into con-
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tact with the prime refrigerant chamber for
transfer to the prime refrigerant has consumed
an amount of prime refrigerant in direct propor-
tion to the amount of heat transferred, and fur-
ther heat entering the prime refrigerant cham-
ber or chambers has raised the temperature of
the newly sublimated gas from minus 85° F. to
minus 60° F.

If we assume all conditions of operation of the
three containers described in Figures 14, 15 and
16 to be the same, except that of the difference
in construction and the placement of the refrig-
erant, as illustrated in the three drawings, and
we further assume the use of the same weight
and volume of solid carbon dioxide as a refrig-
erant, the combined volumes of refrigerant in
chambers 211A and 211 of the container illus-
trated in PFigure 15, would be consumed in ap-
proximately the same period of time as that
in the container illustrated in Figure 14, while
maintaining relatively the same temperature in
the lading compartment. However, since a very
large percentage of the heat entering the refrig-
-erator container illustrated in Figure 16 is trans-
ferred to the evolved gas in the secondary re-
frigerating chambers, only that heat reaching
the interior of the container will induce heat
transfer to the prime refrigerant. Therefore, the
same: quantity of prime refrigerant: in this con-
tainer will maintain the desired temperature in
the lading compartment for a much longer period
of time.

It will be noted in Figure 14 that the gradient
{A- which induces the transfer of heat to the re-
frigerant is the temperature differential between
the surface of the outer casing and that of the
interior of the refrigerator container. In Figure
.15, the gradient of this theoretical container has
been divided into two steps, step {B which is the

temperature differential between the outer casing.

surface and that surrounding the interposed re-
frigerant container 2ilA, and step |A which is
the temperature differential between that sur-
rounding the refrigerant chamber 21{A and that
surrounding the refrigerant chamber 21f. Only
‘the gradient step 1A induces the transfer of heat
to the refrigerant in chamber 211. -

.In Figure 16, which is an embodiment of the
refrigerator container of this invention and

therefore an illustration of the “gradient step-

down” principle, three gradient steps are estab-
Jished. The first of these, step (C is the tem-
perature differential between the surfaces of the
outer casing and the second secondary refrigerat-
:ing chamber, the second, step 1B, is the tempera-
ture differential between the surfaces of the sec-
ond secondary refrigerating chamber and that of
the first secondary refrigerating chamber, and
the third, step 14, is the temperature differential

between the surface of the first secondary refrig-.

erating chamber and that of the interior of the
refrigerator = container. Only the innermost
gradient step, IA, induces the transfer of heat to
:the prime refrigerant; and since this is only one

-part of the total gradient of the refrigerator..

container, the obvious result is a greatly reduced
transfer of heat to the prime refrigerant and a
substantial reduction in the rate of consumption
‘of the prime refrigerant. : -

“While I have described my invention in some ,

.detail, and with specific reference to one embodi-
ment thereof, it will be apparent, especially to
those skilled in the. art, that various medifica-
-tions -may be made in the form of the container

.and in-the apparatus for applying the principles .
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of the invention, and that certain features may
be used to advantage, without a corresponding
use of the other features, all without departing

“from the spirit of my invention. I therefore de-

gire, by the following claims, to include within the
scope of my invention, all such similar refrig-
erator containers, refrigerator cars, trucks, and
other refrigerating devices, for this and all other
end-use purposes, whereby substantially the re-
sults of my invention are obtainable by substan-
tially the same means.

Tclaim:

1. In g refrigerator container for frozen focds
or the like that require freezing, zero or sub-

zero temperatures, an inner shell defining s lad-

ing compartment, an outer shell surrounding said
inner shell in spaced relation thereto, a plural-
ity of intermediate walls made from metal of
high heat conductivity and disposed between
said shells in spaced relation to said shells and
to each other, insulating material disposed in the
spaces between said walls and between said walls
and said shells, means defining at least two sec-
ondary refrigerant passages disposed respectively
glong and in heat transfer relation with respect
to different ones of said intermediate walls, means
disposed within said lading chamber and adja-
cent the top thereof to define a primary refrig-
erant chamber adapted to contain solid carbon
dioxide, a refrigerant discharge passage from
said primary chamber including a constant pres-
sure control valve, means of low heat conducting
material connecting said refrigerant discharge
passage with one end of one of said secondary
refrigerant passages and connecting the other
end of said one passage to one end of the other
secondary passage to. transmit gaseous refrig-
erant successively through said secondary pas-
sages, and means affording a vent extending
through said outer shell from the other end of
said other secondary passage. -

2. In a refrigerator container for frozen foods
or the like that require freezing, zero or sub-zero
temperatures, an inner shell defining a lading
compartment, an. outer shell surrounding said
inner shell in spaced relation thereto, a plural-
ity of intermediate walls made from metal of
high heat conductivity and disposed between said
shells in spaced relation to said shells and to

-each other, insulating material disposed in the
-spaces between said walls and between said walls

and said shells, means defining at least two sec-
ondary refrigerant passages disposed respec-
tively along and in heat transfer relation with
respect to different ones of said intermediate
walls, means disposed within said lading cham-
ber and adjacent the top thereof to define a pri-
mary refrigerant chamber adapted to contain
solid carbon dioxide and having a refrigerant dis-
charge passage, means of low heat conducting
material connecting said refrigerant discharge
passage with one end of one of said secondary re-
frigerant passages and connecting the other end
of said one passage to one end of the other sec-
ondary passage to transmit gaseous refrigerant
successively fthrough said secondary passages,
and means affording a vent extending through
said outer shell from the other end of said other
secondayy passage. .

3. In 8 refrigerator .container for frozen foods
or-the like that require freszing, zero or sub-zero

‘temperatures, an inner shell defining a. lading

compartment an outer shell surrounding said
inner shell in spaced non-heat-transmitting re-
lation thereto, a plurality of intermediate walls
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‘made-from- metal of high heat.conductivity and
“disposed:between-said:shells-in- spaced: relation. to
said shells and-to each other, heat:breaker means
supporting said- intermediate walls, insulating
material disposed: in: the spaces between said
walls and between said walls and: said: shells,
means defining- secondary. refrigerant passages
disposed respectively along and:in heat: transfer
relation with respect: to- different: ones. of said
intermediate walls; means disposed within said
lading chamber and adjacent: the . top thereof to
define a primary refrigerant chamber adapted
to-contain solid carbon-dioxide-and having a re-
frigerant- discharge passage; means of low heat

conducting material connecting. said: refrigerant,

discharge passage ‘with- said: secondary refriger-
ant passages in series: and terminating in a vent
extending. through said: outer. shell

4. In a refrigerator. container: for frozen foods
or the like that require freezing; zero or sub-zero
temperatures, an-inner- shell: defining a lading
compartment, an outer shell. surrounding said
inner-shell in spaced relation thereto, means re~
cessed into outer shell and affording a vent, a
‘plurality of intermediate walls made: from metal
“of high heat conductivity and: disposed between
said shells in spaced relation to said shells and to
each other, insulating. material disposed in the
spaces between said walls.and said shells, means
defining -secondary refrigerant- passages disposed
respectively along:and in heat transfer relation
with respect to different ones of said inter-
mediate walls, means disposed within said lading
chamber and:adjacent the top thereof to define
a primary refrigerant chamber adapted to con-
tain solid carbon. dioxide. and: having a refriger-
ant discharge: passage means of low heat con-
ducting material connecting said refrigerant dis-
charge passage with said secondary refrigerant
passages in series.and terminating at said vent.

5. In a refrigerator container. for frozen foods
or the like that require:freezing; zero or sub-zero
temperatures, an inner shell' defining a lading
compartment, an outer shell surrounding said
“inner shell in spaced relation thereto, means dis-
posed within said: lading chamber and: adjacent
the top thereof to define a primary. refrigerant
chamber adapted. to contain: solid carbon dioxide,
and having a refrigerant: discharge passage,
means in said:walls between said: shells compris-
ing alternate layers of insulation andof heat con-
ductive material, and means affording a con-
tinuation of said’' discharge passage extending
through said outer shell and having sections iso-
‘lated by heat breaker sections and disposed in
heat transfer- relation with said layers of heat
conducting material' in succession.

6. In a refrigerator-container for frozen foods
or-the like that require freezing, zero or sub-zero
temperatures, an inner shell defining s lading
compartment, an outer shell' surrounding said
‘inrer shell in spaced non-heat-transmitting re-
lation thereto, a vent in said outer shell, a plu-
rality of intermediate walls made from metal

" of high heat conductivity and disposed between
‘said shells in spaced relation to said shells and to
each other, heat-breaker means supporting said

" intermediate walls; insulating material disposed
in the spaces between said walls and between said
“walls and said shells, means defining secondary
refrigerant passages disposed repectively along
and in heat transfer relation with respect to dif-
ferent ones of said intermediate walls, means dis-
posed within said lading chamber and adjacent
‘the top thereof to define a primary refrigerant
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‘chamber-adapted to-contain solid carbon dioxide
and having a refrigerant: discharge passage, and
means connecting said:refrigerant discharge pas-
sage-with said secondary refrigerant: passages: in
series and terminating in said:vent.and arranged
to cause downward flow-and then upward flow of
refrigerant gases. in. the successive secandary re-
frigerant passages.

7. In a refrigerator container for frozen.foods
or the like that require freezing, zero or. sub-zero
temperatures, an inner shell defining g lading
compartment; an. outer shell' surrounding said
inner shell in spaced: relation thereto, a. vent
formed in said outer shell, a. pair of intermedi~
ate walls made from metal of high. heat con-
ductivity and disposed between said: shells in
spaced relation to said shells and to each other,
insulating material disposed in the spaces be~
tween said wails and between said.walls and said
shells, means defining two secondary refrigerant
passages disposed respectively along. and:in heat
transfer relation with respect to different ones of
said intermediate. walls, means. disposed: within
said lading chamber and adjacent -the top there-
of to define a primary refrigerant chamber
adapted to contain solid carbon dioxide, g refrig-
erant discharge passage from. said primary
chamber, means of low heat conducting material
forming a connection between said: refrigerant
chamber and the upper end of the.inner one of
said secondary refrigerant passages and connect-
ing the lower end of said inner passage to the
lower end of the outer secondary passage to
transmit gaseous refrigerant successively through
said secondary passages, and means connecting
the upper end of-the outer secondary passage to
said vent.

8. In a refrigerator container for frozen foods
or the like that require freezing, zero or sub-zero
temperatures, an inner shell defining a lading
compartment, an outer shell surrounding said
inner shell in spaced-relation thereto, means dis-
posed within said lading chamber and adjacent
the top thereof to define a primary refrigerant
chamber adapted to contain solid carbon.dioxide,
and having a refrigerant discharge passage,
means in said walls between said shells compris-
ing alfernate layers of insulating and. of heat
conductive material, means affording - a continu-
ation of said discharge passage extended through
said outer shell and having sections isolated by
heat breaker sections and disposed in heat trans-
fer relation with said layers of heat conducting
material in succession, and normally closed open-
ings at opposite ends of said insulation layers
through which drying air may be passed to re-
move condensed moisture from. said. insulation
layers.

9. The method of loading foods. and: the like
for transportation in frozen or sub-zero. condi-
tion which consists in loading the food: or the
like into a plurality of containers each contain-
ing a supply of solid carbon dioxide adapted upon
sublimation to escape.from vents provided on the
individual containers, placing such containers
in side by side relation in a freight car and in
spaced relation to the walls. of the freight car,
supporting a perforated distributing pipe. about
the perimeter of the group. of containers, and
connecting the vents of said containers. to. such
distributing pipe to- thereby distribute the sub-
limated carbon dioxide gas about the space- be-

“tween said containers-and-the walls of: the car.

10. The method of loading foods-and the like
for- transportation in- frozen or sub-zero. condi-



2,508,386

tion which consists in loading the food or the like
into s plurality of containers each containing a
supply of solid carbon dioxide adapted upon sub-
limation to escape from vents provided on the
individual containers, placing such containers in
side by side relation in a freight car and in spaced
relation to the walls of the freight.car, support-
ing a perforated distributing pipe about the
perimeter of the group of containers, connecting
the vents of said containers to such distributing
pipe.-to thereby distribute the sublimated carbon
dioxide gas about the space between said con-
tainers and the walls of the car, and blowing in-
sulation material into the space between said
containers and the walls of said car.

11. The method of loading foods and the like
for transportation in frozen or sub-zero condi-
tion which: consists in loading the food or the
like into a plurality of containers each contain-
ing a supply of solid carbon dioxide adapted upon
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18 :
sublimation to escape from vents provided on
the individual containers, placing such containers
in side by side relation in a freight car and in
spaced relation to the walls of the freight car,
filling the space between said containers and said
wall with loose insulating material, and distri-
buting the the vented carbon dioxide gas in the
space occupied by said insulation.

CHARLES B. HALL.
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