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This invention relates to new and useful im 
provements in methods and apparatus for refrig 
(erating the load carrying spaces of either railway 
car or highway truck bodies employed for trans 

necessity of handing these two refrigerants. 
Another procedure which has been proposed 

is to create a forced circulation of air through 
the enclosure after the boxes and crates of warm 
produce have been loaded. The principal pur 

pose of this method is "conditioning" the com 
modity, and the treatment may consist of heating, 
cooling, hydrating, dehydrating, or cleaning. Any 
lowering of the temperature of the overheated 

PE Esha. fruits, vegetables, and the like. Stransportation bodies which may E. when the atter-ice is the medium most commonly em- “conditioning' is that of cooling, is only inciden 
ployed at the present time for refrigerating per- tal. If the procedure is carried on for a sufficient 
ishable fruits y Yet transported in rail- length of time to accomplish the g 
Way CarS and highway trucks. The water-ice of the car or truck body in addition to 'condi 
usually is charged into the car or truck bodies 10 tioning" the load, there is real danger that the 
after they are loaded and, if the transportation treatment may be too severe for the perishable 
E. is wing: long, the bodies are re-iced, en commodity. - Oute. ile these bodies are standing empty, It is the primary purpose of this invention to 
either awaiting transportation to loading points provide methods G apparatus for effectively 
or awaiting loads at said points, and while they ls precooling the interiors of transportation vehi 
are actually being returned to the loading points, cles, employed for shipping refrigerated perish 
no attempt is made to control the temperature able commodities, without depriving the owners 
prevailing in the interiors of the body. Conse- or shippers of the use of the vehicles for more 
quently, the temperatures oftentimes reach such than a very few minutes at the most. In fact, 
high values that 24 to 48 hours of normal icing 20 the loading of a series of vehicles may be car 
time is required before the interiors of the bodies ried out in quick succession, starting as Soon as 
can be lowered to a commodity preserving tem- they are spotted at the loading platform, and the perature. loss of time for precooling need only apply to 

If refrigeration is obtained by employing ice the first one of the series. The time required 
bunkers at the ends of the car or truck bodies, 25 to load the first will be ample to allow for pre 
it is possible to precool the bodies before they are cooling several of the succeeding bodies. 
loaded so that the perishable commodities are A further important object of the invention is 
not subjected to this high temperature. Of to provide methods and apparatus for effecting 
course, during such precooling periods the equip- precooling of refrigerator vehicles before placing 
ment is lost to both the owners and the shippers. 30 ioads of perishable commodities therein and for 

If only crushed or show ice is to be used to effecting initial refrigeration of the commodities 
top ice' the commodities, loading must be ac- - complished before this refrigerating mediu during the loading period. be applied. Therefore, it i g g lum may still another object of the invention is to pro 
EEab"SWEE to subject vide methods and apparatus for precooling re e perishable produce, which is Warm to start 35 frigerator vehicles before loading, effecting initial 
with, to the overheated temperature of the enclo- fri tion of the peri hable ommodities dur 
sure during loading and to the gradual lowering re E. O O f per t modities i of the temperature during the initial cooling ing loading, and re rigera ing the commoal leS 1 period. E. patria-destroying atmosphere during tranSportatlon. 

EEEEEEE. " Another object of the invention is to provide Spod. Whelice bunkers are employed, methods and apparatus for reducing the amount 
Ri ley to the E. a refrigerating of sor E. ice employed initially in "top 

1 WC 2S 8 C. Vw absorption than has Egg. E. icing' perishable commodities transported in re 
iocerature has enoitaine. Wii, iii. 45 tigerator vehicles and eliminating the need for 
cial refrigerant, the usual charges of water-ice, "El route. in block form, are substituted in the bunkers for other objects and advantages of the invention 
the Special refrigerant. This type of procedure will be apparent during the course of the follow 
does reduce the time lost to a certain extent, but ing description. . . . several hours still are needed because natural 50 the Spinying diaWils forming a part air circulation past the bunkers and throughout of this specification and in which like numerals 
the load carrying enclosure is relied upon to are employed to designate like parts throughout 
comple desired lowering of the tempera- th E" ture. rthermore, the loading costs are in- igure 1 is a schematic view, partly in vertical 

creased to a considerable extent as a result of the 55 Section and partly in side elevation of a railway refrigerator car and the apparatus required to 
carry out the precooling method embodying this 
invention, . 

Figure 2 is a side elevational view of a railway 
refrigerator car modified to adapt it for being 



2 
refrigerated by the method embodying this in 
vention, t 

Figure 3 is a vertical sectional view taken 
through the refrigerator car disclosed in Fig. 2 
and illustrates a method of refrigerating con 
modities transported in railway cars, or the like, 
by means of water-ice and a refrigerating fluid, 

Figure 4 is a horizontal sectional view of a re 
frigerator car permanently equipped with ap 
paratus for accomplishing precooling and refrig 
erating en route, 

Figure 5 is a detail, vertical sectional view il 
lustrating the use of the permanently installed 
equipment of Fig. 4 for accomplishing refrigera 
tion en route, and 

Figure 6 is a fragmentary, detail, vertical sec 
tional view of a modified form of permanent pre cooling and refrigerating equipment for a trans 
portation body. \ 

In the drawings, wherein for the purpose of 
illustration are shown the preferred embodi 
ments of this invention, and particularly refer 
ring to Fig. 1, the reference character 5 desig 
nates a railway refrigerator car in the process of 
being precooled after becoming Overheated while 
being returned to a shipping point for some per ishable commodity. 
At this point, it will be stated that although 

the various figures of the drawings disclose only 
railway refrigerator Cars, it is to be understood 
that refrigerator truck bodies and trailer bodies 
could just as well have been disclosed and the 
following description applied thereto. These dis 
closures of railway cars, therefore, are not to be 
considered as a limitation in construing the 
claims. For the purpose of illustrating the ver 
satility of this invention, it will be assumed that 
the particular refrigerator body disclosed in Fig. 
5. is intended to employ blocks of water-ice as 
the refrigerating medium en route. To receive 
these blocks of ice, the ends of the body 5 are 
provided with the conventional ice bunkers 6. 
These bunkers, of course, are constructed to per 
mit air to circulate through the interior of the 
body with the interiors of the bunkers included in the path of air flow. - 
To adapt the body 5 for the precooling step 

embodying this invention, the various side walls 
and roof have had applied thereto a lining mate 
rial to which carbon dioxide snow will adhere. 
Any fabric material will be suitable, and it is 
suggested that an inexpensive fabric, such as 
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of carbon dioxide snow and vapor, at a sufficient 
ly rapid rate, to completely flood the internal 
space of the body with the vapor and to apply 
an appropriate layer of snow to the exposed sur 
faces of the lining. To accomplish this result, 
an exteriorly positioned source of Supply of car 
bon dioxide, in liquid form, is employed. One 
such source is designated by the reference char 
acter 7 and takes the form of a truck or trailer 
body that includes a tank completely enclosed in 
a Suitable insulating material. Trucks suitable 
for this purpose are now available for handling 
a full load of approximately 3% tons of liquid 
carbon dioxide. Larger trailer bodies are avail 
able for transporting six, seven, and eight ton 
loads. If, at certain shipping points, this pre 
cooling method is to be restricted to railway 
refrigerator cars, there are available insulated 
railway tank cars, each having a capacity suit 
able for storing. 24 tons of liquid carbon dioxide, 
As a further modification, shipping centers for 

large quantities of perishable commodities may 
have installed fixed storage tanks which may be 
serviced by a truck of the type designated by the 
reference character 7 in Fig. 1. Fixed storage 
tanks may be of any desired capacity. The large 
est insulated, fixed tank for the storage of liq 
uid carbon dioxide so far constructed has a 125 
ton capacity. Larger tanks may be provided if 
desired. 
Although it is possible to carry out this pre 

Cooling method with liquid carbon dioxide stored 
in uninsulated tanks, such as commercial cyl 
inders, which are subjected to the temperature of 
the surrounding atmosphere, the process may be 
more efficiently and economically carried out by 
employing liquid carbon dioxide which is main 
tained at a substantially constant subatmospher 
ic temperature, and its corresponding vapor 
preSSure. r 

When employed in its broad sense, the term 
'subatmospheric temperature' is intended to 
cover all temperatures falling below a normal at 
mospheric temperature of 70° F. However, it 
has been determined that extremely low temper 
atures are more desirable and provide greater 
efficiency and economy of operation. The most 
satisfactory temperature range is from 32° F. 
to -40° F. At this time, liquid carbon dioxide 
is most frequently stored in such insulated tanks 
at a constant temperature of approximately 0° 

burlap, be employed. This lining may be per 
manently secured to the said walls of the body 
if the car is to be maintained in service, at least 
for a substantial portion of its time, on runs or 
routes where facilities for precooling in accord 
ance with this invention are provided. If certain 
refrigerator bodies are only intended to be ten 
porarily employed as a part of this service, the 
snow retaining lining may be preformed as re 
movable panels which may be readily detachably 
secured to the inner surfaces of the body walls. 

It will be explained at this point that any fab 
ric covered surface, or in fact any rough fibrous 
surface, when placed in the path of a stream of . 
mixed carbon dioxide snow and vapor will ac 
cumulate a deposit of snow as a result of in 
pingement of the snow against the surface. The 
rough, fabric or fibrous lining for the walls of 
the refrigerator body 5 are provided for this pur 
pose. . 
To accomplish precooling of the body 5, this 

invention contemplates releasing into the inte 
rior of the body a sufficient quantity of a mixture 

55 

F. Liquid carbon dioxide stored at this temper 
ature has a vapor pressure of approximately 305 
pounds per square inch, absolute. When stored 
at 32, F., the vapor pressure of the liquid will be 
approximately 505 pounds per square inch, ab 
solute, while at -40°F, the vapor pressure will be approximately 145 pounds per square inch, 

60 
absolute. 
When the liquid carbon dioxide to be used in 

carrying out this invention is stored in fixed 
tanks, the desired constant temperature may be 
maintained by employing a commercial refriger 
ating machine which has its cooling coil lorited 
in the vapor space of the tank. When the liquid 

- carbon dioxide is to be obtained from a nobile 
unit, the tank of the unit will be charged at a 
suitable source of supply with liquid carbon di 

70 oxide at a desired low temperature. This mo 
bile unit will be provided with one or more bleed 
off valves which will be set for operation at a 
somewhat higher pressure. When the vapor 
pressure of the liquid stored in the tank of this 
unit reaches. the pressure for which the bleed off 
valve is set, carbon dioxide vapor will be released 
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to the atmosphere and self-cooling or self-refrig 
erating of the remaining liquids will be accom 
plished as a result of vaporization of additional 
liquid to take the place of the vapors released 
through the valve. For example, if liquid car 
bon dioxide at a maximum pressure of 300 pounds 
per square inch is to be used in carrying out this 
method, the mobile unit may be charged With 
liquid carbon dioxide at, say, 200 pounds per 
Square inch. During transit from the source of 
supply to the shipping center serviced by the 
unit, the pressure of the stored carbon dioxide 
will rise as a result of normal input of heat 
through the insulation surrounding the tank. 
The pressure of the stored liquid may rise until 
300 pounds is reached. At this maximum pres 
Sure, a sufficient amount of carbon dioxide vapors 
will be slowly bled from the tank to lower the 
pressure of the liquid. The closing pressure for 
the valve may be set at 275 pounds per Square 
inch. From the time the pressure first reaches 
the maximum value of 300 pounds, the pressure 
within the tank of the mobile unit will be main 
tained between the opening and closing pres 
sures for which the bleed off valve has been set. 
By confining the liquid carbon dioxide to be 

used in carrying out this process in bulk storage 
tanks of the types referred to above, the liquid 
may be discharged at almost any desired rate. 
Liquid carbon dioxide has been discharged from 

Y such storage tanks through pipe lines varying 
from one inch to six inches in diameter. Dis 
charge rates up to six tons a minute have been 
used commercially up to the present time. Dis 
charge lines measuring from one inch to one : 
and one-half inches have been found to be en 
tirely adequate for carrying out this method. 

It is the purpose of this invention to totally 
flood the interior of refrigerator car or truck 
bodies with a sufficient amount of mixed carbon 
dioxide vapors and Snow to accomplish the de 
sired cooling of the interior of the body and its 
walls to the desired low temperature and to ap 
ply an appropriate coating of carbon dioxide 
Snow to the exposed surfaces of the car lining in 
a fraction of a minute's time. This rapid pre 
cooling may be accomplished by delivering the 
liquid carbon dioxide to the vehicle body through 
either a one inch or a one and one-half inch discharge line having applied to its extremity 
a single discharge device. To accomplish this precooling operation with 
the mobile unit and the hose line 8, the opera 
tor Will merely step just inside the body 5 through 
the conventional loading doorway 9 and will 
release the carbon dioxide into the car body. 
During the fraction of a minute that the liquid 
carbon dioxide is being discharged, the hose 
line should be manipulated so that the stream 
will impinge against all of the exposed surfaces 
of the snow accumulating lining. By quickly 
swinging the discharge end of, the hose line 
around so that the discharge will be directed 
against all the walls of the interior of the body 
5, this snow deposit may be provided. 
To indicate the ability of this type of car 

bon dioxide discharge to quickly cool heated 
spaces, it will be stated that the temperature of 
the discharged mixture is approximately -lio F. 
and enclosed spaces heated to a temperature in 
the neighborhood of .1000 F. have been cooled to 
sub-zero temperatures as a result of a carbon 
dioxide discharge of the illustrated character 
lasting approximately one minute. 
Of course, flooding the interior of a trans 

5 

3 
portable refrigerator body of the illustrated 
character with carbon dioxide vapor expels from 
the Space the heated air. It also creates an at 
mosphere in which it would be dangerous to 
work. With the loading door 9 wide open, how 
ever, the vapors will be permitted to escape rap 
idly. In the course of two or three minutes, an 

0. 

5 

20 

observer will note that the whitish vapors have 
Settled within the space, as a result of this escape, 
and the top of the vapor blanket or mass within 
the Space will be well defined and will be visible 
through the door opening 9. In approximately 
five minutes, the vapors charged into the refrig 
erator Space will have dissipated to a sufficient 
extent to enable workmen to safely enter the ve 
hicle body for loading purposes. 
The deposit of carbon dioxide snow on the 

lined Walls of the enclosure is still present after 
the vapors have escaped through the loading 
doorway. This carbon dioxide snow Sublimes at 
a temperature of -110 F. and will continue to 
refrigerate the interior of the Vehicle body. While 

25 

it Sublimes. This prolonging of the refrigerating 
action during the loading period effects an ini. 
tial refrigerating of the warm commodities. Be 
cause the carbon dioxide vapors liberated as a 
result of sublimation of the snow are more dense 
than air, these vapors will move downwardly 
along the sides of the body walls and after 

30 

3 5 

0 
it) 

6) 

reaching the floor level they will fiow outwardly 
of the enclosure through the loading opening. In 
observing this action, it will be noted that the 
walls of the enclosure are covered with a fabric 
lining which has applied thereto the deposit of 
Snow and a film or layer of vapors, traveling 
downwardly, will overlie the snow deposit. This 
combination of fabric, solid carbon dioxide, and 
vapor layers will very effectively insulate the 
interior of the enclosure against the input of 
heat through the walls of the refrigerator body. 

After the refrigerator vehicle has been prop 
erly loaded, it is necessary to provide the en 
closure with the refrigerant which is to be relied 
upon to preserve the commodities while in tran 

5 sit. The vehicle of Fig. 1 is provided with the 
conventional ice bunkers 6 which are to be charged with blocks of ice for this purpose. An 
other method of refrigerating the commodities 
en route would be to 'top ice' the same by dis 
charging crushed or snow ice into the car for 
the purpose of filling the spaces between the 
boxes, crates, or the like which contain the 
commodities and for applying a blanket or layer 
of the ice particles over the top of the load. 
This top icing method is illustrated in Fig. 3. If 
top icing is to be relied upon as the sole re 
frigerant en route, the entire space between the 
top of the load and the inner surface of the roof 
should be filled with the ice particles. 

In addition to the aforementioned conventional 
Ways of refrigerating the load while in transit. 

(i. 

75 

the present invention involves two entirely new 
methods. The first of these new methods con sists of entirely closing up the refrigerator body 
by shutting the door or doors for the loading 
doorway and then discharging a second charge 
of carbon dioxide snow and vapors into the in 
terior of the body either through one or more of 
the Special charging doors O or 0a of Figs.2 
and 3, or by means of the permanent piping 
and 2 disclosed in Figs. 4 to 6, inclusive. This 
Second flooding of the sealed up enclosure pro 
Vides a refrigerating temperature which will last 
for many hours. If the distance to be traveled 
will require several days, it will be necessary to 
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vided with a suitable handle 8 for Swinging it 

4. 
re-flood the enclosure at designated points along 
the route. This re-flooding may be accomplished 
in the same manner as the initial flooding, i. e., 
through the Special doors or through the per 
manent piping. It will be appreciated that this 5 
method of refrigerating will not only maintain 
the perishable commodities at the desired low 
preserving temperature but Will also provide the 
enclosure with a carbon dioxide atmosphere that 
has a very definite beneficial effect in preserving 
the Commodities and preventing the growth of bacteria. 
The second new method of refrigerating the 

load While in transit is fully illustrated in Fig. 3 

10 

and involves the combination of “top icing' and 15 
carbon dioxide flooding. In carrying out this 
method, the crushed or snow ice 3 is discharged 
into the interior of the body in the conventional 
way but the space between the top of the load 
and the inner surface of the car roof is not en 
tirely filled with the layer or blanket of ice. A 
chamber is left between the top of the ice blanket. 
and the inner Surface of the roof. 
After the enclosure is iced in this manner, the 

loading doors are closed and the remaining 25 
chamber, which is designated by the reference 
character 4 in Fig. 3, is flooded either through 
one of the doors O or by means of the perma 
nent piping or 2, shown in Figs. 4 to 6, in 
clusive. This flooding of the chamber is with a 30 
mixture of carbon dioxide Snow and vapor, hav 
ing a temperature of approximately -110 F., 
will operate very effectively to retard melting of 
the water-ice. The carbon dioxide Snow of the 
mixture, of course, will be deposited on the Sur 
faces that form the chamber 4. This snow de 
posit will sublime in the course of time and will 
liberate additional vapors. The original Vapors . . 
of the flooding mixture will not remain static 
in the chamber 4 but will find its way into the 
voids between the particles of water-ice and will 
provide the desired carbon dioxide preserving at 
mosphere for the commodities. If, as a result 
of unusually high temperature conditions and/or 

20 

35 

40 

rs unusually long transportation time, it becomes 45 a 
Wolved Spaces. necessary to reflood the enclosure, this may be 

accomplished in the same manner as the original flooding. 
To return to the modified car structures shown 

in the several figures, it will be pointed out that 50 
the car of Figs. 2 and 3 is provided with doors 
O which are hinged to the side walls of the 

body, as at 5, and are adapted to be retained 
closed by means of suitable latches 6. Fig. 3 
discloses these doors iO as closing ports which 55 
extend entirely through the walls of the car body 
and open into the upper portion of the enclo- - 
sure. 
The door iOa of Fig. 2 is of special construc 

tion and will function to relieve excessive pres- 60 
sure within the enclosure. This excessive pres 
sure may be created as a result of sublimation of 
the carbon dioxide snow. This door Oa is pro 
about its hinges 20. A spring 9 is interposed 65 
between end brackets 2 and 22, carried by the 
door and the car body, respectively. This Spring . 
will function to retain the door Oa/closed at all 
times except when an excessive vapor pressure . 
exists in the enclosure. When such an excessive vapor pressure does exist, the door will open 70 
tolet out sufficient vapor to reduce the pres-, 
sure to a desired lower value. - , 
In Figs. 4 and 5, the carbody is illustrated as 

being provided with a pipeline, which extends 75 

2,887,600 
through One side wall of the car body and is 
provided with a coupling 23 to which a hose line, 
such as that designated by the reference char 
acter 8 in Fig. 1, may be connected for Supply 
ing the line with carbon dioxide from a bulk 
storage source. This pipe line extends around 
the interior of the car body, adjacent the roof, 
and is provided at suitable intervals with dis 
charge nozzles 24. These discharge nozzles are 
illustrated in Fig. 5 as pointing both horizontally 
and vertically to deliver the released carbon di 
(oxide snow and vapor mixture both transversely 
of the enclosure and downwardly. These dis 
charged jets or streams of Snow and vapor will 
Sweep the side walls and the top Wall or ceiling 
of the enclosure and will deposit carbon dioxide 
snow on these lined surfaces. The nozzles 24 
aire of suitable design to create a back pressure 
in the line which will prevent the pressure 
of the carbon dioxide flowing through this line 
from dropping to a value which will permit Snow 
to form either in the line or in the nozzles. Dis 
charge devices of this type are very common in 
the prior art and are readily available on the 
open market. The majority of such devices op 
erate on the principle of permitting the carbon 
dioxide to be discharged through a constricted 
orifice. This relatively small opening creates 
the desired back pressure, and liberation of the . 
liquid carbon dioxide on the atmospheric side 
of the aperture permits sudden expansion which 
converts the liquid to vapor and snow. 
The percentage of snow produced as a re 

sult of sudden expansion of liquid carbon di 
oxide depends on the temperature of the liquid, 
Theoretically, liquid carbon dioxide stored at a 
temperature of 70 F. produces a discharge mix 
ture which contains 29% snow, while liquid 
carbon dioxide stored and released at 0° F. pro 
duces 60% snow. The percentage of snow con 
tinues to increase as the temperature of the 
stored liquid decreases. The latent heat of va 
porization of carbon dioxide at different tem 
peratures has a very important bearing on the 
ability-of this medium to quickly cool, the in 

For example, at 87.8 F, the 
latent heat of vaporization is 0 B. t. u, per pound 
of carbon dioxide; at -4.0° F., it is 122 B. t, u. 
per pound, and at -69.9 F., it is 149.6 B. t. u. 
per pound. It is apparent, therefore, that the 
use of low temperature, low pressure liquid car 
bon dioxide to carry out the steps of either pre 
cooling or refrigerating during transit is much 
more effective than the use of uncontrolled, high temperature carbon dioxide. 
In Fig. 5, the loaded perishables are diagram 

matically designated by the reference character 
25. A fabric cover 26 is applied to the top of 
this load. This fabric covering will function to . 
accumulate a blanket or layer of carbon dioxide 
snow which will sublime in transit and, of 
course, absorb heat from the load and from the 
interior of the car body as a result of this change 
of state, v '. 

Fig. 6 discloses a modification of the fixed 
piping idea illustrated in Figs. 4 and 5. In this 
Fig. 6, the pipe line 2 is located in the space 27 
between the inner and Outer walls of the side 
of the car body, which space usually receives the 
insulating material employed in the construction 
of the body. This piping. 2 is provided with a 
suitable number of discharge nozzles or jets. 28. 
that extend from the piping into the interior of the car body. The principal advantage in as 
sembling the piping within the side wall struc 
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ture of the car is to protect the piping from 
damage as a result of rough handling of the 
freight and to avoid obstructing any portion of 
the space provided by the car for transporting 
a pay load. Fig. 3 discloses the refrigerator car structure 
of Fig. 2 when used for carrying out the Com 
bined "top icing' and carbon dioxide flooding 
method for refrigerating the perishable con 
modities en route. This figure additionally dis 
closes the discharge nozzle 29 to be used on the 
hose line 8 and a control valve 30 by means of 
which the operator is permitted to start and 
stop the discharge of carbon dioxide Snow and 
vapor through the nozzle. 

It is to be understood that the fol'ms of this 
invention herewith shown and described are to be taken as preferred examples of the Same, 
and that various changes in the shape, size, and 
arrangement of parts may be resorted to with 
out departing from the spirit of the invention 
or the scope of the subjoined claims. 

Having thus described the invention, I claim: 
1. A method of refrigerating perishable com 

modities and precooling the vehicles emplcyed 
for transporting the same, comprising applying 
to the walls of the commodity transporting Space 
of each of such vehicles a material to which car 
bon dioxide Snow will adhere, releasing into the 
space liquid carbon dioxide to form a mixture 
of carbon dioxide snow and vapor at a sufficient 
y rapid rate to quickly lower the temperature of 
the space to that desired for loading, controlling 
the direction of release so that the mixture will 
strike said walls and, as a result of such impinge 
ment, deposit a layer of snow on the covering 
material which will prolong the refrigerating ac 
tion beyond the period of discharge while sub 
liming, and loading the vehicle with the perish 
able commodities to be transported while the 
temperature in the space is still at a desired low 
value. .. 2. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising maintain 
ing in bulk storage a supply of liquid carbon di 
oxide at a substantially constant Subatmospheric 
temperature and its corresponding vapor pres 
sure, conducting the carbon dioxide to each one 
of the vehicles to be refrigerated through a rela 
tively large diametere 
liquid and at substantially the stored tempera 

confining flow path as a 

O 

5 

20 

25 

5. 
to be refrigerated through a relatively large di 
ametered confining flow path, and at substan 
tially the stored temperature and pressure, ef 
fecting sudden expansion of the liquid into the 
said space of the vehicle to quickly flood the 
same with a mixture of carbon dioxide snow and 
vapor and in such a manner that a layer of snow 
will be deposited on the wall covering, and load 
ing the vehicle with the perishable commodities 
to be transported While the temperature in the 
space is still at a desired low value. 

4. A method of refrigerating perishable com 
modities and precooling the vehicles employed for 
transporting the same, comprising applying to 
the walls of the commodity transporting space 
of each cne of such vehicles a material to which 
carbon dioxide snow will adhere, releasing into 
the space liquid carbon dioxide to form a mixture 
of carbon dioxide Snow and vapor at a sufficient 
ly rapid rate to quickly lower the temperature of 
the space to that desired for loading, controlling 
the direction of release. So that the mixture will 
strike said Walls and, as a result of such impinge 
ment, deposit a layer of snow on the covering 
material which will prolong the refrigerating ac 
tion beyond the period of release While Sublin 
ing, loading the space of the vehicle during the 
sublimation period of the carbon dioxide Snow, 
and, after closing the loading door of the vehicle, 

3. 

4) 
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ture and pressure, effecting sudden expansion of 
the liquid into the commodity transporting space 
of the vehicle to quickly flood the same with a 
mixture of carbon dioxide SnOW and Vapor 
whereby the subzero temperature of the dis 
charge will effect refrigeration of the vehicle, 
prolonging the refrigerating action beyond the 
period of discharge by accumulating a substan 
tial layer of carbon dioxide snow on certain walls 
of the space of the vehicle, and loading the ve 
hicle with the perishable commodities to be 
transported while the temperature in the Space 
is still at a desired low value. 3. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising applying 

65 

to the walls of the commodity transporting space. 
of each of such vehicles a material to which cars. 
bon dioxide snow will adhere, maintaining in 
bulk storage a supply of liquid carbon dioxide at 
-a substantially constant subatmospheric temper 
ature and its corresponding Vapor, preSSure, Con 

70. 

charging a refrigerant into the vehicle space to 
maintain the desired refrigerating temperature 
en route. 5. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising releasing 
into the commodity transporting Space of each 
one of such vehicles liquid carbon dioxide to form 
a mixture of Snow and vapor, the rate of release 
being sufficient to quickly lower the temperature 
of the space to the value desired for loading, pro 
longing the refrigerating action beyond the pe 
riod of release by accumulating a substantial lay 
er of carbon dioxide snow on certain walls of 
the Space, loading the vehicle space during the 
sublimation period of the carbon dioxide snow, 
and, after the vehicle has been loaded, charging 
a refrigerant into the vehicle space to maintain 
the desired refrigerating temperature en route. 

6. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising maintain 
ing in bulk storage a supply of liquid carbon di 
oxide at a substantially constant subatmospheric 
temperature and its corresponding vapor pres 
Sure, conducting the carbon dioxide to each one 
of such vehicles to be refrigerated through a rel 
atively large diametered confining flow path as a 
liquid and at substantially the stored tempera 
ture and pressure, effecting Sudden expansion of 

go the liquid into the commodity transporting space 
of the vehicle to quickly flood the same with a 
mixture of carbon dioxide snow and vapor where 
by the Subzero temperature of the discharge will 
effect refrigeration of the vehicle space, prolong 
ing the refrigerating action beyond the period of 
discharge by accumulating a substantial layer of 
carbon dioxide Snow on certain walls of the space 
of the vehicle, loading the vehicle space during 
the Sublimation period of the carbon dioxide 
Snow, and, after the vehicle has been loaded, 
charging a refrigerant into the vehicle space to 
maintain the desired refrigerating temperature 
en route. 7. A method of refrigerating perishable com 

ducting the carbon dioxide liquid to each vehicle 75 modities and precooling the vehicles employed 
N 
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for transporting the same, comprising applying 
to the walls of the commodity transporting space 
of each one of such vehicles a material to which 
carbon dioxide snow will adhere, maintaining in 
bulk storage a supply of liquid carbon dioxide at is 
a substantially constant subatmospheric tem 
perature, and its corresponding vapor pressure, 
conducting the carbon dioxide liquid to each ve 
hicle to be refrigerated through a relatively large 
diametered confining flow path, and at substan- 10 
tially the stored temperature and pressure, ef 
fecting sudden expansion of the liquid into the 
space of the vehicle to quickly flood the same 
with a mixture of carbon dioxide snow and vapor 
and in such a manner that a layer of snow will 15 
be deposited on the wall covering, loading. the 
vehicle space during the Sublimation period of 
the carbon dioxide Snow, and, after the vehicle 
has been loaded, charging a refrigerant into the 
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ing space of the vehicle to quickly flood the same 
with a mixture of carbon dioxide snow and vapor 
Whereby the subzero temperature of the dis 
charge will effect refrigeration of the vehicle 
Space, prolonging the refrigerating action be 
yond the period of discharge by accumulating a 
Substantial layer of carbon dioxide snow on cer 
tain Walls of the space of the vehicle, loading the 
vehicle space during the sublimation period of 
the carbon dioxide snow, and, after closing the 
loading door of the vehicle, releasing into said 
Space a Second charge of carbon dioxide snow 
and vapor to maintain the desired refriger 
ating temperature en route and to create a pre 
Serving atmosphere for the transported com modity. 

11. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising applying vehicle space to maintain the desired refrigerat-20 to the walls of the commodity transporting space ing temperature en route. 

8. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising applying 
to the walls of the commodity transporting space 25 
of each one gf such vehicles a material to which 
carbon dioxide snow will adhere, releasing into 
the said space liquid... carbon dioxide to form a 
mixture of carbon dioxide snow and vapor at a 

of each one of such vehicles a material to which 
carbon dioxide snow Will adhere, releasing into 
the said space liquid carbon dioxide to form a 
mixture of carbon dioxide Snow and vapor at a 
sufficiently rapid rate to quickly lower the tem 
perature of the space to that desired for load 
ing, controlling the direction of release so that 
the mixture will strike said walls and, as a result 

R of Such impingement, deposit a layer of Snow on sufficiently rapid rate to quickly lower the tem- 30 the covering material which will prolong the re perature of the space to that desired for load 
ing, controlling the direction of release so that 

- the mixture will strike said walls and, as a result. 
. . of such impingement, deposit a layer of snow 

on the covering material which will prolong the 85 
refrigerating action beyond the period of release 
while subliming, loading the vehicle space during 
the sublimation period of the carbon dioxide 
snow, and, after closing the loading door of the 
vehicle, releasing into said space a second charge 40 
of carbon dioxide snow and vapor to maintain 
the desired refrigerating temperature en route 
and to create a preserving atmosphere for the 
transported commodities. 

9. A method of refrigerating perishable com- 45 
modities and precooling the vehicles employed 
for transporting the same, comprising releasing 

vinto the commodity transporting space of each 
one of such vehicles liquid carbon dioxide to form 
a mixture of snow and vapor, the rate of release 
being sufficient to quickly lower the temperature 
of the space to the value desired for loading, pro 
longing the refrigerating action beyond the pe 
riod of release by accumulating a substantial lay 

. er of carbon dioxide snow on certain walls of 55 
the space, loading the vehicle Space during the 
sublimation period of the carbon dioxide Snow, 
and, after the vehicle has been loaded, releasing 
into the said space a second charge of carbon 
dioxide snow and vapor to maintain the desired 60 
refrigerating temperature en route and to create 
a preserving atmosphere for the transported 
commodity. . - 

10. A method of refrigerating perishable con 
modities and precooling the vehicles employed 65 

snow and vapor. for transporting the same, comprising main 
taining in bulk storage a supply of liquid carbon 
dioxide at a substantially constant subatmos pheric temperature and its corresponding vapor 

frigerating action beyond the period of release 
while subliming, loading the vehicle space with 
the packed containers of perishable commodities 
While leaving the space unoccupied between the 
tops of the containers and the roof of the vehicle, 
covering the tops of the uppermost containers 
with a layer of water-ice particles having a depth 
which will only partly fill the aforesaid unoccu 
pied portion of the space, and, after closing the 
loading door of the vehicle, flooding the unoc 
cupied portion of the space in the top portion of 
the vehicle with an additional discharge of car bon dioxide Snow and vapor. 

12. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising releasing 
into the commodity transporting space of each 
One of such vehicles liquid carbon dioxide to form 
a mixture of snow and vapor, the rate of release being sufficient to quickly lower the temperature 
of the Space to the value desired for loading, 
prolonging the refrigerating action beyond the 
period of release by accumulating a substantial 
layer of carbon dioxide snow on certain walls of 
the Space, loading the vehicle space. with the 
packed containers of perishable commodities 
While leaving the space unoccupied between the 
tops of the containers and the roof of the ve 
hicle, covering the tops of the uppermost con 
tainers with a layer of water-ice particles having 
a depth which will only partly fill the aforesaid 
unoccupied portion of the space, and, after clos 
sing the loading door of the vehicle, flooding the 
unoccupied portion of the space in the vehicle 
with an additional discharge of carbon dioxide 

13. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising maintain pressure, conducting the carbon dioxide to each 70 ing in bulk storage a supply of liquid carbon di one of such vehicles to be refrigerated through a 

relatively large diametered confining flow path 
as a liquid and at substantially the stored tem 
perature and pressure, effecting sudden expan 

oxide at a substantially constant subatmospheric 
temperature and its corresponding vapor pres 
sure, conducting the carbon dioxide to each one 
of such vehicles to be refrigerated through a rel sion of the liquid into the commodity transport: 75 atively large diametered confining flow path as a 
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liquid and at substantially the stored tempera 
ture and presslre, effecting sudden expansion of 
the liquid into the commodity transporting space 
of the vehicle to quickly flocd the same with & 
mixture of carbon dioxide snow and vapor where 
by the subzero temperature of the discharge will 
effect refrigeration of the vehicle space, prolong 
ing the refrigerating action beyond the period of 
discharge by accumulating a substantial layer of . 
carbon dioxide Snow on certain Walls of the said 
space of the vehicle, loading the vehicle with the 
packed containers of perishable commodities 
while leaving the Space unoccupied between the 
tops of the containers and the roof of the vehicle, 
2Overing the tops of the uppermost containers 
with a layer of water-ice particles having a depth 
which will only partly fill the aforesaid unoccu 
pied portion of the space, and, after closing the 
loading door of the vehicle, flooding the unoccu 
pied portion of the space in the vehicle with an 
additional discharge of carbon dioxide Snow and 
Vapor. 14. A method of refrigerating perishable com 
modities and precooling the vehicles employed 
for transporting the same, comprising applying 
to the walls of the commodity transporting space 
of each one of such vehicles a material to which 
carbon dioxide snow will adhere, maintaining in 
bulk storage a supply of liquid carbon dioxide at 
a substantially constant Subatmospheric temper 
ature and its corresponding vapor pressure, con 
ducting each carbon dioxide liquid to the vehicle 
to be refrigerated through a relatively large di 
ametered confining flow path, and at substantial 
ly the stored temperature and pressure, effecting 
sudden expansion of the liquid into the commoda 
ity transporting space of the vehicle to quickly 
flood the same with a mixture of carbon dioxide 
Snow and vapor and in such a manner that a 
layer of snow will be deposited on the Wall cov 
ering, loading the vehicle space with the packed 
containers of perishable commodities while leav 
ing the space unoccupied between the tops of the 
containers and the roof of the vehicle, covering 
the tops of the uppermost containers with a layer 
of water-ice particles having a depth which will 
only partly fill the aforesaid unoccupied portion 
of the space, and, after closing the loading door 
of the vehicle, flooding the unoccupied portion of 
the space in the vehicle with an additional dis-. 
charge of carbon dioxide snow and vapor. 15. A method of refrigerating perishable con 
modities in transit, comprising packing the con 
modities in a transportation vehicle while leaving 
a space between the top surface of said commod 
ities and the roof of the vehicle, filling a part of 
the depth of said space with a layer of water-ice 
particles applied to the top of said commodities, 
and, after closing the loading door of the vehicle, 
fooding the interior of the vehicle and particu 
larly the unoccupied space in the top portion of 
the vehicle with a mixture of carbon dioxide 
snow and vapor. 16. Means for refrigerating perishable com 
modities, comprising a transporting vehicle hav 
ing a refrigerating space, a fabric lining applied 
to the walls of said space, a piping system in 

thereto, a storage unit for maintaining a supply 
of liquid carbon dioxide exteriorly of the vehicle 
and at a subatmospheric temperature and its cor 
responding vapor pressure, and means for con 
necting the storage unit to the piping systern for 
conducting the liquid carbon dioxide to the in 
terior of the vehicle and releasing it so as to for a 
a mixture of vapor and Snow in sufficient quan 
tities to completely flood the space with vapors 
and to apply the said coating of snow to the ex 
posed surface of the fabric lining. 

17. A method of refrigerating perishable com 
modities and pre-cooling the vehicles employed 
for transporting the same, comprising releasing 
into the commodity transporting space of each 
One of Such vehicles liquid carbon dioxide to 
form a mixture of Snow and vapors, the rate of 
release being sufficient to quickly lower the tem 
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perature of the vehicle space to the value desired 
for loading, prolonging the refrigerating action 
beyond the period of release by accumulating a 
Substantial layer of carbon dioxide snow on cer 
tain Walls of the space, loading the vehicle space 
with the perishable commodities to be transport 
ed while the temperature in the space is still at a 
desired low value, and charging a refrigerant into 
the vehicle to maintain a desired refrigerating 
temperature en route. 

18. A method of refrigerating perishable com 
modities and pre-cooling the vehicles employed 
for transporting the same, comprising maintain 
ing in bulk storage exteriorly of all of the com 
modity transporting vehicles a supply of liquid 
carbon dioxide at a substantially constant sub 
atmospheric temperature and its corresponding 
vapor pressure, successively conducting the liq 
uid carbon dioxide to each. One of such vehicles 
to be refrigerated through a flow path which will 
provide a relatively high volume of flow and at 
substantially the stored temperature and pres 
sure, effecting sudden expansion of the liquid 
into the commodity transporting space of the ve 
hicle to quickly flood the same with a mixture of 
carbon dioxide snow and vapors, loading the ve 
hicle space with the perishable commodities to be 
transported while the temperature in the space 
is still at a desired low value, and charging a re 
frigerant into the vehicle space to maintain a 
desired refrigerating temperature en route. 

19. A method of refrigerating perishable com 
modities and pre-cooling the vehicles employed 
for transporting the same, comprising releasing 
into the commodity transporting space of each 
One of such vehicles a mixture of snow and va 
pors resulting from the sudden expansion of liq 
uid carbon dioxide, the rate of release being suf 
ficient to quickly lower the temperature of the 
vehicle space to the value desired for loading, 
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prolonging the refrigerating action beyond the 
period of release by accumulating a substantial 
layer of carbon dioxide snow on certain walls of 
the vehicle space, loading the vehicle space with 
the packed containers of perishable commodities 
while leaving the space unoccupied between the 
top of the pile of containers and the roof of the 
vehicle, and covering the top of the pile of con 
tainers with a layer of Water-ice particles to a 

stalled in said vehicle and having a plurality of . 
discharge devices opening into the said refrig 
erating space and directed relative to said lining 
so as to apply a coating of carbon dioxide snow 

O 

desired depth to effect refrigeration of the com 
ALLYN HARRIs. modities en route, 


