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This invention relates to an apparatus and to a method 
for refrigeration, and more specifically to an apparatus 
and method for refrigerating a compartment by spraying 
liquid carbon dioxide thereto. 
The invention has particular utility in the refrigeration 

of transport compartments such as insulated railroad 
cars and motor trucks for highways, and including com 
partments of trailers adapted to be transported croSS 
country on railroadcars and then to be transported local 
ly by motor truck or tractor. Moreover, the present in 
vention is suitable for refrigeration of compartments of 
motor trucks used to make local deliveries of refrigerated 
goods such as frozen foods, meat and ice cream. Con 
tinued opening of the refrigerated compartments for local 
delivery of frozen foods and the like on a wholesale or 
retail level presents particular difficulties in maintaining 
the goods in the proper state of refrigeration. 

Mechanical refrigeration systems have been used for 
the refrigeration of transport compartments, but dif 
ficulities arise in maintaining continued operation thereof 
because of the complexity of the system. Additionally, 
the high initial cost of Such equipment has made it ques 
tionable for many applications. Although ice formed of 
water has been used as a refrigerant or coolant of trans 
port compartments, water-ice as a refrigerant has the 
disadvantages of requiring re-icing during a long journey 
and of requiring a large ice load, thereby decreasing the 
usable payload that can be carried. Moreover, the tem 
perature which can be maintained in the refrigerated com 
partment is limited with the use of water-ice. 
The use of liquid nitrogen has heretofore been pro 

posed as a refrigerant but because of the low temperature 
necessary to maintain the nitrogen in liquid state, the 
storage facilities for liquid nitrogen are complex and 
expensive and generally require a jacketed powder 
vacuum insulated storage vessel. Moreover, nitrogen is 
not always available commercially in all locations. Car 
bon dioxide has heretofore been used as a refrigerant, 
forming the well-known Dry Ice in its solid state. While 
Dry Ice makes a desirable refrigerant for many applica 
tions, it requires manual handling which becomes dif 
ficult because of the tendency for the Dry Ice to cause 
burning when it comes in contact with the human hands. 
Carbon dioxide in the liquid state as a refrigerant has gen 
erally required the use of heat exchangers with accom 
panying complexity of the systems and initial high cost 
thereof. 
According to the present invention, liquid carbon di 

oxide sprayed into the refrigerated compartment makes 
a desirable refrigerant. However, carbon dioxide cannot 
exist in the liquid state at atmospheric pressure, but only 
in the solid orgaseous state. Carbon dioxide exists in 
the liquid state only at pressures above the triple point, 
or about 75 lbs. per square inch absolute. Accordingly, 
there is a tendency for liquid carbon dioxide to solidify 
while being sprayed into a refrigerating compartment, 
thereby preventing proper functioning of the refrigerating 
system, and specifically of the spray nozzles thereof, un 
less the carbon dioxide is quickly passed through the triple 
point. Moreover, additional difficulty arises because the 
carbon dioxide system may be used in trailers carried by 
railroad cars and other transport applications where elec 
trical power for control may not be available. 
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Ht is therefore an object of the present invention to pro 

Vide an improved refrigeration system. 
A further object of the present invention is to provide 

an improved refrigeration system which overcomes the 
above-mentioned difficulties. 
A further object of the present invention is to provide 

an improved refrigeration system which is particularly 
advantageous for use in transport compartments of motor 
vehicles, railroad cars, and the like. 
Yet a further object of the present invention is to pro 

vide an improved refrigeration system which is low in 
initial cost and economical to maintain and operate. 

Stilia further object of the present invention is to pro 
vide an improved refrigeration system that does not re 
uire electrical power to operate or control the same. 
A further object of the present invention is to provide 

an improved refrigeration system operating on liquid 
carbon dioxide. 

Still another object of the present invention is to pro 
vide an improved refrigeration system for spraying liquid 
carbon dioxide in a refrigerating compartment. 
A further object of the present invention is to provide 

an improved method of refrigeration. 
And still another object of the present invention is 

to provide an improved method of spraying carbon di 
oxide into a refrigerating compartment. 

Briefily stated, the invention is directed to an apparatus 
and method for refrigeration of compartments by spray 
ing liquid carbon dioxide within the compartment. The 
improved refrigeration system is particularly adapted for 
cooling the refrigerating compartment of transport Vehi 
cles. in accordance with the invention, the discharge of 
liquid carbon dioxide from a supply tank containing liquid 
carbon dioxide under pressure is automatically controlled. 
The pressure of the vapor in the carbon dioxide tank is 
used to keep a liquid discharge valve closed thereby to 
prevent the discharge of the liquid carbon dioxide refrig 
erant into the compartment when the temperature in the 
compartment is below a preselected level. A. temperature 
sensing device actuates a vapor control valve which re 
leases the vapor pressure and allows the liquid discharge 
valve to open and the liquid refrigerant to be sprayed 
into the compartment. 
A quick-acting liquid discharge valve is provided So 

that the liquid carbon dioxide in the space between the 
valve and the spray nozzle is quickly moved through 
the triple point thereby minimizing the solidification of 
the carbon dioxide in the system. In accordance with 
one embodiment of the invention, the valve is a pneu 
matically actuated quick-acting valve which includes a 
pressure differential responsive means and a portion of 
one side of the pressure differential responsive means 
forms a valve portion which is seatable against a valve 
seat opening in the body of the valve. The liquid carbon 
dioxide is placed in communication with one side of the 
pressure responsive means and the other side of the pres 
Sure responsive means is in communication with the 
vapor in the carbon dioxide tank. Aflow restricting plug 
is positioned in the carbon dioxide vapor line leading to 
the valve. The pressure differential responsive device is 
therefore controlled by the pressure of the liquid carbon 
dioxide on one side thereof and by the pressure of the 
carbon dioxide vapor on the other side thereof. The 
carbon dioxide vapor is bled of the valve in response to 
the temperature within the refrigerating compartment to 
cause the pressure differential responsive means in the 
valve to actuate the valve and to move the valve portion 
relative to the valve seat opening to open and close the 
valve. Ht will be appreciated that when the valve por 
tion is Seated against the valve seat, the pressure of the 
carbon dioxide liquid on the one side of the pressure re 
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sponsive means acts only on the difference between the 
cross-sectional area of the pressure responsive means and 
the area of the seat opening while the pressure of the 
carbon dioxide vapor on the opposite side of the pressure 
differential responsive means acts on the entire Cross 
sectional area thereof to force and maintain the valve in 
a closed position. However, once the valve begins to 
open, that is, as the valve portion rises of the Valve Seat 
opening, the force of the liquid carbon dioxide on the 
one side of the pressure differential responsive means is 
applied to the entire cross-sectional area of the pressure 
responsive means and, accordingly, results in a quick Snap 
acting valve opening. 
The instant invention is also directed to the method of 

spraying liquid carbon dioxide into a compartment. The 
method of the present invention is carried out by storing 
a quantity of liquid carbon dioxide under pressure, and 
periodically discharging a portion of the liquid carbon 
dioxide into the refrigerating compartment in response to 
the temperature in the compartment. The discharge of 
the liquid carbon dioxide into the compartment is rapidiy 
initiated to begin the discharge and is rapidiy terminated 
to end the discharge, thereby quickly bringing the carbon 
dioxide liquid through the triple point and preventing the 
formation of solid carbon dioxide. The pressure of the 
carbon dioxide liquid and the carbon dioxide vapor is 
utilized to initiate and terminate the discharge. 
The invention together with additional objects and 

advantages will best be understood from the following 
description of specific embodiments thereof, when read in 
connection with the accompanying drawings, in which: 

FIG. 1 is a somewhat schematic, partly sectional view, 
of a refrigerated transport compartment equipped with 
the new refrigerating system according to the present in 
vention; 

FIG. 2 is a fragmentary, partly sectional view, of cer 
tain components of the refrigerating system according to 
the present invention; 

FIG. 3 is a cross-sectional view of one of the system 
components, taken along line 3-3 of FEG. 2, and assum 
ing that FIG. 2 shows the entire component; 

FIG. 4 is a cross-sectional view of one component of 
the system, taken along line 4-4 of FIG. 2, and assum 
ing that (FIG. 2 shows the complete component; 

FIG. 5 is a cross-sectional view of a modified tempera 
ture responsive control valve for use in an improved 
refrigerating system according to the present invention; 
FIG. 6 is a cross-sectional view of the valve of FIG. 5, 

taken along line 6-6 thereof, and assuming that FIG. 5 
illustrates the entire control valve; 

FIG. 7 is a fragmentary, cross-sectional view of the 
valve of FG. 5, illustrated in another of its operating 
portions; 

FIG. 8 is a cross-sectional view of a liquid carbon di 
oxide discharge valve and nozzle according to another 
embodiment of the present invention; and 

FIG. 9 is a cross-sectional view of a temperature re 
Sponsive control according to another embodiment of the 
present invention. 

Referring now to the drawings, and particularly to the 
embodiment of FIGS. 1 to 4 thereof, there is illustrated 
a refrigerated transport compartment 16 equipped with 
an improved refrigerating system 11 according to the 
present invention. The transport compartment 10 may 
comprise the body of a highway truck or trailer, or of a 
railroadcar, or other transportation medium. The trans 
port compartment 10 is adapted for carrying and trans 
porting crates or other packages of frozen food, meat, 
ice cream and similar refrigerated items 12. 

In Order to provide liquid carbon dioxide for the re 
frigerant, the system, 11 includes a tank or pressure vesse 
13 containing liquid carbon dioxide 14 under pressure. 
In order to maintain the carbon dioxide 14 in the vessel 
13 liquefied, the pressure within the tank 13 must be 
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4 
greater than the triple point, ie, greater than about 75 
Ibs. per square inch absolute. A. pressure range ex 
tending from about 150 to about 300 lbs. per Square 
inch absolute is considered to be a satisfactory pressure 
range for the present invention. The lower portion of 
this range is desirable because of the increase in the re 
frigerating effect of liquid carbon dioxide with decrease 
in pressure. In one embodiment of the present inven 
tion, the vessel 13 was filled with liquid carbon dioxide 
14 at a pressure of about 250 lbs, per square inch ab 
solute. A liquid carbon dioxide supply conduit 15 ex 
tends into the vessel 13 below the level of the liquid. 
carbon dioxide 14 within the vessel 13. It will be ap 
preciated that the space above the liquid carbon dioxide 
14 in the vessel i3 is filed with carbon dioxide vapor 
Eés or carbon dioxide in the gaseous state due to the 
vapor pressure of the liquid carbon dioxide. A vapor 
conduit 7 communicates with the carbon dioxide vapor 
16. The vessel 13 is additionally provided with a safety 
pressure relief valve 20 extending externaliy of the com 
partment 16 and a filier line 25 and filler valve 22, also 
extending externally of the transport compartment 10. 
The vessel 13 is also provided with the usual pressure 
equalizing line (not shown) for connecting the vapor 
space of vessel 13 with the Vapor space of a supply vessel 
(not shown) during a flling operation. 
The walls of the transport compartment 16 may be pro 

vided with suitable insulation material as required by 
the temperature desired within the compartment. Simi 
larly, the walls of the vessel 13 may be provided with 
Suitable insulating material. Where the pressure vessel 
13 is placed within the transport compartment 10 and 
the compartment 10 is operated at approximately 0° F, 
or less, the vessel may be installed as shown without in 
Sulation. Insulation is preferably applied to the pres 
Sure vesSel 13 if the operating temperature in the com 
partment 56 containing the vessel is to be higher, such 
as 40°F, as may be required for certain types of lading. 
Of course, the pressure vessel can also be installed out 
side of the refrigerated transport compartment 10; in 
Such a case it should be well insulated in order to avoid 
loss of efficiency by heat from outside air. X 
Asa means of spraying the liquid carbon dioxide into 

the compartment 10, there is provided a spray nozzle 
or plug 23 which communicates with the liquid carbon 
dioxide 14 in the vessel 13 through a liquid carbon di 
oxide discharge control valve 24 and the Supply conduit 
15. As is best illustrated in FIG. 2, the discharge con 
trol valve 24 includes a valve body or housing 24a hav 
ing an expandable valve or liquid chamber 24b for liquid 
carbon dioxide. A liquid discharge port or valve seat 
opening 25 and a liquid inlet port 33 extend through the 
housing 24a and communicate with the liquid chamber 
24b. The spray nozzle 23 is provided with external 
threads 27 received in internal threads 26 in the liquid 
discharge port 25. An axial passageway 30 extends 
through the spray nozzle 23 and the passageway 30 forms 
a metering orifice 31 at its outer emd to provide a spray 
32 of liquid carbon dioxide as illustrated in FIG. 1. 
The discharge control valve 24 controls the periodic 

discharge of liquid carbon dioxide through the spray 
nozzle 23 as required to maintain the desired temperature 
in the compartment 16. The discharge control valve 24 
is pneumatically operable, and, as shown, is actuated by 
the pressure of the liquid carbon dioxide 14 to bias the 
valve into an open position, and by the carbon dioxide 
vapor 16 in the pressure vessel 13 to bias the valve closed. 
Moreover, the valve 24 is of the quick-acting type so that 
the volume of liquid carbon dioxide between the valve and 
the metering orifice 31 is rapidly transferred from the 
high Supply pressure to the pressure of the compartment 
E6, passing quickly through the triple point pressure so 
that solidification of the liquid carbon dioxide does not 
occur within the spray nozzle 23. 
The discharge control valve 24 in the illustrated em 
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bellows 51 and associated thrust pin 54 further away 
from the needle valve 55 so that a greater expansion of the 
bellows 51 is required to unseat the needle valve 55 and, 
accordingly, a higher temperature will be required in the 
compartment 10 in order to actuate the vapor control 
valve 50 to bleed the carbon dioxide vapor from the dis 
charge control valve 24. Y . 
From the above-detailed description, the operation of 

the improved refrigeration system is believed clear. How 
ever, briefly, it will be appreciated that if the carbon di 
oxide vapor is bled from the vapor chamber 42, the pres 
sure of the liquid carbon dioxide in the expandable valve 
chamber 24b will be effective to over-ride the restraining 
force of the carbon dioxide vapor in the Vapor chamber 
42 and the return bias of the spring 44 to open the Valve 
24 by lifting the resilient disk 36 from the valve Seat 37 
thereof. Moreover, due to the sudden change in the ef 
fective area of the bellows 40 when the resilient disk 36 
is seated on the valve seat 37 and when the resilient disk 
36 is lifted from the valve seat 37, once opening or clos 
ing of the valve 24 has begun, the opening and closing 
will thereafter be accomplished quickly and positively. 
When it is desired to start up the refrigeration System 

Ei, the manually controlled shutoff valve 76 is opened 
so that the vapor chamber 42 is placed in communication 
with the vapor control valve chamber 56a. Ef the tem 
perature in the refrigerator compartment 10 is above the 
preselected temperature adjustment of the temperature 
sensing device 48 and vapor control valve 56, as deter 
mined by the relative positioning of these components 
through the threaded connection of projection 72 and 
bore 71, the fluid in the fluid filed bulb 52 will be ex 
panded sufficiently to expand the fluid flilled bellows 51 
causing the thrust pin 54 to hold the needle valve 55 un 
seated from the valve seat 57. In this position, the 
vapor chamber 42 is placed in communication with the 
interior of the compartment 10 through the conduits 46 
and 66, the vapor inlet passageway 65, the valve cham 
ber 50a including the passageways 63, the vapor discharge 
port 58, and the exhaust opening 61. Although car 
bon dioxide vapor 16 will continuously pass through the 
flow-restricting means 47, Such vapor will be exhausted 
through the aforementioned exhaust opening 6 and vapor 
pressure wil not build up in the vapor chamber 42. 
Liquid carbon dioxide 14, on the otherhand, will be trans 
ported to the valve chamber 24b through the conduit 15 
and will act on the bellows 46 to be effective to lift the 
resilient disk 36 from the valve seat 37 in the above 
described manner. The liquid carbon dioxide will then 
be discharged as a spray through the metering orifice 31 
of the spray nozzle 23 and will cool the refrigerated com 
partment 10. 
Assoon as the temperature of the compartment 10 has 

been brought down to the preselected level, the fluid in 
the fluidfilied bulb. 52 will contract, permitting the bellows 
5 to contract. The compression spring 62 will be effec 
tive to bias the needle valve 55 against the valve Seat 57 
and to terminate the exhaust of carbon dioxide vapor 
through the exhaust opening 61. With the exhaust of 
the carbon dioxide vapor terminated, the pressure in the 
vapor chamber 42 will begin to build up as a result of the 
vapor which is filtering through the flow-restricting means 
47 and when the pressure in the vapor chamber 42 ap 
proaches the pressure of the liquid carbon dioxide in 
the valve chamber 24b the valve stem assembly 34 will 
be driven into a valve closed position by the compression 
spring 44 and will operate rapidly and positively as a re 
sult of the reduction in the effective area of the bellows 
40 as the disk 36 approaches the valve seat 37. 

In accordance with the improved method of spraying 
liquid carbon dioxide into a refrigerated compartment 10, 
the invention is carried out by storing a quantity of liquid 
carbon dioxide 14 under pressure above the triple point 
of approximately 75 bs. per square inch absolute, for 
example, at a pressure in the range of 150 to about 300 
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lbs. per square inch absolute. The liquid carbon dioxide 
is supplied to a discharge nozzie 23 for discharge into 
the refrigerated compartment ié} in response to the tem 
perature changes in the temperature sensing device 48. 
Aportion of the liquid carbon dioxide is periodically dis 
charged into the compartment 26 under the control of 
the discharge control valve 24. Because of the rapid 
change in the effective area of the pressure differential 
responsive bellows 40, the discharge of the carbon dioxide 
is rapidly initiated when the vapor pressure in the vapor 
chamber 42 is reduced to a level wherein the pressure of 
the liquid carbon dioxide is sufficient to unseat the re 
silient disk 36 from the valve seat 37. Similarly, the dis 
charge of liquid carbon dioxide E4 through the spray 
nozzle 23 is rapidly terminated due to the change in the 
effective area of the bellows 40 as Soon as the resilient 
disk 36 is biased toward the valve seat 37 by the building 
up of the vapor pressure in the vapor chamber 42 to ap 
proximately the same pressure as the liquid carbon di 
oxide, thereby permitting the compression spring 44 to 
bias the valve stem assembly 34 toward a closed position. 
The rapid initiation and termination of the discharge of 
the carbon dioxide is effected by the utilization of the 
pressure of the carbon dioxide liquid and the vapor pres 
sure of the carbon dioxide vapor. The difference ob 
tained in the vapor pressure and the liquid pressure of 
the carbon dioxide is applied to opposite sides of the 
presSure differential responsive device 46 under the con 
trol of the temperature sensing device 48 and the vapor 
control valve 50. 

In the above-described embodiment, the operating tem 
perature or the temperature at which the vapor control 
valve 56 begins to open is adjusted by means of the 
threaded connection between the temperature sensing de 
vice 48 and the vapor control valve 60 and then locked 
in position with the lock nut 73. FIGS. 5 to 7 illustrate 
an embodiment of the present invention wherein the oper 
ating temperature for the transport compartment may be 
more readilly field adjusted. Similar parts of the system 
of FIGS. 5 to 7 and of the system of FIGS. 1 to 4 are 
represented by the same reference characters. FIGS. 5 
to 7 illustrate a temperature sensing device 48' provided 
with a housing 49' and including the fluid filied beliows 
51 connected to a fluid filed bulb (not shown) through 
suitable tubing 53. As heretofore described, the fluid 
filed bulb is exposed to the ambient temperature in the 
refrigerated compartment and the fluid in the bulb ex 
pands and contracts in response to temperature changes 
within the compartment. As the bellows 51 expands, it 
pushes against a thrust pin 54 in the body 49' of the tem 
perature Sensing device 48'. 

There is provided an associated vapor control valve 
50' including the needle valve 55 withina valve chamber 
50a' of a valve body 56' and biased against the valve seat 
57 forming a vapor discharge port 58. The compression 
Spring 62 is effective to bias the needle valve 55 into a 
closed position. 

For adjusting the temperature in the refrigerating com 
partment, the thrust pin 54 of the temperature sensing 
device 48' is selectively positionable relative to the vapor 
control valve 50° to vary the expansion of the bellows 
required to unseat the needle valve 55 through the pin 54. 
In the embodiment of FIGS. 5 to 7, this is readilly ac 
complished by providing for axial adjustment of the thrust 
pin 54 and needle valve 55 by providing an axial aper 
ture 74 in the vapor control valve 50 and an associated 
projection 75 on the body 49' of the temperature sensing 
device 48' and slidably positioned within the aperture 74. 
Relative movement of the projection 75 into the aperture 
74 is effective to regulate the amount of bellows expan 
sion necessary to unseat the needle valve 55. The tem 
perature Sensing device 48' and the vapor control valve 
50 are held in accurate position by a cam arrangement 
including a temperature setting cam shaft 76 having 
aligned bearing portions 76a journaled in aligned aper 
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tures 77 in the body 56'. The bearing portions 76a are 
interconnected by an eccentrically positioned cam portion 
36 passing through a cam follower slot 81 in the valve 
body 49' of the temperature sensing device 487. The 
shaft is provided with a suitable temperature selecting 
knob (not shown) to provide for manaal rotation of the 
shaft 76. A compression spring 82 biases the temper 
ature sensing device 48' and the vapor control valve 50’ 
away from each other. x 

In operation, the cam portion 80 of the cam shaft 76 
rides against the forward surface of the cam follower 
groove 84, as illustrated in FIGS. 5 and 7. Rotation of 
the shaft 76 about the bearing portions 76a thereof is 
effective to progressively move the cam portion 80 of the 
shaft 76 from a rearward position as illustrated in FIG. 
5 to a forward position as illustrated in F1G. 7, thereby 
adjusting the relative positioning of the temperature Sens 
ing element 48' and the vapor control valve 50'. Ac 
cordingly, the temperature in the refrigerated compart 
ment at Which the bellows 51 unseats the needle valve 55 
may be readilly and accurately adjusted. 
FIG. 8 illustrates a modified form of liquid carbon 

dioxide discharge control valve wherein a diaphragm is 
utilized in place of an expansion bellows. The same 
reference characters identify similar parts in FIG. 8 and 
in the preceding figures. The discharge control valve 24' 
illustrated in FIG. 8 includes a valve body 24a' having 
an expandable valve chamber 24 b' connected to receive 
liquid carbon dioxide 14 through the Supply conduit 15. 
A discharge port or valve seat opening 25' communicates 
with the valve chamber 24 b'. The spray nozzle 23 is 
positioned in the discharge port. 25' and provided with a 
metering orifice 31 at its outer end to provide for a spray 
of liquid carbon dioxide. The body 24a' of the discharge 
control valve 24 is provided with a liquid carbon dioxide 
inlet port 33' opening into the valve chamber 24 b' and 
communicating with the valve seat opening 25". More 
over, the valve 24' includes a valve stem assembly 34' 
provided with a resilient diskor valve portion 36 seatable 
against a valve seat 37' forming the discharge port 25". 

In order to move the resilient disk 36 relative to the 
valve seat 37° to close and open the valve stem opening 
the chamber 24 b', the valve stem assembly 34' is provided 
with a pressure differential responsive means, here shown 
as a flexible diaphragm 46'. One side of the diaphragm 
40' forms a movable wall of the chamber 24b' through 
which the liquid carbon dioxide flows, and the other side 
of the diaphragm 46' forms a wall of vapor chamber 42' 
for receiving carbon dioxide vapor 16. The resilient disk 
36 forms an end portion of the pressure responsive means 
40', thereby reducing the effective cross-sectional area of 
the diaphragm 40' when the disk 36 is seated against the 
valve seat 37'. A compression spring 44 positioned in the 
gaseous carbon dioxide chamber 42 is effective to bias 
the diaphragm 40' toward a valve closed position as illus 
trated in FIG. 8. 
The operation of the above-described valve 24' is 

similar to the valve 24 heretofore described in detail. 
Briefly, carbon dioxide vapor is Supplied to the Vapor 
chamber 42' of the valve 24" through the vapor conduit 
46 and is effective to bias the resilient disk 36 against the 
valve seat 37'. With the valve 24' in this closed position, 
the pressure of the liquid carbon dioxide in the valve 
chamber 24b' will act on the pressure differential dia 
phragm 40' on an area equal to the cross-sectional area 
of the diaphragm 40' less the cross-sectional area of the 
discharge port 25'; the pressure of the carbon dioxide vapor 
in the vapor chamber 42 will always act on an effective 
area of diaphragm 40' equal to the cross-sectional area 
of the diaphragm 49' and will be sufficient, in combina 
tion with the bias of the spring 44, to maintain the Valve 
24' closed. However, if the carbon dioxide vapor is bled 
from the gaseous carbon dioxide chamber 42° the pres 
sure of the liquid carbon dioxide in the valve chamber 
24 b' will be effective to raise the resilient disk 36 from 
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the valve seat 37' against the return bias of the vapor in 
the vapor chamber 42' and the return bias of the spring 
44. Once the resilient disk 36 has lifted from the valve 
seat 37', the pressure of the liquid carbon dioxide now 
acts over the entire croSS-Sectional area of the diaphragm 
48', including the cross-sectional area of the discharge 
port 257, and the valve 24' is quickly opened with a Snap 
action due to the increased effective cross-sectional area 
over pressure differential diaphragm 46' to the liquid car 
bon dioxide. Similarly, once the pressure in the gaseous 
carbon dioxide chamber 42 is permitted to build up to 
approximately equal that of the pressure of the liquid car 
bon dioxide in the valve chamber 24 b', the spring 44 will 
bias the valve stem assembly 34' into a valve closed posi 
tion. 

En all of the described embodiiments, it will be seen 
that the liquid discharge valve opens and closes rapidly 
and positively so that there is no appreciable time dur 
ing which the pressure in the volume between the discharge 
seat land the metering orifice would remain below the 
triple point pressure of approximately 75 libs. per Square 
inch absolute. In accordance with the present inven 
tion, the release and admission of the carbon dioxide vapor 
may be accomplished in any Suitable manner, for exam 
ple, a two-way vapor valve may be placed between the 
conduits 17 and 4.6, as illustrated in the embodiment of 
FIG. 9. The vapor valve would then connect the con 
duit 46 alternately with the conduit 17 and with an ex 
haust to atmosphere or to the compartment 10. Refer 
ring to F.G. 9, identical components of FIG. 9 and the 
preceding embodiments are identified by the same char 
acters. Specifically, there is illustrated a two-way vapor 
control valve 96 having a needle valve 91 which closes 
a vapor inlet passageway 92 when unseated from a Vapor 
discharge port 93. The vapor discharge port 93 com 
municates with an exhaust opening 94. The vapor con 
trol valve 90 is installed in the system with the vapor 
inlet passageway 92 connected to the vapor Supply con 
duit 17 and with the vapor conduit 46 from the Vapor 
chamber 42 communicating with a valve chamber 96a 
thereofthrough an additional port 95. The vapor control 
valve 96 is actuated through the temperature Sensing de 
vice 48 by the thrust pin 54 thereof which extends through 
the vapor discharge port 93. 

In operation, with the compartment 10 at the prese 
lected low temperature, carbon dioxide vapor will be 
admitted into the vapor chamber 42 through the passage 
way 92, the valve chamber 90a, and port 95 to close the 
discharge valve 24. When the temperature in the com 
partment 10 rises above the preselected setting of the 
temperature responsive control means, the temperature 
sensing device 48 wili be effective to unseat the needle 
valve 91 from the vapor discharge port 93, opening the 
vapor discharge port 93 and closing the vapor inlet pas 
sageway 92 so that the vapor chamber 42 is exhausted 
through the conduit 46, port 95, valve chamber 98a, 
vapor discharge port 93, and exhaust opening 94. 

In all of the described embodiments, it will be Seen that 
the liquid discharge valve opens and closes rapidly and 
positively so that there is no appreciable time during which 
the pressure in the volume between the discharge seat 
and the metering orifice would remain below the triple 
point pressure of approximately 75 bs. per square inch 
absolute. Consequently, the liquid carbon dioxide passes 
through the valve and is not converted into the Solid Dry 
Ice which would otherwise quickly plug up the metering 
crifice. Moreover, the discharge control valves of the 

- described embodiment are operated by the liquid and 
70 

75 

vapor pressure of the carbon dioxide from the pressure 
vessel 13 and no external electrical or pneumatic power is 
required to actuate or control the system. The system 
provides an economical arrangement, low in initial cost, 
and easy to maintain and operate. 
Although certain preferred embodiments have been de 
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scribed by way of illustration, many modifications will 
occur to those skilled in the art. It is therefore intended 
in the appended claims to cover all such modifications as 
fall within the true spirit and scope of this invention. 
What is claimed as new and desired to be Secured by 

Letters Patent of the United States is: 
1. Apparatus for refrigerating a compartment Compris 

ing a vessel containing liquid carbon dioxide under pres 
sure, nozzle means opening into Said compartment for 
spraying liquid carbon dioxide into Said compartment, 
quick acting valve means having a discharge Communicat 
ing with said nozzle, conduit means connecting Said valve 
means and said vessel connected to supply liquid carbon 
dioxide to said valve means, temperature Sensing means 
responsive to the temperature in Said compartment, and 
control means operatively associated with Said tempera 
ture sensing means connected to actuate Said Valve means 
in response to the temperature in Said compartment, the 
pressure of carbon dioxide vapor in said vesSel being ef: 
fective to actuate said valve means under the control of 
said control means. 

2. Apparatus for refrigerating a compartment compris 
inga tank containing liquid carbon dioxide under pressure, 
fluid pressure actuated quick acting valve means including 
a pressure differential responsive means, mozzle means 
communicating with one side of said pressure differential 
responsive means and opening into said compartment for 
spraying liquid carbon dioxide into Said compartment, Con 
duit means interconnecting said one side and Said fank for 
supplying liquid carbon dioxide to said valve means, con 
duit means interconnecting said tank and the other Side of 
said pressure differential responsive means for Supplying 
carbon dioxide vapor to said valve means, flow restricting 
means in the last mentioned conduit means, temperature 
sensing means responsive to the temperature in Said com 
partment, and control means operatively associated With 
said temperature sensing means connected to bleed carbon 
dioxide vapor from said other side of Said pressure differ 
ential responsive means under the control of said tempera 
ture sensing means. 

3. Apparatus as set forth in claim 2 above Wherein a 
portion of said one side of said pressure differential re 
sponsive means forms a valve portion Seatable against a 
valve Seat to close an opening in the body of Said valve 
means, and wherein said nozzle means communicaties 
with said opening so that when said valve portion is 
seated on said valve seat the pressure of the liquid carbon 
dioxide on said one side of said pressure differential re 
sponsive means acts on the cross sectional area of Said 
pressure differential responsive means less the cross Sec 
tional area of said opening and when said valve portion 
is unseated from said valve seat opening said pressure 
acts on the full cross sectional area of Said pressure dif 
ferential responsive means. w 

4. Apparatus for refrigerating a compartment compris 
ing a tank for storing liquid carbon dioxide under pres 
sure, nozzle means opening into said compartment for 
spraying liquid carbon dioxide into said compartment, 
conduit means communicating between said tank and 
said nozzle means for transporting liquid carbon dioxide 
from said tank to said nozzle means, quick acting valve 
means in said conduit means operable in response to the 
temperature in said compartment, said quick acting valve 
means being operable by fluid pressure, means operatively 
interconnecting said valve means and said tank to provide 
carbon dioxide vapor under pressure from said tank to 
operate said valve means, and temperature responsive con 
trol means controlling said last mentioned means. 

5. Apparatus for refrigerating a compartment com 
prising a tank containing liquid carbon dioxide under 
pressure, fluid pressure operated quick acting control 
valve means for Said liquid carbon dioxide including a 
valve housing, a valve stem assembly within Said housing, 
a pressure differential responsive member carried by Said 
stem assembly and sealed with said housing dividing Said 
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12 
housing into a first chamber for liquid and into a second 
chamber for vapor, said first chamber being provided with 
a liquid inlet port and a liquid outlet port, a valve seat 
formed in Said housing around said liquid outlet port, a 
valve portion carried by said stem assembly and movable 
with said stem assembly to seat against said valve seat, 
means biasing said stem assembly in a direction to seat 
said valve portion against said valve seat, a vapor port 
communicating with said second chamber, nozzle means 
communicating with said liquid outlet port and opening 
into Said compartment for spraying Liquid carbon dioxide 
into said compartment, conduit means interconnecting 
said liquid inletport and Said liquid carbon dioxide in said 
tank for supplying liquid carbon dioxide to said valve 
means, conduit means interconnecting said tank and said 
vapor port for Supplying carbon dioxide vapor to said 
valve means, flow restricting means in the last mentioned 
conduit means, temperature sensing means responsive to 
the temperature in said compartment, and control means 
operatively associated with said temperature sensing 
means connected to bleed carbon dioxide vapor from said 
second chamber under the control of said temperature 
Sensing means. 

6. A quick acting control valve for liquid carbon di 
oxide and the like comprising a valve housing, a valve 
stem assembly within said housing, a pressure differential 
responsive member carried by said stem assembly and 
sealed with said housing dividing said housing into a first 
chamber for liquid and into a second chamber for vapor, 
said first chamber being provided with a liquid inlet port 
and a liquid outlet port, a valve Seat formed in said hous 
ing around said liquid outlet port, a valve portion carried 
by said stem assembly and movable with said stem as 
sembly to seat against said valve seat, means biasing said 
stem assembly in a direction to seat said valve portion 
against Said valve Seat, and a vapor port communicating 
with said Second chamber for supplying vapor to said 
second chamber and for bleeding vapor from said second 
chamber. 

7. Apparatus for refrigerating a compartment com 
prising a tank containing liquid carbon dioxide under 
pressure; fluid pressure operated quick acting valve means 
including a pressure differential responsive means, nozzle 
means communicating with one side of pressure differen 
tial responsive means and opening into said compartment 
for spraying liquid carbon dioxide into said compartment; 
conduit means interconnecting said one side and said tank 
for Supplying liquid carbon dioxide to said valve means; 
conduit means interconnecting said tank and the other 
side of Said pressure differential responsive means for Sup 
plying carbon dioxide vapor to said valve means; flow re 
stricting means in the last mentioned conduit means; a 
temperature Sensing device including a housing, an ex 
pandable member in said housing, a temperature sensing 
bulb. positioned Within said compartment, conduit means 
interconnecting said expandable member and said bulb, a 
temperature sensitive fluid filling said bulb, expandable 
member, and conduit means, and a thrust member extend 
ing from said housing operatively associated with said 
expandable member; a vapor control valve including a. 
valve body having a valve chamber, a vapor inlet 
port communicating with said chamber, a vapor out 
Het port for exhausting vapor from said chamber and 
forming a valve seat in said housing, a needle valve 
in said housing, means biasing said needle valve against 
said Seat; means provided on said temperature sensitive 
device and said vapor control valve for interconnecting 
said device and said valve with said thrust member en 
gageable to unseat Said needle valve in response to ex 
pansion of Said expandable member; and conduit means 
interconnecting said vapor inlet port and said other side 
of said pressure differential responsive means. 

8. A method of spraying liquid carbon dioxide into a 
compartment comprising the steps of storing a quantity of 
liquid Icarbon dioxide under pressure, Supplying Said liquid 
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carbon dioxide under pressure for discharge into said 
compartment, and periodically discharging a portion of 
said liquid carbon dioxide from said pressure to the pres 
sure in said compartment and including the steps of rapid 
1y initiating the discharge of said carbon dioxide to begin 
Said discharge and rapidly terminating said discharge of 
Said carbon dioxide, utilizing the pressure of said liquid 
carbon dioxide to effect the rapid initiation of the dis 
charge of the said carbon dioxide and utilizing the pres 
sure of carbon dioxide vapor to effect the rapid termina 
tion of said discharge of liquid carbon dioxide. 

9. A method of spraying liquid carbon dioxide into a 
compartment comprising the steps of storing a quantity 
of liquid carbon dioxide under pressure, Supplying said 
liquid carbon dioxide under pressure for discharge into 
said compartment, and periodically discharging a portion 
of said liquid carbon dioxide from said pressure to the 
pressure in said compartment and including the steps of 
rapidly initiating the discharge of said carbon dioxide 
to begin said discharge and rapidly terminating Said dis 
charge of said carbon dioxide, providing a pressure differ 
ential of the pressure of said carbon dioxide to effect the 
rapid initiation and the rapid termination of said dis 
charge, and controlling said pressure differential in re 
sponse to the temperature in said compartment. 

10. A method of spraying liquid carbon dioxide into 
a compartment comprising the steps of storing a quantity 
of liquid carbon dioxide under pressure, transporting said. 
liquid carbon dioxide under pressure for discharge into 
said compartment and including the steps of passing said 
liquid Icarbon dioxide through a valve seat opening in a 
valve into a discharge means and discharging the carbon 
dioxide through said discharge means into said compart 
ment, biasing said valve toward an open position by the 
pressure of the liquid carbon dioxide in said valve, Supply 
ing carbon dioxide vapor under pressure from the stored 
liquid carbon dioxide to said valve, biasing said valve 
toward a closed position by the pressure of the carbon 
dioxide vapor, restricting the rate of flow of carbon di 
oxide vapor to said valve, and periodically bleeding the 
carbon dioxide vapor from said valve in response to tem 
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perature change in said compartment to actuate Said 
vakve. 

11. Apparatus for refrigerating a compartment com 
prising a Vessel containing liquid carbon dioxide under 
pressure; fluid pressure operating valve means for spray 
ing liquid carbon dioxide into said compartment includ 
ing a housing, means forming a first chamber for liquid 
and a second chamber for vapor within said housing in 
cluding a pressure differential responsive member disposed 
between them, said first chamber being provided with a 
liquid inlet port and a liquid outlet port, first conduit 
means connecting Said vessel to said first chamber for 
Supplying liquid carbon dioxide to said first chamber, 
Second Conduit means connecting said vessel to said sec 
ond chamber for Supplying carbon dioxide vapor to said 

- Second chamber, a valve Seat formed in said housing 
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around Said liquid outlet port, a valve member movable 
by Said pressure differential responsive member to seat 
against said valve seat, Said valve member being biased 
toward an open position by the pressure of liquid carbon 
dioxide on Said valve member, said valve member being 
biased toward a closed position by the pressure of carbon 
dioxide vapor in said second chamber, means forming a 
Vapor port communicating with said second chamber, and 
means for periodically bleeding the carbon dioxide vapor 
from Said second chamber in response to temperature 
change in said compartment to actuate said valve member 
toward an open position. 
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