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(57) ABSTRACT 
A method and apparatus are provided for continuously 
drying and chilling a high temperature, pressurized gas 
such as air to sub-zero temperatures. The high temper 
ature pressurized gas is passed alternately through each 
of two parallel heat exchangers containing cooling coils 
through which cold refrigerant from a refrigeration sys 
tem is passed. While one of the heat exchangers is 
being cooled by the cold refrigerant, the hot, pressur 
ized gas is passed through it in heat exchange relation 
ship with the cooling coils. Simultaneously, the other 
heat exchanger is cleared of moisture and other con 
densables by passing hot refrigerant gas from the com 
pressor of the refrigeration system through its cooling 
coils. Before reversing the function of the heat ex 
changers, the flow of hot refrigerant gas to the one 
being defrosted is terminated and replaced with the 
flow of cold refrigerant to cool it in order to prevent 
carryover of moisture on changing stages of operation. 
A continuous flow of cooled, dried pressurized gas is 
obtained from the two heat exchangers and can be 
passed through a third heat exchanger provided with 
refrigerated coils to further chill the gas to sub-zero 
temperature. Prior to being passed to the third heat ex 
changer, the cooled gas from the two parallel heat ex 
changers can be cycled through a preliminary heat ex 
changer to effect pre-cooling of the entering hot, pres 
surized gas. 

9 Claims, 4 Drawing Figures 
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METHOD AND APPARATUS FOR DRYNG A GAS 
AND CHILLING IT TO LOW TEMPERATURES 

This invention relates to an improved method and ap 
paratus for chilling and removing moisture from a hot, 
pressurized gas such as air by directing the gas through 
heat exchangers containing cold refrigeration coils, 
whereby condensed moisture is periodically removed 
from the heat exchangers without interrupting the con 
tinuous function of the system and without requiring 
the utilization of additional energy supplied from 
sources external to the apparatus. 
More specifically, the present invention is directed to 

an improved method for providing a continuous flow of 
chilled, dried, pressurized gas by passing a stream of 
hot, pressurized gas through one of a pair of heat ex 
changers containing cooling coils which are chilled by 
refrigerant from a refrigeration system containing com 
pressor and condenser means. Simultaneously with the 
passage of refrigerant through the first of the pair of 
heat exchangers to effect cooling and removal of con 
densables, the second of the pair of heat exchangers is 
cleared of condensed moisture by directing through its 
cooling coils a flow of hot refrigerant gas directly from 
the compressor of the refrigeration system. Periodically 
the cycle is reversed so that the first heat exchanger is 
defrosted in this manner, while the coils of the second 
heat exchanger are chilled and used to cool and remove 
condensables from the hot, pressurized gas now passing 
through it. In this way both a continuous flow of gas 
and continuous operation of the refrigeration compres 
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sor are maintained. To prevent any carryover of mois 
ture or other condensables on changing cycles, transi. 
tion stages are employed whereby, prior to switching 
the flow of pressurized gas from one heat exchanger to 
the other, the flow of hot refrigerant gas from the com 
pressor into the heat exchanger being defrosted is ter 
minated, and a flow of cold refrigerant from the refrig 
eration system is directed into its coils while, at the 
same time, pressurized gas continues to be passed over 
the chilled coils of the other heat exchanger. 

Particularly in the blow-molding of plastics and simi 
lar procedures it is important to have a continuous flow 
of compressed, dry gas such as air available at a tem 
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perature of around -60°F, to use in chilling the inner 45 
surfaces of the blow-molded products. By chilling these 
plastic inner surfaces below the flow-point of the plas 
tic, the removal of the article from the forming mold is 
facilitated, thereby increasing the productivity of the 
mold by shortening the length of time the product is in 
the molding and setting stage. Further, by using a 
chilled, pressurized gas such as air it is possible to carry 
out the blow-molding and chilling steps in a single step 
using the same gas for both functions. 
Various procedures and apparatus have been sug 

gested for producing a flow of chilled, dry, pressurized 
gas suitable, for example, for use in the above 
described manner in plastics blow-molding operations. 
Frequently, these systems enploy refrigerated heat ex 
changers to cool and remove moisture from the gas. 
Accordingly, all these types of systems are faced with 
the problem of removing the condensed moisture at in 
tervals from the heat exchanger units. 

SO 

SS 

In some devices, such as that described in U.S. Pat. 65 
No. 2,867,988 to Brandt, external electric power is 
supplied from time to time to heating units to defrost 
the heat exchanger coils. This, of course, involves an 

2 
additional expenditure of power as well as the expense 
of providing and maintaining the clectrical heating sys 
tem itself. Other systems have required that the chilling 
and drying operation be periodically terminated to per 
mit defrosting of the heat exchanger coils. Still other 
systems require the frequent cycling of the refrigera 
tion compressors, thus shortening their life expectancy 
and increasing maintenance costs. As will be appreci 
ated, each of these procedures has the disadvantage 
that they increase production costs by causing delays 
and requiring added maintenance and expense. 

It is accordingly a general object of the present inven 
tion to provide an improved method and apparatus for 
producing chilled, dry, pressurized gas. 

It is another object of the present invention to pro 
vide an improved air dryer and chiller which operates 
continuously and permits removal of condensables 
from the apparatus without the need for externally sup 
plied heat energy or for interrupting the continuous 
chilling and drying of gas passing through the system. 

It is yet a further object of the present invention to 
provide a method and apparatus for continuously chill 
ing and drying pressurized gas by passing it through 
chilled heat exchanger means which employ hot refrig 
erant gas from the same refrigeration compressors used 
to provide cold refrigerant to the heat exchangers to 
effect removal of condensables from the heat exchang 
es 

It is still another object of the present invention to 
provide a method and apparatus for chilling and drying 
of pressurized gas whereby a continuous flow of the 
pressurized gas is maintained by employing parallel 
heat exchangers for chilling and removing water vapor 
and other condensables from the gas, which heat ex 
changers are alternately cooled by cold refrigerant and 
cleared of condensates by hot refrigerant gas, both of 
which are provided by the refrigeration compressor 
unit, which is operated continuously, 
Another object of this invention is to provide a 

method and apparatus for chilling and drying pressur 
ized gas whereby a continuous cyclic system is em 
ployed which permits chilling and drying of the com 
pressed gas and removal of condensables without any 
carryover of condensables into the chilled, dry, pres 
surized gas, 
The method and apparatus of the present invention 

whereby the aforementioned and other objects are 
achieved will best be understood and appreciated by 
reference to the accompanying drawings and the fol 
lowing description thereof, which describes a specific 
embodiment of this invention, 
FIGS. 1, 2, and 3 are block schematic diagrams 

which depict the cyclic operation of the present inven 
tion, 

FIG. 4 is a semi-schematic drawing with interior 
views showing the complete heat exchanger and refrig 
eration system of the present invention for cooling and 
drying pressurized air, 
Reference is first made to FIGS, 1, 2, and 3 for an un 

derstanding of the four-stage operation of the inven 
tion. High temperature, pressurized gas is supplied to 
the system by the externally located compressor S1. In 
the first stage, depicted in FIG. 1, high temperature, 
pressurized gas is passed through the heat exchanger A 
where moisture and other condensables are condensed 
out of the gas by means of refrigeration coils (not 
shown) cooled by refrigerant supplied by the compres 
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sor 52, and the condenser 54. Hot, compressed refrig 
erant gas from the compressor 52, which is not directed 
to the condenser 54 is simultaneously passed into the 
refrigeration coils (not shown) of the heat exchanger B 
to melt ice and other condensables deposited when the 
heat exchanger is in the stage of operation in which it 
cools the high temperature, pressurized gas. Both hot 
and cold refrigerant are returned from the refrigeration 
coils of the heat exchangers, A and B, to the compres 
sor 52 by conduits which are not shown. Following 
cooling and removal of condensables in the heat ex 
changer A, during the first stage of operation, the pres 
surized gas leaves the heat exchanger and is introduced 
into the heat exchanger C, which contains refrigeration 
coils (not shown) maintained at very low temperature 
(i.e., below 0. F.) by means of refrigerant from the 
compressor 53 and condenser 55. The dry, pressurized 
gas, which is cooled to a temperature of -60 F. 
emerges from the heat exchanger C in a continuous 
flow. Refrigerant from the refrigeration coils in the 
heat exchanger C is returned to the compressor 53 by 
means of a suitable conduit, not shown. During this 
first-stage operation, the heat exchanger B, which is 
being defrosted by hot refrigerant gas from the com 
pressor 52, is by-passed by the flow of pressurized gas 
through the system. 

In the second stage of operation, shown in FIG. 2, the 
passage of pressurized gas through the heat exchangers, 
A and C, continues as in the first stage operation, The 
flow of hot refrigerant gas from the compressor 52 into 
the refrigeration coils of the heat exchanger B is dis 
continued however, and instead, cold refrigerant from 
the condenser 54 is passed into the coils of B to prevent 
any subsequent carryover of moisture when the pres 
surized gas flow is changed from the heat exchanger A 
in the third stage. 
During the third stage of operation, the functions of 

the heat exchangers, A and B, are exactly reversed 
from those of the first stage. As shown in FIG. 3, hot, 
pressurized gas from the compressor S1 is introduced 
into the heat exchanger B where it is cooled and con 
densables removed by refrigeration coils cooled by re 
frigerant supplied from the condenser 54. Simulta 
neously, the heat exchanger A is excluded from the 
flow of pressurized gas and is cleared of frozen conden 
sables by means of hot refrigerant gas from the com 
pressor 54. The stream of chilled, pressurized gas 
emerges from the heat exchanger B and through the 
heat exchanger C, maintained at sub-zero temperature, 
from where it continues to emerge in a continuous flow 
at a temperature of -60' F. 
The fourth, and final, stage of operation is not shown 

in FIGS. 1, 2, and 3, but consists of a transitional pre 
cooling as in stage 2, before returning to stage 1. In 
stage 4, the flow of pressurized gas is continued 
through the heat exchangers, B and C, as in stage 3. De 
frosting of the heat exchanger A is discontinued, how 
ever, by terminating the flow of hot refrigerant gas 
from the compressor 52. Instead, the heat exchanger A 
is pre-cooled by directing the flow of refrigerant from 
the condenser 54 into the refrigerant coils of A. In this 
stage, the cooling of the pressurized gas in the heat ex 
changer B is continued by also directing the flow of re 
frigerant from the condenser 54 into its refrigeration 
coils. 
Referring now in detail to FIG. 4 for a more specific 

description of an embodiment of the present invention, 
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4. 
dual cylindrical, parallel heat exchangers are shown at 
1 and 1A with coils for carrying cold refrigerant shown 
within the cylindrical heat exchanger columns at 36 
and 37, respectively. An additional heat exchanger, 
consisting of 6 parallel, horizontal, interconnected cyl 
inders, is shown at 3. Within each cylinder are coiled 
tubes, 38, which are interconnected and which carry 
cold refrigerant supplied from the condenser 7. Com 
pressor 4 provides hot, pressurized gas through the pipe 
25 into the condenser 6. Suitable liquid coolant is sup 
plied to the coils 41 within the condenser 6 and through 
the orifice 44 and removed through 43. This liquid 
coolant is cycled from a source not shown. Cold refrig 
erant liquid is passed from the condenser 6 through 
pipe 27 to the solenoid valves 10 and 12 which control 
the flow of cold refrigerant liquid, respectively, through 
the thermostatic expansion valves 16 and 17. Alter 
nately, pipe 26 provides for the direct passage of hot, 
pressurized refrigerant gas from the compressor 4 to 
the solenoid valves 11 and 13. Cold refrigerant, after 
passing through the refrigeration coils 36 and 37, is re 
moved as gas from the top of the heat exchangers 1 and 
1A, respectively, by means of pipe 28 which returns the 
refrigerant to the compressor 4. Compressors provides 
hot, compressed refrigerant gas through the pipe 29 to 
the condenser 7 where it is condensed into cold refrig 
erant liquid by a suitable coolant passing through the 
orifice 46 to the cooling pipes 42 and back out through 
45 where it is recycled and chilled by suitable circulat 
ing and cooling mechanisms not shown. Cold refriger 
ant liquid passes from the condenser 7 through the pipe 
31 to the solenoid control valve 14 and the thermo 
static expansion valve 18, enters the heat exchanger 3 
and is carried through the heat exchanger coils 38. The 
cold refrigerant is finally returned by means of the pipe 
32 as gas to the compressor 5. Pipe 30 provides for di 
rect passage of hot, compressed refrigerant gas to the 
solenoid valve 15 and then into the heat exchanger pipe 
38 for cycling through the heat exchanger coils 38 and 
return by pipe 32 to the compressor S. 
Valve means are provided at 19 for admitting into the 

system hot, pressurized air which is to be chilled and 
dried. An optional pre-cooling cylinder is shown at 2 
and provided with cooling coils 40. A pipe passes from 
the top of the pre-cooler 2 and divides into the separate 
pipes, 20 and 21, which enter the bottom of the heat 
exchangers 1 and 1A. Additional pipes exit, respec 
tively, at the top of each of the heat exchangers 1 and 
1A and are each provided with the solenoid valves 8 
and 9, respectively. The pipes emerging from the top 
sides of the heat exchangers A and 1A merge into pipe 
22 which returns to the bottom of the pre-cooler where 
it is connected into the cooling coil 40. Pipe 23 is con 
nected at the exit end of the cooling coil 40 and con 
ducts chilled air to horizontal heat exchanger 3. Pipe 
24 provides for emergence of the cooled, dry, pressur 
ized air from the heat exchanger 3 and leads to the exit 
valve 39. Drains provided with valves are shown at 33 
for the heat exchanger 1, at 34 for the heat exchanger 
1A and at 35 for the heat exchanger 3. 

In operation, high temperature, pressurized air is ad 
mitted from a source not shown through the valve 19 
optionally into the pre-cooler 2 where it is chilled by 
the cold air from heat exchanger 1 or 1A, depending 
upon which of the solenoid valves, 8 and 9, are open or 
closed, circulating through the coil 40. The pre-cooled, 
pressurized air then cmerges from the top of the pre 
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cooler and alternately flows either through pipe 20 into 
heat exchanger 1 or pipe 21 into heat exchanger 1A, 
depending upon which of the solenoid valves, 8 and 9, 
are opened or closed. A continuous flow of cold, 
chilled air is, however, maintained from either the heat 
exchanger 1 or 1A through the pipe 22 where it is op 
tionally used to pre-cool fresh, incoming, high tempera 
ture, pressurized air in the pre-cooler 40 and then is 
passed through the pipe 23 to the heat exchanger 3. In 
another embodiment of the invention, the pre-cooler 
40 is dispensed with and the flow of chilled air from the 
heat exchanger 1 and 1A is directed immediately to the 
heat exchanger 3. 
After final chilling in the heat exchanger 3 by means 

of cold refrigerant passed through the coils 38, the sub 
zero, pressurized air emerges through pipe 24 and valve 
39. 
Cold refrigerant is provided to the heat exchangers 1 

and 1A from the compressor 4 and the condenser 6 by 
means of pipes 25 and 27. Depending upon whether the 
solenoid valve 10 is open or closed, cold refrigerant liq 
uid passes through the expansion valve 16 to the heat 
exchanger coils 36 in the heat exchanger 1. Alterna 
tively, the solenoid valve 10 is closed and solenoid 12 
open to provide the flow of cold refrigerant liquid 
through the expansion valve 17 to the coil 37 in the 
heat exchanger 1A. Cold refrigerant gas emerges from 
the respective cooling coils of the heat exchangers 1 
and 1A and is passed through the common tubing 28 
back to the compressor 4. The refrigeration coils, 36 
and 37, in the heat exchangers 1 and 1A through which 
cold refrigerant passes, provide the primary chilling of 
the high temperature air which is passed through the 
heat exchanger and also for the removal of condensa 
bles such as water vapor from the air. These condensa 
bles are subsequently removed from the heat exchang 
ers without interruption of the flow of air through the 
system by passing hot refrigerant gas directly from the 
compressor 4 through the pipe 26 into the respective 
pairs of cooling coils, 36 and 37. Control of this flow 
of hot refrigerant gas to cause defrosting of the coils is 
effected by means of the solenoid valves, 11 and 13. 
During the first-stage operation, while cold refriger 

ant liquid is being passed through the pipe 27 to the ex 
pansion valve 16 and then into the coil 36 of the heat 
exchanger 1, the solenoid valve 10 is open and the 
soleniod valve 11 is closed. Simultaneously, the sole 
noid valve 12 leading from heat exchanger 1A is closed 
but the solenoid valve 13 controlling the flow of hot re 
frigerant gas through the pipe 26 is open, permitting 
hot refrigerant gas to flow through the cooling coils 37 
in the heat exchanger 1A. Condensables such as water 
are removed from the respective heat exchangers by 
means o valves 33 and 34 located at the bottom of the 
heat exchangers. 

In the second stage of operation, both the solenoid 12 
leading to the heat exchanger A and the solenoid 10 
leading to the heat exchanger 1 are opened while both 
solenoids 11 and 13 are closed, thereby excluding the 
flow of hot, refrigerant gas from either heat exchanger 
1 or 1A, while permitting the refrigeration coils 36 and 
37 to be cooled simultaneously by the flow of cold re 
frigerant from the condenser 6 through the expansion 
valves 16 and 17. 
Once the cooling coils 37 of the heat exchanger 1A 

are sufficently chilled to prevent any carryover of mois 
ture, the solenoid valve 8 is closed and solenoid valve 
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6 
9 opened, thereby causing the flow of pressurized air 
from the pre-cooler 2 to be directed through pipe 21 
into heat exchanger i A. At the same time, solenoid 
valve 10 is closed to exclude cold refrigerant from the 
cooling coils of heat exchanger 1. Solenoid valve 13 re 
mains closed while 11 is opened so that hot refrigerant 
gas from the compressor 4 defrosts the coils 36 of heat 
exchanger 1 in the same manner that heat exchanger 
1A was previously cleared of condensates removed 
from the hot, pressurized air. 
At the completion of the third stage where hot, pres 

surized air is chilled and dried in heat exchanger 1A 
while heat exchanger 1B is defrosted, the flow of hot 
refrigerant gas into the coils of heat exchanger 1 is ter 
minated by closing solenoid valve 11. Simultaneously, 
solenoid valve 10 is opened causing a flow of cold re 
frigerant from condenser 6 through expansion valve 16 
into the coils 36 of heat exchanger 1. The passage of air 
through the cooled heat exchanger 1A is continued 
during this pre-cooling of heat exchanger 1. Thus, the 
heat exchanger 1 is prepared for the return to the first 
stage operation whereby it cools and removes moisture 
from the pressurized hot air while the heat exchanger 
1A is defrosted in its turn by hot refrigerant gas from 
the compressor 4. 
The flow of cooled, dried air which emerges alter 

nately from the two heat exchangers 1 and 1A flows on 
a continuous stream through pipe 22, either to the pre 
cooler 2 or directly to the heat exchanger 3 where final 
chilling to -60' F. takes place. 
Cooling is effected in the heat exchanger 3 by means 

'of the interconnected coils 38 through which passes 
cold refrigerant from the condenser 7. While removal 
of condensables such as water vapor from the heat ex 
changer 3 is not frequently required, due to its having 
been previously eliminated from the air stream in the 
heat exchangers 1 and 1A, occasionally the solenoid 
valve 14 is closed and solenoid valve 15 opened so that, 
rather than cold refrigerant from the condenser, hot re 
frigerant gas from the compressor 5 is directed into the 
coils 38 to free them of accumulated frozen moisture. 
Of course, it is within the scope of the present inven 

tion that several pairs of heat exchangers and their 
cooling and defrosting means as herein described, can 
be employed in series. Thus, the single heat exchanger 
3 could be replaced with a second pair of heat exchang 
ers the same as 1 and 1A and including cooling and de 
frosting means. 

Activation of the various solenoid valves used to con 
trol the flow of gases and liquids is accomplished by 
means of conventional electrical circuits and relays 
which have not been shown. These circuits can involve 
largely manual control of the solenoids or can be exten 
sively automated to respond to timed signals for chang 
ing cycles, for example. 
The expansion valves shown at 16, 17, and 18 in FIG. 

4 meter the amount of liquid refrigerant entering the 
respective heat exchangers to maintain the predeter 
mined temperature and pressure of the refrigerant gas. 
These valves are conventionally activated by means of 
sensors (not shown) which measure the temperature 
and pressure of the refrigerant gas after it has absorbed 
heat from the gas being cooled. 
The refrigeration components of the present inven 

tion, including the compressors, condensers, expansion 
valves and refrigerant are, in themselves, conventional 
in design and operation. 
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It is claimed: 
1. An apparatus for continuously cooling and drying 

a pressurized gas comprising in combination first and 
second heat exchanger means adapted for cooling and 
condensing moisture from said pressurized gas; a third 
heat exchanger means adapted for further cooling and 
condensing moisture from the gas cooled and dried in 
said first and second heat exchangers; first and second 
refrigeration means operatively connected with and 
each adapted to provide, in a cyclic system, to said first 
and second heat exchangers and to said third heat ex 
changer, respectively, separate flows of hot, pressur 
ized refrigerant gas and cold refrigerant and to receive 
a return flow of cold refrigerant gas from said heat ex 
changers, said first and second heat exchanger means 
being operatively disposed in parallel and each pro 
vided with operatively connected means for regulating 
and circulating alternating flows of hot refrigerant gas 
and cold refrigerant from said first refrigeration means 
through itself and returning the gas to the refrigeration 
means; said third heat exchanger means also being pro 
vided with means for regulating and circulating alter 
nate flows of hot refrigerant gas and cold refrigerant 
from said second refrigeration means through itself and 
returning the refrigeration gas to the refrigeration 
means; said first and second heat exchanger means 
each being further provided with means operatively 
connected for alternately circulating and regulating a 
separate flow of high temperature, pressurized gas 
through itself in heat exchange relationship with said 
cold refrigerant and then to said third heat exchanger 
means where further circulating and regulating means 
are provided for conducting said gas through said heat 
exchanger means in heat exchange relationship with 
said cold refrigerant provided thereto. 

2. The apparatus of claim 1 which further comprises 
preliminary heat exchanger means provided with 
means operatively connected with said first and second 
heat exchangers for circulating the flow of cooled, high 
pressurized gas from said first and second heat ex 
changers through itself and then to said third heat ex 
changer means; said preliminary heat exchanger means 
being further provided with operatively disposed means 
for passing the stream of high temperature, pressurized 
gas from its source in heat exchange relationship with 
said cooled gas and then to said first and second heat 
exchanger means. 

3. The apparatus of claim 1 wherein said refrigera 
tion means comprises in combination condenser means 
and compressor means operatively connected to pro 
vide a flow of hot, compressed refrigerant gas to said 
condenser means and alternately gas from said com 
pressor through the cooling coils of the second of said 
heat exchangers to melt substances previously con 
densed from the high pressure gas; 

2. Terminating the flow of hot refrigerant gas from 
the compressor through ssid cooling coils of the 
second heat exchanger and replacing it with a flow 
of cold refrigerant from the condenser while con 
tinuing to also pass said cold refrigerant through 
the coils of said first of said heat exchangers in heat 
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8 
exchange relationship with said high pressure gas 
introduced into said first heat exchanger; 

3. Terminating the flow of high pressure gas into the 
first heat exchanger and directing it instead into 
said second heat exchanger where it is passed 
through in heat exchange relationship cooling coils 
containing cold refrigerant from said refrigerant 
source; simultaneously terminating the flow of cold 
refrigerant to the cooling coils of said first heat ex 
changer and passing instead through said coils hot 
refrigerant gas from the compressor to melt sub 
stances previously condensed from the high pres 
sure gas; to each of said first and second heat ex 
changers; said condenser means being further 
adapted to receive said hot, compressed refrigerant 
from said compressor means and to condense and 
cool it to a refrigerant liquid; means operatively 
connected to said condenser for regulating and cir 
culating said refrigerant liquid to each of said first 
and second heat exchangers. 

4. The apparatus of claim 1 wherein said hot, pressur 
ized gas is air which emerges from said apparatus at a 
temperature below 0° F. 

5. The apparatus of claim 4 wherein said air is cooled 
to -60 F. 

6. The apparatus of claim 1 which is operatively con 
nected to provide cold, pressurized air to a device for 
blow-molding plastic articles. 
7. A four-stage continuous process for cooling hot, 

high pressure gas comprising the steps of: 
1. Introducing said high pressure gas into one of two 
parallel heat exchangers and passing it through the 
heat exchanger in heat exchange relationship with 
cooling coils containing a cold refrigerant supplied 
from a refrigerant source which includes a com 
pressor and a condenser, simultaneously passing 
hot refrigerant 

4. Terminating the flow of hot refrigerant gas from 
the compressor through the cooling coils of said 
first heat exchanger, and replacing it with a flow of 
cold refrigerant from the refrigerant source while 
continuing to also pass said cold refrigerant 
through the coils of said second heat exchanger in 
heat exchange relationship with said high pressure 
gas; said high pressure gas being removed from the 
two heat exchangers separately during each of the 
four steps of the process and being continuously 
combined into a common stream and cooled fur 
ther to sub-zero temperature by being passed 
through a third heat exchanger provided with 
chilled refrigerant from a refrigeration source. 

8. The process of claim 7 wherein the hot refrigerant 
gas is pre-cooled in a preliminary heat exchanger in 
heat exchange relationship with the stream of gas car 
ried off continuously from said heat exchangers which 
is then directed to said third heat exchanger. 

9. The process of claim 7 wherein said high pressure 
gas is air which emerges from said third heat exchanger 
at about -60 F. 

x sk xk x 
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Claim 3. The apparatus of claim l wherein said refrigera 
tion means comprises in combination condenser 
means and compressor means operatively connected 
to provide a flow of hot, compressed refrigerant 
gas to said condenser means and alternately to 
each of said first and second heat exchangers; 
said condenser means being further adapted to 
receive said hot, compressed refrigerant from 
said compressor means and to condense and cool it 
to a refrigerant liquid means operatively con 
nected to said condenser for regulating and Cir 
culating said refrigerant liquid to each of said 
first and second heat exchangers. 
A four-stage continuous process for cooling hot, 
high pressure gas comprising the steps of: 
l. Introducing said high pressure gas into one 
of two parallel heat exchangers and passing it 
through the heat exchanger in heat exchange re 
lationship with cooling coils containing a cold 
refrigerant supplied from a refrigerant source 
which includes a compressor and a condenser simul 
taneously passing hot refrigerant gas from said 
compressor through the cooling coils of the second 
of said heat exchangers to melt substances pre 
viously condensed from the high pressure gas; 

FORM PO-1050 (10-69) UsCOMM-dc. 6037 6-peg 
U.S. GoweRNMENT PRNTNG office: 93s on-36s-334 

  



Page 2 
UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 
Patent No. 3 750 415 Dated August 7, 1973 

Inventor(s) Wilfred S. Peuchen Glenwood K. Pase 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

(Cl. 7 contd) 2. Terminating the flow of hot refrigerant gas 
from the compressor through said cooling coils 
of the second heat exchanger and replacing it 
with a flow of cold regrigerant from the con 
denser while continuing to also pass said cold 
refrigerant through the coils of said first of 
said heat exchangers in heat exchange relationship 
with said high pressure gas introduced into said 
first heat exchanger 
3. Terminating the flow of high pressure gas 
into the first heat exchanger and directing it 
instead into said second heat exchanger where it 
is passed through in heat exchange relationship 
cooling coils containing cold refrigerant from 
said refrigerant source; simultaneously terminat 
ing the flow of cold refrigerant to the cooling 
coils of said first heat exchanger and passing 
instead through said coils hot refrigerant gas 
from the compressor to melt substances previously 
condensed from the high pressure gas; 
4. Terminating the flow of hot refrigerant gas 
from the compressor through the cooling coils of 
said first heat exchanger, and replacing it with 
a flow of cold refrigerant from the refrigerant 
source while continuing to also pass said cold 
refrigerant through the coils of said second heat 
exchanger in heat exchange relationship with said 
high pressure gas 
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said high pressure gas being removed from the 
two heat exchangers separately during each of 
the four steps of the process and being con 
tinuously combined into a common stream and 
cooled further to sub-zero temperature by being 
passed through a third heat exchanger provided 
with chilled refrigerant from a refrigeration 
source. 
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