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(57) ABSTRACT 

Refrigerant freeZeout is prevented by the use of a controlled 
bypass ?oW that causes a Warming of the loWest temperature 
refrigerant in a refrigeration system that achieves very loW 
temperatures by using a mixture of refrigerants comprising 
at least tWo refrigerants With boiling points that diifer by at 
least 500 C. This control capability enables reliable opera 
tion of the very loW temperature system. 
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METHODS OF FREEZEOUT PREVENTION FOR 
VERY LOW TEMPERATURE MIXED 

REFRIGERANT SYSTEMS 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/281,881, ?led on Oct. 28, 2002, Which 
claims the bene?t of US. Provisional Application No. 
60/335,460, ?led on Oct. 26, 2001. The entire teachings of 
the above applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to processes using throttle 
expansion of a refrigerant to create a refrigeration effect. 

BACKGROUND OF THE INVENTION 

[0003] Refrigeration systems have been in existence since 
the early 1900s, When reliable sealed refrigeration systems 
Were developed. Since that time, improvements in refrig 
eration technology have proven their utility in both residen 
tial and industrial settings. In particular, loW-temperature 
refrigeration systems currently provide essential industrial 
functions in biomedical applications, cryoelectronics, coat 
ing operations, and semiconductor manufacturing applica 
tions. 

[0004] There are many important applications, especially 
industrial manufacturing and test applications, Which require 
refrigeration at temperatures beloW 183 K (—90° C.). This 
invention relates to refrigeration systems that provide refrig 
eration at temperatures betWeen 183 K and 65 K (—90° C. 
and —208° C.). The temperatures encompassed in this range 
are variously referred to as loW, ultra loW and cryogenic. For 
purposes of this application the term “very loW” or “very 
loW temperature” Will be used to mean the temperature 
range of 183 K and 65 K (—90° C. and —208° C.). 

[0005] In many manufacturing processes conducted under 
vacuum conditions, and integrated With a very loW tempera 
ture refrigeration system, rapid heating is required in certain 
processing steps. This heating process is commonly refereed 
to as a defrost cycle. The heating process Warms the evapo 
rator and connecting refrigerant lines to room temperature. 
This enables these parts of the system to be accessed and 
vented to atmosphere Without causing condensation of mois 
ture from the air on these parts. The longer the overall 
defrost cycle and subsequent resumption of producing very 
loW temperature temperatures, the loWer the throughput of 
the manufacturing system. Enabling a quick defrost and a 
quick resumption of the cooling of the cryosurface (evapo 
rator) in the vacuum chamber is bene?cial to increase the 
throughput of the vacuum process. 

[0006] In addition, there are many processes Where it is 
desired to provide a How of hot refrigerant through the 
evaporator for an extended period of time. For purposes of 
this application, We refer to this as a “bakeout” operation. 
This is bene?cial When the element being alternately heated 
and cooled by the refrigerant has a large thermal mass, and 
Where the temperature response as a function of time is 
longer than about one to ?ve minutes. In such cases, a 
prolonged How of high temperature refrigerant is required to 
alloW thermal conduction of the heat to occur until all 
surfaces reach the desired minimum temperature. In addi 
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tion, a common procedure in vacuum chambers is a mode 
Where the surfaces in the chamber are heated to high 
temperatures, typically of 150° C. to 300° C. Such high 
temperatures Will radiate to all surfaces in the chamber, 
including the element cooled and heated by the refrigerant. 
Exposing the refrigerant and any residual compressor oil 
resident in the element to such high temperatures When no 
refrigerant How is occurring through the element presents 
the risk of overheating the resident refrigerant With conse 
quent decomposition of the refrigerant and/or the oil. There 
fore, providing continuous How of high temperature refrig 
erant (typically 80 to 120° C.), While the chamber is being 
heated, controls the temperature of the refrigerant and oil 
and prevents any possible decomposition. 

[0007] There are many vacuum processes that have the 
need for such very loW temperature cooling. The chief use 
is to provide Water vapor cryopumping for vacuum systems. 
The very loW temperature surface captures and holds Water 
vapor molecules at a much higher rate than they are released. 
The net effect is to quickly and signi?cantly loWer the 
chamber’s Water vapor partial pressure. This process of 
Water vapor cryopumping is very useful for many physical 
vapor deposition processes in the vacuum coating industry 
for electronic storage media, optical re?ectors, metalliZed 
parts, semiconductor devices, etc. This process is also used 
for remove moisture from food products and biological 
products in freeZe drying operations. 

[0008] Another application involves thermal radiation 
shielding. In this application large panels are cooled to very 
loW temperatures. These cooled panels intercept radiant heat 
from vacuum chamber surfaces and heaters. This can reduce 
the heat load on surfaces being cooled to temperatures loWer 
than that of the panels. Yet another application is the removal 
of heat from objects being manufactured. In some applica 
tions the object is an aluminum disc for a computer hard 
drive, a silicon Wafer for the manufacture of a semiconduc 
tor device, or a material such as glass or plastic for a ?at 
panel display. In these cases, the very loW temperature 
provides a means for removing heat from these objects more 
rapidly, even though the obj ect’s ?nal temperature at the end 
of the process step may be higher than room temperature. 

[0009] Further, some applications involving hard disc 
drive media, silicon Wafers, or ?at panel display material, or 
other substrates, involve the deposition of material onto 
these objects. In such cases heat is released from the object 
as a result of the deposition and this heat must be removed 
While maintaining the object Within prescribed temperatures. 
Cooling a surface like a platen is the typical means of 
removing heat from such objects. In all these cases an 
interface betWeen the refrigeration system and the object to 
be cooled is proceeding in the evaporator Where the refrig 
erant is removing heat from the object at very loW tempera 
tures. 

[0010] Still other applications of very loW temperatures 
include the storage of biological ?uids and tissues and 
control of reaction rates in chemical and pharmaceutical 
processes. 

[0011] Conventional refrigeration systems have histori 
cally utiliZed chlorinated refrigerants, Which have been 
determined to be detrimental to the environment and are 
knoWn to contribute to oZone depletion. Thus, increasingly 
restrictive environmental regulations have driven the refrig 
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eration industry away from chlorinated ?uorocarbons 
(CFCs) to hydrochloro?uorocarbons (HCFCs). Provisions 
of the Montreal Protocol require a phase out of HCFC’s and 
a European Union laW bans the use of HCFCs in refrigera 
tion systems as of Jan. 1, 2001. Therefore the development 
of an alternate refrigerant mixture is required. Hydro?uro 
carbon (HFC) refrigerants are good candidates that are 
non?ammable, have loW toxicity and are commercially 
available. 

[0012] Prior art very loW temperature systems used ?am 
mable components to manage oil. The oils used in very loW 
temperature systems using chlorinated refrigerants had good 
miscibility With the Warmer boiling components that are 
capable of being lique?ed at room temperature When pres 
suriZed. Colder boiling HFC refrigerants such as R-23 are 
not miscible With these oils and do not readily liquefy until 
they encounter colder parts of the refrigeration process. This 
immiscibility causes the compressor oil to separate and 
freeZeout, Which in turn leads to system failure due to 
blocked tubes, strainers, valves or throttle devices. To pro 
vide miscibility at these loWer temperatures, ethane is con 
ventionally added to the refrigerant mixture. Unfortunately, 
ethane is ?ammable, Which can limit customer acceptance 
and can invoke additional requirements for system controls, 
installation requirements and cost. Therefore, elimination of 
ethane or other ?ammable component is preferred. 

[0013] Refrigeration systems such as those described 
above require a mixture of refrigerants that Will not freeZ 
eout from the refrigerant mixture. A “freeZeout” condition in 
a refrigeration system occurs When one or more refrigerant 
components, or the compressor oil, becomes solid or 
extremely viscous to the point Where it does not ?oW. During 
normal operation of a refrigeration system, the suction 
pressure decreases as the temperature decreases. If a freeZ 
eout condition occurs, the suction pressure tends to drop 
even further creating positive feedback and further reducing 
the temperature, causing even more freeZeout. 

[0014] What is needed is a Way to prevent freeZeout in a 
mixed refrigerant refrigeration system. HFC refrigerants 
available have Warmer freeZing points than the HCFC and 
CFC refrigerants that they replace. The limits of these 
refrigerant mixtures With regard to freeZeout are disclosed in 
US. application for patent Ser. No. 09/886,936. As men 
tioned above, the use of hydrocarbons is undesirable due to 
their ?ammability. HoWever, elimination of ?ammable com 
ponents causes additional di?iculties in the management of 
freeZeout since the HFC refrigerants that can be used instead 
of ?ammable hydrocarbon refrigerants typically have 
Warmer freeZing points. 

[0015] Typically freeZeout occurs When the external ther 
mal load on the refrigeration system becomes very loW. 
Some very loW temperature systems use a subcooler that 
takes a portion of the loWest temperature high-pressure 
refrigerant and uses this to cool the high-pressure refriger 
ant. This is accomplished by expanding this refrigerant 
portion and using it to feed the loW-pressure side of the 
subcooler. Thus When ?oW to the evaporator is stopped, 
internal ?oW and heat transfer continues alloWing the high 
pressure refrigerant to become progressively colder. This in 
turn results in colder temperatures of the expanded refrig 
erant entering the subcooler. Depending on the overall 
system design, refrigerant components in circulation at the 
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cold end of the system, and the operating pressures of the 
system, it is possible to achieve freeZeout temperatures. 
Since margin must be provided relative to such a condition 
as freeZeout, the resulting refrigeration design Will often be 
limited as the overall system is designed to never encounter 
a freeZeout condition. 

[0016] Another challenge When using hydro?uorocarbons 
(HFCs) as refrigerants is that these refrigerants are immis 
cible in alkylbenZene oil and therefore, a polyolester (POE) 
(1998 ASHRAE Refrigeration Handbook, chapter 7, page 
7.4, American Society of Heating, Refrigeration and Air 
Conditioning Engineers) compressor oil is used to be com 
patible With the HFC refrigerants. Selection of the appro 
priate oil is essential for very loW temperature systems 
because the oil must not only provide good compressor 
lubrication, it also must not separate and freeZeout from the 
refrigerant at very loW temperatures. 

[0017] US. application for patent U.S. Ser. No. 09/894, 
964 describes a method of freeZeout prevention on a very 
loW temperature mixed refrigerant system as referenced in 
this application. Although this method proved effective for 
the systems it Was employed on, it Was not able to provide 
the required control. This is because, using a valve to 
increase the pressure of the upstream loW-pressure refriger 
ant to prevent freeZeout reduced the refrigeration perfor 
mance of the system. The disclosed valve has to be adjusted 
manually, and it is not practical to adjust it manually as 
needed for the different modes of operation (i.e. cool, 
defrost, standby and bakeout). 

[0018] In general a large number of bypass methods are 
employed in conventional refrigeration systems. These sys 
tems, operating typically at temperatures of —400 C. or 
Warmer, employ a single refrigerant component, or a mixture 
of refrigerants With closely spaced boiling points that behave 
similar to a single refrigerant components. On such systems, 
control methods make use of the correspondence betWeen 
the saturated refrigerant temperature and the saturated 
refrigerant pressure. On single refrigerant components the 
nature of this correspondence is such that When a tWo-phase 
mixture (liquid and vapor phase) is present, only the tem 
perature or pressure of the refrigerant need be speci?ed to 
knoW the other. With mixed refrigerant systems commonly 
employed, With closely spaced boiling points, small devia 
tions occur from this temperature pressure correspondence 
but they behave and are treated in a similar fashion as single 
component refrigerants. 

[0019] The invention disclosed relates to a very loW 
temperature refrigeration system employing a mixed refrig 
erant With Widely spaced boiling points. A typical blend Will 
have boiling points that differ by 100 to 2000 C. For the 
purposes of this disclosure a very loW temperature mixed 
refrigerant system (V LTMRS) means a very loW tempera 
ture refrigeration system employing a mixed refrigerant With 
at least tWo components Whose normal boiling points differ 
by at least 500 C. For such mixtures, the deviations from 
single refrigerant components are so signi?cant that the 
correspondence betWeen saturated temperature and satu 
rated pressure is more complicated. 

[0020] Due to the added number of degrees of freedom 
provided by these additional components and the fact that 
these components behave much differently from each other 
due to their Widely spaced boiling points, the refrigerant 
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mixture composition, the liquid fraction, and the tempera 
ture (or pressure) must be speci?ed in order for the pressure 
(or temperature) to be determined. Therefore, control meth 
ods from conventional single refrigerant or mixtures With 
behavior similar to a single refrigerant, cannot be applied to 
a VLTMRS in the same manner as conventional systems due 

to this difference in temperature-pressure correspondence. 
Although similar from a schematic representation the appli 
cation of these devices in a VLTMRS is different from prior 
art due the differences in the pressure temperature corre 
spondence. 
[0021] As a simple example, conventional refrigeration 
system controls rely heavily on the fact that controlling the 
condenser temperature Will control the discharge pressure. 
Therefore, a control valve that controls condenser tempera 
ture Will control the discharge pressure in a very predictable 
manner regardless of the mode of operation or the thermal 
load on the evaporator. In contrast, a VLTMRS using 
components With Widely spaced boiling points Will experi 
ence large changes in the compressor discharge pressure due 
to changes in the evaporator load and mode of operation, 
even if the circulating mixture and condenser temperature 
are unchanged. 

[0022] Therefore, some of the schematics shoWn Which 
embody the invention Will be familiar to those practiced in 
conventional refrigeration. An overvieW of prior art control 
methods is given in Chapter 45 of the 2002 edition of the 
Refrigeration Volume of the ASHRAE handbook. The 
present system differs from these prior art systems in that the 
application involves refrigerants With different pressure 
temperature characteristics, or more speci?cally, these 
refrigerants have no determined pressure temperature cor 
respondence, as do conventional refrigerants. Therefore, the 
interaction of the control components and the refrigerants is 
different. 

[0023] Forrest et al., US. Pat. No. 4,763,486, describes a 
VLTMRS that incorporates an internal condensate bypass. 
In this method, liquid refrigerant from various phase sepa 
rators in the process is bypassed to the inlet of the evapo 
rator. The stated purpose of this method is to provide 
temperature and capacity control of the evaporator cooling, 
and to provide stable operation of the system. As de?ned, 
this method requires How of refrigerant through the evapo 
rator to provide some level of cooling. No mention is made 
of a standby mode or a bakeout mode and the schematic 
clearly shoWs that the methods shoWn cannot be used in a 
standby mode or a bakeout mode. This invention describes 
the dif?culty of starting systems With various numbers of 
phase separators. 
[0024] Since the time of this patent, many variations of 
VLTMRS have been demonstrated, With varying numbers of 
phase separators, With phase separators that Were full or 
partial separators, and With no phase separators. These 
demonstrated systems have been successfully operated With 
out utiliZing Forrest et al. It is possible that conditions being 
prevented by Forrest et al. relate to the fact that VLTMRS 
require a minimal ?oW rate to support proper tWo-phase How 
of refrigerant. Without adequate How, the symptoms avoided 
by Forrest et al. Would be expected. Also, Forrest et al. does 
not make use of a discharge line oil separator. It is knoWn 
that compressor oil in the VLTMRS can lead to blocking of 
How passages and lead to the types of symptoms that Forrest 
et al. seeks to avoid. 
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[0025] Further, the current application prevents freeZeout 
of the refrigerants in the process. Unlike conventional refrig 
eration systems Where this is not a normal concern, since 
they typically operated 50° C. or Warmer than the freeZing 
points of the refrigerants used in the very loW temperature 
systems disclosed, freeZe out is an important consideration. 

SUMMARY OF THE INVENTION 

[0026] The present invention discloses methods to prevent 
freeZeout of refrigerants and oil in a refrigeration process. 
The methods of the present invention are especially useful in 
very loW temperature refrigeration systems or processes, 
using mixed-refrigerant systems, such as auto-refrigerating 
cascade cycle, Klimenko cycle, or single expansion device 
systems. The refrigeration system is comprised of at least 
one compressor and a throttle cycle of either a single (no 
phase separators) or multi stage (at least one phase separa 
tor) arrangement. Multi stage throttle cycles are also referred 
to as auto-refrigerating cascade cycles and are characteriZed 
by the use of at least one refrigerant vapor-liquid phase 
separator in the refrigeration process. 

[0027] The freeZeout prevention methods of the present 
invention are useful in a refrigeration system having an 
extended defrost cycle (bakeout). As Will be discussed, the 
use of a bakeout requires additional consideration, Which is 
addressed by these methods. 

[0028] An advantage of the present invention is that 
methods to prevent freeZeout of the refrigerant mixture are 
disclosed for use in very loW temperature refrigeration 
systems. 

[0029] A further advantage of this invention is the stability 
of systems utiliZing the disclosed methods over a range of 
operating [cool, defrost, standby or bakeout] modes. 

[0030] Yet another advantage of the invention is the ability 
to operate the VLTMRS near the freeZeout point of the 
refrigerant mixture. 

[0031] Still other objects and advantages of the invention 
Will be apparent in the speci?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] For better understanding of the invention, reference 
is had to the folloWing description taken in connection With 
the accompanying draWings, in Which: 

[0033] FIG. 1 is a schematic of a very loW temperature 
refrigeration system With bypass circuitry in accordance 
With the invention. 

[0034] FIG. 2 is a schematic of a method to prevent 
freeZeout by using a controlled internal bypass of refrigerant 
in accordance With the invention. 

[0035] FIG. 3 is a schematic of another alternative method 
to prevent freeZeout by using a controlled internal bypass of 
refrigerant in accordance With the invention. 

[0036] FIG. 4 is a schematic of yet another method to 
prevent freeZeout by using a controlled bypass of refrigerant 
in accordance With the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] FIG. 1 shoWs a prior art very loW temperature 
refrigeration system 100 to Which features in accordance 
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With the present invention are added. Details of the prior art 
system are disclosed in US. patent application Ser. No. 
09/870,385 incorporated herein by reference and made a part 
hereof. Refrigeration system 100 includes a compressor 104 
feeding an inlet of an optional oil separator 108 feeding a 
condenser 112 via a discharge line 110. Condenser 112 
subsequently feeds a ?lter drier 114 feeding a ?rst supply 
input of a refrigeration process 118 via a liquid line output 
116. Further details of refrigeration process 118 are shoWn 
in FIG. 2. An oil separator is not required When oil is not 
circulated to lubricate the compressor. 

[0038] Refrigeration process 118 provides a refrigerant 
supply line output 120 output that feeds an inlet of a feed 
valve 122. The refrigerant exiting feed valve 122 is high 
pressure refrigerant at very loW temperature, typically —90 to 
—2080 C. A ?ow-metering device (FMD) 124 is arranged in 
series With a cool valve 128. Likewise, an FMD 126 is 
arranged in series With a cool valve 130. The series com 
bination of FMD 124 and cool valve 128 is arranged in 
parallel With the series combination of FMD 126 and cool 
valve 130, Where the inlets of FMDs 124 and 126 are 
connected together at a node that is fed by an outlet of feed 
valve 122. Furthermore, the outlets of cool valves 128 and 
130 are connected together at a node that feeds an inlet of a 
cryo-isolation valve 132. An outlet of cryo-isolation valve 
132 provides an evaporator supply line output 134 that feeds 
a customer-installed (generally) evaporator coil 136. 

[0039] The opposing end of evaporator 136 provides an 
evaporator return line 138 feeding an inlet of a cryo 
isolation valve 140. An outlet of cryo-isolation valve 140 
feeds an inlet of a very loW temperature ?oW sWitch 152 via 
internal return line 142. An outlet of cryogenic ?oW sWitch 
152 feeds an inlet of a return valve 144. An outlet of return 
valve 144 feeds an inlet of a check valve 146 that feeds a 
second input (loW pressure) of refrigeration process 118 via 
a refrigerant return line 148. 

[0040] A temperature sWitch (TS) 150 is thermally 
coupled to refrigerant return line 148 betWeen check valve 
146 and refrigeration process 118. Additionally, a plurality 
of temperature sWitches, having different trip points, are 
thermally coupled along internal return line 142. A TS 158, 
a TS 160, and a TS 162 are thermally coupled to internal 
return line 142 betWeen cryo-isolation valve 140 and return 
valve 144. 

[0041] The refrigeration loop is closed from a return outlet 
of refrigeration process 118 to an inlet of compressor 104 via 
a compressor suction line 164. A pressure sWitch (PS) 196 
located in close proximity of the inlet of compressor 104 is 
pneumatically connected to compressor suction line 164. 
Additionally, an oil return line 109 of oil separator 108 feeds 
into compressor suction line 164. Refrigeration system 100 
further includes an expansion tank 192 connected to com 
pressor suction line 164. An FMD 194 is arranged inline 
betWeen the inlet of expansion tank 192 and compressor 
suction line 164. 

[0042] A defrost supply loop (high pressure) Within refrig 
eration system 100 is formed as folloWs: An inlet of a feed 
valve 176 is connected at a node A located in discharge line 
110. A defrost valve 178 is arranged in series With an FMD 
182; likeWise, a defrost valve 180 is arranged in series With 
an FMD 184. The series combination of defrost valve 178 
and FMD 182 is arranged in parallel With the series com 
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bination of defrost valve 180 and FMD 184, Where the inlets 
of defrost valves 178 and 180 are connected together at a 
node B that is fed by an outlet of feed valve 176. Further 
more, the outlets of FMDs 182 and 184 are connected 
together at a node C that feeds a line that closes the defrost 
supply loop by connecting in the line at a node D betWeen 
cool valve 128 and cryo-isolation valve 132. 

[0043] A refrigerant return bypass (loW pressure) loop 
Within refrigeration system 100 is formed as folloWs: A 
bypass line 186 is fed from a node E located in the line 
betWeen cryogenic ?oW sWitch 152 and return valve 144. 
Connected in series in bypass line 186 are a bypass valve 
188 and a service valve 190. The refrigerant return bypass 
loop is completed by an outlet of service valve 190 con 
necting to a node F located in compressor suction line 164 
betWeen refrigeration process 118 and compressor 104. 

[0044] With the exception ofTS 150, TS 158, TS 160, and 
TS 162, all elements of refrigeration system 100 are 
mechanically and hydraulically connected. 

[0045] A safety circuit 198 provides control to, and 
receives feedback from, a plurality of control devices dis 
posed Within refrigeration system 100, such as pressure and 
temperature sWitches. PS 196, TS 150, TS 158, TS 160, and 
TS 162 are examples of such devices; hoWever, there are 
many other sensing devices disposed Within refrigeration 
system 100, Which are for simplicity not shoWn in FIG. 1. 
Pressure sWitches, including PS 196, are typically pneumati 
cally connected, Whereas temperature switches, including 
TS 150, TS 158, TS 160, and TS 162, are typically thermally 
coupled to the How lines Within refrigeration system 100. 
The controls from safety circuit 198 are electrical in nature. 
LikeWise, the feedback from the various sensing devices to 
safety circuit 198 is electrical in nature. 

[0046] Refrigeration system 100 is a very loW temperature 
refrigeration system and its basic operation, Which is the 
removal and relocation of heat, is Well knoWn in the art. 
Refrigeration system 100 of the present invention uses pure 
or mixed refrigerant. 

[0047] With the exception of cryo-isolation valves 132 
and 140, the individual elements of refrigeration system 100 
are Well knoWn in the industry (i.e., compressor 104, oil 
separator 108, condenser 112, ?lter drier 114, refrigeration 
process 118, feed valve 122, FMD 124, cool valve 128, 
FMD 126, cool valve 130, evaporator coil 136, return valve 
144, check valve 146, TS 150, TS 158, TS 160, TS 162, feed 
valve 176, defrost valve 178, FMD 182, defrost valve 180, 
FMD 184, bypass valve 188, service valve 190, expansion 
tank 192, FMD 194, PS 196, and safety circuit 198). 
Additionally, cryogenic ?oW sWitch 152 is fully described in 
US. application for patent U.S. Ser. No. 09/886,936. For 
clarity hoWever, some brief discussion of the elements is 
included beloW. 

[0048] Compressor 104 is a conventional compressor that 
takes loW-pressure, loW-temperature refrigerant gas and 
compresses it to high-pressure, high-temperature gas that is 
fed to oil separator 108. 

[0049] Oil separator 108 is a conventional oil separator in 
Which the compressed mass ?oW from compressor 104 
enters into a larger separator chamber that loWers the veloc 
ity, thereby forming atomiZed oil droplets that collect on the 
impingement screen surface or a coalescing element. As the 
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oil droplets agglomerate into larger particles they fall to the 
bottom of the separator oil reservoir and return to compres 
sor 104 via compressor suction line 164. The mass ?oW from 
oil separator 108, minus the oil removed, continues to How 
toWard node A and onWard to condenser 112. 

[0050] The hot, high-pressure gas from compressor 104 
travels through oil separator 108 and then through condenser 
112. Condenser 112 is a conventional condenser, and is the 
part of the system Where the heat is rejected by condensa 
tion. As the hot gas travels through condenser 112, it is 
cooled by air or Water passing through or over it. As the hot 
gas refrigerant cools, drops of liquid refrigerant form Within 
its coil. Eventually, When the gas reaches the end of con 
denser 112, it has condensed partially; that is, liquid and 
vapor refrigerant are present. In order for condenser 112 to 
function correctly, the air or Water passing through or over 
the condenser 112 must be cooler than the Working ?uid of 
the system. For some special applications the refrigerant 
mixture Will be composed such that no condensation occurs 
in the condenser. 

[0051] The refrigerant from condenser 112 ?oWs onWard 
through ?lter drier 114. Filter drier 114 functions to adsorb 
system contaminants, such as Water, Which can create acids, 
and to provide physical ?ltration. The refrigerant from ?lter 
drier 114 then feeds refrigeration process 118. 

[0052] Refrigeration process 118 can be any refrigeration 
system or process, such as a single-refrigerant system, a 
mixed-refrigerant system, normal refrigeration processes, an 
individual stage of a cascade refrigeration processes, an 
auto-refrigerating cascade cycle, or a Klimenko cycle. For 
the purposes of illustration in this disclosure, refrigeration 
process 118 is shoWn in FIG. 2 as a variation of an 
auto-refrigerating cascade cycle that is also described by 
Klimenko. 

[0053] Several items shoWn in FIG. 1 are not required for 
a basic refrigeration unit Whose sole purpose is to deliver 
very loW temperature refrigerant. The system depicted in 
FIG. 1 is a system capable of defrost and bakeout fractions. 
If these functions are not needed then the loops that bypass 
refrigeration process 118 can be deleted and the essential 
bene?t of the disclosed methods are still applicable. Simi 
larly some of the valves and other devices shoWn are not 
required for the disclosed methods to be bene?cial. As a 
minimum though, a refrigeration system must comprise 
compressor 104, condenser 112, refrigeration process 118, 
FMD 124, and evaporator 136. 

[0054] Several basic variations of refrigeration process 
118 shoWn in FIG. 2 are possible. Refrigeration process 118 
may be one stage of a cascaded system, Wherein the initial 
condensation of refrigerant in condenser 112 may be pro 
vided by loW temperature refrigerant from another stage of 
refrigeration. Similarly, the refrigerant produced by the 
refrigeration process 118 may be used to cool and liquefy 
refrigerant of a loWer temperature cascade process. Further, 
FIG. 1 shoWs a single compressor. It is recogniZed that this 
same compression effect can be obtained using tWo com 
pressors in parallel, or that the compression process may be 
broken up into stages via compressors in series or a tWo 
stage compressor. All of these possible variations are con 
sidered to be Within the scope of this disclosure. 

[0055] Further, the FIGS. 1 through 4 are associated With 
only one evaporator coil 136. In principle the methods 
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disclosed could be applied to multiple evaporator coils 136 
cooled by a single refrigeration process 118. In such a 
construction, each independently controlled evaporator coil 
136 requires a separate set of valves and FMD’s to control 
the feed of refrigerants (i.e. defrost valve 180, FMD 184, 
defrost valve 178, FMD 182, FMD 126, cool valve 130, 
FMD 124, and cool valve 128) and the valves required to 
control the bypass (i.e., check valve 146 and bypass valve 
188). 
[0056] Evaporator 136, as shoWn, can be incorporated as 
part of the complete refrigeration system 100. In other 
arrangements evaporator 136 is provided by the customer or 
other third parties and is assembled upon installation of the 
complete refrigeration system 100. Fabrication of evapora 
tor 136 is oftentimes very simple and may consist of copper 
or stainless steel tubing. 

[0057] Feed valve 176 and service valve 190 are standard 
diaphragm valves or proportional valves, such as Superior 
Packless Valves (Washington, Pa.), that provide some ser 
vice functionality to isolate components if needed. 

[0058] Expansion tank 192 is a conventional reservoir in 
a refrigeration system that accommodates increased refrig 
erant volume caused by evaporation and expansion of refrig 
erant gas due to heating. In this case, When refrigeration 
system 100 is off, refrigerant vapor enters expansion tank 
192 through FMD 194. 

[0059] Cool valve 128, cool valve 130, defrost valve 178, 
defrost valve 180, and bypass valve 188, are standard 
solenoid valves, such as Sporlan (Washington, Mo.) models 
xuj, B-6 and B-l9 valves. Alternatively, cool valves 128 and 
130 are proportional valves With closed loop feedback, or 
thermal expansion valves. 

[0060] Optional check valve 146 is a conventional check 
valve that alloWs How in only one direction. Check valve 
146 opens and closes in response to the refrigerant pressures 
being exerted on it. (Additional description of check valve 
146 folloWs.) Since this valve is exposed to very loW 
temperature it must be made of materials compatible With 
these temperatures. In addition, the valve must have the 
proper pressure rating. Further, it is preferred that the valve 
have no seals that Would permit leaks of refrigerant to the 
environment. Preferably, it should connect via braZing or 
Welding. An example check valve is a series UNSW check 
valve from Check-All Valve (West Des Moines, IoWa). This 
valve is only required in those applications requiring a 
bakeout function. 

[0061] FMD 124, FMD 126, FMD 182, FMD 184, and 
FMD 196 are conventional ?oW metering devices, such as a 
capillary tube, an ori?ce, a proportional valve With feedback, 
or any restrictive element that controls How. 

[0062] Feed valve 122, cryo-isolation valves 132 and 140, 
and return valve 144 are typically standard diaphragm 
valves, such as manufactured by Superior Valve Co. HoW 
ever, standard diaphragm valves are dif?cult to operate at 
very loW temperature temperatures because small amounts 
of ice can build up in the threads, thereby preventing 
operation. Alternatively, Polycold (San Rafael, Calif.) has 
developed an improved very loW temperature shutoff valve 
to be used for cryo-isolation valves 132 and 140 in very loW 
temperature refrigeration system 100. The alternate embodi 
ment of cryo-isolation valves 132 and 140 is described as 
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follows. Cryo-isolation valves 132 and 140 have extension 
shafts incased in sealed stainless steel tubes that are nitrogen 
or air ?lled. A compression ?tting and O-ring arrangement 
at the Warm end of the shafts provides a seal as the shafts are 
turned. As a result, the shafts of cryo-isolation valves 132 
and 140 can be turned even at very loW temperature tem 
peratures. This shaft arrangement provides thermal isolation, 
thereby preventing frost buildup. 

[0063] The evaporator surface to be heated or cooled is 
represented by evaporator coil 136. Examples of customer 
installed evaporator coil 136 are a coil of metal tubing or a 
platen of some sort, such as a stainless steel table that has a 
tube thermally bonded to it or a table Which has refrigerant 
?oW channels machined into it. 

[0064] FIG. 2 illustrates an exemplary refrigeration pro 
cess 118 in accordance With the invention. For the purposes 
of illustration in this disclosure, refrigeration process 118 is 
shoWn in FIG. 2 as an auto-refrigerating cascade cycle. 
HoWever, refrigeration process 118 of very loW temperature 
refrigeration system 100 can be any refrigeration system or 
process, such as a single-refrigerant system, a mixed-refrig 
erant system, normal refrigeration processes, an individual 
stage of a cascade refrigeration processes, an auto-refriger 
ating cascade cycle, a Klimenko cycle, etc. 

[0065] More speci?cally, refrigeration process 118 may be 
an autorefrigerating cascade process system With a single 
stage cryocooler having no phase separation, (LongsWorth, 
US. Pat. No. 5,441,658), a Missimer type autorefrigerating 
cascade, (Missimer U.S. Pat. No. 3,768,273), or a Klimenko 
type (i.e., single phase separator) system. Also refrigeration 
process 118 may be a variation of these processes such as 
described in Forrest, U.S. Pat. No. 4,597,267 or Missimer, 
U.S. Pat. No. 4,535,597. 

[0066] Essential to the invention is that the refrigeration 
process used must contain at least one means of ?oWing 
refrigerant through the refrigeration process during the 
defrost mode or the standby (no How to the evaporator) 
mode. In the case of a single expansion device cooler, or a 
single refrigerant system, a valve (not shoWn) and FMD (not 
shoWn) are required to alloW refrigerant to How through the 
refrigeration process from the high-pressure side to the 
loW-pressure side. This assures that refrigerant ?oWs 
through the condenser 112 so that heat may be rejected from 
the system. This also assures that during defrost loW 
pressure refrigerant from refrigeration process 118 Will be 
present to mix With the returning defrost refrigerant from 
line 186. In the stabiliZed cool mode the internal ?oW from 
high side to loW side can be stopped by closing this valve for 
those refrigeration processes that do not require such an 
internal refrigeration ?oW path to achieve the desired refrig 
eration e?fect (systems that traditionally have a single FMD). 

[0067] It is critical that the refrigeration process continue 
to operate even When cooling of the evaporator is not 
required. Continued operation maintains the very loW tem 
peratures in the refrigeration 118 and provides the capability 
of rapid cooling of the evaporator When needed. 

[0068] Refrigeration process 118 of FIG. 2 includes a heat 
exchanger 202, a phase separator 204, a heat exchanger 206, 
and a heat exchanger 208. In the supply ?oW path, refrig 
erant ?oWing in liquid line 116 feeds heat exchanger 202, 
Which feeds phase separator 204, Which feeds heat 
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exchanger 206, Which feeds heat exchanger 208, Which 
feeds optional heat exchanger 212. The high-pressure outlet 
from heat exchanger 212 is split at node G. One branch feeds 
FMD 214, and the other feeds refrigerant supply line 120. 
Heat exchanger 212 is knoWn as a subcooler. Some refrig 
eration processes do not require it and therefore it is an 
optional element. If heat exchanger 212 is not used then the 
high-pressure ?oW exiting heat exchanger 208 directly feeds 
refrigerant supply line 120. In the return ?oW path, refrig 
erant return line 148 feeds heat exchanger 208. 

[0069] In systems With a subcooler, the loW-pressure 
refrigerant exiting the subcooler is mixed With refrigerant 
return ?oW at node H and the resulting mixed ?oW feeds heat 
exchanger 208. LoW-pressure refrigerant exiting heat 
exchanger 208 feeds heat exchanger 206. The liquid fraction 
removed by the phase separator is expanded to loW pressure 
by an FMD 210. Refrigerant ?oWs from FMD 210 and then 
is blended With the loW pressure refrigerant ?oWing from 
heat exchanger 208 to heat exchanger 206. This mixed ?oW 
feeds heat exchanger 206 Which in turn feeds heat exchanger 
202, Which subsequently feeds compressor suction line 164. 
The heat exchangers exchange heat betWeen the high 
pressure refrigerant and the loW-pressure refrigerant. 

[0070] In more elaborate auto refrigerating cascade sys 
tems additional stages of separation may be employed in 
refrigeration process 118, as described by Missimer and 
Forrest. 

[0071] Heat exchangers 202, 206, 208, and 212 are 
devices that are Well knoWn in the industry for transferring 
the heat of one substance to another. Phase separator 204 is 
a device that is Well knoWn in the industry for separating the 
refrigerant liquid and vapor phases. FIG. 2 shoWs one phase 
separator; hoWever, typically there is more than one. 

[0072] Heat Exchanger 212 is commonly referred to as a 
subcooler. There is the potential for confusion because 
conventional refrigeration systems also have a device called 
a subcooler. In conventional refrigeration a subcooler refers 
to a heat exchanger using evaporator return gas to cool the 
condensed discharge refrigerant that enters at room tem 
perature. In such a system, the How on each side of the heat 
exchanger is alWays balances. On a systems depicted in this 
application, the subcooler serves a different function. It does 
not exchange heat With returning evaporator refrigerant. 
Instead, it diverts some discharge refrigerant from the 
evaporator and uses it to make the refrigerant destined to the 
evaporator colder. It is referred to as a subcooler since in 
some instances it can create a subcooled liquid, hoWever, it 
functions in a much different manner than a conventional 
subcooler. 

[0073] For clarity, for the purposes of this application, a 
subcooler refers to a heat exchanger employed in a very loW 
temperature mixed refrigerant temperature system and oper 
ates by diverting a portion of the coldest high pressure 
refrigerant in the system to be used to cool the high pressure 
refrigerant. 

[0074] The ?uid ?oWing through the heat exchangers in a 
very loW temperature mixed refrigerant process is typically 
in the form of a tWo phase mixture at most points of the 
process. Therefore, maintaining adequate ?uid velocity to 
maintain homogeneity of the mixture is required to prevent 
the liquid and vapor portions of the How from separating and 



US 2006/0130503 A1 

degrading the performance of the system. Where a system 
functions in several operating modes, such as the systems 
embodying this invention, maintaining sufficient refrigerant 
How to properly manage this tWo phase How is critical for 
assuring reliable operation. 
[0075] With continuing reference to FIGS. 1 and 2, the 
operation of very loW temperature refrigeration system 100 
is as folloWs: 

[0076] The hot, high-pressure gas from compressor 104 
travels through optional oil separator 108 and then through 
condenser 112 Where it is cooled by air or Water passing 
through or over it. When the gas reaches the end of con 
denser 112, it has condensed partially and is a mixture of 
liquid and vapor refrigerant. 

[0077] The liquid and vapor refrigerant from condenser 
112 ?oWs through ?lter drier 114, and then feeds refrigera 
tion process 118. Refrigeration process 118 of very loW 
temperature refrigeration system 100 typically has an inter 
nal refrigerant ?oW path from high to loW pressure. Refrig 
eration process 118 produces very cold refrigerant (-90 to 
—2080 C.) at high pressure that ?oWs to cold gas feed valve 
122 via refrigerant supply line 120. 

[0078] The cold refrigerant exits feed valve 122 and feeds 
the series combination of FMD 124 and full How cool valve 
128 arranged in parallel With the series combination of FMD 
126 and restricted How cool valve 130, Where the outlets of 
cool valves 128 and 130 are connected together at a node D 
that feeds the inlet of cryo-isolation valve 132. 

[0079] Evaporator coil 136 is positioned betWeen cryo 
isolation valve 132 and cryo-isolation valve 140, Which act 
as shutoff valves. Cryo-isolation valve 132 feeds evaporator 
supply line 134, Which connects to the evaporator surface to 
be heated or cooled, i.e. evaporator coil 136. The opposing 
end of the evaporator surface to be heated or cooled, i.e., 
evaporator coil 136, connects to evaporator return line 138, 
Which feeds the inlet of cryo-isolation valve 140. 

[0080] The return refrigerant from evaporator coil 136 
?oWs through cryo-isolation valve 140 to very loW tempera 
ture ?oW sWitch 152. 

[0081] The return refrigerant ?oWs from the outlet of 
cryogenic ?oW sWitch 152 through return valve 144, and 
subsequently to check valve 146. Check valve 146 is a 
spring-loaded cryogenic check valve With a typical required 
cracking pressure of betWeen 1 and 10 psi. That is to say that 
the differential pressure across check valve 146 must exceed 
the cracking pressure to alloW ?oW. Alternatively, check 
valve 146 is a cryogenic on/olf valve, or a cryogenic 
proportional valve of sufficient siZe to minimiZe the pressure 
drop. The outlet of check valve 146 feeds refrigeration 
process 118 via refrigerant return line 148. Check valve 146 
plays an essential role in the operation of refrigeration 
system 100 of the present invention. 

[0082] It should be noted that feed valve 122 and return 
valve 144 are optional and someWhat redundant to cryo 
isolation valve 132 and cryo-isolation valve 140, respec 
tively. HoWever, feed valve 122 and return valve 144 do 
provide some service functionality to isolate components if 
needed in servicing the system. 

[0083] Very loW temperature refrigeration system 100 is 
differentiated from conventional refrigeration systems pri 
marily by the 
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[0084] very loW temperatures that it achieves; 

[0085] by the fact that it utiliZes a mixture of refrigerants 
Where the mixture is comprised of refrigerants With boiling 
points that differ by at least 50° C. since these refrigerant 
mixtures behave much differently than prior art conventional 
refrigeration systems; 

[0086] by the fact that it is used in a system that can 
operate in more than just a cool mode, ie defrost, standby 
and bakeout modes and thereby need to encompass a Wide 
range of operating conditions; 

[0087] and by the fact that it provides an active prevention 
of refrigerant freeZeout by the methods disclosed in this 
application. 

[0088] These di?ferentiations apply to all of the embodi 
ments of this invention discussed in this disclosure. 

[0089] Examples of speci?c refrigerants that can be used 
in the VLTMRS used in this invention are discussed in Us. 
applications for patent U.S. Ser. No. 09/728,501, U.S. Ser. 
No. 09/894,968 and Us. Pat. No. 5,441,658 (LongsWorth) 
the disclosures of Which are incorporated herein and made a 
part hereof. For completeness, some select mixed refriger 
ants are (With reference made to “R” numbers as de?ned by 
ASHRAE standard number 34) and With a range of potential 
molar fractions in parenthesis: 

[0090] Blend A comprising R-123 (0.01 to 0.45), R-124 
(0.0 to 0.25), R-23 (0.0 to 0.4), R-14 (0.05 to 0.5), and argon 
(0.0 to 0.4) 

[0091] Blend B comprising R-236fa (0.01 to 0.45), R-125 
(0.0 to 0.25). R-23 (0.0 to 0.4), R-14 (0.05 to 0.5) and argon 
(0.0 to 0.4) 

[0092] Blend C comprising R-245fa, (0.01 to 0.45), R-125 
(0.0 to 0.25), R-23 (0.0 to 0.4), R-14 (0.05 to 0.5) and argon 
(0.0 to 0.4) 

[0093] Blend D comprising R-236fa (0.0 to 0.45), R-245fa 
(0.0 to 0.45), R-134a, R-125 (0.0 to 0.25), R-218 (0.0 to 
0.25), R-23 (0.0 to 0.4), R-14 (0.05 to 0.5), argon (0.0 to 
0.4), nitrogen (0.0 to 0.4) and Neon (0.0 to 0.2) 

[0094] Blend E comprising propane (0.0 to 0.5), ethane 
(0.0 to 0.3), methane (0.0 to 0.4), argon (0.0 to 0.4), nitrogen 
(0.0 to 0.5), and neon (0.0 to 0.3). 

[0095] It is recogniZed that the potential combinations of 
the above blends and blend components is potentially in? 
nite. Also, it is expected that some combinations of different 
blend components are expected to be useful in some appli 
cations. Further, it is expected that other components not 
listed may be added. HoWever, blends making use of the 
above components in the above listed ratios, and in combi 
nation With other listed blends are Within the scope of this 
invention. 

[0096] In the case of a conventional refrigeration system 
Where check valve 146 is not present, the return refrigerant 
goes directly into refrigeration process 118 (in either cool or 
defrost mode). HoWever, during a defrost cycle, it is typical 
that refrigeration process 118 is terminated When the return 
refrigerant temperature to refrigeration process 118 reaches 
+20o C., Which is the typical temperature at the end of the 
defrost cycle. At that point the +200 C. refrigerant is mixing 
With very cold refrigerant Within refrigeration process 118. 
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The mixing of room temperature and very cold refrigerant 
Within refrigeration process 118 can only be tolerated for a 
short period of time before refrigeration process 118 
becomes overloaded, as there is too much heat being added. 
Refrigeration process 118 is strained to produce very cold 
refrigerant While being loaded With Warm return refrigerant, 
and the refrigerant pressure eventually exceeds its operating 
limits, thereby causing refrigeration process 118 to be shut 
doWn by the safety system 198 in order to protect itself. As 
a result the defrost cycle in a conventional refrigeration 
system is limited to approximately 2 to 4 minutes and to a 
maximum refrigerant return temperature of about +20o C. 

[0097] By contrast hoWever, very loW temperature refrig 
eration system 100 has check valve 146 in the return path to 
refrigeration process 118 and a return bypass loop around 
refrigeration process 118, from node E to F, via bypass line 
186, bypass valve 188, and service valve 190, thereby 
alloWing a different response to the Warm refrigerant retum 
ing during a defrost cycle. Like feed valve 122 and return 
valve 144, service valve 190 is not a requirement but 
provides some service functionality to isolate components if 
service is needed. 

[0098] During a defrost cycle, When the return refrigerant 
temperature Within refrigeration process 118 reaches, for 
example, —400 C. or Warmer due to the Warm refrigerant 
mixing With cold refrigerant, the bypass line from node E to 
F is opened around refrigeration process 118. As a result, the 
Warm refrigerant is alloWed to ?oW into compressor suction 
line 164 and then on to compressor 104. Bypass valve 188 
and service valve 190 are opened due to the action of TS 
158, TS 160, and TS 162. For example, TS 158 is acting as 
the “defrost plus sWitch” having a set point of >—25o C. TS 
160 (optional) is acting as the “defrost terminating sWitch” 
having a set point of >420 C. TS 162 is acting as the “cool 
return limit sWitch” having a set point of >—80o C. In 
general, TS 158, TS 160, and TS 162, respond based on the 
temperature of the return line refrigerant and based on the 
operating mode (i.e. defrost or cool mode), in order to 
control Which valves to turn on/olf to control the rate of 
heating or cooling by refrigeration system 100. Some appli 
cations require a continuous defrost operation, also referred 
to as a bakeout mode. In these cases TS 160 is not needed 
to terminate the defrost since continuous operation of this 
mode is required. 

[0099] Essential to the operation is that the differential 
pressure betWeen nodes E and F, When there is ?oW through 
bypass valve 188 and service valve 190, has to be such that 
the differential pressure across check valve 146 does not 
exceed its cracking pressure (i.e., 5 to 10 psi). This is 
important because, by nature, ?uids take the path of least 
resistance; therefore, the ?oW must be balanced correctly. If 
the pressure across bypass valve 188 and service valve 190 
Were alloWed to exceed the cracking pressure of check valve 
146, then ?oW Would start through check valve 146. This is 
not desirable because the Warm refrigerant Would start to 
dump back into the refrigeration process 118 at the same 
time that Warm refrigerant is entering compressor suction 
line 164 and feeding compressor 104. Simultaneous ?oW 
through check valve 146 and the bypass loop from node E 
to F Would cause refrigeration system 100 to become 
unstable, and Would create a runaWay mode in Which 
everything gets Warmer, the head pressure (compressor 
discharge) becomes higher, the suction pressure becomes 
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higher, causing more ?oW to refrigeration process 118, and 
the pressure at E becomes even higher, eventually causing 
shutdoWn of refrigeration system 100. 

[0100] This condition can be prevented if a device such as 
PS 196 is used to interrupt the ?oW of hot gas to the 
refrigeration process if the suction pressure exceeds a pre 
determined value. Since the mass ?oW rate of refrigeration 
system 100 is largely governed by the suction pressure, this 
becomes an effective means of limiting ?oW rate in a safe 
range. Fall of the suction pressure beloW a predetermined 
limit PS 196 Will reset and again permit resumption of the 
defrost process. 

[0101] Thus, for proper operation during a defrost cycle of 
refrigeration system 100, the ?oW balance through bypass 
valve 188 and service valve 190, vs. check valve 146 are 
controlled carefully to provide the proper balance of ?oW 
resistance. Design parameters around the ?oW balance issue 
include pipe siZe, valve siZe, and ?oW coe?icient of each 
valve. In addition, the pressure drop through the refrigera 
tion process 118 on the suction (loW pressure) side may vary 
from process to process and needs to be determined. The 
pressure drop in refrigeration process 118 plus the cracking 
pressure of check valve 146 is the maximum pressure that 
the defrost return bypass line from E to F can tolerate. 

[0102] Bypass valve 188 and service valve 190 are not 
opened immediately upon entering a defrost cycle. The time 
in Which the bypass ?oW begins is determined by the set 
points of TS 158, TS 160, and TS 162, Whereby the ?oW is 
delayed until the return refrigerant temperature reaches a 
more normal level, thereby alloWing the use of more stan 
dard components that are typically designed for —400 C. or 
Warmer and avoiding the need for more costly components 
rated for temperatures colder than —400 C. 

[0103] Under the control of TS 158, TS 160, and TS 162, 
the refrigerant temperature of the ?uid returning to node F 
of compressor suction line 164 and mixing With the suction 
return gas from refrigeration process 118 is set. The refrig 
erant mixture subsequently ?oWs to compressor 104. The 
expected return refrigerant temperature for compressor 104 
is typically —400 C. or Warmer; therefore, ?uid at node E 
being —400 C. or Warmer is acceptable, and Within the 
operating limits of the compressor 104. This is another 
consideration When choosing the set points of TS 158, TS 
160, and TS 162. 

[0104] There are tWo limits of choosing the set points of 
TS 158, TS 160, and TS 162. Firstly, the defrost bypass 
return refrigerant temperature cannot be selected as such a 
high temperature that refrigeration process 118 shuts itself 
off because of high discharge pressure. Secondly, the defrost 
bypass return refrigerant temperature cannot be so cold that 
the return refrigerant ?oWing though bypass line 186 is 
colder than can be tolerated by bypass valve 188 and service 
valve 190. Nor can the return refrigerant, When mixed at 
node F With the return of refrigeration process 118, be beloW 
the operating limit of the compressor 104. Typical crossover 
temperature at node E is betWeen —40 and +20 oc. 

[0105] To summariZe, the defrost cycle return ?oW in the 
refrigeration system 100 does not alloW the defrost gas to 
return to refrigeration process 118 continuously during the 
defrost cycle. Instead, refrigeration system 100 causes a 
return bypass (node E to F) to prevent overload of refrig 
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eration process 118, thereby allowing the defrost cycle to 
operate continuously. TS 158, TS 160, and TS 162 control 
When to open the defrost return bypass from nodes E to F. 
In cool mode the defrost return bypass from nodes E to F is 
not alloWed once very loW temperatures are achieved. 

[0106] Having discussed the defrost cycle return path of 
refrigeration system 100, a discussion of the defrost cycle 
supply path folloWs, With continuing reference to FIG. 1. 
During the defrost cycle, the hot, high-pressure gas ?oW 
from compressor 104 is via node A of discharge line 110 
located doWnstream of the optional oil separator 108. The 
hot gas temperature at node A is typically betWeen 80 and 
1300 C. 

[0107] The hot gas bypasses refrigeration process 118 at 
node A and does not enter condenser 112, as the How is 
diverted by opening solenoid defrost valve 178 or solenoid 
defrost valve 180 and having valves 128 and 130 in a closed 
condition. As described in FIG. 1, defrost valve 178 is 
arranged in series With FMD 182; likeWise, defrost valve 
180 is arranged in series With FMD 184. The series com 
bination of defrost valve 178 and FMD 182 is arranged in 
parallel betWeen nodes B and C With the series combination 
of defrost valve 180 and FMD 184. Defrost valve 178 or 
defrost valve 180 and its associated FMD maybe operated in 
parallel or separately depending on the How requirements. 

[0108] It is important to note that the number of parallel 
paths, each having a defrost valve in series With an FMD, 
betWeen nodes B and C of refrigeration system 100 is not 
limited to tWo, as shoWn in FIG. 1. Several ?oW paths 
maybe present betWeen nodes B and C, Where the desired 
?oW rate is determined by selecting parallel path combina 
tions. For example, there could be a 10% How path, a 20% 
How path, a 30% How path, etc. The How from node C is 
then directed to node D and subsequently through cryo 
isolation valve 132 and to the customer’s evaporator coil 
136 for any desired length of time provided that the return 
bypass loop, node E to node F, through bypass valve 188 is 
present. The defrost supply loop from node A to node D is 
a standard defrost loop used in conventional refrigeration 
systems. HoWever, the addition of defrost valve 178, defrost 
valve 180, and their associated FMDs is a unique feature of 
refrigeration system 100 that alloWs controlled ?oW. Alter 
natively, defrost valves 178 and 180 are themselves suffi 
cient metering devices, thereby eliminating the requirement 
for further ?oW control devices, i.e., FMD 182 and FMD 
184. 

[0109] Having discussed the defrost cycle of refrigeration 
system 100, a discussion of the use of the defrost return 
bypass loop during the cool cycle folloWs, With continuing 
reference to FIG. 1. In the cool mode, bypass valve 188 is 
typically closed; therefore, the hot refrigerant ?oWs from 
nodes E to F through refrigeration process 118. HoWever, 
monitoring the refrigerant temperature of refrigerant return 
line 142 can be used to cause bypass valve 188 to open in 
the initial stage of cool mode When the refrigerant tempera 
ture at node E is high but falling. Enabling the defrost return 
bypass loop assists in avoiding further loads to refrigeration 
process 118 during this time. When refrigerant temperature 
at node E reaches the crossover temperature, previously 
discussed (i.e., —400 C. or Warmer), bypass valve 188 is 
closed. Bypass valve 188 is opened using different set points 
for cool mode vs. bakeout. 
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[0110] Also pertaining to the cool cycle, cool valves 128 
and 130 may be pulsed using a “chopper” circuit (not 
shoWn) having a typical period about 1 minute. This is useful 
to limit the rate of change during cool doWn mode. Cool 
valve 128 and cool valve 130 have different siZed FMDs. 
Thus the How is regulated in an open loop fashion, as the 
path restriction is different through cool valve 128 than 
through cool valve 130. The path is then selected as needed. 
Alternatively, one How path maybe completely open, the 
other pulsed, etc. 

[0111] Providing continuous operation of refrigeration 
system 100 as it is started, and is operated in the standby, 
defrost, and cool modes requires the proper balancing of the 
refrigerant components described in this disclosure. If the 
refrigerant blend does not have the correct components in 
the correct range of composition, a fault condition Will be 
experienced Which causes refrigeration system 100 to be 
turned off by the control system. Typical fault conditions are 
loW suction pressure, high discharge pressure or high dis 
charge temperature. Sensors to detect each of these condi 
tions are required to be included in refrigeration system 100 
and included in the safety interlock of the control system. 
We have demonstrated that the disclosed methods of freeZ 
eout prevention can be successfully applied in various 
operating modes Without causing the unit to shut off on any 
fault condition. 

[0112] Reliable operation of a very loW temperature mixed 
refrigerant system (VLTMRS) requires that the refrigerant 
not freeZe. Unfortunately it is dif?cult to predict When a 
particular refrigerant mixture Will freeZe. Application for 
patent U.S. Ser. No. 09/894,968 discusses speci?c freeZeout 
temperatures of speci?c refrigerant blends. The actual freeZ 
eout temperature of a mixture can be predicted With various 
analytical tools provided detailed interaction parameter data 
is knoWn. HoWever, this data is typically not available, and 
empirical tests have to be performed to assess the point at 
Which freeZeout Will occur. 

[0113] It is possible to conceive of alternative methods of 
preventing freeZeout by utiliZing a large bypass of refriger 
ant around the refrigeration process or by reducing the 
compressor ?oW rate so as to limit the amount of refrigera 
tion produced by the refrigeration process 118 When cooling 
is not needed for the evaporator. The problem With these 
methods is that the degree to Which the refrigerant How 
Would have to be reduced Would prevent the heat exchangers 
from operating properly as the heat exchangers require a 
minimum ?oW rate to support tWo-phase How. 

[0114] Also, as previously disclosed, it is important to 
maintain very loW temperatures in the refrigeration process 
to support rapid cooling of the evaporator. Therefore, high 
How in the heat exchanger must be maintained. HoWever, 
high ?oW With no evaporator load results in colder tempera 
tures in refrigeration process 118 Which can lead to freeZ 
eout. 

[0115] For a given VLTMRS the evaporator and internal 
heat exchanger temperatures Will vary based on the thermal 
load on the evaporator and the mode of operation. When in 
the cool mode, evaporator temperatures may span a range of 
50° C. from the highest evaporator load, or maximum rated 
load (Warmest evaporator temperature) to the loWest evapo 
rator load (loWest evaporator temperature). Therefore, opti 
miZing the system hardWare and the refrigerant mixture for 
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operation at the maximum rated load may cause problems of 
freeZeout When the system has little or no evaporator load, 
or When the system has no external load and is operating in 
the standby, defrost or bakeout mode. This is especially 
important When the neWer HFC refrigerants are used since 
these refrigerants tend to have Warmer freeZing points than 
their CFC and HCFC predecessors. Therefore, a system 
capable of functioning Without freeZeout at conditions other 
than maximum rated load is a critical requirement of VLT 
MRS users. 

[0116] FIG. 2 shoWs one method of preventing refrigerant 
freeZeout in accordance With the invention. The How path 
from phase separator 204 to FMD 216 is controlled by valve 
218. This How is blended at node I With loW-pressure 
refrigerant entering subcooler 212. If no subcooler is used 
then this How stream is blended With the coldest loW 
pressure stream that Will exchange heat With the coldest 
high-pressure refrigerant. For example, if no subcooler Were 
present, this How stream Would blend returning refrigerant 
from line 48 at node H. The purpose of this bypass is to 
Warm the loW-pressure How; this causes the coldest high 
pressure refrigerant to be Warmed. The activation of this 
How bypass is controlled by valve 218. This valve needs to 
be rated for the pressures, temperatures and How rates 
required for the refrigeration process. As an example, valve 
218 is model xuj valve from the Sporlan Valve Company. 
FMD 216 is any means of regulating the How as required. In 
some cases a capillary tube is suf?cient. Other applications 
require an adjustable restriction. In some cases the control 
and How regulation features of valve 218 and FMD 216 are 
combined into a single proportional valve. 

[0117] Prior art mixed refrigerant very loW temperature 
refrigeration systems similar to those described in this 
application, lacked valve 218, FMD 216 and the associated 
bypass loop described herein. It is the use of these compo 
nents and the associated plumbing shoWn in FIG. 2 that 
distinguishes the invention from the prior art. 

[0118] The selection of a source of Warm refrigerant for 
this freeZeout prevention method deserves additional atten 
tion. The preferred method, as shoWn in FIG. 2, is to remove 
a gas phase from the loWest temperature phase separator in 
the system. This Will typically assure that the freeZeout 
temperature of this stream is colder than or equal to the 
freeZeout temperature of the stream With Which it is mixed. 
This is a general rule since the loWer boiling refrigerants 
Which Will be present in higher concentrations at the phase 
separator typically have colder freeZing points. The ultimate 
criteria is that the blend used to Warm the cold end of the 
refrigeration system 118 must have a freeZing temperature at 
least as loW as the stream that it is Warming. In some special 
conditions the resulting mixture Will have a freeZing point 
that is Warmer or colder than the freeZing point of either 
individual stream. In such a case the criteria is that freeZeout 
does not occur in either stream before or after mixing occurs. 

[0119] Further, in systems Without phase separators, the 
source of the Warm refrigerant could be any high-pressure 
refrigerant available in the system. Since no phase separators 
are used the circulating mixture is identical throughout the 
system, provided a homogeneous mixture of liquid and 
vapor are supported throughout the system. If the system 
uses an oil separator, the source of Warm refrigerant should 
be after the phase separator. 
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[0120] Forrest et al., U.S. Pat. No. 4,763,486, describes a 
method of temperature and capacity control for a VLTMRS 
that uses liquid condensate from phase separators that are 
mixed With evaporator inlet. The bypass of liquid conden 
sate is not consistent With the current invention since liquid 
condensate Will be enriched With Warmer boiling refriger 
ants, Which are typically the components With the Warmest 
freeZing points. Therefore, applying the Forrest et al. process 
Would increase the likelihood of refrigerant freeZeout since 
the resulting mixture Would have a Warmer freeZing point. 

[0121] Further, the Forrest et al. process requires that the 
bypass ?oW enter the evaporator. Therefore, such a method 
cannot be used in a standby mode or a bakeout mode since 
this method Would cause cooling of the evaporator. In 
contrast, the standby and bakeout modes require that no 
evaporator cooling take place. 

[0122] Forrest et al. does not discuss operation in the 
proximity of the freeZeout temperatures of the mixture. In 
contrast, Forrest’s control method operates at Warm tem 
perature and is turned off at temperatures beloW about —l00° 
C. The temperatures concerning freeZeout in VLTMRS are 
typically —130° C. or colder. Therefore, the methods 
described by Forrest et al, Will not prevent freeZeout and Will 
not support operation in the standby or bakeout modes. 

[0123] In accordance With the teaching of this invention, 
many other methods of bypassing ?oW for the purpose of 
heating are possible. As an example, the liquid from the 
phase separator, or the tWo-phase mixture feeding the phase 
separator could suf?ce, provided that they have a loWer 
freeZing point than the stream With Which they are mixed. 
There are potentially an in?nite number of possible combi 
nations of liquid and vapor ratios that could be employed. 
These combinations can be further expanded by considering 
mixtures With more than one Warm stream mixing together 
With the cold stream. The essence of this ?rst embodiment 
of the invention is the routing of a Warm stream through one 
or more How control devices to blend With loW-pressure 
refrigerant that exchanges heat With the coldest high-pres 
sure refrigerant thereby causing the temperature of the 
refrigerant to be suf?ciently Warm such that freeZeout does 
not occur. 

[0124] When an active method of freeZeout prevention is 
used, tests have shoWn that the method used and the controls 
used in that method determine Whether or not such a bakeout 
mode can be used in a successful manner. In some cases it 

Was observed that improper balance of the methods dis 
closed lead to an unstable operation Where the suction 
pressure continues to rise. Even With a control to interrupt 
bakeout ?oW via PS 196, it Was still observed that the 
suction pressure Would repeatedly reach unacceptably high 
levels, resulting in an overload of the check valve spring 
force. Therefore either a series of capillary tubes Would be 
needed, to be used and controlled separately or together to 
affect varying degrees of How restriction based on the 
operating mode and or conditions or alternatively a propor 
tional valve could be used to regulate the How as needed. 

[0125] In general, using a How of gas, or a gas and liquid 
mixture from a phase separator to FMD 216 provides the 
simplest means of control. This is because the How of gas or 
gas plus liquid through a capillary tube is less sensitive to 
changes in the doWnstream pressure. By contrast, How of 
liquid through the capillary tube becomes more sensitive to 
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changes in the downstream pressure. Use of a refrigerant 
mixture that is not fully lique?ed When entering FMD 216 
enables use of a capillary tube and provides a simple and 
effective means to prevent freeZeout While tolerating sig 
ni?cant changes in suction pressure during cool, defrost and 
bakeout modes. 

[0126] In general it is preferred that the ratio of gas and 
liquid fed to the FMD is controlled Within some determined 
limits. Failure to do so Will cause variations in the effec 
tiveness of the method When used in an open control loop, 
especially in the case Where the FMD is a ?xed restriction 
such as a capillary tube. However, even With a capillary 
tube, variations of the inlet ratio can be tolerated provided 
that the capillary tube Was siZed With consideration of these 
variations. In the speci?c case tested a capillary tube With an 
internal diameter of 0.044 inches and a length of 36 inches 
caused a Warming of the coldest high-pressure refrigerant of 
at least 3° C. and as much as 15° C. depending on the 
operating conditions. This Was suf?cient to prevent freeZ 
eout in any operating mode. 

[0127] The amount of Warming that is needed to prevent 
freeZeout is very small since it is only required to keep the 
freeZeout temperature from being reached. In principal, a 
temperature of 0.01 degree ° C. is suf?cient to prevent 
freeZeout for a mixture Whose composition is Well knoWn. In 
other cases, Where manufacturing processes, operating con 
ditions, and other variables can cause variation in the 
mixture composition, a greater margin is needed to assure 
that freeZeout is prevented. In cases of such uncertainty, the 
range of possible variation and the impact on freeZeout 
temperature must be assessed. HoWever, in most cases a 
Warming of 5° C. should provide an adequate margin. 

[0128] The typical range of Warming for a method of 
freeZeout prevention Will be 0.01 to 30° C. As tested, the 
methods described in this invention provided Warming, 
relative to the freeZeout temperature, of about 4 to 20 C. This 
typical range of 0.01 to 30° C. of Warming, or operation of 
a VLTMRS Within 0.01 to 30° C. of the freeZeout tempera 
ture, applies regardless of the particular embodiment being 
considered. 

[0129] FIG. 2 provides a schematic representation of the 
invention utiliZing an open loop control method. That is, no 
control signal is needed to monitor and regulate the opera 
tion. The basic control mechanisms are the control valve 218 
and FMD 216. Valve 218 is opened based on the mode of 
operation. The modes requiring freeZeout prevention are 
determined in the design process and included in the design 
of the system control. FMD 216 is siZed to provide an 
appropriate amount of How for the range of operating 
conditions expected. This approach has the advantage of loW 
implementation cost and simplicity. 

[0130] An alternative arrangement, in keeping With the 
invention, is the use of a closed loop feedback control 
system. Such a system requires a temperature sensor (not 
shoWn) at the coldest part of the system Where freeZeout is 
to be prevented. This output signal from this sensor is input 
to a control device (not shoWn) such as an Omega (Stam 
ford, Conn.) P&ID temperature controller. The controller is 
programmed With the appropriate set points and its outputs 
are used to control valve 218. 

[0131] Valve 218 can be one of several types. It can be 
either an on/olf valve that is controlled by varying the 
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amount of on time and off time. Alternatively valve 218 is 
a proportional control valve that is controlled to regulate the 
How rate. In the case that valve 218 is a proportional control 
valve FMD 216 may not be needed. 

[0132] FIG. 2 associates With a VLTMRS that includes 
subcooler 212. In particular, the mixing location of the Warm 
refrigerant to be used to prevent freeZeout is shoWn relative 
to the subcooler. As previously discussed, the subcooler is 
optional. Therefore other arrangements are possible in 
accordance With the invention. 

[0133] In an alternative embodiment, a system Without a 
subcooler mixes the Warm refrigerant With the coldest 
loW-pressure refrigerant location (not shoWn). It is to be 
understood that the heat exchangers shoWn in FIG. 2 are 
successively colder: Heat exchanger 212 is the coldest, Heat 
Exchanger 208 is Warmer than Heat Exchanger 212, Heat 
Exchanger 206 is Warmer than Heat Exchanger 208, Heat 
Exchanger 204 is Warmer than Heat Exchanger 206 and 
Heat Exchanger 202 is Warmer than Heat Exchanger 204. 
And of course to provide heat transfer, the high-pressure 
stream is Warmer than the loW-pressure stream in each heat 
exchanger. When no subcooler is present then Heat 
Exchanger 208, or the last heat exchanger at the cold end of 
the refrigeration process is by de?nition the coldest heat 
exchanger. 

[0134] It is recognized that small modi?cations of the 
point Where the Warm refrigerant is mixed With cold refrig 
erant are possible. It is expected that introducing this refrig 
erant to mix With any loW temperature, loW pressure refrig 
erant Will provide some bene?t, provided the loW 
temperature refrigerant is no Warmer than 20° C. of the 
coldest loW pressure refrigerant and such modi?cations are 
Within the scope of this invention. 

[0135] FIG. 3 illustrates a second embodiment of the 
invention. In this embodiment a different method of pre 
venting freeZeout is described. The coldest liquid refrigerant 
at node G is split to a third branch that feeds valve 318 and 
FMD 316. The exiting ?oW from FMD 316 mixes at node H 
With ?oWs exiting from the subcooler 212 and the return 
refrigerant stream 148. As in the ?rst embodiment the goal 
is to eliminate the potential for freeZeout. 

[0136] In the second embodiment, freeZeout is prevented 
by keeping a loWer ?oW rate of refrigerant through the 
loW-pressure side of subcooler 212 than through the high 
pressure side of subcooler 212. This causes the high-pres 
sure ?oW exiting subcooler 212 to be Warmer. Adjusting the 
ratio of How that bypasses directly from node G to H causes 
varying degrees of Warming of the refrigerant exiting the 
high-pressure side of subcooler 212 and consequently causes 
a Warming of the expanded refrigerant entering the loW 
pressure side of subcooler 212. The more How that is 
bypassed around the subcooler, the Warmer the cold end 
temperatures. 

[0137] In contrast, prior art systems did not use this 
method and had equal ?oWs on both sides of the subcooler, 
When How to the evaporator Was turned off. This method 
Worked Well in systems With a basic defrost method When 
the FMD 316 consisted of a capillary tube. HoWever, When 
used on a system With a bakeout mode varying the How 
capacity of FMD 316 Was required. Therefore either a series 
of capillary tubes Would be needed, to be used and con 
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trolled separately or together to affect varying degrees of 
How restriction based on the operating mode and or condi 
tions or alternatively a proportional valve could be used to 
regulate the How as needed. 

[0138] FIG. 3 provides a schematic representation in 
keeping With the invention of an open loop control method. 
That is, no control signal is needed to monitor and regulate 
the operation. The basic control mechanisms are the control 
valve 318 and FMD 316. Valve 318 is opened based on the 
mode of operation. The modes requiring freeZeout preven 
tion are determined in the design process and included in the 
design of the system control. FMD 316 is siZed to provide 
an appropriate amount of How for the range of operating 
conditions expected. This approach has the advantage of loW 
implementation cost and simplicity. 

[0139] An alternative arrangement, in keeping With the 
invention, is the use of a closed loop feedback control 
system. Such a system adds a temperature sensor (not 
shoWn) at the coldest part of the system Where freeZeout 
needs to be prevented. This output signal from this sensor is 
input to a control device (not shoWn) such as an Omega 
(Stamford, Conn.) P&ID temperature controller. The con 
troller is programmed With the appropriate set points and its 
outputs are used to control valve 318. 

[0140] Valve 318 can be one of several types. It can be 
either an on/olf valve that is controlled by varying the 
amount of on time and off time. Alternatively valve 318 is 
a proportional control valve that is controlled to regulate the 
How rate. In the case that valve 318 is a proportional control 
valve FMD 316 may not be needed. 

[0141] FIG. 3 shoWs a VLTMRS that includes subcooler 
212. In particular, the source location and mixing location of 
the Warm refrigerant to be used to prevent freeZeout is 
shoWn relative to subcooler 212. As previously discussed, 
subcooler 212 is optional. Therefore other arrangements are 
possible in accordance With the invention. In an alternative 
embodiment, a system Without a subcooler Would divert the 
coldest high pressure refrigerant and mix the Warm refrig 
erant at the loW pressure outlet of the coldest heat exchanger 
(not shoWn) such that the coldest heat exchanger has a loWer 
mass ?oW rate on the loW pressure side than on the high 
pressure side. 

[0142] It is recogniZed that small modi?cations of the 
point Where the Warm refrigerant is mixed With cold refrig 
erant are possible. It is expected that introducing this refrig 
erant to mix With any loW temperature, loW pressure refrig 
erant Will provide some bene?t, provided the loW 
temperature refrigerant is Within 20° C. of the temperature 
of loW pressure refrigerant exiting the coldest heat 
exchanger and such modi?cations Will be considered to be 
Within the scope of this invention. 

[0143] In a third embodiment of the invention, FIG. 4 
depicts another alternate method to manage refrigerant 
freeZeout. In this case modi?cations are made to compo 
nents typically located near the compressor. Typically these 
can be components that operate from room temperature to 
no colder than —400 C. This is shoWn as refrigeration system 
200, Which is modi?ed from refrigeration system 100 by the 
addition of control valve 418 and FMD 416. This arrange 
ment provides a means to bypass refrigerant ?oW from high 
pressure to loW pressure and to bypass the refrigeration 
process 118. 
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[0144] This has a number of effects. TWo of these effects, 
considered to be the most important, are a reduction in the 
How rate through the refrigeration process and an increase in 
the loW pressure of the refrigeration system. When a suffi 
cient amount of How is bypassed through these additional 
components, freeZeout is prevented in the refrigeration pro 
cess. HoWever, as disclosed above, if the amount of How 
diverted from the refrigeration process is too great, the 
minimal ?oW required for good heat exchanger performance 
Will not be maintained. Therefore, the maximum amount of 
bypass must be limited to assure suf?cient How in each heat 
exchanger in the system. 

[0145] As With the second embodiment, this method 
Worked Well for a system With a normal defrost and standby 
mode (no How to evaporator), When a ?xed tubing Was used 
as the FMD. HoWever, to handle operation in the bakeout 
mode, such a ?xed FMD caused unacceptably high suction 
pressures. In the speci?c case tested, a 20 cfm compressor 
Was used. The bypass line With a 0.15" ID Was suf?cient to 
prevent freeZeout in the bakeout mode and did not cause 
excessive pressure. HoWever, its use in standby did not 
provide enough How. When the tubing Was enlarged to 3/8" 
OD copper tubing, the How in standby Was successful in 
eliminating freeZeout but excessive suction pressures devel 
oped in the bakeout mode. 

[0146] This experience shoWs that having tWo or more 
?xed tube elements operating separately or in combination 
could be used to manage the requirements of the various 
operating modes and conditions. Alternatively, a propor 
tional valve such as a thermal expansion valve, or a pres 
sure-regulating valve, such as a crankcase-regulating valve, 
could be used to modulate the refrigerant ?oW at the required 
level. 

[0147] FIG. 4 provides a schematic representation of the 
invention With an open loop control method. That is, no 
control signal is needed to monitor and regulate the opera 
tion. The basic control mechanisms are the control valve 418 
and FMD 416. Valve 418 is opened based on the mode of 
operation. The modes requiring freeZeout prevention are 
determined in the design process and included in the design 
of the system control. FMD 416 is siZed to provide an 
appropriate amount of How for the range of operating 
conditions expected. This approach has the advantage of loW 
implementation cost and simplicity. An alternative arrange 
ment, in keeping With the invention, is the use of a closed 
loop feedback control system. Such a system adds a tem 
perature sensor (not shoWn) at the coldest part of the system 
Where freeZeout needs to be prevented. This output signal 
from this sensor is input to a control device (not shoWn) such 
as an Omega (Stamford, Conn.) P&ID temperature control 
ler. The controller is programmed With the appropriate set 
points and its outputs are used to control valve 418. 

[0148] Valve 418 can be one of several types. It can be 
either an on/olf valve that is controlled by varying the 
amount of on time and off time. Alternatively valve 418 is 
a proportional control valve that is controlled to regulate the 
How rate. In the case that valve 418 is a proportional control 
valve FMD 416 may not be needed. 

[0149] It is recogniZed that modi?cations of the point 
Where the Warm refrigerant is mixed on the suction line are 
possible. It is expected that having this bypass at any 
temperature at the Warmer stages of the process Will have the 
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desired goal of raising the suction pressure and reducing the 
?oW rate in the refrigeration process at the cold end. It is 
expected that this could still provide a bene?t provided that 
the temperature of the bypass refrigerant, at the source or 
prior to mixing, is Warmer than —l00° C. 

[0150] The ?rst second, and third embodiments Were 
typically needed in the standby, defrost and bakeout modes 
for the system they Were tested on. In principle and if 
needed, these methods can also be applied to the cool mode. 
Likewise, depending on the control method employed, these 
can be applied on an as needed basis regardless of the 
operating mode. 

What is claimed is: 
1. A very loW temperature refrigeration system utiliZing 

mixed refrigerants, the system comprising: 

a compressor in ?uid communication With a refrigeration 
process, the refrigeration process including a high 
pressure line on a high pressure side of the refrigeration 
system betWeen the compressor and an evaporator, a 
loW pressure line on a loW pressure side of the refrig 
eration system in a refrigerant return path betWeen the 
evaporator and the compressor, and at least one heat 
exchanger cooling refrigerant in the high pressure line 
from refrigerant in the loW pressure line; and 

a freeZe out prevention circuit including a valve, the 
freeZe out prevention circuit bypassing at least a por 
tion of the refrigeration process to prevent freeZe out in 
the mixed refrigerants; 

the freeZe out prevention circuit comprising a bypass loop 
connected either: 

a) from a point in the refrigeration process Where high 
pressure refrigerant ?oWs, prior to Where the high 
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pressure line exits a cold end of the refrigeration 
process, and to a point in the refrigeration process 
Where the coldest loW pressure refrigerant in the system 
?oWs, and Wherein the freeZing point of the Warm high 
pressure refrigerant is no higher than the freeZing point 
of refrigerant at the point in the refrigeration process 
Where the coldest loW pressure refrigerant in the system 
?oWs; or 

b) from a compressor high-pressure refrigerant line 
betWeen the compressor and an entrance to the high 
pressure line of the refrigeration process, and to a 
suction line of the compressor; or 

c) from a point in the refrigeration process Where high 
pressure refrigerant is at its coldest temperature, and to 
a point in the refrigeration process Where loW pressure 
refrigerant exits the coldest of the at least one heat 
exchangers in the refrigeration process, the bypassed 
refrigerant not passing through a heat exchanger 
betWeen the point Where high pressure refrigerant is at 
its coldest temperature and the point Where loW pres 
sure refrigerant exits the coldest of the at least one heat 
exchanger. 

2. The refrigeration system of claim 1 Wherein the freeZe 
out prevention circuit comprises a bypass loop connected 
from the compressor high-pressure refrigerant line betWeen 
the compressor and the entrance to the high pressure line of 
the refrigeration process, and to the suction line of the 
compressor. 

3. The refrigeration system of claim 1 Wherein the bypass 
circuit includes a means of controlling ?uid ?oW through the 
circuit and Wherein the ?uid ?oW is controlled utiliZing an 
on-olf valve and a ?oW-metering device. 

* * * * * 


