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(57) ABSTRACT 

A transcritical vapor compression system that includes a 
?uid circuit circulating a refrigerant in a closed loop. The 
?uid circuit has operably disposed therein, in serial order, a 
compressor, a ?rst heat exchanger, a ?rst capillary tube and 
a second heat exchanger. The compressor compresses the 
refrigerant from a loW pressure to a supercritical pressure. 
The ?rst heat exchanger is positioned in a high pressure side 
of the ?uid circuit and the second heat exchanger is posi 
tioned in a loW pressure side of the ?uid circuit. The ?rst 
capillary tube reduces the pressure of the refrigerant from a 
supercritical pressure to a relatively loWer pressure. The 
refrigerant ?oWs through the ?rst capillary tube at its critical 
velocity and means for controlling the temperature of the 
refrigerant in the ?rst capillary tube are provided. 
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METHOD AND APPARATUS FOR CONTROL OF 
CARBON DIOXIDE GAS COOLER PRESSURE BY 

USE OF A CAPILLARY TUBE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to vapor compression 
systems and, more particularly, to a transcritical vapor 
compression system in Which the e?iciency and capacity of 
the system can be adjusted. 

[0003] 2. Description of the Related Art 

[0004] Vapor compression systems are used in a variety of 
applications including heat pump, air conditioning, and 
refrigeration systems. Such systems typically employ Work 
ing ?uids, or refrigerants, that remain beloW their critical 
pressure throughout the entire vapor compression cycle. 
Some vapor compression systems, hoWever, such as those 
employing carbon dioxide as the refrigerant, typically oper 
ate as transcritical systems Wherein the refrigerant is com 
pressed to a pressure exceeding its critical pressure and 
Wherein the suction pressure of the refrigerant is less than 
the critical pressure of the refrigerant, i.e., is a subcritical 
pressure. The basic structure of such a system includes a 
compressor for compressing the refrigerant to a pressure that 
exceeds its critical pressure. Heat is then removed from the 
refrigerant in a ?rst heat exchanger, e.g., a gas cooler. The 
pressure of the refrigerant exiting the gas cooler is reduced 
in an expansion device and the refrigerant then absorbs 
thermal energy in a second heat exchanger, e.g., an evapo 
rator, before being returned to the compressor. The ?rst heat 
exchanger of such a system can be used for heating pur 
poses, alternatively, the second heat exchanger can be used 
for cooling purposes. 

[0005] FIG. 1 illustrates a typical transcritical vapor com 
pression system 10. In the illustrated example, a tWo stage 
compressor is employed having a ?rst compression mecha 
nism 12 and a second compression mechanism 14. The ?rst 
compression mechanism compresses the refrigerant from a 
suction pressure to an intermediate pressure. An intercooler 
16 is positioned betWeen the ?rst and second compression 
mechanisms and cools the intermediate pressure refrigerant. 
The second compression mechanism then compresses the 
refrigerant from the intermediate pressure to a discharge 
pressure that exceeds the critical pressure of the refrigerant. 
The refrigerant is then cooled in a gas cooler 18. In the 
illustrated example, a suction line heat exchanger 20 further 
cools the high pressure refrigerant before the pressure of the 
refrigerant is reduced by expansion device 22. The refrig 
erant then enters evaporator 24 Where it is boiled and cools 
a secondary medium, such as air, that may be used, for 
example, to cool a refrigerated cabinet. The refrigerant 
discharged from the evaporator 24 passes through the suc 
tion line heat exchanger 20 Where it absorbs thermal energy 
from the high pressure refrigerant before entering the ?rst 
compression mechanism 12 to repeat the cycle. 

[0006] The capacity and e?iciency of such a transcritical 
system can be regulated by regulating the pressure of the 
refrigerant in gas cooler 18. The pressure of the high side gas 
cooler may, in turn, be regulated by regulating the mass of 
refrigerant contained therein Which is dependent upon, 
among other things, the total charge of refrigerant actively 
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circulating through the system. It is knoWn to provide a 
reservoir in communication With the system for retaining a 
variable mass of refrigerant. The total charge of refrigerant 
actively circulating through the system can then be adjusted 
by changing the mass of refrigerant contained Within the 
reservoir. By regulating the mass of refrigerant actively 
circulated through the system, the pres sure of the refrigerant 
in the gas cooler can also be regulated. One problem 
associated With use of such reservoirs to contain a variable 
mass of refrigerant is that they can increase the cost and 
complexity of the system. 

[0007] An alternative apparatus and method for adjusting 
the e?iciency and capacity of a transcritical vapor compres 
sion system is desirable. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a vapor compres 
sion system that includes an expansion device in the form of 
a capillary tube and means for controlling the temperature of 
the refrigerant Within the capillary tube. The temperature of 
the refrigerant Within the capillary tube can be adjusted to 
control the ratio of refrigerant liquid to refrigerant vapor in 
the capillary tube and, thus, the density of the refrigerant 
Within the tube. Regulating the temperature, and conse 
quently density, of the refrigerant also regulates the velocity 
and mass ?oW rate of refrigerant through the capillary tube 
Which in turn regulates the capacity of the system. 

[0009] The invention comprises, in one form thereof, a 
transcritical vapor compression system including a ?uid 
circuit circulating a refrigerant in a closed loop. The ?uid 
circuit has operably disposed therein, in serial order, a 
compressor, a ?rst heat exchanger, a ?rst capillary tube and 
a second heat exchanger. The compressor compresses the 
refrigerant from a loW pressure to a supercritical pressure. 
The ?rst heat exchanger is positioned in a high pressure side 
of the ?uid circuit and the second heat exchanger is posi 
tioned in a loW pressure side of the ?uid circuit. The ?rst 
capillary tube reduces the pressure of the refrigerant from a 
supercritical pressure to a relatively loWer pressure and 
refrigerant passes through the ?rst capillary tube at a veloc 
ity having a maximum value substantially equivalent to the 
critical velocity of the refrigerant. Means for controlling the 
temperature of the refrigerant in the ?rst capillary tube is 
also provided. 

[0010] The present invention comprises, in another form 
thereof, a transcritical vapor compression system including 
a ?uid circuit circulating a refrigerant in a closed loop. The 
?uid circuit has operably disposed therein, in serial order, a 
compressor, a ?rst heat exchanger, a ?rst capillary tube and 
a second heat exchanger. The compressor compresses the 
refrigerant from a loW pressure to a supercritical pressure. 
The ?rst heat exchanger is positioned in a high pressure side 
of the ?uid circuit and the second heat exchanger is posi 
tioned in a loW pressure side of the ?uid circuit. The ?rst 
capillary tube reduces the pressure of the refrigerant from a 
supercritical pressure to a relatively loWer pressure and 
refrigerant passes through the ?rst capillary tube at a veloc 
ity having a maximum value substantially equivalent to the 
critical velocity of the refrigerant. A device disposed in 
thermal exchange With the ?uid circuit proximate the ?rst 
capillary tube is also provided Whereby the temperature of 
the refrigerant in the ?rst capillary tube is adjustable With the 
device. 
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[0011] The present invention comprises, in yet another 
form thereof, a transcritical vapor compression system 
including a ?uid circuit circulating a refrigerant in a closed 
loop. The ?uid circuit has operably disposed therein, in 
serial order, a compressor, a ?rst heat exchanger, a ?rst 
capillary tube and a second heat exchanger. The compressor 
compresses the refrigerant from a loW pressure to a super 
critical pressure. The ?rst heat exchanger is positioned in a 
high pressure side of the ?uid circuit and the second heat 
exchanger is positioned in a loW pressure side of the ?uid 
circuit. The ?rst capillary tube reduces the pressure of the 
refrigerant from a supercritical pressure to a relatively loWer 
pressure and the refrigerant passes through the ?rst capillary 
tube at a velocity having a maximum velocity substantially 
equivalent to the critical velocity of the refrigerant. An 
internal heat exchanger exchanges thermal energy betWeen 
the refrigerant at a ?rst location in the ?uid circuit betWeen 
the ?rst heat exchanger and the ?rst capillary tube and the 
refrigerant at a second location in the loW pressure side of 
the ?uid circuit. 

[0012] The present invention comprises, in a further form 
thereof, a method of controlling a transcritical vapor com 
pression system, including providing a ?uid circuit circu 
lating a refrigerant in a closed loop. The ?uid circuit has 
operably disposed therein, in serial order, a compressor, a 
?rst heat exchanger, a ?rst capillary tube and a second heat 
exchanger. The refrigerant is compressed from a loW pres 
sure to a supercritical pressure in the compressor. Thermal 
energy is removed from the refrigerant in the ?rst heat 
exchanger. The pressure of the refrigerant is reduced as it is 
passed through the ?rst capillary tube. Thermal energy is 
added to the refrigerant in the second heat exchanger. The 
capacity of the system is regulated by controlling the mass 
?oW rate of the refrigerant through the ?rst capillary tube. 
Such a method may involve adjusting the temperature of the 
refrigerant While passing the refrigerant through the ?rst 
capillary tube at a substantially constant velocity. 

[0013] An advantage of the present invention is that the 
capacity and e?iciency of the system can be regulated With 
inexpensive non-moving parts. Thus, the system of the 
present invention is less costly and more reliable than prior 
art systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above mentioned and other features and 
objects of this invention, and the manner of attaining them, 
Will become more apparent and the invention itself Will be 
better understood by reference to the folloWing description 
of an embodiment of the invention taken in conjunction With 
the accompanying draWings, Wherein: 

[0015] FIG. 1 is a schematic representation of a prior art 
vapor compression system; 

[0016] FIG. 2 is a schematic vieW of a vapor compression 
system in accordance With the present invention; 

[0017] FIG. 3 is a graph illustrating the thermodynamic 
properties of carbon dioxide; and 

[0018] FIG. 4 is a schematic vieW of another vapor com 
pression system in accordance With present invention. 

[0019] Corresponding reference characters indicate corre 
sponding parts throughout the several vieWs. Although the 
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exempli?cation set out herein illustrates an embodiment of 
the invention, the embodiment disclosed beloW is not 
intended to be exhaustive or to be construed as limiting the 
scope of the invention to the precise form disclosed. 

DESCRIPTION OF THE PRESENT INVENTION 

[0020] Avapor compression system 30 in accordance With 
the present invention is schematically illustrated in FIG. 2 as 
including a ?uid circuit circulating refrigerant in a closed 
loop. System 30 has a compression mechanism 32 Which 
may be any suitable type of compression mechanism such as 
a rotary, reciprocating or scroll-type compressor mecha 
nism. The compression mechanism 32 compresses the 
refrigerant, e.g., carbon dioxide, from a loW pressure to a 
supercritical pressure. A heat exchanger in the form of a 
conventional gas cooler 38 cools the refrigerant discharged 
from compression mechanism 32. Another heat exchanger in 
the form of suction line heat exchanger 40 further cools the 
high pressure refrigerant. The pressure of the refrigerant is 
reduced from a supercritical pressure to a loWer subcritical 
pressure by an expansion device in the form of a capillary 
tube 42. 

[0021] The capillary tube 42 can be a piece of draWn 
copper tubing, for example. The dimensions of the capillary 
tube 42 can be approximately the same as the typical 
dimensions of a conventional capillary tube. For example, 
the capillary tube 42 can have an inside diameter of approxi 
mately betWeen 0.5 mm and 2.0 mm and a length approxi 
mately between 1 meter and 6 meters, hoWever, capillary 
tubes having other dimensions may also be used With the 
present invention. The inside diameter as Well as an equiva 
lent roughness of the capillary tube 42 can be constant along 
the length of the tube 42. The refrigerant experiences a 
substantial pressure drop from the inlet to the outlet of the 
capillary tube 42. The magnitude of the pressure drop has an 
inverse relationship With the inside diameter of the tube 42. 
Other parameters, hoWever, such as the pressure of the 
refrigerant at the inlet of tube 42 may also affect the 
magnitude of the pressure drop. 

[0022] After the pressure of the refrigerant is reduced by 
capillary tube 42, the refrigerant enters another heat 
exchanger in the form of an evaporator 44 positioned in the 
loW pressure side of the ?uid circuit. The refrigerant absorbs 
thermal energy in the evaporator 44 as the refrigerant is 
converted from a liquid phase to a vapor phase. The evapo 
rator 44 may be of a conventional construction Well knoWn 
in the art. After exiting evaporator 44, the loW or suction 
pressure refrigerant passes through heat exchanger 40 to 
cool the high pressure refrigerant. More particularly, heat 
exchanger 40 exchanges thermal energy betWeen the rela 
tively Warm refrigerant at a ?rst location in the high pressure 
side of the ?uid circuit and the relatively cool refrigerant at 
a second location in the loW pressure side of the ?uid circuit. 
After passing through the heat exchanger 40 on the loW 
pressure side of the ?uid circuit, the refrigerant is returned 
to compression mechanism 32 and the cycle is repeated. 

[0023] Schematically represented ?uid lines or conduits 
35, 37, 41, and 43 provide ?uid communication betWeen 
compression mechanism 32, gas cooler 38, capillary tube 
42, evaporator 44 and compression mechanism 32 in serial 
order. Heat exchanger 40 exchanges thermal energy between 
different points of the ?uid circuit that are located in that 
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portion of the circuit schematically represented by conduits 
37 and 43 cooling the high pressure refrigerant conveyed 
Within line 37. The ?uid circuit extending from the outlet of 
the compression mechanism 32 to the inlet of the compres 
sion mechanism 32 has a high pressure side and a loW 
pressure side. The high pressure side extends from the outlet 
of compression mechanism 32 to capillary tube 42 and 
includes conduit 35, gas cooler 38 and conduit 37. The loW 
pressure side extends from capillary tube 42 to compression 
mechanism 32 and includes conduit 41, evaporator 44 and 
conduit 43. 

[0024] According to the present invention, the system 30 
includes a device for directly or indirectly controlling the 
temperature of the refrigerant in the capillary tube 42. 
Controlling the temperature of the refrigerant in capillary 
tube 42 provides for the regulation of the pressure of the 
refrigerant in the gas cooler 38, and, in turn, the capacity 
and/or ef?ciency of the system 30. For example, the system 
30 may include an auxiliary cooling device in the form of a 
fan 46 for bloWing air over the heat exchanger 40. By 
controlling the speed of fan 46 the rate of cooling of the 
refrigerant in the high pressure side of the ?uid circuit can 
be controlled, The speed of fan 46 may be continuously 
adjustable or have a limited number of different speed 
settings. It Would also be possible to use a single speed fan 
With a damper or other device for controlling the How of air 
over heat exchanger 40. Moreover, the fan 46 may be 
disposed proximate or adjacent the capillary tube 42 such 
that the air flow from the fan 46 may cool the capillary tube 
42 and the refrigerant therein more directly. The fan 46 is 
shoWn as being oriented to bloW air from a loW pressure 
portion 48 to a high pressure portion 50 of the heat 
exchanger 40, hoWever, other con?gurations are also pos 
sible. The fan 46 and the heat exchanger 40 form a tem 
perature adjustment device capable of adjusting the tem 
perature of the refrigerant in the capillary tube 42 and, thus, 
adjusting the capacity of the system as described in greater 
detail beloW. 

[0025] In addition to the fan 46, or in place of the fan 46, 
the system 30 may also include a heater/cooler 52 associated 
With the capillary tube 42. More particularly, the heating/ 
cooling device 52 may be disposed proximate or adjacent 
the capillary tube 42 such that device 52 can heat or cool the 
capillary tube 42 and the refrigerant therein. 

[0026] In operation, the illustrated embodiment of system 
30 is a transcritical system utiliZing carbon dioxide as the 
refrigerant Wherein the refrigerant is compressed above its 
critical pressure and returns to a subcritical pressure With 
each cycle through the vapor compression system. Refrig 
erant enters the capillary tube 42 at a supercritical pressure 
and the pressure of the refrigerant is loWered to a subcritical 
pressure as the refrigerant progresses through the tube 42. 

[0027] The velocity at Which the refrigerant ?oWs through 
the capillary tube 42 increases With increases in the pressure 
differential betWeen the inlet and outlet of capillary tube 42 
until the refrigerant reaches a critical velocity at Which point, 
further increases in the pressure differential betWeen the 
inlet and outlet of the capillary tube Will not substantially 
increase the velocity of the refrigerant Within the capillary 
tube. At this critical or choke velocity, the refrigerant inside 
the capillary tube 42 is moving at approximately the speed 
of sound. Changes in the temperature, and thus density, of 

Jan. 4, 2007 

the refrigerant When the refrigerant is ?oWing through 
capillary tube 42 at or near its critical velocity, Will change 
the mass ?oW rate of the refrigerant through the tube. 
Although changes in the temperature and density of the 
refrigerant may alter the critical velocity of the refrigerant, 
the changes in the density of the refrigerant caused by a 
change in temperature Will be of far greater signi?cance than 
the change in the critical velocity of the refrigerant and, 
consequently, by controlling the temperature of the refrig 
erant through capillary tube 42 When the refrigerant is at or 
near its critical velocity the mass ?oW rate of the refrigerant 
through system 30 can be effectively controlled. 

[0028] Capacity control for a transcritical system is typi 
cally accomplished by regulating the pressure in the gas 
cooler While maintaining the mass ?oW rate of the system 
substantially constant. HoWever, controlling the mass ?oW 
rate While maintaining a substantially constant pressure in 
the gas cooler can also be used to control the capacity of a 
transcritical system. 

[0029] As mentioned above, the mass ?oW rate through 
expansion device 42 can be controlled by regulating the 
vapor/liquid ratio of the refrigerant Within the expansion 
device Which is, in turn, a function of the temperature of the 
refrigerant Within expansion device 42. For example, an 
increase in the temperature of the refrigerant Within the 
expansion device, e.g., capillary tube 42, results in a 
decrease in the liquid/vapor ratio, i.e., a decrease in density, 
of the refrigerant exiting capillary tube 42. When the veloc 
ity of the refrigerant Within capillary tube 42 is at the critical 
or choke velocity and, thus, the velocity of the refrigerant in 
capillary tube 42 is effectively invariable, a decrease in the 
density of the refrigerant results in a corresponding decrease 
in the mass ?oW rate of the refrigerant through the expansion 
device. On the other hand, a decrease in the temperature in 
the expansion device results in an increase in the liquid/ 
vapor ratio, i.e., an increase in density, of the refrigerant 
exiting capillary tube 42 and an increase in the mass ?oW 
rate of the refrigerant through the expansion device. By 
regulating the temperature of the refrigerant in the capillary 
tube 42, the mass ?oW rate through system 30 can thereby 
be controlled and, consequently, the capacity of system 30 
can also be controlled. 

[0030] The thermodynamic properties of carbon dioxide 
are shoWn in the graph of FIG. 3. Lines 80 are isotherms and 
represent the properties of carbon dioxide at a constant 
temperature. Lines 82 and 84 represent the boundary 
betWeen tWo phase conditions and single phase conditions 
and meet at point 86, a maximum pressure point of the 
common line de?ned by lines 82, 84. Line 82 represents the 
liquid saturation curve While line 84 represents the vapor 
saturation curve. 

[0031] The area beloW lines 82, 84 represents the tWo 
phase subcritical region Where boiling of carbon dioxide 
takes place at a constant pressure and temperature. The area 
above point 86 represents the supercritical region Where 
cooling or heating of the carbon dioxide does not change the 
phase (liquid/vapor) of the carbon dioxide. The phase of a 
carbon dioxide in the supercritical region is commonly 
referred to as “gas” instead of liquid or vapor. 

[0032] Point A represents the refrigerant properties as 
discharged from compression mechanism 32 (and at the inlet 
of gas cooler 38). Point B represents the refrigerant prop 
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erties at the inlet to capillary tube 42 (if system 30 did not 
include heat exchanger 40, point B Would also represent the 
outlet of gas cooler 38). Point C represents the refrigerant 
properties at the inlet of evaporator 44 (or outlet of capillary 
tube 42). Point D represents the refrigerant at the inlet to 
compression mechanism 32 (if system 30 did not include 
heat exchanger 40, point C Would also represent the outlet 
of evaporator 44). Movement from point D to point A 
represents the compression of the refrigerant. As can be 
seen, compressing the refrigerant both raises its pressure and 
its temperature. Moving from point A to point B represents 
the cooling of the high pressure refrigerant at a constant 
pressure in gas cooler 38 (and heat exchanger 40). Move 
ment from point B to point C represents the action of 
capillary tube 42 Which loWers the pressure of the refrigerant 
to a subcritical pressure. Movement from point C to point D 
represents the action of evaporator 44 (and heat exchanger 
40). Since the refrigerant is at a subcritical pressure in 
evaporator 44, thermal energy is transferred to the refriger 
ant to change it from a liquid phase to a vapor phase at a 
constant temperature and pressure. The capacity of the 
system (When used as a cooling system) is determined by the 
mass ?oW rate through the system and the location of point 
C and the length of line C-D Which in turn is determined by 
the speci?c enthalpy of the refrigerant at the evaporator 
inlet. 

[0033] The lines Qmax and COPmax represent gas cooler 
discharge values (i.e., the location of point B) for maximiz 
ing the capacity and e?iciency respectively of the system. 
The central line positioned therebetWeen represents values 
that provide relatively high, although not maximum, capac 
ity and e?iciency. By operating the system along the central 
line betWeen the Qmax and COPmax curves, When the system 
fails to operate precisely according to the design parameters 
de?ned by this central line, the system Will suffer a decrease 
in either the capacity or e?iciency and an increase in the 
other value unless such variances are of such magnitude that 
they represent a point no longer located betWeen the Qmax 
and COPmax lines. 

[0034] Thus, While altering the e?iciency of the system 
requires altering the relative position of point B (represent 
ing the temperature and pressure of the refrigerant at the 
inlet to the expansion device) in FIG. 3, the capacity of the 
system can be altered by changing either the relative posi 
tion of point B, and hence the length of line C-D, or by 
altering the mass ?oW rate of the system. 

[0035] In system 30, the adjustment of the temperature of 
the refrigerant entering capillary tube 42 adjusts both the 
mass ?oW rate of the system and the relative of point B. By 
increasing the temperature, the density, and thus the mass 
?oW rate, of the refrigerant decreases and point B moves to 
the right, both of Which act to decrease the capacity of the 
system. By decreasing the temperature of the refrigerant, the 
density, and mass ?oW rate, increase and point B moves to 
the left, both of Which act to increase the capacity of the 
system. Thus, it can be seen that the capacity of the system 
can be controlled by controlling the temperature of the 
refrigerant Within capillary tube 42. The movement of point 
B (i.e., changes in the temperature and pressure of the 
refrigerant at the inlet to the expansion device as represented 
by point B in FIG. 3) Will also affect the e?iciency of the 
system, hoWever, the adjustment of the system capacity and 
e?iciency effected by the relative repositioning of point B 
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may be relatively insigni?cant compared to the change in 
capacity effected by the change in the mass ?oW rate. 

[0036] The system 30 has been shoWn herein as including 
an internal heat exchanger 40. HoWever, it is to be under 
stood that it is also possible Within the scope of the present 
invention for the vapor compression system to not include 
an internal heat exchanger 40. Moreover, regardless of 
Whether a heat exchanger 40 is present, it is possible for an 
air mover, such as fan 46 to bloW air directly on capillary 
tube 42 or ?uid line 37 at a position proximate capillary tube 
42 in order to control the temperature of the refrigerant 
Within capillary tube 42. 

[0037] The system 30 has been described above as includ 
ing one or both of the fan 46 and the heater/cooler 52 in 
order to change the temperature and density of the refrig 
erant Within the capillary tube 42. The present invention is 
not limited to these exemplary embodiments of a heating or 
cooling device, hoWever. Rather, the present invention may 
include any device 52 capable of heating or cooling the 
refrigerant. For example, device 52 may be a Peltier device. 
Peltier devices are Well knoWn in the art and, With the 
application of a DC current, move heat from one side of the 
device to the other side of the device and, thus, could be used 
for either heating or cooling purposes. Other devices that 
might be used include electrical resistance heaters and heat 
pipes. Fans or other air movers could also be used alone to 
form device 52 or in conjunction With other such devices. 
Further, the heating/cooling device can be disposed in 
association With either the capillary tube 42 or some other 
component of the ?uid circuit upstream of capillary tube 42, 
such as the heat exchanger 40, Where the heating/cooling 
device affects the refrigerant temperature more indirectly. 

[0038] A second embodiment 30a of a transcritical vapor 
compression system in accordance With the present inven 
tion is schematically represented in FIG. 4. System 3011 is 
similar to system 30 shoWn in FIG. 2 but, in addition to the 
components of system 30, system 30a also includes a second 
compressor mechanism 34, an intermediate cooler 36, a 
mass storage tank or ?ash gas vessel 54, a second capillary 
tube 56 and a third capillary tube 58. System 3011 also 
includes additional ?uid lines or conduits 31, 33, and 45. 
Flash gas vessel 54 stores both liquid phase refrigerant 60 
and vapor phase refrigerant 62. 

[0039] In this embodiment, the ?rst compressor mecha 
nism 32 compresses the refrigerant from a loW pressure to an 
intermediate pressure. lntercooler 36 is positioned betWeen 
compressor mechanisms 32, 34 to cool the intermediate 
refrigerant. After the ?uid line 33 communicates the refrig 
erant to the second compressor mechanism 34, the second 
compressor mechanism 34 compresses the refrigerant from 
the intermediate pressure to a supercritical pressure. The 
refrigerant entering second compressor mechanism 34 also 
includes refrigerant communicated from ?ash gas vessel 54 
through ?uid line 45 to ?uid line 33. More particularly, a 
capillary tube 58 is disposed in the ?uid line 45 and reduces 
the pressure of the refrigerant from ?ash gas vessel 54 and 
introduces the reduced pressure refrigerant into ?uid line 33. 
The introduction of refrigerant from ?ash gas vessel 54 at a 
point betWeen ?rst and second compressor mechanisms 32, 
34 can improve the performance of compressor mechanisms 
32, 34. 
[0040] It may be desirable to ensure that the refrigerant 
exiting ?ash gas vessel 54 and entering capillary tube 56 
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includes both liquid and vapor phase refrigerant. For 
example, it may be desirable that the refrigerant leaving the 
vessel 54 has the same liquid/vapor ratio as the refrigerant 
entering vessel 54. There are several possible methods of 
controlling the liquid/vapor ratio of the refrigerant exiting 
vessel 54. A ?rst of these methods is to constantly stir the 
liquid/vapor mixture of refrigerant once the refrigerant has 
entered the vessel 54. A second method is to heat or cool the 
vessel 54. A third method is to provide the vessel 54 With 
physical characteristics that promote mixing of the liquid 
and vapor. Such physical characteristics may include the 
shape of the vessel 54 and the locations of the vessel’s inlet 
and outlet. 

[0041] Alternatively, the outlet of vessel 54 could be 
provided With a valve or gate to control the release of 
refrigerant from vessel 54. For example, such a gated outlet 
could be controlled based upon the density of the refrigerant 
in capillary tube 56. The density of the refrigerant Within the 
capillary tube could be determined by the use of temperature 
and pressure sensors, or, the density could be determined by 
measuring the mass of the refrigerant and tube and subtract 
ing the knoWn mass of the tube. 

[0042] It is also possible to add a ?lter or ?lter-drier to the 
system proximate any of the capillary tubes included in the 
above embodiments. Such a ?lter When placed upstream of 
the capillary tube can prevent contamination in the system, 
e.g., copper ?lings, abrasive materials or braZing debris, 
from collecting in the capillary tube and thereby obstructing 
the passage of refrigerant. 

[0043] While this invention has been described as having 
an exemplary design, the present invention may be further 
modi?ed Within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, 
uses, or adaptations of the invention using its general 
principles. 

1. A transcritical vapor compression system comprising: 

a ?uid circuit circulating a refrigerant in a closed loop, 
said ?uid circuit having operably disposed therein, in 
serial order, a compressor, a ?rst heat exchanger, a ?rst 
capillary tube and a second heat exchanger Wherein 
said compressor compresses the refrigerant from a loW 
pressure to a supercritical pressure, said ?rst heat 
exchanger is positioned in a high pressure side of said 
?uid circuit and said second heat exchanger is posi 
tioned in a loW pressure side of said ?uid circuit, said 
?rst capillary tube reducing the pressure of the refrig 
erant from a supercritical pressure to a relatively loWer 
pressure and Wherein the refrigerant is passed through 
said ?rst capillary tube at a velocity having a maximum 
value substantially equivalent to a critical ?oW velocity 
of the refrigerant; and 

means for controlling the temperature of the refrigerant in 
said ?rst capillary tube. 

2.-24. (canceled) 
25. A transcritical vapor compression system comprising: 

a ?uid circuit circulating a refrigerant in a closed loop, 
said ?uid circuit having operably disposed therein, in 
serial order, a compressor, a ?rst heat exchanger, a ?rst 
capillary tube and a second heat exchanger Wherein 
said compressor compresses the refrigerant from a loW 
pressure to a supercritical pressure, said ?rst heat 
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exchanger is positioned in a high pressure side of said 
?uid circuit and said second heat exchanger is posi 
tioned in a loW pressure side of said ?uid circuit, said 
?rst capillary tube reducing the pressure of the refrig 
erant from a supercritical pressure to a relatively loWer 
pressure and Wherein the refrigerant is passed through 
said ?rst capillary tube at a velocity having a maximum 
value substantially equivalent to a critical ?oW velocity 
of the refrigerant; and 

a thermal device disposed in thermal exchange With said 
?rst capillary tube, Wherein the mass ?oW rate of said 
refrigerant through said ?rst capillary tube is altered by 
adjusting the temperature of said thermal device to 
correspondingly adjust the temperature of said refrig 
erant in said ?rst capillary tube. 

26. The transcritical vapor compression system of claim 
25, Wherein said thermal device is a heating device. 

27. The transcritical vapor compression system of claim 
25, Wherein said thermal device is a cooling device. 

28. The system of claim 1 further comprising a second 
capillary tube operably disposed in said ?uid circuit betWeen 
said ?rst capillary tube and said second heat exchanger and 
a ?ash gas vessel operably disposed in said ?uid circuit 
betWeen said ?rst and second capillary tubes, said compres 
sor comprising a ?rst compressor mechanism and a second 
compressor mechanism, and Wherein a ?uid line provides 
?uid communication from said ?ash gas vessel to a point 
betWeen said ?rst and second compressor mechanisms, said 
?uid line including a third capillary tube. 

29. A transcritical vapor compression system comprising: 

a ?uid circuit circulating a refrigerant in a closed loop, 
said ?uid circuit having operably disposed therein, in 
serial order, a compressor, a ?rst heat exchanger, a ?rst 
capillary tube and a second heat exchanger Wherein 
said compressor compresses the refrigerant from a loW 
pressure to a supercritical pressure, said ?rst heat 
exchanger is positioned in a high pressure side of said 
?uid circuit and said second heat exchanger is posi 
tioned in a loW pressure side of said ?uid circuit, said 
?rst capillary tube reducing the pressure of the refrig 
erant from a supercritical pressure to a relatively loWer 
pressure and Wherein the refrigerant is passed through 
the ?rst capillary tube at a velocity having a maximum 
value substantially equivalent to a critical ?oW velocity 
of the refrigerant; and 

thermal means disposed in thermal exchange With said 
?rst capillary tube for adjusting the temperature of said 
refrigerant in said ?rst capillary tube, Whereby the mass 
?oW rate of said refrigerant through said ?rst capillary 
tube is correspondingly adjusted. 

30. The transcritical vapor compression system of claim 
29, Wherein said thermal device is a heating device. 

31. The transcritical vapor compression system of claim 
29, Wherein said thermal device is a cooling device. 

32. The system of claim 29 further comprising a second 
capillary tube operably disposed in said ?uid circuit betWeen 
said ?rst capillary tube and said second heat exchanger and 
a ?ash gas vessel operably disposed in said ?uid circuit 
betWeen said ?rst and second capillary tubes, said compres 
sor comprising a ?rst compressor mechanism and a second 
compressor mechanism, and Wherein a ?uid line provides 
?uid communication from said ?ash gas vessel to a point 
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between said ?rst and second compressor mechanisms, said 
?uid line including a third capillary tube. 

33. A method of controlling a transcritical vapor com 
pression system, said method comprising: 

providing a ?uid circuit circulating a refrigerant in a 
closed loop, the ?uid circuit having operably disposed 
therein, in serial order, a compressor, a ?rst heat 
exchanger, a ?rst capillary tube and a second heat 
exchanger; 

compressing the refrigerant from a loW pressure to a 
supercritical pressure in the compressor; 

removing thermal energy from the refrigerant in the ?rst 
heat exchanger; 

passing the refrigerant through the ?rst capillary tube and 
reducing the pressure of the refrigerant in the ?rst 
capillary tube; 
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adding thermal energy to the refrigerant in the second heat 
exchanger; and 

regulating the capacity of the system by controlling the 
mass ?oW rate of the refrigerant through the ?rst 
capillary tube, Wherein controlling the mass ?oW rate 
of the refrigerant through the ?rst capillary tube is 
achieved by disposing a thermal device in thermal 
exchange With the ?rst capillary tube to alter the 
temperature of the refrigerant passing through the ?rst 
capillary tube. 

34. The method of claim 33, Wherein said thermal device 
is a heating device. 

35. The method of claim 33, Wherein said thermal device 
is a cooling device. 
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