EP 2172 720 B1

Patent Office

desrevers (11) EP 2172 720 B1

(1 9) ’ o Hllml” m” H“‘ Hll‘ ‘l“l |H‘| ”’ll ‘|H| Mll ‘l“l Hll‘ ’l”l |H‘| Hll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.
of the grant of the patent: F25B 13/00 (2006.01)

04.01.2012 Bulletin 2012/01
(21) Application number: 09252326.5

(22) Date of filing: 30.09.2009

(54) Temperature control system with a directly-controlled purge cycle
Temperaturregelungssystem mit einem direkt gesteuerten Spiilzyklus

Systéme de contréle de la température doté d’un cycle de purge directement contrdlé

(84) Designated Contracting States: e Ma, YoungChan
AT BEBG CH CY CZ DE DK EE ES FI FR GB GR Bloomington
HRHUIEISITLILTLULV MC MK MT NL NO PL Minnesota 55431 (US)
PT RO SE SI SK SM TR ¢ Lattin, Robert
Minneapolis
(30) Priority: 06.10.2008 US 245974 Minnesota 55410 (US)
¢ Zhang, Ming
(43) Date of publication of application: Ballwin
07.04.2010 Bulletin 2010/14 Missouri 63021 (US)
¢ Madireddi, Sesha
(73) Proprietor: THERMO KING CORPORATION St. Charles
Minneapolis Missouri 633037 (US)

Minnesota 55420 (US)
(74) Representative: Holmes, Matthew Peter et al

(72) Inventors: Marks & Clerk LLP
¢ Kolstad, Kim Carl 1 New York Street
Lonsdale Manchester, M1 4HD (GB)
Minnesota 55046 (US)
* Srichai, Panayu Robert (56) References cited:
Minneapolis EP-A- 1215452 GB-A-727 629
Minnesota 55417 (US) US-A-4912933 US-A-5 845 502

¢ Mohs, William Francis
Minneapolis
Minnesota 55419 (US)

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)



1 EP 2172 720 B1 2

Description
BACKGROUND

[0001] The present invention relates to temperature
control systems. More particularly, the present invention
relates to a temperature control system for a transport
vehicle.

[0002] Generally, transport vehicles (e.g., straight
trucks and tractor-trailer combinations) are used to trans-
port temperature sensitive cargo that is maintained at
predetermined conditions using a temperature control
system during transportation to preserve the quality of
the cargo. The cargo is transported, stored, or otherwise
supported within a cargo space of the transport vehicle.
[0003] Insome transport units, the temperature control
system must be capable of cooling and heating the cargo
space to maintain a desired temperature (i.e., a setpoint
temperature). A controller switches the temperature con-
trol unit between heating and cooling modes based on
the relative difference between a sensed temperature
and the setpoint temperature to regulate the condition of
the cargo space. Typically, the temperature control sys-
tem is capable of operating a conventional refrigeration
cycle utilizing a phase-change refrigerant to cool the car-
go space. Refrigerant is compressed by a compressor,
condensed, and evaporated in a heat exchanger in ther-
mal communication with the cargo space to cool the car-
gospace. Heating is typically accomplished by bypassing
the condenser and directing hot compressed refrigerant
directly to the heat exchanger in thermal communication
with the cargo space to heat the cargo space.

[0004] One example of a known transport refrigeration
system is disclosed in US 4,912,933 which describes a
system having the features of the pre-characterising por-
tion of claim 1.

SUMMARY

[0005] According to the first aspect of the present in-
vention there is provided a temperature control system
comprising a compressor configured to compress a heat
transfer fluid; a first heat exchanger in fluid communica-
tion with the compressor and configured to receive the
heat transfer fluid from the compressor and to cool and
condense the heat transfer fluid; a second heat exchang-
er in fluid communication with the first heat exchanger
and the compressor and configured to exchange heat
with a temperature-controlled space; an accumulator in
fluid communication with the second heat exchanger and
the compressor and configured to receive a mixture of
liquid and vapor heat transfer fluid from the second heat
exchanger and direct a vapor portion of the heat transfer
fluid to the compressor a valve in fluid communication
with the first heat exchanger, the compressor, and the
second heat exchange, the valve operable in a first po-
sition and a second position, wherein the first position is
operable to direct the heat transfer fluid from the com-
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pressor to the first heat exchanger and the second posi-
tion is operable to direct the heat transfer fluid from the
compressor to the second heat exchanger without pass-
ing through the first heat exchanger; characterised by a
liquid level sensor associated with the accumulator and
operable to generate a signal indicative of the level of
the liquid heat transfer fluid inside the accumulator and
a controller in electrical communication with the liquid
level sensor and the valve, wherein the controller is
adapted to receive the signal and move the valve from
the first position to the second position based on the sig-
nal.

[0006] According to a second aspect of the present
invention there is provided a method of operating a tem-
perature control system, the method comprising com-
pressing a heat transfer fluid with a compressor; directing
the heat transfer fluid from the compressor to a first heat
exchanger with a valve in a first position; cooling and
condensing the heat transfer fluid from the compressor
in the first heat exchanger; exchanging heat with a tem-
perature-controlled space with a second heat exchanger;
receiving a mixture of liquid and vapor heat transfer fluid
from the second heat exchanger into an accumulator;
directing a vapor portion of the heat transfer fluid in the
accumulator to the compressor; characterised by gener-
ating with a liquid level sensor associated with the accu-
mulator a signal indicative of the level of the liquid heat
transfer fluid inside the accumulator; receiving the signal
with a controller, moving the valve with the controller from
the first position to a second position based on the signal;
and directing the heat transfer fluid from the compressor
to the second heat exchanger without passing through
the first heat exchanger with the valve in the second po-
sition.

[0007] Other aspects of the invention will become ap-
parent by consideration of the detailed description and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a schematic of a temperature control
system according to one embodiment of the present in-
vention, illustrating a cooling mode.

[0009] Fig. 2is a schematic of the temperature control
system of Fig. 1, illustrating a condenser evacuation
mode.

[0010] Fig. 3 is a schematic of the temperature control
system of Fig. 1, illustrating a heating/defrost mode.

DETAILED DESCRIPTION

[0011] Before any embodiments of the invention are
explained in detail, itis to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of components set forth in the fol-
lowing description orillustrated in the following drawings.
The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.
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Also, it is to be understood that the phraseology and ter-
minology used herein is for the purpose of description
and should not be regarded as limiting. The use of "in-
cluding," "comprising," or "having" and variations thereof
herein is meant to encompass the items listed thereafter
and equivalents thereof as well as additional items. Un-
less specified or limited otherwise, the terms "mounted,"
"connected," "supported," and "coupled" and variations
thereof are used broadly and encompass both direct and
indirect mountings, connections, supports, and cou-
plings. Further, "connected" and "coupled" are not re-
stricted to physical or mechanical connections or cou-
plings. Accordingly the scope of the invention is limited
by the appended claims.

[0012] Figs. 1-3illustrate atemperature control system
10 for a transport vehicle. The temperature control sys-
tem 10 is capable of cooling and heating a cargo space
of the transport vehicle to maintain a desired temperature
(i.e., a setpoint temperature). The temperature control
system 10 includes a controller 12 that switches the tem-
perature control system 10 between heating and cooling
modes based on the relative difference between a
sensed temperature and the setpoint temperature to reg-
ulate the condition of the cargo space. It is to be under-
stood that the refrigeration system 10 may be utilized for
other refrigeration applications and is not limited to trans-
port refrigeration applications.

[0013] The temperature control system 10 includes a
compressor 14, a first heat exchanger 16, a receiver 18,
an expansion valve 20, a second heat exchanger 22 and
an accumulator 24 connected in series by fluid conduits.
The first heat exchanger 16 is in thermal communication
with air outside of the transport vehicle. The second heat
exchanger 22 is in thermal communication with air inside
the cargo space of the transport vehicle. In other con-
structions, there may be more than one heat exchanger
in thermal communication with air inside the cargo space.
A distributor 40 may be employed, as is well known in
the art, to distribute refrigerant to a plurality of second
heat exchangers (not shown). A first portion 44 of the
temperature control system 10, including the second heat
exchanger 22, is preferably positioned within the cargo
space. A second portion 46 of the temperature control
system 10, including the first heat exchanger 16, is pref-
erably positioned outside of the cargo space.

[0014] Inthe cooling mode, the receiver 18 receives a
heat transfer fluid (e.g., refrigerant) from the first heat
exchanger 16 and directs refrigerant to the second heat
exchanger 22. The expansion valve 20, reduces the pres-
sure of the refrigerant just upstream of the second heat
exchanger 22. The accumulator 24 receives a liquid and
gaseous mixture of refrigerant from the second heat ex-
changer and includes a liquid level sensor 32 for detect-
ing a level of liquid in the accumulator 24. Liquid refrig-
erant accumulates at the bottom of the accumulator 24
and gaseous refrigerant is displaced to the top. The ac-
cumulator 24 includes a U-tube 42 (i.e., a U-shaped tube)
for drawing gaseous refrigerant from the top of the accu-
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mulator 24 into the compressor suction line, as is well
known in the art. The liquid level must remain below the
inlet of the U-tube 42 in order to prevent the liquid from
entering the compressor suction line. The liquid level sen-
sor 32 is positioned at an optimum height within the ac-
cumulator tank. The optimum height is chosen such that
a liquid level at or below the optimum height is unlikely
to result in liquid entering the compressor 14 during
movement of the transport vehicle and operation of the
temperature control system 10. In other constructions,
such as non-transport applications, the optimum height
may be closer to the top of the U-tube 42 since movement
of the liquid is not expected. Furthermore, the optimum
height ensures that an adequate amount of refrigerant is
available during a heating/defrost mode of operation,
which will be explained in further detail below.

[0015] The liquid level sensor 32 generates a first sig-
nal indicative of a refrigerant level below the optimal level
and a second signal indicative of a refrigerant level at or
above the optimal level. In other embodiments, the sen-
sor 32 may generate an output when the level is below
the optimal level (i.e., generate a voltage output value)
and not generate any output (i.e., voltage) when the level
is at or above the optimal level. In such embodiments,
the lack of an output, which can be recognized by the
controller 12 as indicative of a liquid level at or above the
optimal level, should be considered to be the generation
of a signal indicative of the refrigerant level. The liquid
level sensor can be a float device, a hydrostatic device,
a load cell, a magnetic level gauge, a capacitance trans-
mitter, a magnetostrictive level transmitter, an ultrasonic
level transmitter, a laser level transmitter, a radar level
transmitter, or the like.

[0016] The temperature control system 10 also in-
cludes a suction line heat exchanger 26 and a purge valve
28. The suction line heat exchanger 26 is a shell and
tube heat exchanger that transfers heat between the
warm liquid refrigerant entering the second heat ex-
changer 22 and cold vapor refrigerant leaving the second
heat exchanger 22. Itis to be understood that other types
of heat exchangers may be used to accomplish the same
results. The purge valve 28 is a solenoid valve in com-
munication with a fluid conduit 34 that fluidly connects
the first heat exchanger 16 to the accumulator 24, by-
passing the suction line heat exchanger 26, the expan-
sion valve 20 and the second heat exchanger 22.
[0017] A three-way valve 30 is operable in a first posi-
tion (Figs. 1 and 2) in which refrigerant is directed from
the compressor 14 to the first heat exchanger 16 and a
second position (Fig. 3) in which refrigerant is directed
from the compressor 14 to the second heat exchanger
22. In the first position, a refrigeration or cooling circuit
is formed. In the second position, a heating/defrost circuit
is formed. The controller 12 controls the position of the
three-way valve 30 by opening and closing a pilot sole-
noid valve 36 in a manner well understood in the art. The
three-way valve 30 is kept in the first position by main-
taining the pilot solenoid valve 36 closed, which builds
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pressure to hold the valve 30 in the first position. When
the controller 12 opens the pilot solenoid valve 36, the
pressure is released and the three-way valve 30 moves
from the first position to the second position. When the
controller 12 closes the pilot solenoid valve 36, the pres-
sure builds and the three-way valve 30 moves from the
second position to the first position. In other construc-
tions, other types of switching mechanisms may be em-
ployed to switch the system between a refrigeration cir-
cuit and a heating/defrost circuit.

[0018] The temperature control system 10 is operable
in a cooling mode, a condenser evacuation mode, and a
heating/defrost mode. The controller 12 communicates
with the pilot solenoid valve 36 to place the three-way
valve 30 in the first position during the cooling mode and
the condenser evacuation mode, and in the second po-
sition during the heating/defrost mode.

[0019] During the cooling mode, illustrated in Fig. 1,
the three-way valve is in the first position to direct high
pressure gas refrigerant from the compressor to the first
heat exchanger 16. The high pressure gas refrigerant is
condensed in the first heat exchanger 16 to a high pres-
sure liquid refrigerant, which is directed to the receiver
18. The receiver 18 ensures that only liquid refrigerant
is directed toward the second heat exchanger 22. Prior
to the high pressure liquid refrigerant entering the second
heat exchanger 22, the high pressure liquid refrigerant
enters the suction line heat exchanger 26 to be pre-
cooled by low pressure refrigerant exiting the second
heat exchanger 22. Then, the high pressure liquid refrig-
erant is passed through an expansion valve 20 to lower
the pressure of the refrigerant. At least a portion of the
refrigerant evaporates in the second heat exchanger 22
to create a mixture of low pressure liquid and low pres-
sure gas. The mixture passes through the second heat
exchanger 22 and absorbs heat from air being directed
into the cargo space to thereby cool the cargo space.
The mixture then passes through the suction line heat
exchanger 26 and exchanges heat with the high pressure
liquid refrigerant approaching the second heat exchang-
er 22. Then, the mixture is separated in the accumulator
24 in which low pressure liquid refrigerant is collected at
the bottom and low pressure gas refrigerant is drawn
from the top into the compressor suction line via the U-
tube 42. During the cooling mode, the controller 12 en-
sures that the purge valve 28 is closed to prevent the
movement of high pressure liquid refrigerant into the ac-
cumulator 24. The temperature control system 10 re-
mains in the cooling mode until a heating or defrost op-
eration is needed. When a heating or defrost operation
is needed, the controller switches to the condenser evac-
uation mode.

[0020] The condenser evacuation mode, illustrated in
Fig. 2, is operated between the cooling and heating/de-
frost modes to move an optimal amount of refrigerant
from the high pressure side to the low pressure side for
use during the heating/defrost mode. During the con-
denser evacuation mode, the three-way valve 30 is in
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the first position. Upon entering the condenser evacua-
tion mode, the controller 12 opens the purge valve 28 to
allow the passage of high pressure liquid refrigerant from
the receiver 18 and the first heat exchanger 16 into the
accumulator 24. Refrigerant introduced to the accumu-
lator 24 becomes available for use during the heating/
defrost cycle. The amount of refrigerant moved into the
accumulator 24 must be large enough to provide ade-
quate capacity for heating but not so much that the liquid
refrigerant enters the compressor suction line, which can
damage the compressor. The liquid level sensor 32 de-
tects the presence of liquid at a predetermined optimal
height. When the optimal height is detected, the liquid
level sensor 32 sends a signal to the controller 12, which
switches the three-way valve 30 to the second position
in response to the signal by opening a pilot solenoid valve
36, as is well understood in the art, and initiates the heat-
ing/defrost mode. When the three-way valve 30 is
switched to the second position, high pressure liquid re-
frigerant no longer enters the accumulator 24 by way of
fluid conduit 34 and purge valve 28. The purge valve 28
may be closed to ensure that high pressure liquid refrig-
erant does not enter the accumulator 24; however, it is
possible that the purge valve 28 may be open and still
high pressure refrigerant will not enter the accumulator
24 because of the pressure increase in the accumulator
24 when the system is switched to the heating/defrost
mode.

[0021] During the heating/defrost mode, illustrated in
Fig. 3, the three-way valve 30 is in the second position.
In the second position, refrigerant bypasses the first heat
exchanger 16 and hot gas refrigerant is directed from the
compressor 14 to the second heat exchanger 22 to heat
the cargo space or to defrost the second heat exchanger
coil. A pressure regulating device 38 (e.g., a differential
pressure regulating (DPR) valve) is positioned between
the compressor 14 and the second heat exchanger 22.
Refrigerant is directed from the compressor 14 to the
pressure regulating device 38 to the second heat ex-
changer 22, bypassing the expansion valve 20. The re-
frigerant goes through the second heat exchanger coll
22 where it is cooled and/or partially condensed. As the
refrigerant passes through the second heat exchanger
22, the refrigerant releases heat either to ice formed on
the external surfaces of the second heat exchanger 22
to thereby defrost the second heat exchanger 22, to air
being directed into the cargo space to thereby heat the
cargo space, or to both. The refrigerant enters the accu-
mulator 24 where condensed liquid refrigerant is sepa-
rated from vapor refrigerant. The vapor refrigerant re-
turns to the compressor by way of U-tube 42 and is com-
pressed to a high pressure and high temperature gas,
and the cycle repeats. If cooling is demanded, the con-
troller 12 switches to the refrigeration mode by switching
the three-way valve 30 to the first position and closing
the purge valve 28.

[0022] Thus, the invention provides, among other
things, a temperature control system 10 having a con-
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troller 12 operable to switch the system from a cooling
circuit to a heating/defrost circuit in response to a signal
from a liquid level sensor 32 indicating that an optimal
level of liquid refrigerant has accumulated in the accu-
mulator 24. The features of the invention are set forth in
the following claims.

Claims
1. A temperature control system comprising:

a compressor (14) configured to compress a
heat transfer fluid;

a first heat exchanger (16) in fluid communica-
tion with the compressor (14) and configured to
receive the heat transfer fluid from the compres-
sor (14) and to cool and condense the heat trans-
fer fluid;

a second heat (22) exchanger in fluid commu-
nication with the first heat exchanger (16) and
the compressor (14) and configured to ex-
change heat with a temperature-controlled
space;

an accumulator (24) in fluid communication with
the second heat exchanger (22) and the com-
pressor (14) and configured to receive a mixture
of liquid and vapor heat transfer fluid from the
second heat exchanger (22) and direct a vapor
portion of the heat transfer fluid to the compres-
sor (14);

a valve (30) in fluid communication with the first
heat exchanger (16), the compressor (14), and
the second heat exchanger (22), the valve (30)
operable in afirst position and a second position,
wherein the first position is operable to direct the
heat transfer fluid from the compressor (14) to
the first heat exchanger (16) and the second po-
sition is operable to direct the heat transfer fluid
from the compressor (14) to the second heat
exchanger (22) without passing through the first
heat exchanger (16); characterised by:
aliquid level sensor (32) associated with the ac-
cumulator (24) and operable to generate asignal
indicative of the level of the liquid heat transfer
fluid inside the accumulator (24); and

a controller (12) in electrical communication with
the liquid level sensor (32) and the valve (30),
wherein the controller (12) is adapted to receive
the signal and move the valve (30) from the first
position to the second position based on the sig-
nal.

2. The temperature control system of claim 1, wherein
the first position corresponds to a cooling mode of
the temperature control system and the second po-
sition corresponds to a heating mode of the temper-
ature control system.
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3.

The temperature control system of claim 2, wherein
the cooling mode defines a cooling circuit for cooling
the temperature-controlled space, wherein the cool-
ing circuitincludes the compressor (14), the first heat
exchanger (16), the second heat exchanger (22),
and the accumulator (24) fluidly connected in series.

The temperature control system of claim 3, wherein
the heating mode defines a heating circuit for at least
one of defrosting the second heat exchanger (22)
and heating and the temperature-controlled space,
wherein the heating circuit bypasses the first heat
exchanger (16) and includes the compressor (14),
the second heat exchanger (22), and accumulator
(24) fluidly connected in series.

The temperature control system of claim 4, wherein
the liquid level sensor (32) is operable to generate
a signal indicative of an optimal level of liquid heat
transfer fluid inside the accumulator (24), and where-
in the controller (12) is operable to receive the signal
indicative of the optimal level and to move the valve
(30) to the second position.

The temperature control system of claim 5, wherein
the optimum level includes a level of refrigerant that
provides heating capacity during the heating mode,
and wherein liquid heat transfer fluid at or below the
optimum level does not enter the compressor (14).

The temperature control system of claim 4, further
comprising a second valve (28) in fluid communica-
tion with the first heat exchanger (16) and the accu-
mulator (24), the valve (28) operable in an open po-
sition and a closed position, wherein the open posi-
tion is operable to direct at least a portion of the con-
densed heat transfer fluid from the first heat ex-
changer (16) to the accumulator (24) without passing
through the second heat exchanger (22), and where-
in the controller (12) is in electrical communication
with the second valve (28) and operable to move the
valve (28) between open and closed positions.

The temperature control system of claim 7, wherein
the open position corresponding to a condenser
evacuation mode of the temperature control system.

The temperature control system of claim 8, wherein
the condenser evacuation mode defines an evacu-
ation circuit configured to allow at least a portion of
the condensed heat transfer fluid to enter the accu-
mulator (24) from the first heat exchanger (16), by-
passing the second heat exchanger (22), wherein
the evacuation circuit includes the compressor (14),
the first heat exchanger (16), and the accumulator
(24) fluidly connected in series.

10. The temperature control system of claim 9, wherein
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the temperature control system enters the condens-
er evacuation mode after the temperature control
system exits the cooling mode and before the tem-
perature control system enters the heating mode.

A method of operating a temperature control system,
the method comprising:

compressing a heat transfer fluid with a com-
pressor (14);

directing the heat transfer fluid from the com-
pressor (14) to a first heat exchanger (16) with
a valve (30) in a first position;

cooling and condensing the heat transfer fluid
from the compressor in the first heat exchanger
(16);

exchanging heat with a temperature-controlled
space with a second heat exchanger (22);
receiving a mixture of liquid and vapor heat
transfer fluid from the second heat exchanger
(22) into an accumulator (24);

directing a vapor portion of the heat transfer fluid
in the accumulator (24) to the compressor (14);

characterised by:

generating with a liquid level sensor (32) asso-
ciated with the accumulator (24) a signal indic-
ative of the level of the liquid heat transfer fluid
inside the accumulator (24);

receiving the signal with a controller (12);
moving the valve (30) with the controller (12)
from the first position to a second position based
on the signal; and

directing the heat transfer fluid from the com-
pressor (14) to the second heat exchanger (22)
without passing through the first heat exchanger
(16) with the valve (30) in the second position.

12. The method of claim 11, further comprising:

operating the temperature control system in a
cooling mode when the valve (30) is in the first
position; and
operating the temperature control system in a
heating mode when the valve (30) is in the sec-
ond position.

13. The method of claim 12, further comprising:

fluidly connecting in series a cooling circuit in-
cluding the compressor (14), the first heat ex-
changer (16), the second heat exchanger (22),
and the accumulator (24) when operating in the
cooling mode; and

cooling the temperature-controlled space when
operating in the cooling mode.
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14.

15.

16.

17.

18.

19.

The method of claim 13, further comprising:

fluidly connecting in series a heating circuit in-
cluding the compressor (14), the second heat
exchanger (22), and accumulator (24) when op-
erating in the heating mode;

bypassing the first heat exchanger (16) when
operating in the heating mode; and

at least one of defrosting the second heat ex-
changer (22) and heating and the temperature-
controlled space when operating in the heating
mode.

The method of claim 14, further comprising
generating a signal indicative of an optimal level of
liquid heat transfer fluid inside the accumulator (24),
receiving the signal indicative of the optimal level
with the controller (12); moving the valve (30) from
the first position to the second position with the con-
troller (12) based on the signal indicative of the op-
timal level.

The method of claim 15, further comprising:

initiating the heating mode;

providing heating capacity in the heating mode
when the heating mode is initiated with the op-
timum level of refrigerant in the accumulator
(24); and

inhibiting liquid heat transfer fluid from entering
the compressor (14) in the heating mode when
the heating mode is initiated with the optimal lev-
el of refrigerant.

The method of claim 14, further comprising
directing at least a portion of the condensed heat
transfer fluid from the first heat exchanger (16) to the
accumulator (24) without passing through the sec-
ond heat exchanger (22) with a second valve (28) in
an open position.

The method of claim 17, further comprising
operating the temperature control system in a con-
denser evacuation mode when the second valve (28)
is in the open position.

The method of claim 18, further comprising

moving the second valve (28) with the controller from
the closed position to the open position;

fluidly connecting in series an evacuation circuit in-
cluding the compressor (14), the first heat exchanger
(16), and the accumulator (24) when operating in the
condenser evacuation mode;

allowing at least a portion of the condensed heat
transfer fluid to enter the accumulator (24) from the
first heat exchanger (16) when operating in the con-
denser evacuation mode; and

bypassing the second heat exchanger (22) when op-
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erating in the condenser evacuation mode.

The method of claim 19, further comprising
entering the condenser evacuation mode after the
temperature control system exits the cooling mode
and before the temperature control system enters
the heating mode.

Patentanspriiche

1.

Temperaturregelungssystem, das Folgendes um-
fasst:

einen Verdichter (14), der dafiir konfiguriert ist,
ein Warmedbertragungsfluid zu verdichten;
einen ersten Warmeaustauscher (16) in Fluid-
verbindung mit dem Verdichter (14) und dafir
konfiguriert, das Warmeibertragungsfluid von
dem Verdichter (14) aufzunehmen und das War-
meubertragungsfluid abzukiihlen und zu kon-
densieren,

einen zweiten Warmeaustauscher (22) in Fluid-
verbindung mit dem ersten Warmeaustauscher
(16) und dem Verdichter (14) und dafir konfigu-
riert, Warme mit einem temperaturgeregelten
Raum auszutauschen,

einen Sammler (24) in Fluidverbindung mit dem
zweiten Warmeaustauscher (22) und dem Ver-
dichter (14) und dafiir konfiguriert, ein Gemisch
aus flissigem und dampfférmigem Warmetiber-
tragungsfluid von dem zweiten Warmeaustau-
scher (22) aufzunehmen und einen dampfférmi-
gen Anteil des Warmelbertragungsfluids zu
dem Verdichter (14) zu leiten,

ein Ventil (30) in Fluidverbindung mitdem ersten
Warmeaustauscher (16), dem Verdichter (14)
und dem zweiten Warmeaustauscher (22), wo-
bei das Ventil (30) in einer ersten Stellung und
in einer zweiten Stellung funktionsfahig ist, wo-
bei die erste Stellung dafiir funktionsfahig ist,
das Warmelbertragungsfluid von dem Verdich-
ter (14) zu dem ersten Warmeaustauscher (16)
zu leiten, und die zweite Stellung dafiir funkti-
onsfahig ist, das Warmelbertragungsfluid von
dem Verdichter (14) zu dem zweiten Warme-
austauscher (22) zu leiten, ohne dass es durch
den ersten Wéarmeaustauscher (16) hindurch-
geht, gekennzeichnet durch;

einen FlUssigkeitspegelsensor (32), der mitdem
Sammler (24) verknUpft und daflr funktionsfa-
hig ist, ein Signal zu erzeugen, das den Pegel
des flissigen Warmeubertragungsfluids inner-
halb des Sammlers (24) anzeigt, und

ein Steuergerat (12) in elektrischer Verbindung
mit dem FlUssigkeitspegelsensor (32) und dem
Ventil (30), wobei das Steuergerat (12) dafir
eingerichtet ist, das Signal zu empfangen und
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das Ventil (30) auf der Grundlage des Signals
von der ersten Stellung zu der zweiten Stellung
zu bewegen.

Temperaturregelungssystem nach Anspruch 1, wo-
bei die erste Stellung einem Kihlungsmodus des
Temperaturregelungssystems entspricht und die
zweite Stellung einem Heizungsmodus des Tempe-
raturregelungssystems entspricht.

Temperaturregelungssystem nach Anspruch 2, wo-
bei der Kiihlungsmodus einen Kiihlungskreislauf de-
finiert, um die Temperatur des temperaturgeregelten
Raumes abzukiihlen, wobei der Kiihlungskreislauf
den Verdichter (14), den ersten Warmeaustauscher
(16), den zweiten Warmeaustauscher (22) und den
Sammler (24), fluidmaRig in Reihe verbunden, ein-
schlieft.

Temperaturregelungssystem nach Anspruch 3, wo-
bei der Heizungsmodus einen Heizungskreislauf de-
finiert, um wenigstens den zweiten Warmeaustau-
scher (22) zu entfrosten und/oder den temperatur-
geregelten Raum zu heizen, wobei der Heizungs-
kreislauf den ersten Warmeaustauscher (16) um-
geht und den Verdichter (14), den zweiten Warme-
austauscher (22) und den Sammler (24), fluidmagig
in Reihe verbunden, einschliefit.

Temperaturregelungssystem nach Anspruch 4, wo-
bei derFlissigkeitspegelsensor (32) dafiir funktions-
fahig ist, ein Signal zu erzeugen, das einen optima-
len Pegel des flissigen Warmeubertragungsfluids
innerhalb des Sammlers (24) anzeigt, und wobei das
Steuergerat (12) dafiir eingerichtet ist, das Signal zu
empfangen, das den optimalen Pegel anzeigt, und
das Ventil (30) zu der zweiten Stellung zu bewegen.

Temperaturregelungssystem nach Anspruch 5, wo-
bei der optimale Pegel einen Kaltemittelpegel ein-
schliel}t, der eine Heizfahigkeit wahrend des Hei-
zungsmodus gewabhrleistet, und wobei das flissige
Warmeubertragungsfluid bei oder unter dem optima-
len Pegel nicht in den Verdichter (14) eintritt.

Temperaturregelungssystem nach Anspruch 4, das
ferner ein zweites Ventil (28) in Fluidverbindung mit
dem ersten Warmeaustauscher (16) und dem
Sammler (24) umfasst, wobei das Ventil (28) in einer
offenen Stellung und in einer geschlossenen Stel-
lung funktionsfahig ist, wobei die offene Stellung da-
fur funktionsfahig ist, wenigstens einen Anteil des
kondensierten Warmelibertragungsfluids von dem
ersten Warmeaustauscher (16) zu dem Sammler
(24) zu leiten, ohne dass es durch den zweiten War-
meaustauscher (22) hindurchgeht, und wobei das
Steuergerat (12) in elektrischer Verbindung mit dem
zweiten Ventil (28) und daflr funktionsfahig ist, das
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Ventil (28) zwischen der offenen und der geschlos-
senen Stellung zu bewegen.

Temperaturregelungssystem nach Anspruch 7, wo-
bei die offene Stellung einem Kondensatorentlee-
rungsmodus des Temperaturregelungssystems ent-
spricht.

Temperaturregelungssystem nach Anspruch 8, wo-
bei der Kondensatorentleerungsmodus einen Ent-
leerungskreis definiert, der dafiir konfiguriert ist, zu
ermdglichen, dass wenigstens ein Anteil des kon-
densierten Warmeibertragungsfluids von dem er-
sten Warmeaustauscher (16) in den Sammler (24)
eintritt, wobei es den zweiten Warmeaustauscher
(22) umgeht, wobei der Entleerungskreis den Ver-
dichter (14), den ersten Warmeaustauscher (16) und
den Sammler (24), fluidmaRig in Reihe verbunden,
einschlief3t.

Temperaturregelungssystem nach Anspruch 9, wo-
bei das Temperaturregelungssystem in den Kon-
densatorentleerungsmodus eintritt, nachdem das
Temperaturregelungssystem den Kiltlungsmodus
verlasstund bevor das Temperaturregelungssystem
in den Heizungsmodus eintritt.

Verfahren zum Betreiben eines Temperaturrege-
lungssystems, wobei das Verfahren Folgendes um-
fasst:

das Verdichten eines Warmeitibertragungsfluids
mit einem Verdichter (14),

das Leiten des Warmeilbertragungsfluids von
dem Verdichter (14) zu einem ersten Warme-
austauscher (16) mit einem Ventil (30) in einer
ersten Stellung,

das Abklhlen und das Kondensieren des War-
meubertragungsfluids aus dem Verdichter in
den ersten Warmeaustauscher (16),

das Austauschen von Warme mit einem tempe-
raturgeregelten Raum mit einem zweiten War-
meaustauscher (22),

das Aufnehmen eines Gemischs aus fllissigem
und dampfformigem Warmeilbertragungsfluid
aus dem zweiten Warmeaustauscher (22) in ei-
nen Sammler (24),

das Leiten eines dampfférmigen Anteils des
Warmelbertragungsfluids in dem Sammler (24)
zu dem Verdichter (14),

gekennzeichnet durch:

das Erzeugen eines Signals, das den Pegel des
flissigen Warmedibertragungsfluids innerhalb
des Sammlers (24) anzeigt, mit einem FlUssig-
keitspegelsensor (32), der mit dem Sammler
(24) verknipft ist,
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das Empfangen des Signals mit einem Steuer-
gerat (12),

das Bewegen des Ventils (30) von der ersten
Stellung zu einer zweiten Stellung mit dem Steu-
ergerat (12) auf der Grundlage des Signals und
das Leiten des Warmeubertragungsfluids von
dem Verdichter (14) zu dem zweiten Wéarme-
austauscher (22), ohne dass es durch den er-
sten Warmeaustauscher (16) hindurchgeht, mit
dem Ventil (30) in der zweiten Stellung.

12. Verfahren nach Anspruch 11, das ferner Folgendes

umfasst:

das Betreiben des Temperaturregelungssy-
stems in einem Kihlungsmodus, wenn sich das
Ventil (30) in der ersten Stellung befindet, und
das Betreiben des Temperaturregelungssy-
stems in einem Heizungsmodus, wenn sich das
Ventil (30) in der zweiten Stellung befindet.

13. Verfahren nach Anspruch 12, das ferner Folgendes

umfasst:

das fluidmaRig Verbinden eines Kiihlungskrei-
sesinReihe, derden Verdichter (14), den ersten
Warmeaustauscher (16), den zweiten Warme-
austauscher (22) und den Sammler (24) ein-
schlief3t, wenn es in dem Kiihlungsmodus arbei-
tet, und

das Kihlen des temperaturgeregelten Raumes,
wenn es in dem Kihlungsmodus arbeitet.

14. Verfahren nach Anspruch 13, das ferner Folgendes

umfasst:

das fluidmaRig Verbinden eines Heizungskrei-
ses in Reihe, der den Verdichter (14), den zwei-
ten Warmeaustauscher (22) und den Sammler
(24) einschlieRt, wenn es in dem Heizungsmo-
dus arbeitet,

das Umgehen des ersten Warmeaustauschers
(16), wenn es in dem Heizungsmodus arbeitet,
und

wenigstens das Entfrosten des zweiten Warme-
austauschers (22) und/oder das Heizen des
temperaturgeregelten Raumes, wenn es indem
Heizungsmodus arbeitet.

15. Verfahren nach Anspruch 14, das ferner Folgendes

umfasst:

das Erzeugen eines Signals, das einen optima-
len Pegel des fliissigen Warmeilibertragungs-
fluids innerhalb des Sammlers (24) anzeigt,
das Empfangen des Signals, das den optimalen
Pegel anzeigt, mit dem Steuergerat (12),

das Bewegen des Ventils (30) von der ersten
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Stellung zu der zweiten Stellung mit dem Steu-
ergerat (12) auf der Grundlage des Signals, das
den optimalen Pegel anzeigt.

16

das Eintreten in den Kondensatorentleerungs-
modus, nachdem das Temperaturregelungssy-
stem den Kuhlungsmodus verlasst und bevor

das Temperaturregelungssystem in den Hei-
16. Verfahren nach Anspruch 15, das ferner Folgendes & zungsmodus eintritt.
umfasst:
das Einleiten des Heizungsmodus, Revendications
das Gewabhrleisten einer Heizfahigkeit in dem
Heizungsmodus, wenn der Heizungsmodus mit 70 1.

dem optimalen Kaltemittelpegel in dem Samm-

Systeme de régulation de la température,
comprenant :

ler (24) eingeleitet wird, und
das Verhindern, dass das fliissige Warmeuber-
tragungsfluid in dem Heizungsmodus in den

20. Verfahren nach Anspruch 19, das ferner Folgendes
umfasst:

un compresseur (14), configuré de sorte a com-
primer un fluide de transfert de chaleur ;

Verdichter (14) eintritt, wenn der Heizungsmo- 15 un premier échangeur de chaleur (16), en com-
dus mit dem optimalen Kaltemittelpegel einge- munication de fluide avec le compresseur (14),
leitet wird. et configuré de sorte arecevoir le fluide de trans-
fert de chaleur du compresseur (14), et a refroi-
17. Verfahren nach Anspruch 14, das ferner Folgendes diretcondenserle fluide de transfert de chaleur ;
umfasst: 20 un deuxiéme échangeur de chaleur (22), en
communication de fluide avec le premier échan-
das Leiten wenigstens eines Anteils des kon- geur de chaleur (16) et le compresseur (14), et
densierten Warmeubertragungsfluids von dem configuré de sorte a échanger la chaleur avec
ersten Warmeaustauscher (16) zu dem Samm- un espace a régulation de la température ;
ler (24), ohne dass es durch den zweiten War- 25 un accumulateur (24), en communication de flui-
meaustauscher (22) hindurchgeht, mit einem de avec le deuxiéme échangeur de chaleur (22)
zweiten Ventil (28) in einer offenen Stellung. et le compresseur (14), et configuré de sorte a
recevoir un mélange de fluide de transfert de
18. Verfahren nach Anspruch 17, das ferner Folgendes chaleur liquide et sous forme de vapeur du
umfasst: 30 deuxiéme échangeur de chaleur (22), etadiriger
une partie de vapeur du fluide de transfert de
das Betreiben des Temperaturregelungssy- chaleur vers le compresseur (14) ;
stems in einem Kondensatorentleerungsmo- une soupape (30), en communication de fluide
dus, wenn sich das zweite Ventil (28) in der of- avec le premier changeur de chaleur (16), le
fenen Stellung befindet. 35 compresseur (14) et le deuxiéme échangeur de
chaleur (22), la soupape (30) pouvant étre ac-
19. Verfahren nach Anspruch 18, das Ferner Folgendes tionnée dans une premiére position et une
umfasst: deuxiéme position, la premiére position servant
adiriger le fluide de transfert de chaleur du com-
das Bewegen des zweiten Ventils (28) von der 40 presseur (14) vers le premier échangeur de cha-
geschlossenen Stellung zu der offenen Stellung leur (16), et la deuxiéeme position servant a diri-
mit dem Steuergerat, ger le fluide de transfert de chaleur du compres-
das fluidmaRige Verbinden eines Entleerungs- seur (14) vers le deuxiéme échangeur de cha-
kreises in Reihe, der den Verdichter (14), den leur (22), sans passer a travers le premier
ersten Warmeaustauscher (16) und den Samm- 45 échangeur de chaleur (16) ; caractérisé par
ler (24) einschlief3t, wenn es in dem Kondensa- un capteur du niveau du liquide (32), associé a
torentleerungsmodus arbeitet, 'accumulateur (24) et servant a émettre un si-
das Ermoglichen, dass wenigstens ein Anteil 1 gnal indicatif du niveau de fluide de transfert de
des kondensierten Warmeilibertragungsfluids chaleur liquide a lintérieur de I'accumulateur
aus dem ersten Warmeaustauscher (16) inden 50 (24) ; et
Sammler (24) eintritt, wenn es in dem Konden- un moyen de commande (12), en communica-
satorentleerungsmodus arbeitet, und tion électrique avec le capteur du niveau du li-
das Umgehen des zweiten Warmeaustau- quide (32) et la soupape (30), le moyen de com-
schers (22), wenn es in dem Kondensatorent- mande (12) étant adapté pour recevoir le signal
leezwngsmodus arbeitet. 55 et pour déplacer la soupape (30) de la premiére

position vers la deuxiéme position, sur la base
du signal.
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Systéme de régulation de la température selon la
revendication 1, dans lequel la premiére position cor-
respond a un mode de refroidissement du systéme
de régulation de la température, la deuxieme posi-
tion correspondant a un mode de chauffage du sys-
teme de régulation de la température.

Systéme de régulation de la température selon la
revendication 2, dans lequel le mode de refroidisse-
ment définit un circuit de refroidissement, pour re-
froidir I'espace a régulation de la température, le cir-
cuit de refroidissement englobant le compresseur
(14), le premier échangeur de chaleur (16), le
deuxieme échangeur de chaleur (22) et 'accumula-
teur (24), accouplés en série par le fluide.

Systéeme de régulation de la température selon la
revendication 3, dans lequel le mode de chauffage
définit un circuit de chauffage pour exécuter au
moins une opération, le dégivrage du deuxieme
échangeur de chaleur (22) ou le chauffage de I'es-
pace a régulation de la température, le circuit de
chauffage contournantle premier échangeur de cha-
leur (16) et englobant le compresseur (14), le deuxie-
me échangeur de chaleur (22) et 'accumulateur
(24), connectés en série par le fluide.

Systéme de régulation de la température selon la
revendication 4, dans lequel le capteur du niveau du
liquide (32) sert a émettre un signal indicatif d’un
niveau optimal du fluide de transfert de chaleur liqui-
de a l'intérieur de 'accumulateur (24), le moyen de
commande (12) servant a recevoir le signal indicatif
du niveau optimal et a déplacer la soupape (30) vers
la deuxiéme position.

Systéme de régulation de la température selon la
revendication 5, dans lequel le niveau optimal en-
globe un niveau du réfrigérant fournissant une ca-
pacité de chauffage au cours du mode de chauffage,
le fluide de transfert de chaleur liquide au niveau du
niveau optimal ou au-dessous de celui-ci n’entrant
pas dans le compresseur (14).

Systéme de régulation de la température selon la
revendication 4, comprenant en outre une deuxiéme
soupape (28), en communication de fluide avec le
premier échangeur de chaleur (16) etI'accumulateur
(24), la soupape (28) pouvant étre actionnée dans
une position ouverte et une position fermée, la po-
sition ouverte servant a diriger au moins une partie
du fluide de transfert de chaleur condensé du pre-
mier échangeur de chaleur (16) vers 'accumulateur
(24), sans passer a travers le deuxieme échangeur
de chaleur (22), le moyen de commande (12) étant
en communication électrique avec la deuxieme sou-
pape (28) et servant a déplacer la soupape (28) entre
les positions ouverte et fermée.
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8.

10.

11.

Systéme de régulation de la température selon la
revendication 7, dans lequel la position ouverte cor-
respond a un mode d’évacuation a condensation du
systeme de régulation de la température.

Systéme de régulation de la température selon la
revendication 8, dans lequel le mode d’évacuation
a condensation définit un circuit d’évacuation, con-
figuré de sorte a permettre I'entrée d’au moins une
partie du fluide de transfert de chaleur condensé
dans I'accumulateur (24) a partir du premier échan-
geur de chaleur (16), contournant le deuxiéme
échangeur de chaleur (22), le circuit d’évacuation
englobant le compresseur (14), le premier échan-
geur de chaleur (16) et 'accumulateur (24), connec-
tés en série par le fluide.

Systéme de régulation de la température selon la
revendication 9, dans lequel le systéme de régula-
tion de la température rentre dans le mode d’éva-
cuation a condensation apres la sortie du systéme
de régulation de la température du mode de refroi-
dissementetavant/’entrée du systeme de régulation
de la température dans le mode de chauffage.

Procédé d’actionnement d’'un systéme de régulation
delatempérature, le procédé comprenant les étapes
ci-dessous :

compression d'un fluide de transfert de chaleur
par un compresseur (14) ;

direction du fluide de transfert de chaleur du
compresseur (14) vers un premier échangeur
de chaleur (16), une soupape (30) se trouvant
dans une premiére position ;

refroidissement et condensation du fluide de
transfertde chaleur, ducompresseurversle pre-
mier échangeur de chaleur (16) ;

échange de chaleuravec un espace arégulation
de la température par un deuxiéme échangeur
de chaleur (22) ;

réception d’'un mélange de fluide de transfert de
chaleur liquide et sous forme de vapeur du
deuxiéme échangeur de chaleur (22) et transfert
de celui-ci dans un accumulateur (24) ;
direction d’'une partie de vapeur du fluide de
transfert de chaleur dans I'accumulateur (24)
vers le compresseur (14) ;

caractérisé par les étapes ci-dessous :

génération, par un capteur du niveau du liquide
(32) associé a 'accumulateur (24), d’'un signal
indicatif du niveau du fluide de transfert de cha-
leur liquide a l'intérieur de I'accumulateur (24) ;
réception du signal par un moyen de commande
(12);

déplacement de la soupape (30) par le moyen
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de commande (12) de la premiére position vers
une deuxiéme position, sur la base du signal ; et
direction du fluide de transfert de chaleur du
compresseur (14) vers le deuxiéme échangeur
de chaleur (22), sans passer atravers le premier
échangeur de chaleur (16), la soupape (30) se
trouvant dans la deuxiéme position.

12. Procédeé selon la revendication 11, comprenant en
outre les étapes ci-dessous :

actionnement du systéeme de régulation de la
température dans un mode de refroidissement
lorsque la soupape (30) se trouve dans la pre-
miére position ; et

actionnement du systéme de régulation de la
température dans un mode de chauffage lors-
que la soupape (30) se trouve dans la deuxiéme
position.

13. Procédeé selon la revendication 12, comprenant en
outre les étapes ci-dessous :

connexion par le fluide et en série d’un circuit
de refroidissement, englobant le compresseur
(14), le premier échangeur de chaleur (16), le
deuxieme échangeur de chaleur (22) et 'accu-
mulateur (24), lors du fonctionnement dans le
mode de refroidissement ; et

refroidissement de I'espace a régulation de la
température lors du fonctionnement dans le mo-
de de refroidissement.

14. Procédé selon la revendication 13, comprenant en
outre les étapes ci-dessous :

connexion par le fluide et en série d’un circuit
de chauffage, englobant le compresseur (14),
le deuxiéme échangeur de chaleur (22) et I'ac-
cumulateur (24), lors du fonctionnement dans le
mode de chauffage ;

contournement du premier échangeur de cha-
leur (16) lors du fonctionnement dans le mode
de chauffage ; et

au moins une opération, un dégivrage du
deuxiéme échangeur de chaleur (22) ou un
chauffage de I'espace a régulation de la tempé-
rature, lors du fonctionnement dans le mode de
chauffage.

15. Procédé selon la revendication 14, comprenant en
outre les étapes ci-dessous :

génération d’un signal indicatif d’'un niveau op-
timal du fluide de transfert de chaleur liquide a
l'intérieur de 'accumulateur (24) ;
réception du signal indicatif du niveau optimal ,
par le moyen de commande (12) ;
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11

déplacement de la soupape (30) de la premiére
position vers la deuxi€éme position par le moyen
de commande (12), sur la base du signal indi-
catif du niveau optimal.

16. Procédé selon la revendication 15, comprenant en
outre les étapes ci-dessus

initialisation du mode de chauffage ;

fourniture d’une capacité de chauffage dans le
mode de chauffage lors de linitialisation du mo-
de de chauffage en présence du niveau optimal
de réfrigérant dans I'accumulateur (24) ; et
empéchement d’une entrée du fluide de trans-
fert de chaleur liquide dans le compresseur (14)
dans le mode de chauffage, lors de l'initialisation
du mode de chauffage en présence du niveau
optimal du réfrigérant.

17. Procédé selon la revendication 14, comprenant en
outre les étapes ci-dessous :

direction d’au moins une partie du fluide de
transfert de chaleur condensé du premier
échangeur de chaleur (16) vers I'accumulateur
(24), sans passer a travers le deuxieme échan-
geur de chaleur (22), une deuxiéme soupape
(28) se trouvant dans une position ouverte.

18. Procédé selon la revendication 17, comprenant en
outre I'étape ci-dessous :

actionnement du systéeme de régulation de la
température dans un mode d’évacuation a con-
densation lorsque la deuxiéme soupape (28) se
trouve dans la position ouverte.

19. Procédé selon la revendication 18, comprenant en
outre les étapes ci-dessous

déplacement de la deuxiéme soupape (28) par
le moyen de commande de la position fermée
vers la position ouverte ;

connexion par le fluide et en série d’un circuit
d’évacuation, englobant le compresseur (14), le
premier échangeur de chaleur (16) et 'accumu-
lateur (24), lors du fonctionnement dans le mode
d’évacuation a condensation ;

autorisation de I'entrée d’au moins une partie du
fluide de transfert de chaleur condensé dans
I'accumulateur (24) a partir du premier échan-
geur de chaleur (16), lors du fonctionnement
dans le mode d’évacuation a condensation ; et
contournement du deuxi€me échangeur de cha-
leur (22) lors du fonctionnement dans le mode
d’évacuation a condensation.

20. Proceédeé selon la revendication 19, comprenant en
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outre I'étape ci-dessous :

entrée dans le mode d’évacuation a condensa-
tion aprées la sortie du systéme de régulation de

la température du mode de refroidissement et 5
avant I'entrée du systéme de régulation de la
température dans le mode de chauffage.
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