
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

34
0 

40
6

B
1

TEPZZ ¥4Z4Z6B_T
(11) EP 2 340 406 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
31.10.2018 Bulletin 2018/44

(21) Application number: 09818353.6

(22) Date of filing: 29.09.2009

(51) Int Cl.:
F25B 43/00 (2006.01) F25B 9/00 (2006.01)

F25B 1/10 (2006.01)

(86) International application number: 
PCT/US2009/058732

(87) International publication number: 
WO 2010/039682 (08.04.2010 Gazette 2010/14)

(54) LIQUID VAPOR SEPARATION IN TRANSCRITICAL REFRIGERANT CYCLE

FLÜSSIGKEITS-DAMPF-TRENNUNG IN EINEM TRANSKRITISCHEN KÄLTEMITTELKREISLAUF

SEPARATION DE LIQUIDE ET DE VAPEUR DANS UN CYCLE DE REFRIGERANT TRANSCRITIQUE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(30) Priority: 01.10.2008 US 101792 P

(43) Date of publication of application: 
06.07.2011 Bulletin 2011/27

(73) Proprietor: Carrier Corporation
Farmington, CT 06034 (US)

(72) Inventors:  
• SCARCELLA, Jason

Cicero, New York 13039 (US)

• CHEN, Yu H.
Manlius, New York 13104 (US)

(74) Representative: Dehns
St. Brides House 
10 Salisbury Square
London EC4Y 8JD (GB)

(56) References cited:  
EP-A2- 1 686 330 EP-A2- 1 795 835
WO-A2-2007/109250 JP-A- H 055 579
JP-A- 11 304 269 JP-A- H06 235 571
JP-A- H07 247 820 JP-A- 2005 214 443
JP-A- 2006 343 064 JP-A- 2007 212 071
US-A- 3 084 523 US-A- 4 678 588



EP 2 340 406 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] This invention relates generally to refrigerant
vapor compression systems and, more particularly, to
improving the separation of a two-phase refrigeration
flow into a liquid portion and a vapor portion in a refrig-
erant vapor compression system having a flash tank
economizer and operating in a transcritical cycle.

Background of the Invention

[0002] Refrigerant vapor compression systems are
well known in the art and commonly used in transport
refrigeration systems for refrigerating air or other gase-
ous fluid supplied to a temperature controlled cargo
space of a truck, trailer, container or the like for trans-
porting perishable/frozen items by truck, rail, ship or in-
termodal. Refrigerant vapor compression systems used
in connection with transport refrigeration systems are
generally subject to stringent operating conditions due
to the wide range of operating load conditions and the
wide range of outdoor ambient conditions over which the
refrigerant vapor compression system must operate to
maintain product within the cargo space at a desired tem-
perature. The desired temperature at which the cargo
needs to be stored during transport can also vary over a
wide range depending on the nature of cargo to be pre-
served. The refrigerant vapor compression system must
not only have sufficient capacity to rapidly pull down the
temperature of product loaded into the cargo space at
ambient temperature, but also operate efficiently at low
load when maintaining a stable product temperature dur-
ing transport. Additionally, transport refrigerant vapor
compression systems are subject to vibration and move-
ments not experienced by stationary refrigerant vapor
compression systems. Transport refrigeration systems
are also subject to size restrictions due to limitations on
available space not generally associated with stationary
refrigerant vapor compression systems, such as air con-
ditioners and heat pumps.
[0003] Traditionally, conventional refrigerant vapor
compression systems used in transport refrigeration ap-
plications commonly operate at subcritical refrigerant
pressures and typically include a compressor, a con-
denser, and an evaporator, and expansion device, com-
monly an expansion valve, disposed upstream, with re-
spect to refrigerant flow, of the evaporator and down-
stream of the condenser. These basic refrigerant system
components are interconnected by refrigerant lines in a
closed refrigerant circuit, arranged in accord with known
refrigerant vapor compression cycles, and operated in
the subcritical pressure range for the particular refriger-
ant in use. Refrigerant vapor compression systems op-
erating in the subcritical range are commonly charged
with fluorocarbon refrigerants such as, but not limited to,
hydrochlorofluorocarbons (HCFCs), such as R22, and

more commonly hydrofluorocarbons (HFCs), such as
R134a, R410A, R404A and R407C.
[0004] In today’s market, greater interest is being
shown in "natural" refrigerants, such as carbon dioxide,
for use in air conditioning and transport refrigeration sys-
tems instead of HFC refrigerants. However, because car-
bon dioxide has a low critical temperature and a low liquid
phase density to vapor phase density ratio, most refrig-
erant vapor compression systems charged with carbon
dioxide as the refrigerant are designed for operation in
the transcritical pressure regime. In refrigerant vapor
compression systems operating in a subcritical cycle,
both the condenser and the evaporator heat exchangers
operate at refrigerant temperatures and pressures below
the refrigerant’s critical point. However, in refrigerant va-
por compression systems operating in a transcritical cy-
cle, the heat rejection heat exchanger, which functions
as a gas cooler rather than a condenser, operates at a
refrigerant temperature and pressure in excess of the
refrigerant’s critical point, while the evaporator operates
at a refrigerant temperature and pressure in the subcrit-
ical range. Thus, for a refrigerant vapor compression sys-
tem operating in a transcritical cycle, the difference be-
tween the refrigerant pressure within the gas cooler and
refrigerant pressure within the evaporator is characteris-
tically substantially greater than the difference between
the refrigerant pressure within the condenser and the re-
frigerant pressure within the evaporator for a refrigerant
vapor compression system operating in a subcritical cy-
cle.
[0005] It is also common practice to incorporate an
economizer into the refrigerant circuit. So equipped, the
refrigerant vapor compression system may be selectively
operated in an economized mode to increase the capac-
ity of the refrigerant vapor compression system. In some
refrigerant vapor compression systems operating in a
transcritical mode, a flash tank economizer is incorporat-
ed into the refrigerant circuit between the gas cooler and
the evaporator. In such case, the refrigerant vapor leav-
ing the gas cooler is expanded through an expansion
device, such as a thermostatic expansion valve or an
electronic expansion valve, prior to entering the flash tank
wherein the expanded refrigerant separates into a liquid
refrigerant component and a vapor refrigerant compo-
nent. The vapor component of the refrigerant is thence
directed from the flash tank into an intermediate pressure
stage of the compression process. The liquid component
of the refrigerant is directed from the flash tank through
the system’s main expansion valve prior to entering the
evaporator. U. S. Pat. No. 6,385,980 discloses a tran-
scritical refrigerant vapor compression system incorpo-
rating a flash tank economizer in the refrigerant circuit
between the gas cooler and the evaporator.
[0006] EP 1686330 A2 discloses a refrigerant vapour
compression system in accordance with the pre-charac-
terising portion of claim 1.
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Summary of the Invention

[0007] According to a first aspect of the present inven-
tion, there is provided a transport refrigeration refrigerant
vapor compression system operating in a transcritical re-
frigeration cycle comprising: a compression device for
compressing a refrigerant vapor to a supercritical refrig-
erant pressure, a gas cooler operating at a supercritical
refrigerant pressure, and an evaporator operating at a
subcritical refrigerant pressure, said compression de-
vice, said gas cooler and said evaporator connected in
refrigerant flow communication in a refrigerant circuit; a
primary expansion device disposed in said refrigerant
circuit between said gas cooler and said evaporator; a
secondary expansion device disposed in said refrigerant
circuit between said gas cooler and said primary expan-
sion device; a flash tank disposed in the refrigerant circuit
upstream with respect to refrigerant flow of said primary
expansion device and downstream with respect to refrig-
erant flow of said secondary expansion device, said flash
tank having: a shell defining an interior volume, said in-
terior volume divided into an upper chamber, a lower
chamber and a middle chamber; a first fluid passage es-
tablishing fluid communication between the middle
chamber and the upper chamber; a second fluid passage
establishing fluid communication between the middle
chamber and the lower chamber; an inlet port in fluid
communication with the middle chamber for receiving the
refrigerant flow having traversed the secondary expan-
sion device; a first outlet port in fluid communication with
the upper chamber for discharging a vapor phase of the
refrigerant flow from said flash tank separator; and a sec-
ond outlet port in fluid communication with the lower
chamber for discharging a liquid phase of the refrigerant
flow from said flash tank into the refrigerant circuit, char-
acterized in that said flash tank further comprises: an
elongated support tube extending along a central vertical
axis of said shell, said support tube defining a conduit
establishing fluid communication between said lower
chamber and said upper chamber; a helical spiral mem-
ber extending about said vertical support tube and defin-
ing a continuous spiral fluid flow passage, a first portion
of said continuous helical passage forming the first fluid
passage establishing fluid communication between the
middle chamber and the upper chamber and a second
portion of said continuous helical passage forming the
second fluid passage establishing fluid communication
between the middle chamber and the lower chamber; an
upper equalization hole passing through said support
tube and located near an upper end of said support tube,
said upper equalization hole establishing fluid communi-
cation between an upper region of said conduit and an
upper region of said continuous helical passage; and a
lower equalization hole passing through said support
tube and located near a lower end of said support tube,
said lower equalization hole establishing fluid communi-
cation between a lower region of said conduit and a lower
region of said continuous helical passage.

Brief Description of the Drawings

[0008] For a further understanding of the invention, ref-
erence will be made to the following detailed description
of the invention which is to be read in connection with
the accompanying drawing, where:

FIG. 1 is a schematic diagram illustrating a first ex-
emplary embodiment of a refrigerant vapor compres-
sion system operating in a transcritical cycle;

FIG. 2 is a schematic diagram illustrating a second
exemplary embodiment of a refrigerant vapor com-
pression system operating in a transcritical cycle;

FIG. 3 is a sectioned perspective view of a first ex-
emplary flash tank, which is not the subject of the
present invention; and

FIG. 4 is a sectioned perspective view of a first ex-
emplary embodiment of the flash tank of the refrig-
erant vapor compression system shown in FIG. 2.

Detailed Description of the Invention

[0009] Referring now to FIGs. 1 and 2, there are de-
picted therein exemplary embodiments of a refrigerant
vapor compression system 100 suitable for use in a trans-
port refrigeration system for refrigerating the air or other
gaseous atmosphere within the temperature controlled
cargo space 200 of a truck, trailer, container or the like
for transporting perishable/frozen goods. The refrigerant
vapor compression system 100 is particularly adapted
for operation in a transcritical cycle with a low critical tem-
perature refrigerant, such as for example, but not limited
to, carbon dioxide. The refrigerant vapor compression
system 100 includes a multi-step compression device
20, a refrigerant heat rejecting heat exchanger 40 and a
refrigerant heat absorbing heat exchanger 50, also re-
ferred to herein as an evaporator, with refrigerant lines
2, 4 and 6 connecting the aforementioned components
in refrigerant flow communication in a refrigerant circuit.
A primary expansion device 55, such as for example an
electronic expansion valve, operatively associated with
the evaporator 50 is disposed in the refrigerant circuit in
refrigerant line 4 between the refrigerant heat rejection
heat exchanger 40 and the evaporator 50. A secondary
expansion device 65, such as for example an electronic
expansion valve, is disposed in the refrigerant circuit in
refrigerant line 4 between the refrigerant heat rejecting
heat exchanger 40 and the primary expansion device 55.
Additionally, a flash tank 10A, 10B is disposed in refrig-
erant line 4 of the primary refrigerant circuit downstream
with respect to refrigerant flow of the secondary expan-
sion device 65 and upstream of the primary expansion
device 55. Thus, the flash tank 10A, 10B is position in
the refrigerant circuit downstream with respect to refrig-
erant flow of the refrigerant heat rejecting heat exchanger
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40 and upstream with respect to refrigerant flow of the
evaporator 50.
[0010] In a refrigerant vapor compression system op-
erating in a transcritical cycle, the refrigerant heat reject-
ing heat exchanger 40 operates at a pressure above the
critical point of the refrigerant and therefore functions to
cool supercritical refrigerant vapor passing therethrough
in heat exchange relationship with a cooling medium,
such as for example, but not limited to ambient air or
water, and may be also be referred to herein as a gas
cooler. In the depicted embodiments, the refrigerant heat
rejecting heat exchanger 40 includes a finned tube heat
exchanger 42, such as for example a fin and round tube
heat exchange coil or a fin and mini-channel flat tube
heat exchanger, through which the refrigerant passes in
heat exchange relationship with ambient air being drawn
through the finned tube heat exchanger 42 by the fan(s)
44 associated with the gas cooler 40.
[0011] The refrigerant heat absorption heat exchanger
50 serves an evaporator wherein refrigerant liquid is
passed in heat exchange relationship with a fluid to be
cooled, most commonly air or an air and inerting gas
mixture, drawn from and to be returned to a temperature
controlled environment 200, such as the cargo box of a
refrigerated transport truck, trailer or container. In the de-
picted embodiments, the refrigerant heat absorbing heat
exchanger 50 comprises a finned tube heat exchanger
52 through which refrigerant passes in heat exchange
relationship with air drawn from and returned to the re-
frigerated cargo box 200 by the evaporator fan(s) 54 as-
sociated with the evaporator 50. The finned tube heat
exchanger 52 may comprise, for example, a fin and round
tube heat exchange coil or a fin and mini-channel flat
tube heat exchanger.
[0012] The compression device 20 functions to com-
press the refrigerant to a supercritical pressure and to
circulate refrigerant through the primary refrigerant circuit
as will be discussed in further detail hereinafter. The com-
pression device 20 may comprise a single multiple-stage
refrigerant compressor, such as for example a scroll com-
pressor, a screw compressor or a reciprocating compres-
sor, disposed in the primary refrigerant circuit and having
a first compression stage 20a and a second compression
stage 20b, such as illustrated in FIG. 1. The first and
second compression stages are disposed in series re-
frigerant flow relationship with the refrigerant leaving the
first compression stage passing directly to the second
compression stage for further compression. Alternative-
ly, the compression device 20 may comprise a pair of
independent compressors 20a and 20b, connected in se-
ries refrigerant flow relationship in the primary refrigerant
circuit via a refrigerant line 8 connecting the discharge
outlet port of the first compressor 20a in refrigerant flow
communication with the suction inlet port of the second
compressor 20b, such as illustrated in FIG. 2. In the in-
dependent compressor embodiment, the compressors
20a and 20b may be scroll compressors, screw compres-
sors, reciprocating compressors, rotary compressors or

any other type of compressor or a combination of any
such compressors.
[0013] In operation, high temperature, supercritical
pressure refrigerant vapor discharged from the second
compression stage or second compressor 20b of the
compression device is cooled to a lower temperature as
it traverses the heat exchanger 42 of the gas cooler 40
before traversing the secondary expansion device 65. In
traversing the secondary expansion device 65, the su-
percritical pressure refrigerant vapor is expanded to a
lower subcritical pressure sufficient to establish a two-
phase mixture of refrigerant vapor and refrigerant liquid
prior to entering the flash tank 10.
[0014] Referring now to Figs. 3 and 4 in particular, flash
tank 10A, 10B has a shell 120 that encloses an interior
volume having an upper chamber 122, a middle chamber
124 and a lower chamber 126. The two-phase refrigerant
flow having traversed the secondary expansion device
65 passes into the central chamber 124 through an inlet
125 opening in fluid communication with the middle
chamber 124. The two-phase refrigerant flow received
within the middle chamber 124 separates into a vapor
phase which migrates upwardly into the upper chamber
122 and a liquid phase which migrates downwardly into
the lower chamber 126 of the shell 120 of the flash tank
10A, 10B. The flash tank 10A, 10B also includes a first
outlet 127 in fluid communication with the lower chamber
126 and a second outlet 129 in fluid communication with
the upper chamber 122.
[0015] The liquid phase refrigerant, which is typically
saturated liquid, passes from the lower chamber 126 of
the flash tank 10A, 10B through a first outlet 127 in fluid
communication with the lower chamber 126 into refrig-
erant line 4 of the refrigerant circuit. In one mode of op-
eration, all of the liquid phase refrigerant passing from
the lower chamber 126 of the flash tank 10A, 10B travers-
es the primary refrigerant circuit expansion device 55
interdisposed in refrigerant line 4 upstream with respect
to refrigerant flow of the evaporator 50. As this liquid re-
frigerant traverses the primary expansion device 55, it
expands to a lower pressure and temperature before en-
tering the evaporator 50. The evaporator 50 constitutes
a refrigerant evaporating heat exchanger through which
expanded refrigerant passes in heat exchange relation-
ship with the air to be cooled, whereby the refrigerant is
vaporized and typically superheated. As in conventional
practice, the primary expansion device 55 meters the re-
frigerant flow through the refrigerant line 4 to maintain a
desired level of superheat in the refrigerant vapor leaving
the evaporator 50 to ensure that no liquid is present in
the refrigerant leaving the evaporator. The low pressure
refrigerant vapor leaving the evaporator 50 returns
through refrigerant line 6 to the suction port of the first
compression stage or first compressor 20a of the com-
pression device 20.
[0016] In an embodiment, a refrigerant bypass line 5
may be provided to permit bypass of all or a portion of
the liquid phase refrigerant passing through refrigerant
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line 4 from the lower chamber 126 of the flash tank around
the primary expansion device 55. The refrigerant bypass
line 5 taps into refrigerant line 4 at a first location upstream
with respect to refrigerant flow of the primary expansion
device 55 and downstream with respect to refrigerant
flow of the flash tank 10A, 10B and at a second location
downstream with respect to refrigerant flow of the primary
expansion device 55 and upstream with respect to refrig-
erant flow of the evaporator 50. A flow control device 57,
such as for example a solenoid valve having an open
position and a closed position, may be interdisposed in
the refrigerant bypass line 5 for selectively opening and
closing the bypass flow passage to refrigerant flow there-
through.
[0017] The refrigerant vapor compression system 100
also includes a refrigerant vapor injection line 14 that
establishes refrigerant flow communication between the
upper chamber 122 of the interior volume defined within
the shell 120 of the flash tank 10A, 10B via the second
outlet 129 of the flash tank 10A, 10B and an intermediate
stage of the compression process. The refrigerant vapor
compression system 100 may also include a refrigerant
liquid injection line 18 that establishes refrigerant flow
communication the lower chamber 126 of the interior vol-
ume defined within the shell 120 of the flash tank 10A,
10B, typically via tapping refrigerant line 4 at a location
downstream with respect to refrigerant flow of the flash
tank 10A, 10B and upstream with respect to refrigerant
flow of the primary expansion valve 55, and between an
intermediate stage of the compression process. In the
exemplary embodiment of the refrigerant vapor compres-
sion system 100 depicted in FIG. 1, injection of refrigerant
vapor or refrigeration liquid into the intermediate pressure
stage of the compression process would be accom-
plished by injection of the refrigerant vapor or refrigerant
liquid into the refrigerant passing from the first compres-
sion stage 20a into the second compression stage 20b
of a single compressor. In the exemplary embodiment of
the refrigerant vapor compression system 100 depicted
in FIG. 2, injection of refrigerant vapor or refrigeration
liquid into the intermediate pressure stage of the com-
pression process would be accomplished by injection of
the refrigerant vapor or refrigerant liquid into the refrig-
erant passing through refrigerant line 8 from the dis-
charge outlet of the first compressor 20a to the suction
inlet of the second compressor 20b.
[0018] The refrigerant vapor compression system 100
may also include a compressor unload refrigerant line 16
that establishes refrigerant flow communication between
an intermediate pressure stage of the compression de-
vice and the suction pressure portion of the refrigerant
circuit, i.e. refrigerant line 6 extending between the outlet
of the evaporator 50 and the suction inlet of the first stage
20a of the compression device 20, as depicted in the
FIG. 1 embodiment, or the suction inlet of the first com-
pressor 20a, as depicted in the FIG. 2 embodiment. Each
of the refrigerant vapor injection line 14 and the refriger-
ant liquid injection line 18 may open in refrigerant flow

communication with the compressor unload refrigerant
line 16, whereby the compressor unload refrigerant line
16 forms a downstream portion of both the refrigerant
vapor injection line 14 and the refrigerant liquid injection
line 18. In this manner, refrigerant vapor may pass
through the refrigerant vapor injection line 14 to be se-
lectively injected either into an intermediate stage of the
compression process or into the suction pressure portion
of the refrigerant circuit. Similarly, refrigerant liquid may
pass through the refrigerant liquid injection line 18 to be
selectively injected either into an intermediate stage of
the compression process or into the suction pressure por-
tion of the refrigerant circuit. Additionally, to unload the
compression device, all or a portion of the refrigerant
discharging from the first stage 20a or the first compres-
sor 20a may be passed through the compressor unload
refrigerant line 16 to the suction pressure portion of the
refrigerant circuit.
[0019] The refrigerant vapor compression system 100
may further include a control system including a controller
70. In an embodiment, the controller 70 may comprise a
microprocessor controller such as, by way of example,
but not limitation, a MicroLink™ controller available from
Carrier Corporation of Syracuse, N.Y., USA. The control-
ler 70 is configured to operate the refrigeration unit to
maintain a predetermined thermal environment within the
enclosed interior volume 200, i.e. the cargo box, wherein
the product being transported is stored. The controller
70 maintains the predetermined environment by selec-
tively controlling the operation of the compressor 20, the
condenser fan(s) 34 associated with the condenser heat
exchanger coil 32, the evaporator fan(s) 44 associated
with the evaporator heat exchanger coil 42, and a plurality
of refrigerant flow control devices operatively associated
with the control 70. The plurality of flow control devices
operatively associated with the controller 70 may include
a flow control device 53 interdisposed in refrigerant line
18 for controlling the flow of liquid refrigerant passing
therethrough from the lower chamber 126 of the flash
tank 10A, 10B, and a flow control device 73 interdisposed
in refrigerant line 14 for controlling the flow of vapor phase
refrigerant therethrough from the upper chamber 122 of
the flask tank 10A, 10B. The plurality of flow control de-
vices operatively associated with the controller 70 may
also include a flow control device 93 interdisposed in the
refrigerant line 16 for controlling the flow of refrigerant
therethrough to a suction portion of the refrigerant circuit.
Each of the aforementioned flow control devices 53, 73,
93 may comprise a flow control valve selectively posi-
tionable between an open position wherein refrigerant
flow may pass through the refrigerant line in which the
flow control valve is interdisposed and a closed position
wherein refrigerant flow is blocked through the refrigerant
line in which the flow control valve is interdisposed. In an
embodiment, each of the flow control valves 53, 73, 93
may comprise a two-position solenoid valve of the type
selectively positionable between a first open position and
a second closed position. The plurality of flow control
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devices operatively associated with the controller 70 may
also include the primary expansion valve 55, the second-
ary expansion valve 65, and the flow control device 57.
In operation, the controller 70 may selectively open and
close various of these flow control devices operatively
associated therewith for selectively directing refrigerant
flow through the primary refrigerant circuit, as well as
refrigerant lines 5, 14, 16 and 18, as desired.
[0020] To facilitate control of the refrigeration system
100, the controller 70 also monitors operating parameters
at various points in the refrigeration system through a
plurality of sensors disposed at selected locations
throughout the system 100. Among the sensors that may
be provided include, among others not specifically
shown: an ambient air temperature sensor 90 which in-
puts into the controller 70 a variable resistance value
indicative of the ambient air temperature in front of the
condenser 30; a return air temperature sensor 92 which
inputs into the controller 70 a variable resistance value
indicative of the temperature of the air leaving the evap-
orator 50 to return to the cargo box 200; a box air tem-
perature sensor 94 which inputs into the controller 70 a
variable resistance value indicative of the temperature
of the air within the cargo box 200, i.e. the product storage
temperature; a flash tank temperature sensor 101 which
inputs into the controller 70 a variable resistance value
indicative of the refrigerant temperature entering the flash
tank 10A, 10B; a flask tank pressure sensor 102 which
inputs a variable voltage indicative of the refrigerant pres-
sure entering the flash tank 10A, 10B; a compressor suc-
tion temperature sensor 103 which inputs into the con-
troller 70 a variable resistance value indicative of the re-
frigerant suction temperature; a compressor suction
pressure sensor 104 which inputs into the controller 70
a variable voltage indicative of the refrigerant suction
pressure; a compressor discharge temperature sensor
105 which inputs into the controller 70 a variable resist-
ance value indicative of the compressor discharge refrig-
erant temperature; a compressor discharge pressure
sensor 106 which inputs into the controller 70 a variable
voltage indicative of the compressor discharge refriger-
ant pressure; a gas cooler temperature sensor 107 which
inputs into the controller 70 a variable resistance value
indicative of the refrigerant temperature having traversed
the gas cooler 40; a gas cooler pressure sensor 108
which inputs a variable voltage indicative of the refriger-
ant pressure having traversed the gas cooler 40. The
pressure sensors 102, 104, 106, 108 may be conven-
tional pressure sensors, such as for example, pressure
transducers, and the temperature sensors 90, 92, 94,
101, 103, 105, 107 may be conventional temperature
sensors, such as for example, thermocouples or thermis-
tors. The aforementioned sensors are merely examples
of some of the various sensors that may be associated
with the system 100, and are not meant to limit the type
of sensors or transducers that may be provided.
[0021] The refrigerant vapor compression system 100
may be operated in selected operating modes depending

upon load requirements and ambient conditions, such as
for example, but not limited to, a box temperature pull
down mode, a deep frozen box temperature maintenance
mode, and a refrigerated product box temperature main-
tenance mode. The controller 100 determines the desired
mode of operation based upon ambient conditions, box
conditions, and various sensed system controls and then
positions the various flow control valves accordingly.
[0022] As noted previously, a flash tank 10A, 10B is
disposed in refrigerant line 4 of the refrigerant circuit up-
stream with respect to refrigerant flow of the primary ex-
pansion device 55 and downstream with respect to re-
frigerant flow of the secondary expansion device 65. Re-
ferring now to FIGs. 3 and 4 in particular, as noted here-
inbefore, the flash tank 10A, 10A includes a shell 120
defining an interior volume having an upper chamber
124, a lower chamber 126 and a middle chamber 122.
The shell 120 has a generally cylindrical central portion
120-1 extending between an upper end cap 120-2 and
a lower end cap 120-3. The upper and lower end caps
120-2, 120-3 are attached in such a manner, for example
by welding or brazing or the like, as to form a sealed
enclosure defining the interior volume of the flash tank.
[0023] The flash tank 10A, 10B further includes an inlet
port 125, a first outlet port 127 and a second outlet port
129. The inlet port 125 is in fluid communication with the
middle chamber 124 for receiving the refrigerant flow
having traversed the secondary expansion device. The
inlet port 125 may be defined by the outlet opening of a
tube 160 that penetrates through the shell 120 and is in
fluid communication at its inlet end with refrigerant line 4
on the upstream side (with respect to refrigerant flow) of
the flash tank. The second outlet port 129 is in fluid com-
munication with the upper chamber 122 for discharging
a gas phase of the refrigerant flow from the flash tank
10A, 10B. The second outlet port 129 may be defined by
the inlet opening of a tube 162 that penetrates through
the shell 120 and is in fluid flow communication at its
outlet end with refrigerant line 14. The first outlet port 127
is in fluid communication with the lower chamber 126 for
discharging a liquid phase of the refrigerant flow from the
flash tank 10A, 10B into the refrigerant circuit. The first
outlet port 127 may be defined by the inlet opening of a
tube 164 that penetrates through the shell 120 and is in
fluid flow communication at its outlet end with refrigerant
line 4 on the downstream side (with respect to refrigerant
flow) of the flash tank.
[0024] Referring now to FIG. 3, which shows an exem-
plary flash tank which is not the subject of the present
invention, the flash tank 10A includes a lower plate 130
and an upper plate 140 disposed in spaced relationship
within the interior volume defined by the shell 120. Each
of the plates 130, 140 extends across the interior volume
and sealingly abuts the inner wall of the generally cylin-
drical central portion 120-1 of the shell 120 thereby sec-
tioning the interior volume of the shell 120 into three sep-
arate chambers: the middle chamber 124 between the
two spaced apart plates 130, 140; the upper chamber
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122 between the upper plate 140 and the upper end cap
120-2; and the lower chamber 126 between the lower
plate 130 and the lower end cap 120-3. In this embodi-
ment, a first fluid passage 142 is provided in and extends
through the upper plate 140 thereby establishing fluid
communication between the middle chamber 124 and
the upper chamber 122, and a second fluid passage 132
is provided in and extends through the lower plate 130
thereby establishing fluid communication between the
middle chamber 124 and the lower chamber 126.
[0025] In operation, the two-phase refrigerant flow
passing into the flash tank 10A through the inlet tube 160
into the middle chamber 124 through the inlet port 125.
Within the middle chamber 124, the two-phase flow sep-
arates due the density differential existing between the
liquid phase and the vapor phase. The vapor phase re-
frigerant passes upwardly through the first fluid passage
142 to enter the upper chamber 122. The liquid phase
refrigerant passes downwardly through the second fluid
passage 132 to enter the lower chamber 126. The outlet
portion of the inlet tube 160 may be fluted whereby the
two phase refrigerant flow passing through the inlet port
125 decelerates as it enters the middle chamber 124.
The resulting deceleration enhances separation of the
vapor and liquid phases thereby reducing carryover of
liquid refrigerant in the vapor phase refrigerant flow pass-
ing upwardly through the first passage 142 and the carry
under of vapor phase refrigerant in the liquid phase re-
frigerant flow passing downwardly through the second
fluid flow passage 132. Additionally, the first fluid pas-
sage 142 and the second fluid passage 132 may be lo-
cated diametrically opposite each other to further reduce
the potential for carryover. Also, the outlet end of the inlet
tube 160 may extend into the middle chamber 122 suffi-
ciently that the inlet port 125 is juxtaposed opposite the
upper surface of the lower plate 130 and the first fluid
passage 142 in the upper plate 140 may be located ver-
tically above the fluted portion of the inlet tube 160 as
illustrated in FIG. 3. So located, a portion of the vapor
phase refrigeration would tend to flow upwardly along
the fluted contour of the outlet end of the inlet tube 160
to pass through the first fluid passage 142, while almost
all of the liquid phase of the incoming refrigerant flow
would spread out horizontally along the upper surface of
the lower plate 130. In this arrangement, the second fluid
passage 132 in the second plate 130 would be located
diametrically opposite the first fluid passage 142 and thus
away from the turbulent zone beneath the inlet port 125.
[0026] Referring now to FIG. 4, in the exemplary em-
bodiment depicted therein, the flash tank 10B includes a
helical spiral member 150 that extends about a vertical
support tube 152 disposed along the central axis of the
shell 120. The radially outward edge of the helical spiral
member 150 sealingly abuts the inner wall of the gener-
ally cylindrical central portion 120-1 of the shell 120. The
helical spiral member 150 thereby defines a continuous
spiral passage from extending between the lower cham-
ber 126 and the upper chamber 122. The inlet tube 160

opens into the continuous spiral passage at a location
between the upper chamber 124 and the lower chamber
126, which is referred to in this embodiment as the middle
chamber 124. In an embodiment, the inlet tube 160 may
be arranged such that the two-phase refrigerant flow
passing into the middle chamber 124 through the inlet
125 enters tangentially along the inner wall of the gen-
erally cylindrical central member 120-1 of the shell 120.
Due to the density differential between the vapor phase
and the liquid phase, the vapor phase refrigerant in the
entering two-phase flow will tend to flow generally up-
wardly through the continuous spiral passage defined by
the helical spiral member 150, while the liquid phase of
the two-phase flow will tend to flow generally downwardly
through the continuous spiral passage defined by the hel-
ical spiral member 150. The central support tube 152 that
supports the helical spiral member 150 also defines an
elongated conduit 155 that extends along the central ver-
tical axis of the shell 120 thereby establishing fluid com-
munication between the upper chamber 122 and the low-
er chamber 126.
[0027] An upper equalization hole 154 and a lower
equalization hole 156 opening through the wall of the
tube 152 near the upper and lower ends, respectively, of
the tube 152. The upper equalization hole 154 provides
fluid communication between the upper chamber 122
and the conduit 155, while the lower equalization hole
156 provides fluid communication between the lower
chamber 126 and the conduit 155. The fluid path estab-
lished between the upper equalization hole 154 and the
lower equalization hole 156 via the conduit 155 permits
the fluid level in the conduit 155 defined within the support
tube 152 to be equal to the fluid level within the continuous
helical passage defined between the outer wall of the
central support tube 152 and the inner wall of the central
portion 120-1 of the shell 120. This fluid path also pro-
vides for a relatively stagnant refrigerant flow within the
conduit 155 which enhances the opportunity for improved
phase separation.
[0028] Unlike flash tanks used in stationary refrigera-
tion systems, in transport refrigeration applications, the
refrigerant vapor compression system is subject to vibra-
tion and movement due to the travel along roads, rail and
sea. Consequently, refrigerant is the flash tank 10A, 10B
would be subject to sloshing, which tends to increase
intermixing if the vapor and liquid phases of the refriger-
ant within the flash tank. The presence of the plates 130,
140 or the helical spiral member 150 serve to lessen the
degree of sloshing resulting from vibration and move-
ment of the transport refrigeration system. Additionally,
the flash tanks 10A, 10B include internal components
that substantially improve separation of the liquid phase
and the vapor phase introduced into in the flash tank,
thereby maximizing the enthalpy difference of the refrig-
erant across the evaporator which allows for limiting the
size of system components while optimizing the coeffi-
cient of performance, COP, and energy efficiency rating,
EER, of the system. Additionally, the improved quality of
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the refrigerant vapor withdrawn from the upper chamber
of the flask tank 10A, 10B and injected into the interme-
diate-stage of the compression process, results in in-
creased capacity of the refrigeration system. It is to be
understood that the embodiment of the flash tank 10B
may be used in either the Figure 1 embodiment or the
Figure 2 embodiment of the refrigerant vapor compres-
sion system 100.
[0029] Those skilled in the art will recognize that many
variations may be made to the particular exemplary em-
bodiments described herein. For example, the refrigerant
vapor compression system may also be operated in a
subcritical cycle, rather than in a transcritical cycle as
described hereinbefore. While the present invention has
been particularly shown and described with reference to
the exemplary embodiments as illustrated in the draw-
ings, it will be understood by one skilled in the art that
various changes in detail may be effected therein without
departing from the scope of the invention, which is de-
fined by the claims.

Claims

1. A transport refrigeration refrigerant vapor compres-
sion system (100) operating in a transcritical refrig-
eration cycle comprising:

a compression device (20) for compressing a
refrigerant vapor to a supercritical refrigerant
pressure, a gas cooler (40) operating at a su-
percritical refrigerant pressure, and an evapo-
rator (50) operating at a subcritical refrigerant
pressure, said compression device (20), said
gas cooler (40) and said evaporator (50) con-
nected in refrigerant flow communication in a
refrigerant circuit;
a primary expansion device (55) disposed in
said refrigerant circuit between said gas cooler
(40) and said evaporator (50);
a secondary expansion device (65) disposed in
said refrigerant circuit between said gas cooler
(40) and said primary expansion device (55);
a flash tank (10B) disposed in the refrigerant cir-
cuit upstream with respect to refrigerant flow of
said primary expansion device (55) and down-
stream with respect to refrigerant flow of said
secondary expansion device (65), said flash
tank having:

a shell (120) defining an interior volume,
said interior volume divided into an upper
chamber (122), a lower chamber (126) and
a middle chamber (124);
a first fluid passage establishing fluid com-
munication between the middle chamber
(124) and the upper chamber (122);
a second fluid passage establishing fluid

communication between the middle (124)
chamber and the lower chamber (126);
an inlet (125) port in fluid communication
with the middle chamber (124) for receiving
the refrigerant flow having traversed the
secondary expansion device (65);
a first outlet port (127) in fluid communica-
tion with the upper chamber (122) for dis-
charging a vapor phase of the refrigerant
flow from said flash tank separator (10B);
and
a second outlet port (129) in fluid commu-
nication with the lower chamber (126) for
discharging a liquid phase of the refrigerant
flow from said flash tank (10B) into the re-
frigerant circuit,

characterized in that said flash tank (10B) fur-
ther comprises:

an elongated support tube (152) extending
along a central vertical axis of said shell
(120), said support tube defining a conduit
(155) establishing fluid communication be-
tween said lower chamber (126) and said
upper chamber (122);
a helical spiral member (150) extending
about said vertical support tube (152) and
defining a continuous spiral fluid flow pas-
sage, a first portion of said continuous hel-
ical passage forming the first fluid passage
establishing fluid communication between
the middle chamber (124) and the upper
chamber (122) and a second portion of said
continuous helical passage forming the sec-
ond fluid passage establishing fluid commu-
nication between the middle chamber (124)
and the lower chamber (126);
an upper equalization hole (154) passing
through said support tube (152) and located
near an upper end of said support tube, said
upper equalization hole (154) establishing
fluid communication between an upper re-
gion of said conduit (155) and an upper re-
gion of said continuous helical passage;
and
a lower equalization hole (156) passing
through said support tube (152) and located
near a lower end of said support tube, said
lower equalization hole (156) establishing
fluid communication between a lower region
of said conduit (155) and a lower region of
said continuous helical passage.

2. The transport refrigeration refrigerant vapor com-
pression system as recited in claim 1 further com-
prising: a refrigerant vapor injection line (14) estab-
lishing refrigerant flow communication between the
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first outlet port (127) in fluid communication with the
upper chamber (122) of said flask tank (10B) and an
intermediate pressure stage of said compression de-
vice (20).

3. The transport refrigeration refrigerant vapor com-
pression system as recited in claim 1 further com-
prising: a refrigerant liquid injection line (18) estab-
lishing refrigerant flow communication between the
second outlet port (129) in fluid communication with
the lower chamber (126) of said flash tank and an
intermediate pressure stage of said compression de-
vice (20).

4. A transport refrigeration refrigerant vapor compres-
sion system as recited in claim 1 wherein the refrig-
erant comprises carbon dioxide.

5. A transport refrigeration refrigerant vapor compres-
sion system as recited in claim 1 wherein said com-
pression device (20) comprises a single compressor
having at least a first relatively lower pressure com-
pression stage (20a) and a second relatively higher
pressure compression stage (20b).

6. A transport refrigeration refrigerant vapor compres-
sion system as recited in claim 1 wherein said com-
pression device (20) comprises a first compressor
(20a) and a second compressor (20b) disposed in
said refrigerant circuit in series refrigerant flow rela-
tionship with a discharge outlet of said first compres-
sor (20a) in refrigerant flow communication with a
suction inlet of said second compressor (20b).

7. A transport refrigeration refrigerant vapour compres-
sion system as recited in claim 1, wherein the flash
tank comprises an inlet tube (160) penetrating said
shell (120) and having a outlet defining said inlet port
for directing an incoming flow of a mixed liquid phase
and vapor phase fluid to pass circumferentially along
an inner wall of said shell.

Patentansprüche

1. Kältemitteldampf-Verdichtungssystem zur Trans-
portkühlung (100), das in einem transkritischen Käl-
temittelkreislauf betrieben wird, umfassend:

eine Verdichtungsvorrichtung (20) zum Verdich-
ten eines Kältemitteldampfes auf einen überkri-
tischen Kältemitteldruck, einen Gaskühler (40),
der bei einem überkritischen Kältemitteldruck
betrieben wird, und einen Verdampfer (50), der
bei einem überkritischen Kältemitteldruck be-
trieben wird, wobei die Verdichtungsvorrichtung
(20), der Gaskühler (40) und der Verdampfer
(50) in Kältemittelströmungsverbindung in ei-

nem Kältemittelkreislauf verbunden sind;
eine primäre Expansionsvorrichtung (55), die in
dem Kältemittelkreislauf zwischen dem Gas-
kühler (40) und dem Verdampfer (50) angeord-
net ist;
eine sekundäre Expansionsvorrichtung (65), die
in dem Kältemittelkreislauf zwischen dem Gas-
kühler (40) und der primären Expansionsvor-
richtung (55) angeordnet ist;
einen Entspanner (10B), der im Kältemittelkreis-
lauf in Bezug auf den Kältemittelfluss der primä-
ren Expansionsvorrichtung (55) vorgeschaltet
und in Bezug auf den Kältemittelfluss der sekun-
dären Expansionsvorrichtung (65) nachge-
schaltet angeordnet ist, wobei der Entspanner
Folgendes aufweist:

einen Mantel (120), der ein Innenvolumen
definiert, wobei das Innenvolumen in eine
obere Kammer (122), eine untere Kammer
(126) und eine mittlere Kammer (124) auf-
geteilt ist;
einen ersten Fluidkanal, der eine Fluidver-
bindung zwischen der mittleren Kammer
(124) und der oberen Kammer (122) her-
stellt;
einen zweiten Fluidkanal, der eine Fluidver-
bindung zwischen der mittleren Kammer
(124) und der unteren Kammer (126) her-
stellt;
eine Einlassöffnung (125) in Fluidverbin-
dung mit der mittleren Kammer (124) zum
Aufnehmen des Kältemittelflusses, der die
sekundäre Expansionsvorrichtung (65)
durchlaufen hat;
eine erste Auslassöffnung (127) in Fluidver-
bindung mit der oberen Kammer (122) zum
Ablassen einer Dampfphase des Kältemit-
telflusses vom Entspannerabscheider
(10B); und
eine zweite Auslassöffnung (129) in Fluid-
verbindung mit der unteren Kammer (126)
zum Ablassen einer Flüssigphase des Käl-
temittelflusses vom Entspanner (10B) in
den Kältemittelkreislauf,

dadurch gekennzeichnet, dass der Entspan-
ner (10B) weiter Folgendes umfasst:

ein längliches Stützrohr (152), das entlang
einer zentralen vertikalen Achse des Man-
tels (120) verläuft, wobei das Stützrohr eine
Leitung (155) definiert, die eine Fluidverbin-
dung zwischen der unteren Kammer (126)
und der oberen Kammer (122) herstellt;
ein schraubenförmiges Spiralelement
(150), das um das vertikale Stützrohr (152)
verläuft und einen durchgehenden spiral-
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förmigen Fluidstromkanal definiert, wobei
ein erster Abschnitt des durchgehenden
schraubenförmigen Kanals den ersten Flu-
idkanal bildet, der eine Fluidverbindung zwi-
schen der mittleren Kammer (124) und der
oberen Kammer (122) herstellt, und ein
zweiter Abschnitt des durchgehenden
schraubenförmigen Kanals den zweiten
Fluidkanal bildet, der eine Fluidverbindung
zwischen der mittleren Kammer (124) und
der unteren Kammer (126) herstellt;
ein oberes Ausgleichsloch (154), das durch
das Stützrohr (152) durchgeht und nahe ei-
nem oberen Ende des Stützrohrs angeord-
net ist, wobei das obere Ausgleichsloch
(154) eine Fluidverbindung zwischen einem
oberen Bereich der Leitung (155) und ei-
nem oberen Bereich des durchgehenden
schraubenförmigen Kanals herstellt; und
ein unteres Ausgleichsloch (156), das durch
das Stützrohr (152) durchgeht und nahe ei-
nem unteren Ende des Stützrohrs angeord-
net ist, wobei das untere Ausgleichsloch
(156) eine Fluidverbindung zwischen einem
unteren Bereich der Leitung (155) und ei-
nem unteren Bereich des durchgehenden
schraubenförmigen Kanals herstellt.

2. Kältemitteldampf-Verdichtungssystem zur Trans-
portkühlung nach Anspruch 1, weiter umfassend: ei-
ne Kältemitteldampf-Einspeiseleitung (14), die eine
Kältemittelströmungsverbindung zwischen der ers-
ten Auslassöffnung (127) in Fluidverbindung mit der
oberen Kammer (122) des Entspanners (10B) und
einer mittleren Druckstufe der Verdichtungsvorrich-
tung (20) herstellt.

3. Kältemitteldampf-Verdichtungssystem zur Trans-
portkühlung nach Anspruch 1, weiter umfassend: ei-
ne Kältemittelflüssigkeit-Einspeiseleitung (18), die
eine Kältemittelströmungsverbindung zwischen der
zweiten Auslassöffnung (129) in Fluidverbindung mit
der unteren Kammer (126) des Entspanners und ei-
ner mittleren Druckstufe der Verdichtungsvorrich-
tung (20) herstellt.

4. Kältemitteldampf-Verdichtungssystem zur Trans-
portkühlung nach Anspruch 1, wobei das Kältemittel
Kohlendioxid umfasst.

5. Kältemitteldampf-Verdichtungssystem zur Trans-
portkühlung nach Anspruch 1, wobei die Verdich-
tungsvorrichtung (20) einen einzelnen Verdichter
umfasst, der mindestens eine erste Druckstufe mit
relativ niedrigem Druck (20a) und eine zweite Druck-
stufe mit relativ hohem Druck (20b) aufweist.

6. Kältemitteldampf-Verdichtungssystem zur Trans-

portkühlung nach Anspruch 1, wobei die Verdich-
tungsvorrichtung (20) einen ersten Verdichter (20a)
und einen zweiten Verdichter (20b) umfasst, die im
Kältemittelkreislauf in Reihe in Kältemittelströ-
mungsbeziehung angeordnet sind, wobei eine Aus-
lassöffnung des ersten Verdichters (20a) in Kälte-
mittelströmungsverbindung mit einem Ansaugein-
lass des zweiten Verdichters (20b) steht.

7. Kältemitteldampf-Verdichtungssystem zur Trans-
portkühlung nach Anspruch 1, wobei der Entspanner
ein Einlassrohr (160) umfasst, das den Mantel (120)
durchdringt und einen Auslass umfasst, der die Ein-
lassöffnung definiert, um ein einströmendes Fluid
mit gemischter flüssiger Phase und Dampfphase zu
leiten, so dass es in Umfangsrichtung entlang einer
Innenwand des Mantels strömt.

Revendications

1. Système de compression de vapeur de réfrigérant
pour transports réfrigérés (100) fonctionnant dans
un cycle de réfrigérant transcritique comprenant :

un dispositif de compression (20) pour la com-
pression d’une vapeur de réfrigérant à une pres-
sion de réfrigérant surcritique, un refroidisseur
de gaz (40) fonctionnant à une pression de ré-
frigérant surcritique, et un évaporateur (50)
fonctionnant à une pression de réfrigérant sur-
critique, ledit dispositif de compression (20), le-
dit refroidisseur de gaz (40) et ledit évaporateur
(50) étant connectés en communication d’écou-
lement de réfrigérant dans un circuit de
réfrigérant ;
un détendeur primaire (55) disposé dans ledit
circuit de réfrigérant entre ledit refroidisseur de
gaz (40) et ledit évaporateur (50) ;
un détendeur secondaire (65) disposé dans ledit
circuit de réfrigérant entre ledit refroidisseur de
gaz (40) et ledit détendeur primaire (55) ;
un réservoir de décompression (10B) disposé
dans le circuit de réfrigérant en amont par rap-
port à l’écoulement de réfrigérant dudit déten-
deur primaire (55) et en aval par rapport à l’écou-
lement de réfrigérant dudit détendeur secondai-
re (65), ledit réservoir de décompression ayant :

une enveloppe (120) définissant un volume
intérieur, ledit volume intérieur étant divisé
en une chambre supérieure (122), une
chambre inférieure (126) et une chambre
intermédiaire (124) ;
un premier passage de fluide établissant
une communication fluidique entre la cham-
bre intermédiaire (124) et la chambre supé-
rieure (122) ;
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un second passage de fluide établissant
une communication fluidique entre la cham-
bre intermédiaire (124) et la chambre infé-
rieure (126) ;
un orifice d’entrée (125) en communication
fluidique avec la chambre intermédiaire
(124) pour recevoir l’écoulement de réfrigé-
rant ayant traversé le second détendeur
(65) ;
un premier orifice de sortie (127) en com-
munication fluidique avec la chambre supé-
rieure (122) pour décharger une phase va-
peur de l’écoulement de réfrigérant à partir
dudit séparateur du réservoir de décom-
pression (10B) ; et
un second orifice de sortie (129) en com-
munication fluidique avec la chambre infé-
rieure (126) pour décharger une phase li-
quide de l’écoulement de réfrigérant à partir
dudit réservoir de décompression (10B)
dans le circuit de réfrigérant,

caractérisé en ce que ledit réservoir de décom-
pression (10B) comprend en outre :

un tube de soutien allongé (152) s’étendant
le long d’un axe vertical central de ladite en-
veloppe (120), ledit tube de soutien définis-
sant un conduit (155) établissant une com-
munication fluidique entre ladite chambre
inférieure (126) et ladite chambre supérieu-
re (122) ;
un élément spiralé hélicoïdal (150) s’éten-
dant autour dudit tube de soutien vertical
(152) et définissant un passage d’écoule-
ment de fluide spiralé continu, une première
partie dudit passage hélicoïdal continu for-
mant le premier passage de fluide établis-
sant une communication fluidique entre la
chambre intermédiaire (124) et la chambre
supérieure (122) et une seconde partie du-
dit passage hélicoïdal continu formant le se-
cond passage de fluide établissant une
communication fluidique entre la chambre
intermédiaire (124) et la chambre inférieure
(126) ;
un trou d’égalisation supérieur (154) pas-
sant à travers ledit tube de soutien (152) et
situé à proximité d’une extrémité supérieure
dudit tube de soutien, ledit trou d’égalisation
supérieur (154) établissant une communi-
cation fluidique entre une région supérieure
dudit conduit (155) et une région supérieure
dudit passage hélicoïdal continu ; et
un trou d’égalisation inférieur (156) passant
à travers ledit tube de soutien (152) et situé
à proximité d’une extrémité inférieure dudit
tube de soutien, ledit trou d’égalisation in-

férieur (156) établissant une communica-
tion fluidique entre une région inférieure du-
dit conduit (155) et une région inférieure du-
dit passage hélicoïdal continu.

2. Système de compression de vapeur de réfrigérant
pour transports réfrigérés selon la revendication 1
comprenant en outre : une conduite d’injection va-
peur de réfrigérant (14) établissant une communica-
tion d’écoulement de réfrigérant entre le premier ori-
fice de sortie (127) en communication fluidique avec
la chambre supérieure (122) dudit réservoir de dé-
compression (10B) et un étage de pression intermé-
diaire dudit dispositif de compression (20).

3. Système de compression de vapeur de réfrigérant
pour transports réfrigérés selon la revendication 1
comprenant en outre : une conduite d’injection liqui-
de de réfrigérant (18) établissant une communica-
tion d’écoulement de réfrigérant entre le second ori-
fice de sortie (129) en communication fluidique avec
la chambre inférieure (126) dudit réservoir de dé-
compression et un étage de pression intermédiaire
dudit dispositif de compression (20).

4. Système de compression de vapeur de réfrigérant
pour transports réfrigérés selon la revendication 1
dans lequel le réfrigérant comprend du dioxyde de
carbone.

5. Système de compression de vapeur de réfrigérant
pour transports réfrigérés selon la revendication 1
dans lequel ledit dispositif de compression (20) com-
prend un seul compresseur ayant au moins un pre-
mier étage de compression à une pression relative-
ment inférieure (20a) et un second étage de com-
pression à une pression relativement supérieure
(20b).

6. Système de compression de vapeur de réfrigérant
pour transports réfrigérés selon la revendication 1
dans lequel ledit dispositif de compression (20) com-
prend un premier compresseur (20a) et un second
compresseur (20b) disposés dans ledit circuit de ré-
frigérant en relation d’écoulement de réfrigérant en
série avec une sortie de décharge dudit premier
compresseur (20a) dans une communication
d’écoulement de réfrigérant avec une entrée d’aspi-
ration dudit second compresseur (20b).

7. Système de compression de vapeur de réfrigérant
pour transports réfrigérés selon la revendication 1,
dans lequel le réservoir de décompression com-
prend un tube d’entrée (160) pénétrant ladite enve-
loppe (120) et ayant une sortie définissant ledit ori-
fice d’entrée pour diriger un écoulement entrant d’un
fluide à phase liquide et phase vapeur mélangées
pour passer de manière circonférentielle le long
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d’une paroi intérieure de ladite enveloppe.
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