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COOLING SYSTEM

- BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a cdoling system and, more particularly, to a

- cooling system that cools a heat generating source by utilizing a vapor compression

refrigeration cycle.

2. Description of Related Art

- [0002]  As foran exisﬁng vehicle air-conditioning system, for example, Japanese
Patent Application Publication No. 5-96940 (JP 5-96940 A) describes an air—conditioning
system that iﬁcludes an interior air heat exchangerkand that is able to carry out heating
mode operation and cooling mode operation with the use 6f a four-way valve.

[0003] In recent years, hybrid vehicles, fuel cell vehicles, electric vehicles, and
the like, that run with driving force of a motor bbecome a focus of attention as one of

measures against environmental issues. In such vehicles, electrical devices, such as a

“motor, a generator, an inverter, a converter and a battery, exchange electric power to

generate heat. Therefore, these electrical devices need to be cooled. Then, there is

‘suggested a technique for cooling a heat generator by utiliZing a vapor compression

refrigeration cycle that is used as a vehicle air-conditioning system.

[0004] For example, Jépanese Patent Application Publication No. 2005-90862
(JP 2005-90862 A) describes a cooling system in which heat generator cooling means for
cooling a heat generator is provi‘ded in a bypass passage that bypasses a decompressor, an

evaporator and a compressor of an air-conditioning refrigeration cycle. Japanese Patent

.- Application Publication No. 2007-69733 (JP 2007-69733 A) describes a system in which

a heat exchanger that exchanges heat with air-conditioning air and a heat exchanger that
exchanges heat with a heat generator are arranged in parallel in a refrigerant line from an

expansion valve to a compressor and then the heat generatdr is cooled by utilizing

CONFIRMATION COPY
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refrigerant for an air-conditioning system. _

[0005]  Japanese Patent Applicetion Publication No. 2000-198347  (JP
2000-198347 A) describes a heat pump air-conditioning system that\improves heating
performance by recovering waste heat from a motor with the use of coolant and then
transferring heat from coolant to refrigerant. Japanese Paterr'r Application Publication
No. 9-290622 (JP 9-290622 A) describes a technique for effectively improving heating
performance at the time of a low outside air temperature while suppressing an increase in
electric power consumption by recovering waste heat from a heat generating portivon
mounted on a vehicle and then ceusing refrigerant for gas injection to absorb heat..

[0006] In the coolirrg system described 1n JP 2005-90862 A, it is required to
operate the compressor in order to circulate refrigerant in the vapor Vcompression
refrigeration cycle and, in addition, it is required to constantly drive a pump in order to
cool a heat generator by supplying refrigerant to the heat generator. Therefore, there is a

problem that a fuel consumption and/or an electric power consumption deteriorate.

SUMMARY OF THE TNVENTION

[0007] The invention provides a cooling system that is able.to efficiently coovl a
heat generating source at a lower power during both cooling and heating.

[0008] An aspect of the invention provides a cooling system that cools a heat
generating source. The cooling system inch'ldes:‘a cornpressor that is configured to
compress refrigerant; a first heat exchanger and a second heat exchanger that are
configured to exchange heat between frhe refrigerant and outside air; a first decompressor
that is configured to decompress the refrigerant; a third heat exchanger that is configured
to exchange heat between the refrigerarnt and air-conditioning air; a reservoir that is
configured to store the refrigerant in a liquid phase, condensed in the first heat exchanger
or rhe second heat exchanger; and a cooling portion that is configured to cool the heat
gerrerating source using. the refrigerant in a liquid phase. The cooling system further
includes a first selector valve. The first selector valve is configured to switch between

flow of the refrigerant from the first heat exchanger toward the cooling portion via the
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reservoir and flow of the refrigerant from the second heat exchanger toward the cooling
portion via the reservoir. The cooling system further includes: a first line that proVides
ﬂuid communication between the ﬁrét heat exchanger and the reservoir; a second Hne
that provides fluid communication between the second heat exchanger and the reservoir;
a third line thfough which the refrigerant in a liquid phase flows from the reservoir
toward the cooling portion; a first flow regulating valve that is provided in the first line

and that is configured to adjust a flow rate of the refrigerant flowing through the cooling

~portion; and a second flow regulating valve that is provided in the second line and that is

configured to adjust the flow rate of the refrigerant flowing through the cooling portion.

The cooling system further includes: a fourth line; a fifth line; and a second selector valve.
The fourth line provides fluid communication between an outlet side of the cooling

portion and the first line between the first heat exchanger and the first flow regulating

valve. The fifth line provides fluid communication between the outlet side of the

cooling portion and the second line between the second heat exchanger and the second

flow regulating valve. The second selector valve is configured to switch between flow

of the refrigerant from the cooling portion toward the first heat exchanger via the fourth

line and flow of the refrigerantfrém the cooling portion toward the second heat
exchanger via the fifth line. |

- [0009] The cooling system may include: a sixth line; a communication line; and
an on-off valve. The sixth line constitutes a path of the refrigérant flowing into or
flowing out from the first heat exchénger together with the first ‘line.  The
communication line provides fluid communicaﬁon between the outlet side of the cooling
portion .and‘ the sixth line. The on-off valve is configured to open dr close the
communication line. |

[0010] In the cobling system, the heat generating source may be arranged below

the first heat exchanger.

[0011] In the.cooling system, the first heat exchanger may have a higher heat

' radiation performance for releasing heat from the refrigerant than the second heat

exchanger.
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_'[0012] The cooling system may further include an interiof condenser that is
arranged on a downstream side of flow of air-conditioning air with respect to the third
heat exchanger and that is conﬁguredvto transfer heat from the-refrigerant compressed in
the compressor to the air-conditioning‘air to thereby heat the air-conditioning air.

[0013] © The cooling system may further include a second decompressor that is
provided in a path of the refrigerant flowing from the compréssor to the second héat
exchangéf via the first selector valve and that is configured tb decompress the refrigerant;

and a branching line that is configured to branch part of‘th.e reffigerant decompressed in .

‘the second decorhpressor and to flow the part of the refrigerant to the third heat

exchanger.
[0014] With the above-described cooling system, it is possible to efficiently cool
the heat generating source at a low power during both cooling operation and heéting

Sy
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  Features, advantages, and technical and industrial signiﬁéanCe of
exempléry embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, aﬁd wherein:

FIG. 1 is a schematic view that shows the configuration of a cooling system
according to an émbodiment that is one example of the invention; |

'FIGs. 2A and 2B are views that show settings of a comﬁresﬁor and valves in each
operation mode of the cooling system according to the embodiment; |

FIG. 3 is a Mollier chart that shows the state of refrigerant in a vapor compression
refrigeration cycle in a ﬁr}st operation mode of the cboling system according to the
embodiment; V | o

FIG. 4 is a schematic view that shows the operation of the cooling system in a

second operation mode of the cooling system according to the embodiment;

FIG. 5 is a Mollier chart that shows the state of refrigerant in the vapor compression

refrigeration cycle in the second operation mode;
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FIG. 6 is a schematic view. that shows the operation.‘of the cooling system in a third
operation mode of the cdoling system according to the embodiment;

FIG. 7 is a Mollier chart that shéws the state of refrigerant in the vapor compression
refrigeration cycle in fhe thifd'operatioh mode; N

FIG. 8 is a schematic view that shows the operation of the cooling‘ system in a fourth
operation>mode of the cooling system according to fhe embodiment;

FIG. 9 is a schematic view that shows the configuration of part of the cooling
system shown in FIG. §; .

FIG. 10 is a Mollier chart that shows the stéte of refrigerant in the vapor /
compression refrigeration cycle in the fourth operation mode; and

FIG. 11 is a schematic Viéw that shows the operation of the cooling system in a fifth

operation mode of the cooling system according to the embodiment.

: DETAILED DESCRIPTION OF EMBODIMENTS

[0016]  Hereinafter, an embodiment of the invention will be described with

reference to the accompanying drawings. - Note that like reference numerals denote the

same or corresponding portions in the drawings-and the description thereof is not
repeafed. |
Configuration of Cooling Systerh 1

- [0017] FIG. 1 is a schematic view that shows the configuration of a cooling
system 1. As shown in FIG. 1, the cooling system 1 includes a vapor compression
refrigeration cycle 10. The vapor compression refrigeration cycle 10. is, for éxample,
mounted on a vehicle in order to cool or heat the cébin of the vehicle. Cooling using ‘the ‘
vapor corﬁpression refrigeration cycle 10 is performed, for example, Wheh a switch for
cooling is turned on or when an automatic control mode in which the temperature in the
cabin of the vehicle is automatically adjusted to ‘a set temperature is selected and the
temperature in the cabin is higher than the set témperature. Heating using the vapor
compression refrigeration cycle 10 is performed, fér example-, when a switch for heating

is turned on or when the automatic control mode is selected and the temperature in the
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cabin is lower than the set temperature.

[0018] The vapor compression refrigeration cycle 10 includes a compressor 12,
a heat exchanger 14 that serves as a first heat exchanger, a heat exchanger 15 that serves
as a second heat exchanger, an expansion valve 16 that is an example of a decompressor,
é heat exchaﬁger 18 that serves as a third heat exchanger, and a heat exchanger'13 that
serves as an interior éondenser.

[0019] The compressor 12 is actuated by a motor or engine equipped for the |

“vehicle as a power source, and adiabatically compresses' refrigerant gas to obtain

superheated refrigerant gas. The compressor 12 introduces and compresses gaseous
refrigerant flowing during operation of the vapor compression refrigeration cycle 10, and
dischafges high-temperature and high-pressure gaseous refrigerant. The compressor 12
discharges refrigerant to the refrigerant line 21 to thereby circuiate refrigerant in the
vapor compression refrigeration cycle 10.

[0020] . Each of the heat exchangers 14 and 15 includes tubes and fins. The
tubes flow refrigerant. The fins ére used to exchange heat between refrigerant flowing
through the tube_s and air around the heat exchaﬂger 14 or 15. The heat exchan‘gérs 14
and 15 exchange heat between refrigerant and outside air, and cause superheated
refrigerant gas, compressed in the compressor 12, to release heat to an extema1 medium
with a constant pressure and to become refrigerant liquid. Owing to heat exchange
betwéen cooling air and refrigerant in the heat exchangers 14 and 15, the temperature of |
refrigerant ‘deéreases, and refrigerant liquefies. Outside air may be. supplied to the heat
ekchangers 14 and 15 by natural draft that is generated as the vehicle runs.
Alternatively, outside air may be supplied to the heat exchangers 14 and‘ 15 by forced
draft from a cooling fan (not shown), such as a condenser fan and an engine cooling
radiator fan. |

[0021] | The expansion valve 16 causes high-pressure liquid refrigerant to be
sprayed through a small hole to expand into low-temperature and low-préssure atomized
refrigerant.  The expansion valve 16 decompresses condensed refrigerant liquid into wet

steam in a gas-liquid mixing state. Note that a decompressor for decompressing
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refrigerant liquid is not limited te the expansion valve 16 that carries out throttle
expansion; instead, the decompressof méy be a capillary tube. |

[(’)022]‘ The expansion valve .16 may be a thermal expansion valve of which the
valve opening degree is determined by a balance befween a pressure difference between
refrigerant at an outlet of the expansion valve 16 and refrigerant at an outlet of the heat
exchanger 18 and a sprin‘g force. The valve opening degree of the thermal expansion
valve is .cont‘rolled such that a degree of superheat of refrigerant at the outlet of the heat
exchanger 18 is constant. For example, when a degree of superheat of refrigerant at the

outlet of the heat exchanger 18 is ‘high‘, the pressure difference in refrigerant increases.

In this case, the valve opening degree increases to increase the flow rate of refrigerant.

By so doing, it is possible to reduce a degree of superheat of refrigerant. Conversely,
when a degree of superheat of refrigerant at the outlet of the heat exchanger 18 is low, the

valve opening degree reduces to reduce the flow rate of refrigerant. By so doing, it is

possible to increase a degree of superheat of refrigerant. The expansion valve 16 is not

limited to a thermal expaﬁsion valve. An electric expansion Val§e may be employed as
the expansion valve 16. | ‘

[0‘023] Each of the heat exchangers 13 and 18 includes tubes and fins. »The
tubes flow refrigerant. The fins are used to exchange heat between refrigerant flowing
throﬁgh the tubes and air around the heat exchanger 13 or 18. The heat exchangers 13
anel 18 'exchange heaf between refrigerant and air-conditioning air flowing through the
duct 90 The temperature .of air—conditioniﬁg air is adjusted by heat exchange between
refrigerant that circulates in the vapor compression refrigeration cycle 10 via the heat
exchangers 13 and 18 end air-conditioning air. Air-conditioning air may be outside air
or may be air in the cabin of the vehicle. |

[0024] The vapor eompression refrigeration cycle 10 includes an accumulator
85 that is provided in a path of refrigerant on the upstream side of the compressor 12.

The accumulator 85 is provided in order to-keep the state of refrigerant, which is

. introduced into the compressor 12, constant. The accumulator 85 has the function of,

when refrigerant flowing into the accumulator 85 is in a gas-liquid two-phase state,
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separating refrigerant into gas and liquid, storing refrigerant liquid in the accumulator 85

and returning gaseous refrigerant in a saturated steam state to the compressor 12. The

- accumulator 85 introduces only gaseous refrigerant steam into- the compressor 12, and

serves to 'prevent refrigerant liquid from flowing into the compressor. 12.

[0025] The vapor compression réfrigeration cycle 10 further includes refrigerant
linés 21 to 29. -The refrigerant line 21 provides fluid communication between the
compressor 12 and the heat exchanger 15. Refrigerant flows from the compressor 12

toward the heat exchanger 13 between the compressor 12 and the heat exchanger 13 via

_ the refrigerant line 21. The refrigerant line 22 provides fluid communication between

the heat exchanger 13 and the heat exChangef 14. 'Refrigerant flows from the heat
exchanger 13 toward the heat exéhanger 14 between the heat exchanger 13 and the heat
exchénger 14 via the refrigerant line 22. The refrigefant lines 23 and 24. provide fluid

communication between the heat exchanger 14 and the heat exchanger 15. Refrigerant

flows from one of the heat exchanger 14 and the heat exchanger 15 toward the other

between the heat exchanger 14 and the heat exchanger 15 via the refrigerant lines 23 and

24,

[0026] The refrigerant line 25 prdvides fluid communication between. the heat
exchanger 15 and the“e‘xpansion valve 16. Refrigerant flows from the heat exchanger 15
toward the expansion valve 16 betvx;een t\l/le heat exchanger 15 and the expansion valve 16
via the refrigerant line 25. - An on-of"f‘ valve 44 that is able to open or close the
refrigerant line 25 is provided in the refrigerant line 25. The on-off valve 44 switches
between the opeﬁ state and the closed state to thereby switch between fluid
communication and interruption of the refrigerant line 25. By so doing, the on-off Val\}e
44 allows or prohibits flow of refrigerant throﬁgh the refrigerant line 25. |

[0027]  The refrigerant line 26 provides ﬂuid communication between the
expansioﬁ valve 16 and thé heat exchanger 18.  Refrigerant ﬂoWs from the expansion
valve 16 toward the heat exchanger 18 between the expansion val\}e 16 and the heat.
exchanger 18 via the refrigerant line 26. The refrigerant line 27 provides fluid

communication between the heat exchanger 18 and the expansion valve 16. = Refrigerant
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ﬂows from the heat exchanger 18 toward the expansion valve 16 between the heat
exchanger 18 and the expansion valve 16 via the refrigerant line 27.

[0028] The refrigerant line 28 provides fluid communication between the
expansion valve 16 and the accumulator 85. Refrigerant flows from the expansion valve
16 toward the accumulator 85 betweerl the expansion valve 16 and the accumulator 85
via the refrigerant line 28.  The refrigerant line' 29 provides‘ fluid communication
between the accumulator 85 and the compressor .12. Refrigerant flows ‘from the
accumulator 85 toward the compressor 12 between the heat exchanger 18 and the
compressor 12 Via the refrigerént lirle 29.

[0029]  The vapor compreseion refrigeration cycle 10 is formed such that the
compressor 12, the heat exchangers 13, 14, 15, the expansion valve 16 and the heat
exchanger 18 are coupled by the refrigerant lines 21 to 29. - Note that refrigerant used in

the vapor compression refrigeration cycle 10 may be, for example, carbon dioxide,

" hydrocarbon, such as propane and isobutane, ammonia, chlorofluorocarbons, water, or

the like.

[0030] The vapor compression refrigeration cycle 10 further includes a
gas-liquid separator 80. The gas-liquid separator 80 is arranged in a path of refrige.rant

between the heat exchanger 14 and the heat exchanger 15. The gas-liquid ‘separator 80

separates refrigerant flowing into the gas-liquid separator 80 into gaseous refrigerant and.

liquid refrigerarrt. Refrigerant liquid that is liquid refrigerant and refrigerant steam that
is gaseous refrigerant are stored inside the gas-liquid separator 80. The refrigerant‘lines
23 and 24 and e refrigerant line 33 (described later) are coupled to the gaé—‘liquid
separator 80. |

| [0031] Refrigerant cendensed in the heat excfranger 14 is in a wet steam
gas-liquid two-phase state, mixedly containing saturated liquid and saturated steam.
Refrigerant flowing out from the heat exchanger 14 is supplied to the gas-liquid separator
80 through the refrigerant line 23. Refrigerant flowing from the refrigerant line 23 into
the gas-liquid separator 80 is separated into gas and liquid inside the gas-liquid separator

80. The gas-liquid separator 80 separates refrigerant into liquid-state refrigerant liquid
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and gaseous refrigerant steam and temporarily stores them. The gas-liquid separator 80

_has the function of a reservoir that temporarily stores refrigerant liquid that is liquid

refrigerant inside.‘ Thus, the gas-liquid separator 80 is also referred to as the reservoir
80. |

[0032] The pafh of refrigerant that flows between thé heat exchanger 14 and thé‘ _
heat exchangér 15 includes the refrigerant line 23 and the refrigerant line 24. The
refrigerant liﬁe 23 serves as a first line that proyides fluid COmmunicétion between the |
heat exchanger 14 and the gas-liquid separatér 80. The refrigerant line 24 serves as‘é
second line that provides ﬂqid communication between the gas-liquid separator 80 and
the heat exchanger 15. A flow regulating valve 42 that serves as a first ﬂoW regulating

valve is provided in the refrigerant line 23.  The refrigerant line 23 includes a refrigerant

line 23a and a refrigerant line 23b. The refrigerant line 23a provides fluid

communication between the heat exchanger 14 and the flow regulating valve 42. The

- refrigerant line 23b provides fluid comfnunication between the flow regulating valve 42

and the gds-liquid separator 80. A flow regulating valve 43 that serves as a second flow
regulating valve is provided in the refrigerant line 24. The refrigerant line 24 includes a |
refrigerant line 24a and a refrigerant line 24b. | The refrigerant line 24a provides fluid
communication between the gas-liquid separator 80 and the flow regulating Val\}e 43.
The refrigera/nt l‘inc 24b prov.‘ides fluid communication befween the flow regulating valve
43 and the heat exchanger 15. | |

[0033] The path of refrigerant flowing between the heat exchanger 14 aﬁd the

heat exchanger 15 further includes the refrigerant line 33 that serves as a third line, a

refrigerant line 34 that serves as a fourth line, and a refrigerant line 35 that serves as a

fifth line. The refrigerant line 33 provides fluid communication between the gas-liquid
separator 80 and the inlet side of a cooling portion 30. The refrigerant line 34 provides -
fluid communication between the outlet side of the cooling portion 30 and the refrigerant

line 23a. The refrigerant line 35 provides fluid communication between the outlet side

_' of the cooling portion 30 and the refrigerant line 24b. The cooling portion 30 is

providéd 1n the path of refrigerant flowing between the heat exchanger 14 and the heat
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exchanger 15. Liquid refrigerant flows from the gas-liquid separator 80 toward the

cooling portion 30 via the refrigerant line 33. Refrigerant passing through the cooling |

portion 30 returns to the refrigerant line 24b via the refrigerant line 35 or returns to the

refrigerant line 23a via the refrigerant line 34. - |

.[0034] ' Refrigerant liquid separated by the gas-liquid separator 80 flows out to
the outside of the gas-liquid s‘eparatbr 80 Via the refrigerant line 33.  The end portion of
the refrigerant line 33 is- connected to a refrigerant liquid storage portion in which liquid
refrigerant is stored inside the gas-liquid separator 80, and forms an outlet port through
which liquid refrigerant flows out frorn the gas-liquid separator 80.'I Refrigerant steam
s}eparated by the gas-liquid separator 80 flows out to the outside of the gas-liquid
separator 80 via the refrigerant line 23 or the refrigerant line 24. The end portions of the
refrigerant lines 23 and 24 are connected to a refrigerant steam storage portion in which
gaseous refrigeranti is stored in the gas-liquid separator 80. One of the end portions
forms an inlet port through which refrigerant flows into the gas-liquid separator 80, and
the other one of the end portions forms an outlet port through which gaseous refrigerant
flows out from the gas-liquid separator 80. The refrigerant lines 23 and 24 form lines
through which gaseous refrigerant separated in the gas-liquid separator 80 flows out from
the gas-liquid separator 80. | |

[0035]  Inside the gas-liquid separator 80, the refrigerant liquid accumulates_ at

the lower side and the refrigerant steam accumulates at the upper side. The end portions
of the refrigerant lines 23 -and 24 are coupled to the ceiling portion of the gas-liquid
separator 80; The end portion.of the refrigerant line 33 is coupled to the bottom portion
of the gas-liquid separator 80. vRefrigerant in a gas-liquid two-phase state is supplied to
the inside of the gas-liquid separator 80 via any on’eiof the refrigerant lines 23 and 24,
only refrigerant steam is delivered to the outside of the gas-liquid separator 80 from the
ceiling side of the gas-liquid separator 80 via theother one of the refrigerant lines 23 and
24, and only refrigerant liquid is delivered to the outside of the gas-liciuid separator 80
from the b“ottom side of the gas-liquid eeparator 80 via the refrigerant line 33. By so

doing, the gas-liquid separator 80 is able to reliably separate gaseous refrigerant and
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liquid refrigerant from eaéh other.

[0036]’ The cooling system 1 includes two refrigerant paths connected in parallel
between the heat exchangers 14 and ‘15. More speciﬁcai_ly, the cooling system 1
includes_two refrigerant paths connected in parallel between the heat exchanger 14 and

the gas-‘liquid separator 80 and two refrigerant paths connected in parallel between the

heat exchanger 15 and the gas-liquid separator 80.

[0037] = The cooling portion‘ 30 is provided in one of the plurality o'f refrigerant
paths connected in parallel betweeh the heat exchanger 14 and the heat exchanger 15.
The cooling portion 30 includes an electric vehicle (EV) device 31 and a cooling line 32.
The EV device 31 is an electrical device mounted on the Vehicie. The cooiing line 32 is
a line through which refrigerant flows. The EV device 31 is an example of a heat /
generating source. The inlet-side end portion of the cooling line 32 is connected to the
refrigerant line 33. The outlet-side end portion of the cqoling line 32 is in fluid
communication with the refrigerant lines 34 and 35.

[0038] The refrigerant line 23 cénstitutes one of the refrigerant paths connected
in parallel ‘bet’ween the heat exchanger 14 and the gas-liquid separator 80. The
reffigerant line 33 that provides fluid communication between the gas-liquid separator 80
and the co‘oling portion 30, the cooling line 32 that is included in the cooling portion 30
and the reffigerant_line 34 that provides fluid communication between the outlet side of
the cooling portion 30 and the refrigérant line 23a constitute the other one of the
réfrigerant paths connected in parallel between the heét exchanger 14 and the gas-liquid

separator 80. The refrigerant line 33 is a refrigerant path on the upstream side of the

- cooling portion 30, and refrigerant flows into the cooling portion 30 via the refrigerant

line 33." The refrigérant line 33 is a line thrdugh which liquid refrigerant flows from the

gas-liquid separator 80 to the cooling-portion 30. The refrigerant line 34 is a refrigerant
pafh on the downstream side of the cooling portion 30, and refrigerant flows out from the
cooling boﬁion 30 and flows into the refrigerént Hne 34. The refrigerant line 34 is a.line
through which refrigerant is returned from the cooling portion 30 to the refrigerant line

23.
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[0039] The refrigerant line 24 constitutes one of the refrigerant paths connected
in parallel between the heat exchanger 15 and the gas-liquid separator 80 The
refrigerant iline 33 that provides fluid communication between the gas-liquid separator 80
and the cooling portion 30, the cooling line 32 that is included in the cooling portion 30
and the refrigerant line 35 that provides ﬂnid communication Between the outlet side of
the cooling portion 30 and the refrigerant line 24b constitnte the other one of the
refrigerant paths connected in parallel between the heat exchanger 15 and the gas-liquid

separator 80. The refrigerant line 35 is a refrigerant path on the downstream side of the

cooling portion 30, and refrigerant flows out from the cooling portion 30 and flows into

the refrigerant line 35. The refrigerant line 35 is a line through whichrefrigerant is
returned from the cooling portion 30 to the refrigerant line 24.

[0040] Refrigerant liquid flowing out from the gas-liquid separator 80 flows
towarci the cooling portion 30 via the refrigerant line 33. - Refrigerant that flows to the
cooling portion 30 and that flows via-the cooling line 32 takes heat from the EV device
31, which serves as the heat generating source, to cool the EV device 31 in accordance
‘with a temperature difference between the EV device 31, which serves as.the heat -
generating source, and refrigerant. The cooling portion 30 uses refrigerant ina saiurated
liquid state, -separated in the gas-liquid separator 80, to cool the EV device 31.
Refrigerant flowing through the cooling line 32 exchainges heat with the EV device 31 in
the cooling portion 30 to cool the EV device 31, and the refrigerant is heated.

[0041] Refrigerant liquid in a saturated liquid state is stored inside the gas-liquid
separator 80. The gas-liquid separator 80 functions as a réservoir that temporarily stores
refrigerant liquid theit is liquid refrigerant inside. ~When refrigerant liquid in a
predetermined amount is storeci in the gas-liqnid separator 80, the flow rate of refrigerant
flowing from the gas-liquid separator 80 to the cooling portion 30 may be maintained at
the time of fluctuations in load. Because the gas-liquid separator 80 has the function of
storing liquid, serves as a buffer against load fluctuations and is able to absorb load
fluctuations, the cooling performance for cooling the EV device 31 may be stabilized.

[0042]  The cooling portion 30 is configured to be able to exchange heat between
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the EV device 31 and refrigeraot in the cooling line 32. In the present' enibodiment, the
cooling portion 30, for example, has the cooling line 32 that ié formed such that the outer
periphery of the cooiing Hne 32isin direot contact with the casing of the EV device 31.
The cooling line 32 has a portion adjacent to the casing of the EV device 31. = At that
portion, heat is exchangeable between refrigerant, flowing through the cooling line 32,
and the EV device 31. | |

[0043] The EV device 31 1s directly connected to the outer poriphery of the
cooling line 32 that forms part of the refrigerant path between the heat exchanger 14 and
the heat exchanger 15 in the vapor compression refrigeration cycle 10, and is cooled.‘
Refrigorant and the EV device 31 mayv directly exchange heat with each other or

refrigerant and secondary medium, such as water or oil flowing through the EV device 31,

- may exchange heat with each other. The EV device 31 is arranged on the outside of the

cooling line 32, so the EV device 31 does not interfere with flow of refrigerant flowing.

- inside the cooling line 32. Therefore, the pressure loss of the vapor compression

refrigeration cycle 10 does not increase, so the EV device 31 may be cooled without
increasing the power of the/ compressor 12. . , |

-[0044]  Alternatively, the cooling portion 30 may include a selected known heat |
transfer device that is interposed between the EV device 31 and the cooling line 32. In
this case, the EV device 31 is connected to the outer periphery of the coolifig line 32 via
the heat transfer device, and heat is transferred from the EV device 31 to the cooling line
32 via the heat transfer device to thereby cool the EV device 31. For example, a Wick
heating pipe méy be used as the heat transfer device. The EV devioe 31 ser\'/es‘.as a
heating portion for heating the heat pipe, and the cooling. line 32 serves as 2 cooling
portion for cooling the heat pipe to thereby increase the heat-transfer efficiency between
the cooling line 32 and the EV device 31,. SO it. is’ possible to improvo theL cooling
efficiency of the EV device 31.

[0045]  The heat transfer device is able to feliably transfer heat from the EV.

device 31 to the cooling line 32, so there may be a distance between the EV device 31

and the cooling line 32, and complex arrangement of the cooling line 32 is not required to
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bring the cooling line 32 into contact with the EV device 31. Asa result, arrangement
of the EV device 31 is not restricted, and it is possible to improve the flexibility of
arrangement of the EV device 31. . |

[0046] The EV device 31 includes an electrical device that exchanges electric
power to generaté heat. The electrical device includes at least any one of, for example,
an inverter used to cbonvert direct-current power to alternating-current power, a motor
generator that is a rotating electrical machine, a battery that is an electrical storage device, -
a step-up converter thét is used to step‘ up the voltage of the battery and a DC/DC
converter that is used to st'ep down the voltage of the battery. The battery is é secondary
bat{ery, such as a lithium ion battery and a nickel metal hydride battéry. A capacitor
may be used instead of the battery.

[0047]  An on-off valve 37 that is able to open or close the refrigerant line 34 is
provided in the refrigerant line 34; The on-off valve 37 switches between the open state
and the c.losed state to thereby switch between fluid communication and interruption of

the refrigerant line 34. By so doing, the on-off valve 37 allows or prohibits flow of

refrigerant through the réfrigerant line 34. The on-off valve 37 is provided in the

refrigerant line 34 that is the path of refrigerant ﬂ(‘)win_g‘out from the cooling portion 30,
and has the function of a ﬁrst-oh-off valve that is able to open or close the refrigerant line
34. | |

[0048]  An on-off valve 38 that is able to open or close the refrigerant line 35 is
provided in the refrigerant line 35. The on-off valve 38 switchés between the open state
and the closed state to thereby switch betWeen.ﬂuid communication and interruption of
the refrigerant line 35. By so doing, the on-off valve 38 allows or prohibits flow of
refrigerant through the refrigerant line 35.. The on-off valve 38 is provided in the

refrigerant line 35 that is the path of refrigerant flowing out from the cooling portion 30,

and has the function of a second on-off valve that is able to open or close the refrigerant

line 35.

[0049]  The on-off valve 37 and the on-off valve 38 constitute a selector valve 36

‘that serves as a second selector valve. The selector valve 36 switches between flow of
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refrigerant from the cooling portion 30 toward the heat exchanger 14 via the refrigerant

line 34 and ﬂow of refrigerant from the cooling portion 30 toward the heat exchanger 15
via the refrigerant line 35. The configuration is not limited to the example in which the
selector valve 36 is formed of the two on-off valves 37 and 38. For example, it is
applicable that a three-way valve conﬁected to a branching point between the refrigerant
lines 34 and 35 is provided and then the three-way valve switches between the open state
and the closed state to thereby function as the selector valve. 36. |
v[0050] The flow regulating valve 42 is provided in the refrigerant line 23 that
forms one of the refrigerant paths, which does not pass through the pooling portion 30,
between the refrigerant paths connected in parallel between the heat exchanger 14 and the
gas-liquid separator 80. The flow regulating valve 42 changes its valve opening degree

to increase or reduce the pressure loss of refrigerant flowing through the flow regulating

valve 42. By so doing, the flow regulating valve 42 selectively adjusts the flow rate of

refrigerant directly flowing between the gas-liquid separator 80 and the heat exchanger

14 without passing through the cooling portion 30 and the flow rate of refrigerant flowing

via the cooling system for cooling the EV device 31, including the cooling line 32.- .
| [0051] | ‘When the valve opening degree of thé‘ flow regulating valve 42 is
increased, the flow rate of refrigerant that flows directly to the heat exchanger 14 via the.
refrigeraht line 23 increases and the flow rate of refrigerant that"ﬂows to the cooling line
32 via the refrigerant line 33. to cool the EV .device 31 reduc}es‘within refrigerant that
flows from the gas-liquid sef)arator 80 to the heat exchanger 14. When the valve
opening degree of the ﬂow regulating valve 42 is reduced, the flow rate of refrigerant that
direCtly flows to the heat exchanger 14 via the ré_frigerant line 23 reduces and the flow
féte of refrigerant that flows to the cooling line 32 to cool the EV device 31 increases
within refrigerant that flows from the gas-liquid separator 80 to the heat exchanger 14.
[0052] | The flow regulating valve 43 is provided in the refrigerant line 24 that
forms one of the refrigerant path, which does not pass through the cooling portion 30,
between the refrigerant paths connected in parallel between the gas-liquid separator 80

and the heat exchanger 15. The flow regulating valve 43 changes its valve opening
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degree to increase or reduce the pressure loss of /refrigerant ﬂowing through the flow
regulating valve 43. By so _doing, the flow regulating valve 43 selectively} adjusts the
flow rate of refrigerant directly flowing between the gas-liquid separator 80 and the heat
exchanger 15 without passing through the cooling portion 30 and the flow rate of
refrigerant flowing via the cooling system for cooling the EV device 31, including the
cooling line 32; |

[0053] When the i/alve opening degree of the flow regulating valve 43 is

4

‘increased, the flow rate of refrigerant that flows directly to the heat exchanger 15 via the

refiigerant linev24 increases and the flow rate of refrigerant that flows to thé cooling line
32 via the refrigerant line 33 to cool the EV device 31 reduces within refrigerant that
flows frorn the gas-liquid separator 80 to the heat exchanger 15. When the Vi:ilve
opening degree of the flow regulating valve 43 is reduced, the flow rate of refrigerant .that
directly flows to the heat exchanger 15 via the refrigerant line 24 reduces and the flow
rate of refrigerant that flows to the cooling line 32 to cool the EV device 31 increases
within refrigerant that flows from the gas-liquid separator 80 to .the heat exchanger 15.
[0054]‘ As the valve opening degrees of the flow regulating vélves 42 and 43 are
increased, the flow rate of refrigerant that cools the EV device 31 reduces, so cooling‘
performance for cooling the EV devicé 31 decreases. - As the valve opening degrees of
the flow reguléting i/alves 42 and 43 reduce, the flow rate of refrigerant that cools the EV
device 31 increaseé, so cooling performance for cooling the EV device 31 improves.'

The flow regulating valves 42 and 43 are used to make it possible to optimally adjust the

“amount of refrigerant flowing to the EV device 31, so it is possible to appropriately

control the temperature of the EV device 31 and, therefore, it is possib‘le to reliably
prevent excessive heating.> and excessive cooling of the.EV device 31. In addition, it is
possible to reliably reduce pressure loss associated With flow of refrigerant in the cooling
system for cooling the EV device 31 and the power consumption of the compressor 12 for
circulating refrigerant. |

[00S5]  The heat exchangers 13 and 18 are arranged inside the duct 90 through |

which air-conditioning air flows. The duct 90 has a duct inlet 91 and a duct outlet 92.
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The duct inlet 91 is an inlet through which air-conditioning air flows into the duct 90.
The duct outlet 92 is an outlef through which air-conditioning air flows out from the duct
90. A fan 93 is arranged near the duct inlet 91 inside the duct 90.

10056] | By driving the fan 93, flow of air is generated inside the duct 90. As
the fan 93 operates, air-conditidning air ﬂéws into the duct 90 via the duct iniet 91. The
heat exchangér 18 is arranged at the upstream side of flow of air-conditioning air inside
the duct 90, and the heat exchanger- 13 is arranged at the downstream side of flow of
air-coﬁditioning air inside the duct 90.  Air flowing into the duct 90 may be outside air
or may be air in the cabi_h of the vehicle. The arrow 97 in FIG. 1 indicates flow of
air-conditiohing air that flows via the heat exchanger 18. The arrow v98 indicates flow
of air—conditioning air that flows out from the duct 90 via the duct outlet 92.

l[0057] A partition wall 94 is arranged inside the duct 90. The partition wall 94

partitions the internal space of the duct 90 into two spaces. The partition wall 94

- extends in a direction in which air flows inside the duct 90, and separates flow of

air-conditioning air flowing inside the duct 90 into two flows. The heat exchanger 18 is

~ arranged at the upstream side of flow of air-conditioning air with respect to the partition

wall 94. The heat exchariger 13 is arranged in one of thektwio spacves‘partitioned by the
partition wall 94.
[0058] A damper 96 is provided on the upstream side of the partition wall 94.

The damper 96 has the function of a flow regulating unit that adjusts the flow rate of

* . air-conditioning air flowing to each of the two spaces partitioned by the bartition wall 94,

An actuator 95 that drives the damper 96 is provided at the upstream-side end portion of

the partition wall 94.. The damper 96 is supported by the actuator 95 at its one end, and
is rotatable in both directions about an axis that coincides with the one end. In response.
to anaﬁgement of the damper 96, the case where air-conditioning )air flows via the heat
exchanger 13 and the case where air-conditioning air flows while ‘bypassing the he"atb
exchanger 13 are switched, and the temperature of air-conditioning air at the duct outlet
92 is adjusted.

[0059] In the arrangement of the damper 96 shown in FIG. 1, the ‘damp.ebr 96
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blocks flow of air-conditicning air flowing toward the heat exchanger 13. Therefore,
air-condrtioning‘air flows inside the duct 90 without passing through the heat exchanger
13. In this case, air-conditioning air is prevented from being heated by the heat
exchanger 13, and air-conditioning air is kept at a low temperature. On the other hand,
in the arrangement of the damper 96 shown in FIG. 4 (described later), the dermper 9%

guides flow of air-conditioning air toward the heat exchanger 13. In this case, heat is

‘transferred from refrigerant adiabatically compressed in the compressor 12 to

air-conditioning air at the heat exchanger 13, and air-conditioning air is heated.

[0060] The ﬂcw regulating unit for adjusting the flow rate of air-conditioning
air that passes through the heat exchanger 13 is not limited to the damper 96. For
example, it is applicable that a roll screen ﬂow regnlating unit is installed inside the duct
90 and then flow of air-conditioning air is controlled by changing the ‘rake-up amount of
screen.

[0061] The cooling system 1 further includes a three;way valve 41 that serves as

a first selector valve. The refrigerant line 22 that provides fluid communication between

- the heat exchanger 13 and the heat ‘exchanger 14 includes a.refrigerant line 22a and a

refrigerant line 22b.  The refrigerant line 22a provides fluid communication between the

~ heat exchanger 13 and the three-way valve 41. The refrigerant line 22b provides fluid

comrnunication between the three-way valve 41 and the heat exchanger 14.  The cooling
system 1 further includee a refrigerant line 71, an expansion v-elve 76 and refrigerant lines
72, 73 and 74. The refrigerant line 71 is coupled_to the three-way valve:41. The
exr)ansion valve 76 decompresses refrigerant ﬂ(;wing through the refrigerant line 71.
Refrigerant thrortle-expanded by the expansion valve 76 flows through the refrigerant
lines 72, 73 and 74. The three-Way valve 41 that has three line connecting ports is
coupled to the refrigerant line 22a, the refrigerant line 22b and the refrigerant line 71.
The refrigerant line 22a is connected to the first line connecting port of the three-way
valve 41. The refrigerant line 22b is connected to the second line connecting port of the
three-way valve 41. The refrigerant line 71 is connected to the third line connecting

port of the three-way valve 41.



10

15

20

25

WO 2013/136154 v PCT/1B2013/000363
20
[0062]  The refrigerant lines 73-and 74 are refrigerant paths that branch off from

the refrigerant line 72. The refrigerant line 73 that serves as a first branching line

“provides fluid communication between the refrigerant line 72 and the refrigerant line 25.
“An on-off valve 77 that is able to open or close the refrigerant line 73 is provided in the

- refrigerant line 73. The on-off valve 77 switches between the open state and the closed |

state to thereby'switch between fluid communication and interruption of the refrigerant
line 73. 'By so doing, the on-off valve 77 allows or prbhibits flow of refrigerant through
the refrigerant line 73. The refrigerant line 74 that serves as a scéond branching line
provides fluid communication between the refrigerant line 72 and the refrigerant line 26.
An on-off valve 78 that is able to open or cloée the refrigerant line 74 is provided'in the
refrigerént line 74. The on-off valve 78 switches between the open state and the closed
state to thereby switch between fluid commuﬁication and interruption of the refrigerant
line 74. Biy so doing, the on-off valve 78 allows or prohibité flow of refrigerant through
the refrigerant line 74. |

[0063] The refrigerant lines 71, 72 and 73 provide fluid communication between

the refrigerant line 22 that is the refrigerant path between the heat exchanger 13 and the

 heat exchanger 14 and the refrigerant line 25 that is the refrigerant path between the heat

exchanger 15 and the expansion valve 16. The refrigerant lines 71, 72 and 74 provide
fluid communication between the refriger_ant line 22 and the refrigerant line 26 that is the
refrigerant path between the expansion valve 16 and the heat exchanger 18.

[0064]> " The three-way valve 41 switches a fluid comrﬁunicatio'n state between
the refrigerant line 22a and the refrigerant line 22b and switches a fluid communication
state between the refrigerant line 22a and the refrigerant line 71. The thfee-way valve
41 switches between a first state and a second state. In the first state, the refrigerant line
22a and the refrigerant line 22b are in fluid communication with each other, and the
réfrigeraﬁt line 22a and the refrigerant line 71 are not in fluid communication with each
other. In the second state, the refrigerant line 22a and the refrigerant line 71 are in fluid
communication with each other, and the refrigerant line 22a and the refri‘gerant line 22b

are not in fluid communication with each other.
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[0065]  Refrigerant adiabatically compressed in the compressor 12 passes
through the réfrigerant line 21, the heat éxchanger 13 and‘the refrigerant line 22a and
reaches the three-way valve 41. The refrigerant flows from the three-way valve 41. tb
the heat exchaﬁger 14 via the refrigerant line 22b. In addition, the refrigerant flows
from the three-Way valve 41 to the heat exchanger 15 via the refrigerant line 71, the
expansion valvé 76, the refrigerant lines 72 and 73 and the refrigerant line 25 sequenﬁally.
In addition, the refrigerant flows from the three-way valve 41 to the heat exchanger 18
via the refrigerant line 71, the expa'n.sion valve 76, the refrigerant lines 72 and 74 and the
refrigerant line 26 se’quéntially. The three-way valve 41 has the function of a path
selecting unit that switches between the open state and the closed state to selectively

switch between flow of refrigerant from the heat exchanger 13 toward the heat exchanger

" 14 and flow of refrigerant from the heat exchanger 13 toward the heat exchanger 15

and/or the heat exchanger 18.

[0066] | The expansion valve 76 has the function of another decompressor
different from the expansion valve 16, and decompresses refrigerant flowing through the
refrigerant line 71. The expansion valve 76 throttle-expandé refrigerant flowing through
the refrigerant line 71, énd decreases the pressure of refrigerant. By so doing, in
comparison with refrigerant flowing inside the refrigerant line 71, refrigerant ﬂowing
through the refrigerant line 72 has a lower pressure. The expansion valve 76 may be an
electronic expansion valve. Alternatively, the other decompreséor may not héve an
opening degree regulating function, and a thin capillary tube may be prbvided instead of
the expansion valve 76. |

[0067] The cooling system 1 includes a refrigerant line 61 that pfovides fluid
commﬁnication between\ the refrigerant line 22b and the refrigerant line 28. The
refrigerant line 22b that servés as a six'thkline constitutes a path of refrigérant that flows
into or flows out from the heat exchanger 14 together with the refrigerant line 23. An
on-oft valve 64 that is able to open or close the refrigerant line 61 is provided in the
refrigerant line 61. The on-off valve 64 switches between the opén state and the closed

state to thereby switch between fluid communication and interruption of the refrigerant’



10

15

20

25

WO 2013/136154 _ PCT/IB2013/000363

22
line 61 .‘ By so doing, the on-off valve 64 allows or prohibits flow of refrigerant through

the refrigérant line 61. ,

~ [0068] A check valve 66 is further provided in the refrigerant line 61. The
check valve 66 is provided in the refrigerant line 61 at a location closer to thé refrigerant
line 28 than the on-off valve 64. T}re check valve 66 prohibits flow of refrigerant from
the refrigerant line 28 toward the on-off valve 64. The check valvei66 is provided in
order to prevent refrigerant flowing from the heat exchanger 18 via the refrigerant lines
27 and 28 from flowing into the refrigerant line 61 and to reliably flow refrigerant from
the refrigerant line 28 to the ar:cumulator 85.

[0069] The,clooling system 1 further includes a communication line 51. The

communication line 51 provides fluid communication between the refrigerant line 22b

| and the outlet side of the cooling portion 30. The refrigerant line 22b provides fluid

communication between the three-way valve 41 and the heat exchanger 14. An on-off
valve 52 that is able to open or close the communication line 51 is provided in the
communication’ line 51. ‘The on-off valve 52 switc}res between the open state and the
closed state to thereby switch between fluid communication and interruption of the
communication line 51. By so dorng, the on-off valve 52 allows or prohibits flow of
refrigerant through the communication line 51.

[0070] By opening or closing the on-off valve 52 to switch the path of |
refrigerant flowing out frorrl the cooling portion 30, it is possible to cause refrigerant after
cooling the EV device 31 to ﬂo:w to the heat exchanger 14 via the (rommunication line 51
and the refrigerant line 22b.  That is, refrigerant flowing out from the coolirlg portion 30
is able to flow to the heat exchanger 14 via the refrigerant lines 34 and 23a; and is able to
flow to the heat exchanger 15 via the refrigerant lrnes 35 and 24b, and is able to further
ﬂ-ow to the heat exchanger 14 via the communication line 51 and the refrigerant line 22b.

'[0071)  Instead of the conﬁguration that the on-off valve 52 is provided in the
communication line 51, a four-way Valvé that has four line connecting ports may be
provided at a branching point among the refrigerant lines 34 and 35 and the

communication line 51. In this case, the refrigerant lines 34 and 35 and the
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cothmunication line 51 are respectively connected to the line connecting ports of the

’

four-way valve, and, by switching the settings of open/close states of the four-way valve,

it s possible to select any one of the refrigerant line 34, the refrigerant line 35 and the

communication line 51 as the path of refrigerant that flows out from the cooling portion

- 30.

[0072] The flow regulating valves 42 and 43 each are configured to be able to
adjust its opening degreé, and each may be, for example, an electric valve. The on-off
valves 37, 38, 44, 52, 64, 77 and 78 each just need to be configured to be able to switch

between a fully open state and a fully closed state, and each may be, for example, an

“electromagnetic valve.

- First Operation Mode

(0073] The cooling system 1 according to the presént embodiment is able to
cool the EV device 31 that serves as the heat generating source in five first to fifth
operation modes. FIG. 1 shows a staté where the cooling system 1 is set in the first
operation mode. FIGs. 2A and 2B are views that show settings of the compressor and
valves in each operation mode of the cooling system 1. |

[0074] FiIGs. 2A and 2B show the operatioﬁ s’;atus of the compressor 12 and
settings of the opening degrees of the flow regulating valves 42 and 43, the three-way
valve 41 and the on-off valves 37, 38, 44, 52, 64, 77 and 78 in each operation mode in the
case where the cooling system 1 is operated in any one of the different five operation

modes. FIG. 2B further shows the temperature regulating action of the EV device 31

and the state of air conditioning inside the vehicle cabin using an air conditioner in each

operation mode of the cooling system 1.

‘[0075] “Among the operation modes shown in FIGs. 2A and 2B, the first
6peration mode is an operation ﬁode in which the vehicle cabin is cooled and
dehl‘lmidiﬁedl during operation of the air conditioner for_ cooling the cabin of the vehicle.
Note that in FIG. 1-and FIG. 4, FIG. 6, FIG. 8 aﬁd FIG 11 (described later), refrigerant
flows through the refrigerant path indicated by the solid line, énd refrigerant does not

flow through the refrigerant path indicated by the dotted line.
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[0076]  In the first operation mode, refrigerant is required to flow through a path
that includes the expansion Vaive 16 and the heat exchanger 18. in order to cool the
vehicle cabin, so the'compressor 12 is in an operating state. The flow regulating valve
42 is fully open so as to minimize the pressure loss of refrigerant flowing through the
refrigerant line 23. The flow regulating valve 43 adjusts the flow rate of refrigerant
flowing through the cooling portion 30, and the valve opening degreei of th.e‘ flow

regulating valve 43 is adjusted such that a sufficient amount of refrigerant flows to the

~ cooling portion 30 in order to cool the EV device 31. The open/close state of the

three-way valve 41 is switched such that the refrigerant line 22a and the refrigerant line
22b are in fluid communication with each other and the refrigerant line 71 is not in fluid
communicatién with both the refrigerant lines 22a and 22b. |

[0077) © The on-off valve 37 is closed, and the refrigerant line 34 is interrupted.

The on-off valve 38 is opened, and the refrigerant line 35 is set in a fluid communication

state. The on-off valve 52 is closed, and the communication line 51 is interrupted. The

“open/close states of the selector valve 36 and on-off valve 52 are switched such that

refrigerant flowing out from the cooling portion 30 flows to the refrigerant line 35 and
does not flow to the refrigerant line 34 and the communication line 51. The on-off valve
44 is opened, and the refrigerant line 25 is set in a fluid communication state. The
on-off valves 64, 77 and 78 each are closed, and the refrigerant lines 61, 73 and 74 are
interrupted. |

e

[0078] Refrigefant pésses through a refrigerant circulation path that is formed

by sequentially connecting the compressor 12, the heat exchangers 14 and 15, the

expansion valve 16 and the heat exchanger 18 by the refrigerant lines 21 to 29 to circulate
in the vapor compression refrigeration cycle 10.

[0079] During cooling operation shown in FIG. 1, it is required to keep the

- temperature of air-conditioning air flowing out from the duct 90 low. Therefore, by

operating the damper 96, the path of air-conditioning air inside the duct 90 is set such that
air-conditioning air does not p'ass‘ through the heat exchanger 13. By so doing, it is

possible to suppress a decrease in cooling performance due to heating of air-conditioning
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air by the heat exchanger 13, so it is possible to efficiently cool the cabin of the vehicle,
and, therefore, it is possible to ensure cooling perfermance._ |

| [0080]  FIG. 3 is a Mollier chart that shows the state of refrigerant in the vapor
compression refrigeration cycle 10 in the first operation mode. In FIG 3, the abseiSSa
axis represents the specific enthalpy of refrigerant, and the ordinate axis represents the
absolute pressure of refrigerant.  The unit of the specific enthalpy is kJ/kg, and the unit
of the absolute pressure is MPa. The curve in the chart is the saturation vapor line and
saturation liquid line of refrigerant. _

[0081]  FIG 3 shows the thermodynamic state of refrigerant at points in tﬁe
vapor compression refrigeration cycle 10 when refrigerant flows from the refrigerant line
23 at the outlet of the heat exchanger 14 to the refrigerant_line 33 via the gas-liquid
separator 80, flows into the cooling portion 30 fo ¢ool the EV device 31 and returns from.
the cooling portion 30 to the refrigerant line 24b at the inlet of the heat exchanger 15 via
the refrigerant line 35. |

[0082] As shown in F.IG. 3, refrigerant in a saturated steam state is introduced
from the accumulator 85 into the compressor 12, and. the refrigerant is adiabatically
compressed in the compressor 12 along a constant specific entropy line.  As refrigerant
is compressed- in the compressor 12, the refrigerant increases in pressure and temperature
into high-temperature and high-pressure superheated steam having a high degree of
superheat at the outlet of the compressor 12. | |

| [0083] High-temperature and high-pressure refrigerant in a superheated steam
state, adiabatically compresbsedvin the coinpressor 12, flows to the heat exchanger 14 and
is cooled in the heat exchanger 14. High-pressure gaseous refrigerant discharged from
the compressor 12 releases heat to the Surreundings to be cooled in the heat exchanger 14
to thereby condense (liquefy). Through heat exchange with outside air in the heat

exchanger 14, the temperature of refrigefant decreases, and refrigerant liquefies.

-High-pressure refrigerant steam in the heat exchanger 14 becomes dry saturated steam

from superheated steam with a constant pressure in the heat exchanger 14, and releases

_latent heat of condensation to gradually liquefy into wet steam in a gas-liquid mixing
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state.

[0084] In the gas-liquid separator 80, refrigerant in a gas-liquid two-phase state
is separated into refrigerant steam in a saturated steam state and refrigerant liquid in a
saturated liquid state. Refrigerant in a satufated liquid étate flows out from -the
gas-liquid separator 80, flows to the cooling line 32 of the cooling portion 30 via the
refrigerant line 33, and cools the EV device 31.. In the cooling portion 30, heat is
releésed to'liquid refrigerant in a saturated liquid state, which is condensed in the heat
excﬁanger 14 and is separated in the gas-liquid separator 80, to thereby cool the EV
device 31. Refrigeraﬁt is heated by exchanging heat with the EV device 31,vand the
dryness of the refrigerant increases. Refrigerant receives latent heat from the EV device

31 to partia}l'y vaporize into wet steam in a gas-liquid two-phase state, which mixedly

- contains saturated liquid and saturated steam at the outlet of the cooling portion 30.

[0085] Refrigerant flowing out from the cooling portion 30 flows into the heat
exchanger 15 via the refrigerant lines 35 and 24b.  Wet steam of refrigerant releases heat

to surroundings to exchange heat with outside air in the heat exchanger 15 to be cooled to

thereby condense again, becomes saturated liquid as the entire refrigerant condenses, and

further releases sensible heat to become supercooled liquid. Refrigerant is cooled to
below a saturated temperature in the heat exchanger 15.  After that, the refrigerant flows

into the expansion valve 16 via the refrigerant line 25. In the expansion valve 16,

refrigerant in a supercooled liquid state is throttle-expanded, and the refrigerant decreases

in temperature and pressure with - the specific enthalpy unéhanged ‘to become
low-temperature and low-pressure wet steam in a gas-liquid mixing state.

[0086] Refrigera}nt in a wet steam state from the expansion valve 16 flows into
the heat exchanger 18 via the refrigerant line 26. .‘ Refrigerant in a wet steam state flows
into the tubes of the heat exchanger 18. Atomized refrigerant flowing inside the heat
exchanger 18 vaporizes to absorb heat of air-conditioning air that is introduced so as to
contact with the heat exchanger 18. The heat exchanger 18 uses low-temperature and
low-pressure refrigerant decompressed by the expansion valve 16 to absorb heat of

vaporization, which is required at the time when wet steam of refrigerant evaporates into
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refrigerant gas, from air-conditioning air flowing to the cabin of the vehicle to thereby

cool the cabin of the vehicle. Air-conditioning air of which heat is absorbed by the heat
exchanger 18 to decrease in temperature flows into the cabin of the vehicle to cool the
cabin of the yehicle.
- [0087) When refrigerant flows through the tubes of the heat exchanger 18, the
refrigerant absorbs heat of air-conditioning air as latent heat of vaporization via the fins
to be heated and evaporate with a constant -pressure. During cooling operation,
air-cohditionihg air is cooled in the heat exchanger 18 through heat exchange between
high-temperature air-conditioning air and refrigerant, the temperature of air-conditioning
air decreases, and refrigerant receives heat transferred from air-conditioning air to be
heated. |

[0088]  In response to cooling performance required to: cool the vehicle cabin,

the amount of heat that is exchanged betweenrefrigerant and air-conditioning air in the

heat exchanger 18 changes. In the heat exchanger 18, refrigerant may be heated until all

the refrigerant becomes superheated steam, refrigerant may be heated until all the

* refrigerant becomes dry saturated steam or refrigerant may be in a wet saturated steam

" state at the outlet of the heat exchanger 18.  When refrigerant flowing out from the heat

exchanger 18 contains liquid refrigerant, refrigerant liquid is stored in the accumulator 85,
and only gaseous refrigerant steam is introduced irlto the compressor 12. By so doing,
refrigerant liquid is preve’nted‘from flowing into the compressor 12.  FIG. 3 shows the
starte of refrigerant when refrigerant in a wet saturated steam state is separated into gas
and liquid in the accumulator 85 and refrigerant in a dry s_aturated steam state flows out
from the accumulator 85 to the compressor 12 via the refrigerant line 29.

[0089] Refrigerant continuously repeats ehanges among the compressed state,
the condensed state, the throttle-expanded state and the evaporated state in accordance
with the above-described cycle. Note that, in the above descr;ption of the vapor
compression refrigeration cycle, a theoretical refrigeration cycle is described; however, in

the actual vapor compression refrigeration cycle 10, it is, of course, necessary to consider

-
s
'
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[0090j During operation of the vapor compression refrigeration cycle 10,
refrigerant aBsorbs heat of vaporization frofn air in the cabin of the vehicle at the time
when the refrigefant evaporates in fhe heat exchanger 18 that s.erves as an evaporator to
thereby cool the cabin. In addition, high-pressure liquid ,refrigerant' co_nde.nsed in the
heat exchanger 14 and separated by the gas-liquid separator 80 flows to the coolir;g

portion 30 and exchanges heat with the EV device 31 to thereby cool the EV device 31.

The cooling system 1 cools the EV device 31, Which is the heat generating source

mounted on the vehicle, by utilizing the vapor compression refrigeratioh cycle 10 for
air-conditioning the cabin of the yghicle. Note that the temperature required to cool the
EV device 31 is desirably at least lower than the upper limit of a target temperature range
of the BV device 31. | | |

- [0091] The vapor compression refrigeration cycle 10 that is provided in 6rder to
cool a cooled portion in the heat exchanger 18 is utilized to cool the EV device 31, so it i.s
not necessary to provide a dévice, such as an exclusive water circulation pump and a
cooling fan, in order to cool the EV device 31. Therefore, componenvts'required for the
cooling system ‘1 to cool the EV device 31 may be reduced to make it possible to siniplify
the systefn configuration, so the manufacturing cost of the cooling system 1 may be
reduced. " In addition, it is not necessary to operate a power source, such as a pump and a .
coolingv fan, in order to cool the EV device 31, and power cohsumptioﬁ for operating the
power source is not required. Thus, it is poésible to reduce power consumption for
cooling the EV device 31, so it i; possible to cool the EV device 31 at a low power.

[0092] In the heat exchanger 14, refrigerant just needs to be cooled into a wet

saturated steam state. Refrigerant in a saturated liquid state, which is separated by the

- gas-liquid separator 80, is supplied to the cooling portion 30. Refrigerant in a wet steam '

state, which receives latent heat of vaporization from the EV device 31 to be partially

~vaporized, is cooled again in the heat exchanger 15. Refrigerant changes in state at a

constant temperature until the refrigerant in a wet steam state completely condenses into

saturated liquid. The heat exchanger 15 further supercools liquid refrigera_ﬁt to a degree

of supercooling required to cool the cabin of the vehicle, A degree of supercooling of
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refrigerant does not need to be excessively increased, so the capacity of each of the heat

exchangers 14 and 15 may be redﬁced. Thus, the cooling performance for cooling the
cabin may be ensured, and. the size of each of the heat exchangers 14 and 15 may be
reducéd, S0 it is possible to obtain the cooling system 1 that is reduced in size and that is
advantageous in insta}/lation on the vehicle. |

[0093] At the time when the specifications of each of the heat exchangers 14
and 15 are determined in the design step of the cooling system 1, the maximum heat
generation amount of the EV device 31 is used as a designed value. During normal heat
generation in which the EV device 31 generates the amount of heat smaller than the
maximum heat generatioﬁ amount, there is an allowance for the performance of each of
thé heat exchangers 14 and 15. Therefore, once in a state where nbt the EV device 31
that generates the maximum heat generation amount is cooled, refrigerant is able to
exchange heat with a larger amount of air in each of the heat exchangers 14 énd 15.
This may be understood that the heat exchangers 14 and 15 each épparently increase“in
size and the temperature efficiency @c of each of the heat exchangers 14 and 15 becomes
higher. |

[0094] | An air-side heat radiation performance Qca in each of the heat

exchangers 14 and 15 is directly proportional to the temperature efficiency @c¢ of the heat

‘exchanger, an air specific heat Ca, an air volume by weight Gea and a difference (Ter -

Tea) obtained by subtracting an intake air temperature Tea from a refrigerant temperature
Ter. The required heat radiation pefformance ‘Qca is unchanged, and the air specific
heat Ca, the air volume by weight Gea and the intake air temperature Tea are determined
in accordance with an outside air temperafure and a vehicle speed, so the refrigerant
temperature Ter decreases by the amount of increase in the temperature efficiency oc.

Referring to the Mollier char’t,‘ when refrigerant is in a gas-liquid two-phase state, the

-temperature and pressure of refrigerant linearly correlate with each other, and the

temperature of refrigerant varies with a variation in the pressure of refrigerant. That is,
a decrease in the refrigerant temperature Ter in the heat exchangers 14 and 15 means a

decrease in the pressure of refrigerant flowing through the heat exchangers 14 and 15.
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[0095]  The pressure of refrigerant in the heat exchangers 14 and 15 decreases,
and the high pressure of the Vapér compression refrigeration cycle 10 decreases. Asa .
result, the pressure of yefrigerant at the outlet of the compressor 12 may be relatively low. -
Therefore, it is possible to reduce power for adiabatically compressing refrigeraﬁt in the
compressor 12, so it is possible to achieve further poWer saving. Thus, it is possible to
improve the fuel consumption of the vehicle. Partiéularly, in an electric Vehicle, it is
possible to directly impvrove electric power consumption through power savihg.

[0096] The refrigerant line 24 that forms a- fefrigeraﬁt path not passing through
the cooling portion 30 and the refrigerdntllihes 33 and 35 and cooling line 32 that form a

refrigerant path passing through the cooliﬁg portion 30 to cool the EV device 31 are

| provided in parallel with. each other as the paths of refrigerant flowing from the gas-liquid

separator 80 toward the heat exchanger 15. The cooling systein for cooling the EV
device 31, including the refrigerant lines 33 and 35, is connected in parallel with the

refrigerant line 24. Therefore, only part of refrigerant flowing out from the gas-liquid

'separator 80 flows to the cooling. portion 30. By adjusting the opening degree of the

flow regulating valve 43 provided in the refrigerant liné 24, the flow rate of refrigerant
flowing from the gas-liquid separator 80 to the refrigerant line 24 and the flow rate of
refri_geranf flowing thrqugh the cooling portion 30 are appropriately adjusted. Through
the flow rate adjustnient, an amount of refrigerant required to _cooli the EV d_evice 31
flows to the cooling portion 30, and the EV device 31 is appropriately cooled.

[0097] The path of refrigerant that flows from the heat exchanger 14 to the heat
exchanger 15 without passing through the cooling portion 30 and the path of refrigerant
that flows from the heat exchanger 14 to the heat exchanger 15 via the cooling portion 30
are provided in paréllel with each other, and only part of refrigerant is caused to flow to
the refrigerant lines 33 and 35. By 50 doing, it is possible to reduceb the p}ressu’re loss at
the time when réfrigerént flows through the cooling system for cooling the EV device 31.
Not the entire refrigerant flows to the c;)oling portion 30. Therefore, it is possible to
reduce the pressure loss associated with flow of refrigerant via the cooling portion 30,

and, accordingly, it is possible to reduce power consumption required to operate the
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compressor 12 for circulating refrigerant.

_' [0098] When low-temperature and low-pressure refrigerant after péssing
through the expansion valve 16 is used to c'ool the EV device 31, the cooling performance
of air in the cabin in the heat exchanger 18 reduces and the .cooling perfoﬁnance for
cooling the cabin decreases In contrast to this, in the cooling system. 1 éccording to the
present embodiment, in the Vapqr compression refrigeration cycle 10, high;preSSure

refrigerant discharged from the compressor 12 is condensed by both the heat exchanger

'14 that serves as a first condenser and the heat exchanger 15 that serves as a second

condenser. The two-stage heat exchangers 14 and 15 are arranged between the

* compressor 12 and the expansion valve 16, and the cooling portion 30 for cooling the EV

device 31 is provided between the heat exchanger 14 and the‘ heat exchanger 15. The
heét exchanger 15 is provided in the path of refrigerant flowing from the cooling portion
30 toward the expansion valve 16. |

[0099] By sufﬁcientlyv cooling refrigerant, which receives latent heat of
vaporization from the EV device 31 to be heated, in the heat exchanger 15, the refﬁgérant
has a temperature and a pressure that are originally required to cool the cabin of‘ the
vehicle at the outlet of the exioansion valve 16. Therefore, it is possible to sufficiently
increase the amount of heat éxternally received when refrigerant evaporates in the heat
exch;mger 18, so it is pbssible to sufﬁciently cool air-conditioning air tbhat passes through

the heat exchanger 18. In this way, by setting the heat radiation performance for the

heat exchanger 15 such that the heat exchanger 15 is able to sufficiently cool refrigerant,

- the EV device 31 may be cooled without any influence on the cooling performance for

cooling tﬁe cabin. Thus, both the cooling performance for cooling the EV device 31 and
the cooling performance for cooling the cabin may be reliably en,suredv.

[0100] When refrigerant flowing from the heat exchanger 14 to the cooling
portion 30 cools the 'EV device 31, the refrigerant receives heaf from the EV device 31 to
be héated. As refrigerant 1s heated to a saturated steam temperature or above and the
entire amount of the refrigerant vaporizes in the cboling portion 30", the amount of heat

exchanged between the refrigerant and the EV device 31 reduces, and the EV device 31
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cannot be efficiently cooled, and, ” i/n addition, pressuré loss at the time when the
refrigerant flows in the line increases. Therefore, it is desirable to sufficiently cool
refrigerant in the heat exchanger 14 such that the entire émognt of refrigerant does not
vaporize after cooling the EV device 31 and to supply a sqfﬁcient émount of liquid
refrigerant to the gas-liquid separator 80. |
[0101] Specifically, the state of refrigerant at the outlet of the heat exchanger 14

is brought close to saturated liquid, and, typically, refrigerant is placed in a state on the
saturated liquid line at the outlet of the heat exchanger 14. Because the heat exchanger
14 is capable of sufﬁciently cooling refrigerant in this way, the héat radiation
per_fbrmance of fhe heat exchanger 14 for causing refrigerant to release heat is higher than
the heat radiatioh performance of the hgat exchanger ‘15. By sufficiently cooling
refrigerant in the heat exchanger 14 having relatively high heat radiation performance,

refrigerant that has received heat from the EV device 31 may be maintained in a wet

- steam state, and a reduction in the amount of heat exchanged between refrigerant and the

EV device 31 may be avoided, so it is possible to sufficiently cool the EV device 31.

Refrigerant in a wet steam state after cooling the EV device 31 is efficiently cooled again

in the heat exchanger 15, and is cooled into a supercooled liquid state below a saturated

temperature. Thus, it is possible to provide the cooling system 1 that ensures both the
cooling performance for cooling the cabin and the cooling performance for cooing the EV
device 31. | |

[0102]  Refrigerant is caused to circulate in the Vapor compression refrigeration
cycle 10, and heat is taken from the EV device 31 due to latent heat of vaporization of
refrigerant in a saturated liquid state, flowing to fhe cooling portiori 30, so it.is possible to

efficiently cool the EV device 31. In addition, it is possible to cool air-conditioning air

by supplying the heat exchanger 18 with refrigerant adjusted into a low-temperature and

low-pressure atomized state by the expansion valve 16, so it is possible to ensure cooling
performance for cooling the vehicle cabin and dehumidifying performance for
dehumidifying the vehicle cabin.

Second Operation Mode
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[0103] FIG. 4 is a schematic view that shows the operation of the’ cooling system
1 in the secdnd operation mdde. As shown in FIG. 2A, FIG. 2B and FIG. 4, the second
operation mode is an operation mode in which heating performance for heating the
vehicle cabin is increased while the vehicle cabin is not dehumidified during dperation of
the air conditioner for heating the cabin of the vehicle. |

[0104]  In the second operati‘on mode, refrigerant is required to flow thfough.a
path that inc_lﬁdes the heat exchanger 13 in order to heat the vehicle cabin, so the
compressor 12is in an operatiﬁg state. The flow regulating valve 42 adjusts the flow
rate of refrigerant flowing through the cooling portion 30, and the valve opening degree
of the flow regulating valve 42 is édjgsted such that a sufficient amount of refrigerant

flows to the cooling portion 30 in order to cool the EV device 31. The flow regulating

~valve 43 is fully opened so as to minimize the pressure loss of refrigerant flowing

- through the refrigerant line 24. The open/close state of the three-way valve 41 is

switched such that the refrigerant line 22a and the refrigerant line 71 are in fluid

communication with each other and the refrigerant line 22b is not in fluid communication |

with both the refrigerant lines 22a and 71.

[0105]  The oﬁ-off valve 37 is opened, énd the refrigerant line 34 is set in a fluid
communication state. The on-off valve 38 is closed, and the refrigerant line 35 is
interrupted. The on-off valve 52 is closed, and the communication liﬁe 51 is interrupted.
The open/close states of the selector valve 36 and on-off valv'e 52 are switched such that
refrigerant flowing out from the cooling.portion 30 flows to the refrigerant line 34 and
does.not flow to the refrigerant line 35 and the communication line 51. The on-off
valves 64 and 77 are opened, and the refrigerant lines 61 and 73 are set in a fluid
cqmmunication state. The on-off valves 44 and 78 are closed,.abnvd the refrigerant lines
25 and 74 are interrupted. -

[0106] | Refrigerant passes through a refrigerant circulation path that bisv formed
by sequentially connecting the compressor 12, the heat exchanger 13, the expansion valve
76 and the heat exchangers 15 and 14 by the refrigerant lines 21, 22a, 71, 72, 73, 25, 24,

23, 22b, 61 and 29 to circulate in the vapor compression refrigeration cycle 10.
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[0'107] During heating operation, it is required to} increase the temperature of
air-conditioning air flowing out from thé duct 90. Therefore, as shown in FIG 4, by
operating the damper 96, the path of aif-conditioning air inside the duct 90 is set such that
air-conditioning air passes through the heat exchanger 13. By s0 doing, it is possible to
heat éir—conditioning air through heat exchange between high—temperature and
high-pressure refrigerant adiabatically compressed in the -compressor 12 and
air-conditioning air, so it is possible to efficiently heat the cabin of the vehicle, and,
therefore, it is possible to ensure heating performance for héating the vehicle cabin.

[0108]  FIG. 5 is a Mollier chart that shows the stateiof refrigerant in the vapor
compression refrigeration cyclé 10 in the second operation mode. fn'FIG. 5, the abscissa
axis represents the specific enthalpy of refrigerant, and the ordinate axis represents the
absolute pressure of refrigerant. The unit of the spe_éiﬁc enthalpy is kJ/kg, and the unit
of the absolute pressure is MPa. The curve in the chart is the saturation vapor line and
saturation liquid line of refrigerant. | |

[0109] FIG. 5 shows the thermodynamic state of refrigerant at points in the
vapor compression refrigeration cycle 10 when refrigerant flows from the refrigerant line

24 at the outlet of the heat exchanger 15 to the refrigerant line 33 via the gas-hquid

separator 80, flows into the cooling portion 30 to cool the EV device 31 and returns from

the cooling portion 30 to the refrigerant line 23a at the inlet of the heat exchanger 14 via
the refrigerant line 34,

v[(.)l'l()] As shown in FIG. 5, refrigerant in a Satufated steam state is introduced -
from the accumulator 85 into the compressor 12, and the refrigerant is adiabatically‘
compressed in the compressor 12 along a constant spéciﬁc entropy line. As refrigerant
is compressed in the compressor 12, the refrigerant increases in pressure and temperature
into high-temperature and high-pressure superheated steam having a high degree of
superheat at the outlet of the compressbr 12, and flows to the heat exchanger 13.

[0111] High-pressure refrigerant steam in the heat exchanger 13 is cooled in the
heat exchanger 13, becomes dry saturated steam from superheated steam with a constant

¢

pressure, releases latent heat of condensation to gradually liquefy into wet steam in a
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gas-liquid mixing state, becomes saturated liquid as the entire refrigerant condenses, and
furiher releases sensible heat to become supercooled liquid. The heat exchanger 13
causes superheated refrigerant gas, compressed in the compressor 12, to release heat to
‘air-conrlitioning air with a constant pressure and to become refrigerant liquid. Gaseous
refrigerant diScharged from the compressor 12 releases heat to air-conditioning air to be
cooled in the heat exchanger 13 to thereby condense (liquefy). Owing to heat exchange
in the heat exchanger 13, the temperature of refrigerant decreases, and refrigerant
liquefies. . During heating operation, low-temperature air-conditioning air and refrigerant
exchange heat with each other in the heat exchanger 13, heat is transferred from
refrigerant to air-conditioning air to heat .the air-conditioning air, the temperature of the

air-conditioning air increases, and refrigerant releases heat to air-conditioning air to be

- cooled.

T

[0112] High-pressure liquid refrigerant liquefied in the heat exchanger 13 flows
into the expansion valve 76 via the refrigerant lines 22a and 71.  In the expansion valve

76, refrigerant in a supercooled liquid state is throttle-expanded, and the refrigerant

decreases in temperature and pressure with the specific enthalpy of the refrigerant

unchanged to become low-temperature and low-pressure wet steam in -a gas-liquid
mixing state.

[0113] Refrigerant of which the temperature is decreased in the expansion valve
76 flows to the heat exehanger 15 via the refrigerant lines 72 and 73. Refrigerant in a
wet steam state flows into* the tubes of the heat exchanger 15.  When refrigerant flows
through the tubes, the refrigerant absorbs heat of ourside air via the fins as latent heat of
vaporization to evaporate with a constant pressure. Refrigerant exchanges heat with
outside air in the heatrexchanger 15 to be heated, and the dryness of the refrigerant'
increases. Part of refrigerant receives latent heat in the heat exchanger 15 to Vaporize,
so the percentage of saturated steam eontained in the refrigerant in a wet steam state
increases.

[0114] In the gas-liquid separaior 80, refrigerant in a gas-liquid two-phase state

is separated into refrigerant steam in a saturated steam state and refrigerant liquid in a
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saturated liquid state. Refrigerant .in a saturated liquid state flows out from the
gas-liquid separator 80, flows to the cooling line 32 of the cooling portion 30 via the

refrigerant line 33, and cools the EV device 31. In the cooling portion 30, heat is

- released to liquid refrigerant in a saturated liquid state, which is separated in the

gas-liquid separator 80, to cool the EV device 31. Refrigerant is heated by exchanging

“heat with the EV device 31, and the dryness of the refrigeraﬁt increases. Refrigerant

receives latent heat from the EV devibe 31 to partially vaporize into wet steam in a
gas-liquid two-phase state‘, which mixedly contains saturated liquid and saturated steam
at the outlet of the coolihg portion 30.‘

[0115] Refrigérant in a wet steam state, flowing out from the cooling portion 30,
flows into the heat exchanger 14 via the refrigerant lines 34 and 23a. Refrigerant ina
wet steam state flows into \the tubes of the heat exchanger 14. When_refrigerant flows
tﬁrough the tubes, the refrigerant absorbs-heat of outside air via the fins as latent heat of
vaporization to evaporate with a constant pressure, so the percentage of saturated steam
contained in the refrigerant in a wet steam state increases. |

[0116] In the heat exchanger 14, refrigefant may be heated until all the
refrigerant becomes superheated steam, refrigerant may. be heated until all the re_frigera’nt
becomes dry saturated steém or refrigerant may be in a wet saturated steam state at. the
outlet of the .heat exchanger 14. When refrigerant flowing out from the heat exchanger
14 contains lfiquid refrigerant, refrigerant liquid is stored in fhe accumulator 85, and only ‘
gaseous refrigerant steam is introduced into the compressor 12. By so doing, refrigerant
liquid is prevented from ﬂowing into the compressor 12. FIG. 5 shows the state of
refrigerant when refrigerant in a wet saturated steam state is sep_aratéd into gas and liquid
in the accumulator 85 and refrigerant in a dry saturated steam state flows out from the -
accumulator 85 to the compressor 12 via the refrigerant line 29. »Reif»rigerant

continuously repeats changes among the compressed state, the condensed state, the

‘throttle-expanded state and the evaporated state in accordance with the above-described

cycle.

[0117] The cooling system 1 according to the présen_t embodiment includes the
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three-way valve 41 that switches flow of refrigerant in the .vapor compression
refrigeration cycle 10 between cooling operation and heating operation. During heating
operation, refrigerant steam flowing inside the heat exchanger 13 condenses to release

heat to air-conditioning air introduced so as to contact with the heat exchanger 13.  The

‘heat exchanger 13 uses high-temperature and high-pressure refrigerant adiabatically

compressed in the compressor 12 to release heat of condensation, which is required at the
time when refrigerant gas.condenses into wét steam of refrigerant, to air—conditioniﬁg air
flowing to the cabin r)f the vehicle to thereby heat the cabin of the vehicle.
Air-conditioning air that receives heat from the heat. exchanger 13 to increase its
temperature flows into the cabin of the \}ehicle to thereby heat the cabin of the vehicle.
[0118] The cooling system 1 is able to appropriately adjust the temperature of
air-conditioning air‘ flowing to the cabin of the vehicle in the case of both cooling
operation and heating operation. Therefore, it is possible .to reduce'the cost of the
cooling system 1, and, in addition, i_t is pcrssible to reduce the size of the cooling system 1.
In ‘éddirion, during heating operation, refrigerant flows to thé cooling portion 30, and
exchanges heat with the EV device 31 to cool thé EV device 31. The cooling system 1

cools the EV device 31, which is the heat generating source mounted on the vehicle, by

- utilizing the vapor compression refrigeration cycle 10 for air-conditioning the cabin of

the vehicle.

[0119] Thus, it is possiblé to provide the cooling system 1 that is able to
appropriately cool the EV device 31 While maintaining excellent heating performance for |
heating the cabin of the vehicle and that ensures both heating performance for heating the
vehicle cabin and cooling performance for cooling the EV device 31. In the coo‘ling
portion 30, the EV device 31 exchanges heat With Iow-temperature and low-pressure
refrigerant after being throttle-expanded byv the expansion valve 76, so it is possible to
further improve cooling performance for cooling the EV device 31. |

[0120] During heating operation,.refrigerant absorbs heat from the EV device 31

in the cooling portion 30 to be heated, and absorbs heat from outside air in the heat

~exchanger 14 to be further heated. By heating refrigerant in both the cooling portion 30



10

15

20

25

WO 2013/136154 ‘ PCT/IB2013/000363
38

- and the heat exchanger 14, it is possible to effectively utilize heat waste from the EV

device 31 for heatin‘g the cabin, so the coefficient of performance improves, and it is

“ possible to reduce power consumption for adivabatically compressing refrigerant in the

N\

compressor 12 during heating opération. ’

[0121] - The éooling system 1 includes the sihgle gas-liquid separator 80. By
using the single gas-liquid separator 80, during both ‘cooling- operation and heating
ope'ratic;n, refrigerant in a gas-liquid two-phase state is separated into gas and liquid, and
only refrigerant liquid that is liquid refrigerant separated in the g.as-liquid separator 80 is
supplied to the cooling portion 30 to cool the EV devi>ce 31. The liquid fefrigerant is»
refrigerant in a just saturated liquid state. Therefore, by taking only liquid refrigerant
from the gas-liquid separator 80 and flowing the liquid refrigerant to {he cooling portion
30, the performance of the heat exchanger 15 "arranged on the upstream side of the
gas-liquid separator 80 may be fully utilize.d to cool the EV device 31, so it is possible to
provide the cooling system l having improved coolin\% performance fo? cooling the EV.
device 31.

[0122]  Refrigerant in a saturated liquid state at the outlet of the gas‘-liquid

separator 80 is introduced into the cooling line 32 ithat cools the EV device 31 to thereby

make it possible to minimum gaseous refrigerant within refrigerant that flows in the

cooling system for cooling the EV device 31, including the cooling line 32. Therefore,

it is possible to suppress an increase in pressure loss due to an increase in flow rate of

refrigerant steam flowing in the cooling system for cooling the EV device 31, and the

power consumption of the compressor 12 for flowing refrigerant may be reduced, so it is

~ possible to avoid deterioration of the performance of the Vapor compression refrigeration

cycle 10.

[0123] © When refrigerant liquid in a predetermined amount is stored in the
gas-liquid separator 80, it is possible to maintain the ﬂow rate of refrigerant ﬂoWing from
the gas-liquid separator 80 to the coolfng portion 30 at the time of switching between
heating operation and cooling operation. Because the gas-liquid separator 80 has the

function of storing liquid, it is possible to absorb fluctuations in refrigerant flow rate, that
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.is, the flow rate of refrigerant flowing from the heat exchangers 14 and 15 to the

gas-liquid separator 80 temporarily decreases at the time of switching between cooling
operation and heating operation. Thus, it is possible to avoid a shortage of refrigerant
supplied to the cooling portion 30 at the time of switching between heating operation and
cooling operation, so’.it is possible to stabilize the cooling performance for cooling the EV
device 31.

[0124]  The refrigerant line 23 that forms a refrigerant path not passing through

~ the cooling portion 30 and the refrigerant lines 33 and 34 and cooling line 32 that form a

refrigeraﬁt path péssing through the cooling portion 30 to cool the EV device 31 are
provided in parallél with each other as the paths of refrigerant flowing from the gas-liquid
separator 80 toward the heat exchanger 14. The cooling system for cooling the EV
device 31, including the refrigerant lines 33 apd 34, is connected in parallel with the
refrigerant line 23. Therefore, only part of refrigerant flowing out from the gas-liquid
separator 80 flows to the cooling portion 30. By adjusting the opeﬁing degree of the
flow regulating Vélve 42 provided in the refrigerant’ line 23, the flow rate of refrigerant
ﬂowing‘ from the gas-liquid separator 80 to the refrigerant line 23 and the flow raté of
refrigerant flowing through the cooling portion 30 are appropriately adjusted. Through
the flow rate adjustment, an amount of refrigerant requfréd to cool the EV device 31
flows to the cooling portion 30, and the EV device 31 is appropriately cooled. |

- [0125]  The p>ath of refrigerant that flows from the heat exchanger 15 to the heat

exchanger 14 without passing through the cooling portibn 30 and the path of refrigerant

: th;it flows from the heat exchanger 15 to the heat exchanger 14 via the cooling portion 30

are provided in parallel with each other, and only part of refrigerant is caused to flow to

the refrigerant lines 33 and 34, By so doing, it is possible to reduce the pressure loss. at

the time when refrigerant flows through the cooling system for cooling the EV device 3 1
Not the entire refrigerant flows to the cooling portion 30. Therefore, it is possible to
reduce the préssure loss associated with flow of refrigerant via the cooling portion 30,
and, accordingly, it is possible to reduce power consumption required to operate the

compressor 12 for circulating refrigerant.
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[0126]  As described above, during normal heat generation in which the EV

device 31 generates the amount of heat smaller than the maximum heat generation
amount, it may be understood that the heat exchangers 14 | and 15 each apparently
increase in size and the temperature efficiency @c of each of the heat exchangers 14 and
15 becomes higher. ~ An air-side cooling performance Qea in each of the heat exchangers

14 and 15 is directly proportional to the temperature efficiency ¢c of the heat exchanger,

~ an air specific heat Ca, an air volume by weight Gea and a difference (Tea - Ter) obtained

" by subtracting a refrigerant temperature Ter from an intake air temperature Tea. The

required coolihg performance Qea is unchanged, and the air specific heat Ca, the air

volume by weight Gea and the intake air temperature Tea are determined in accordance

with an outside air temperature and a vehicle speed, so the refrigerant temperature Ter

increases by the amount of increase in the temperature efficiency pc. A decréase in the
refrigeraht temperature Ter in the heat exchangers 14 and 15 means an increase in the
pressure of refrigerant ﬂoWing through the heét exchangers 14 and 15.

[0127]  The pressure of refrigerant in the heat exchangers_ 14 and 15 increases,
and the low pressure of the vapor compressiop refrigeration cycle 10 increases. As a
result, the pressure of refrigerant at the inlet of the compressor 12 increases. Therefore,

it is possible to reduce power for adiabatically compressing refrigerant in the compressor

12 in order to obtain a predetermined refrigerant pressure at the outlet of the compressor

12, so it is possible to achieve further power séving. Thus, it is possible to improve the
fuel consumption of the vehicle. Particularly, in an electric vehicle, it is possible to
directly improve electric power consumption through power saving.
Third Operation Mode

[0128]  FIG 6 is a schematic view that shows the operation of the cooling systém
1 in the third operation mode. As shown in FIG. 2A, FIG. 2B and FIG. 6, the third -
operation mode is an operation mode in which heating performance is slightly decreased
but it is pbssible to dehumidify the vehicie cabin during operation of thp air conditioner
for heating the cabin of the vehicle. |

[0129] In the third operation mode, refrigerant is required to flow through a path
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that includes the heat exchanger 13 in order to heat the vehicle cabin, so the compressor-

12 is in an operating state.. The flow regulating valve 42 adjusts the flow rate of

refrigerant flowing through the cooling portion 30, and the valve opening degree of the

flow regulating valve 42 is adjusted such that a sufficient amount of refrigerant flows to
the cooling portion 30 in order to cool the EV device 31.  The flow regulating valve 43
is fully opened so as to minimize Fhe pressure loss of fefrigerant flowing through the |
refrigerant line 24. The open/close state of the three-way valve 41 is switched such thaf
the refrigerant line 22a and the refrigerant line 71 are‘in fluid communication with each}
other and the refrigerant line 22b is not in fluid corhmunication with both the refrigerant‘
lines 22a and 71.

[0130] ©  The on-off Vaive 37 is opened, and the refrigeranf line 34 is set in a fluid
communication state. The on-off valve 38 is closed, and the refrigerant line 35 is

interrupted. © The on-off valve 52 is closed, and the communication line 51 is interrupted.

. The open/close states of the selector valve 36 and on-off valve 52 are switched such that

refrigerant flowing out from the cooling portion 30 flows to the refrigerant line 34 and
does not flow to the refrigerant line 35 and the communication line 51. The on-off
valves 64‘, 77 and 78 each are Qpened, and the réfrigerant lines 61, 73 énd 74 are set in a
fluid communication state. The on-off valve 44 is closed, and the refrigerant line 25 is
interrupted. | | |
[0131] Refrigerant passes through a refrigerént circulation path that is formed
by sequentially coﬁnecting thé compressor 12, the heat eﬁchanger 13, the expansion valve |
76 and thé heat exchéngers 15 and 14 by the refrigerant lines 21, 22a, 71, 72,73, 25,24,
23, 22b, 61 and 29 to circulate in the vapor compression refrigeration cycle 10.
Refrigerant also passes through a refrigerant .cifculation' path that is formed by

sequentially connecting the compressor 12, the heat exchanger 13, the expansion valve 76

‘and the heat exchanger 18 by the refrigerant lines 21, 22a, 71, 72, 74, and 26 to 29 to

circulate in the vapor compression refrigeration cycle 10. Refrigerant passing through
the expansion valve 76 flows to the heat exchangers 15 and 14 and the heat exchanger 18

in parallel.
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[0132] FIG. 7 is a Mollier chart that shows the state of refrigerant in the vapor

compression refrigeration cycle 10 in the third operation mode. In FIG. 7, the abscissa

axis represents the specific enthalpy of reffigeran’t, and the ordinate axis represents the
absolute pressure of refrigerant. The unit of the specific enthalpy is kJ/kg, and the ﬁnit
of the absolute pressure is MPa.  The curve in the chart ié the saturation vapor line and
saturation liquid line of refrigerant.

[0133] FIG. 7 shows the thermodynamic state of refrigerant at points in the
vapor compression refrigeratidn cycle 10 when refrigerant is adiabatically cofnpfessed in
the compressor 12, is condensed in the heat exchangér 13, is throttle-expanded by the
expansion valve 76 and evaporates in the heat exchanger 18 in addition to the
thermodynamic state of refrigerant tha"c flows into the cooling pbrtion 30 to cool the EV

device 3.1 as shdwn in FIG 5. The state of refrigerant that cools the EV device 31 and

- the state of refrigerant that reaches from the compressor 12 to the expansion valve 76 are

~the same as those of the second operation mode, so the description thereof is not repeated.

Hereinafter, the state of refrigerant that flows from the expansion valve 76 toward the
heat exchanger 18,. which is characteristic to the third operation mode, will be described.
[0134) Refrigerant that is decoinpressed in the expansion valve 76 and is

decreased in temperature flows to the refrigérant line 72. Refrigerant branches off from

the refrigerant line 72 to the refrigerant lines 73 and 74, and part of refrigerant flows to

the heat exchanger 18 via the refrigerant lines 74 and 26. Part of refrigerant that

circulates in‘the vapor compression refrigeration cycle 10 branches off and flows to the
hgat exchanger 18, and refrigerant in a wet steam state, which is lower in ter‘nperature‘
than a dew point temperature of air-conditioning air, flows into the tubes of the heat
exchanger 18. The heat exchanger 18 absorbs heat of air-conditioning air intrbduced SO
as to contact with the heat exchanger 18 by vaporizatio‘n of atomized refrigerant flowing
inside the heat exchanger 18 to thereby decrease the temperature-of the air-conditioningr
air. "When'refrigerant flows through the tubes of the heat exéhanger 18, the refrigerant
absorbs heat of air-conditioning air via the fins as latent heat of Vapqrization to be heated

and evaporate with a constant pressure. Thus, the dryness of refrigerant increases.
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| [0135}  Refrigerant is in a wet saturated steam state at the outlet of the heat

exchanger 18. After that, refrigerant flows to the accﬁmulator 85. Refrigerant liquid is
stored in the accumulator 85; and only gaseous refrigerant steam is introduced into thé
compressor 12. bBy so doing, refrigerant liquid is prevented from flowing into the
compréssor 12. |

[0136]  In the thus described third opgration mode, air-conditioning air that ﬂows
through' the duct 90 is cooled by releasing heat to refrigerant in the heat exchanger 8.
When the temperature of air-conditioning air is decreased to below the dew point
temperature, water vapor contained in air-conditioning air condensates, and the amount of
water vapor contained in air-conditioning air reduces. After that, air-conditioning air
receives heat from refrigerant in the heat éxchanger 13‘ to be heated. Air-conditioning
air after béing cooled in the heat exchanger 18 is heated in the heat exchanger 13. By so
doing, the humidity of air-conditioning air decreasés. In this way, dried air;conditioning
air is introduced into the cabin of the vehicle, so it ivs possible to dehumidify the vehicle |
cabin in addition to heating operation.

[0137]  In the third operaﬁon mode, the temperature of air-conditioning air is

once decreased in the heat exchanger 18, so heating performance decreases as compared

- with the second operation mode, but it is advantageously possible to dehumidify the

vehicle cabin. In the case of the cooling system 1 that is mounted on the vehicle, a
dehumidifying function for, for example, removing foggihg of a vehicle window is
indispensable. According to the present embodiment, it is possible to implemeﬁt the
cooling system 1 that includes the déhumidifying function in addition to the heéting and
cooling function and that is able to further appropriately cool the EV device 31 with a |
simple configuration. | | |
Fourth Operation Mode

[0138] FIG 8isa schemétic view that shows the operation of the cooling system
1 in the fourth operation mode. As shown in FIG 2A, FIG 2B anvd_FIG.v 8, the fourth |
operation mode is an dperation mode in which dehumidifying .performance for

dehumidifying the vehicle cabin is further increased during operation of the air
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. conditioner for heating the cabin of the vehicle.

[0139] In the fourth operation mode, refrigerant is required to flow thro_ugh a

. path that includes the heat exchanger 13 in order to heat the vehicle cabin, so the

compressor 12 is in an operating state. The flow regulating valve 42 is:fu_lly opened so

as to minimize the pressure loss of refrigerant flowing fhrough the refrigerant line 23.

The flow regulating valve 43 is fully closed, and the refrigerant line 24 is interrupted.

‘The open/close state of the three-way valve 41 is switched such that the refrigerant line

22a and the refrigerant line 71 are in fluid communication with each other and the
refrigetriantvline 22b is not in fluid communication with both the refrigerant lines 22a and
71.

[0140] . The on-off valves 37 and 38 are closed, and the refrigérant lines 34' and
35 are interrupted. The on-off valve 52 is opened, and the communication line 51 is set

in a fluid communication state. The open/close states of the selector valve 36 and on-off

valve 52 are switched such that refrigerant ﬂoWing out from the cooling portion 30 flows

to the communication line 51 and does not flow to.the refrigerant line 34 and the
refrigerant line 35. The on-off valve 78 is opened, and the refrigerant line 74 is set in a

ﬂ‘uid communication state. The on-off valves 44, 64 and 77 each are closed, and the

~

- refrigerant lines 25, 61 and 73 are interrupted.

[0141] Refrigerant passes through a refrigerant circulation path that is formed
by sequentially connecting the compressor 12, the heat exchanger 13, the expansion valve

76 and the heat exchanger 18 by the refrigerant lines 21, 22a, 71, 72, 74, and 26 to 29to -

circulate in the vapor compression refrigeration cycle 10. Refrigerant also passes

through a refrigerant circulation path that is formed by connecting the cooling portion 30

to the heat exchanger 14 by the refrigerant line 23, the gas-liquid separator 80, the

refrigerant line 33, the communicati/bn line 51 and the refrigerant line 22b. | ‘
[0142]  FIG. 9 is a schematic view that shows the configuration of part of the

cooling system 1 shown in FIG. 8. With the above-described settings of the open/close

states of the three-way valve 41, the flow regul‘ating valves 42 and 43 and the on-off

valves 37, 38, 52 and 64, flow of refrigerant that circulates betweeri the cooling portion
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30 and the heat exchanger 14 occurs. That is, a closed annular path that is routed from
the heat exchanger 14 to the cooling portion 30 via the refrlgerant line 23, the gas- hquld
separator 80 and the refrigerant line 33 sequentially, and further passes through the
communication line 51 and the refrigerant line 22 sequentially and returns to the heat
exchanger 14. It is possible to circulate refrigerént betwéen the heat exchanger 14 and
the cooling portion 30 via the annular path. |

[0143] When refrigerant cools the EV device 31, the refrigerant receives latent
heat of Vdporization from the EV device 31 to evaporate. Refrigerant steam vaporized
by exchangirig heat with the EV device 31 flows to the heat exchanger 14. via fhe
communication line 51 and the refrigerant line 22 éequentially. In the heat exchanger 14,
refrigerant steam is cooled to condense by running wind of the vehicle or draft from a
cooling fan. Re‘frigerant liquid liqueﬁed‘in thé heat exchangef 14 flows to the gas-liquid
separator 80 via the refrigerant line 23. Liquid refrigeran{ separated in the gas-iiquid
separator 80 returns to the cooling portion 30 via the refrigerant line 33.

[0144] In this way, a heat pipe in which the EV device 31 serves as a heating
portion and the heat exchanger 14 serves as arcoolin'g portion is formed by the annular
path that passeé through the cooling portion 30 and the heat ebxchanger. 14. Thus, it is
possible to supply refrigerant to vthe cboling portion 30 without the necessity of the power |
of the compressor 12, so it is possible to reliablyl cool the EV device 31. -

[0145]  FIG 9 shows a ground 100. The cooling portion 30 ‘for cooling the EV
device 31 is arr'cinged bélow the heat exchanger 14 in ihe vertical direction perpendicular
to the ground 100. In the annular path that circulates refrigerant between the heat
exchanger 14 and the cooling portion 30, the cooling portion 30 is arranged below, and
the heat exchanger 14 is arranged above. The heat exchanger 14 is arranged at the l_evel
higher than the cooling portion 30.

[0146] In this case, réfrigeranti steam heated and vaporizéd in the cooling
portion 30 goes up in the annular path, réaches the heat exchanger 14, is cdole_d in the
heat exchanger 14, condenses intd liquid refrigerant, goes down in the annular path by the

action of gravity and returns to the cooling portion 30. That is, a thermo-siphon heat
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pipe is formed of the cooling portion 30, the heat exchanger 14 and the refrigerant paths

that connect them. During heat pipe operation, the potential héad of refrigeranf
liquefied in the heat exchanger 14 influences the Cir_culation amount of refrigerant, so, by
arranging the heat exchanger 14 at a level higher than the cooling portion 30, it is
possible to improve the hear-transfer efficiency from the EV .device 31 to the he'crt
exchanger 14, and it is possible to further'» improve cooling performance for cooling the

EV device 31. Thus, even when the vapor compression refrigeration cycle 10 is stopped,

it is possible to further efﬁciénﬂy cool the EV device 31 without adding power.

[0147] FIG 10 is a Mollier chart that shows the state of refrigerant in the vapor
compression refrigeration cycle 10 in the fourth operation mode. In FIG. 10, the

abscissa axis represents the specific enthalpy of refrigerant, and the ordinate axis

represents the absolute pressure of refrigerant. The unit of the specific enthalpy is kJ/kg,

and the unit of the absolute pressure is MPa. The curve in the chart is the saturation
vapor line and saturation liquid line of refrigerant. . |

| [0148] FIG. 10 shows the thermodynamic‘ state of refrigerant that flows from the
expansion valye 76 toward the heat exchanger 18 by the solid line, which is also shoWn
rn FIG. 7, and further shqws the thérmodynamic state of refrigerant that circulates in a
closed loop that is formed of a refrigerant path that connects the heat exchanger 14, the
gas-liquid separator 80 and the cooling portion 30 by the dotted line. The state of

refrigerant that heats and dehumidifies air-conditioning air is the same as that of the third

‘operation mode, so the description thereof is not repeated. Hereinafter, the state of

refrigerant that circulates between the heat.exchanger 14 and the cooling portion 30,
which is characteristic to the fourth operation mode, will be described.

[0149]  Refrigerant flowing into the heat exchanger 14 releases heat to
surroundings to be cooled at the time of flowing through the tubes of the heat exchariger
14 due to running wind of the vehicle or draft from the cooling fan to thereby condense
(liquety). | Through heat exchange with outside air.in the heat éxchange_r 14, the
temperature of refrigerant decreases, and refrigerant liquefies. In the heat exchanger 14,

refrigerant releases latent heat of condensation to gradually liquefy with a constant



10

15

20

25

WO 2013/136154 PCT/IB2013/000363
47

pressure into wet steam 1n a gas-liquid mixing state. Refrigerant in a gés-liciui_d
two-phase state flows to the gas-liquid separator 80 via the refrigerant line 23, and is
separated into refrigerant steam in a saturated steam state énd refrigerant liquid in a
saturated liquid state in the gas-liquid separator 80.

[0150]  Refrigerant in a saturated liquid state ﬂc;ws out from the gas-liquid
separatér 80, flows to the éooling line 32 of the cooling portion 30 via the refrigerant line
33, and cools the EV device 31. In‘the cooling portion 30, heét is released to liquid
refrigerant in a saturated Hquid state, which is condensed in the heat exchanger 14 and is
separated in the gas-liquid separatof 80, to thereby cool the EV device 31. Réfrigerant
is heated by exchanging heat with the EV device 31, gradually evaporates with a constant
pressure, and the dryness of the refrigérant increases. Typically, in the cooling portion
30; heat is exchanged between refrigerant and the EV device 31 until all the refrigerant
becomes dry saturated steém. Refrigerant of which part or all is vaporized through heat
exchange with the EV device 31 flows out from the cooling portibn 30 and returns to the
heat exchanger 14 via the communication line 51 and the refrigerant line 22 sequentially.

[0151] In the third oberation ‘mode shown in FIG. 6, only part of

low-temperature and low-pressure refrigerant decompressed by the expansion valve 76

. flows to the heat exchanger 18. In contrast to this, in the fourth operation mode, all the

low-temperature and Iow—pressure refrigerant decompressed: by the expansion valve 76
flows to the heat exchanger 18. Because of an increase in the amount of refrigerant that
flows to the heat exchanger 18, heating performance further decreases as compared with
the third operation mode; however, it is possible to_. further cool air-conditioning air in the
heat exchanger 18, so dehumidifying performance for dehumidifying air-conditioning air
improves. By operating the cooling system 1 in the fourth_operétion mode, it is possible
to further dehumidify air inside the vehicle cabin, so it is possible to quickly and reliably
carry out dehumidification.

[0152] Refrigerant that is driven by the compressor 12 does not flow to the
cooling -portion 30; however, a loop heat pipe that ‘uses the heat exchanger 14 as a

condenser and uses the cooling portion 30 as an evaporator operates to reliably cool the



10

15

20

25

WO 2013/136154 PCT/IB2013/000363

48

- EV device 31. The power of the compressor 12 is not required to cool the EV device 31,

and it is péssible to cooll the EV device 31 with no power.

[0153]  Thus, it is possible to implement the cooling system 1 that includes the
further excellent dehumidifying function and that is able to further appropriately cool the
EV device 31 with a simple configuration. It is possible to cool the EV device 31 with
no power, so it is possible to further improve power saving and comfort by reducing the
power consumption ’of the compressor 12. '

Fifth Operation Mode

[0154] FIG 11 is a schematié view that shows the operation of the cooling
system 1 in the fifth operation.mode. As shown in FIG. 2A, FIG. 2B and FIG. 11, the
fifth operation mode is an operation mode in which the EV device 31 is cooled with no
péwer during a stop of the air conditioner for heating the cabin of the vehicle.

[0155]  In the fifth operation mode, the air conditioner in the vehicle cabin is

‘stopped, and it is not required to heat or cool air-conditioning air, so the compressor 12 is

in a stopped state. The flow regulating valve 42 is fully opened so as to minimize the

vprevssure loss of refrigerant flowing through the refrigerant line 23.  The flow regulating

valve 43 is fully closed, and the refrigerant line 24 is interrupted.  The open/close state

of the three-way valve 41 is switched Suph that the refrigerant line 22a and the refrigerant

line 71 are in fluid communication with each other and the refrigerant line 22b is not in

fluid communication with both the refrigeraﬁt lines 22a and 71.

[0156] The on-off valves 37 and 38 are closed, and the refrigerant lines 34 and
35 are intérruptéd. The on-off valve 52 is opened, and the communication line 51 is set -
in a fluid communication state. The open/close states of the selector valve 36 and on-off
valve 52 are switched such that refrigérant flowing out from the cooling portion 30 ﬂ(_)ws
to the communication line 51 and does not flow to the refrigerant line 34 and the

refrigerant line 35. The on-off valve 64 is closed, and. the refrigerant line 61 is

interrupted. The open/close states of the other on-off valves 44, 77 and 78 are arbitrarily - )

selected.

[0157] Refrigerant passes through a refrigerant circulation path that is formed
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by connecting the cooling portion 30 to the heat exchanger 14 by the refrigerant line 23,

the gas-liquid separator 80, the refrigerant line 33, the communication line 51 and the
refri gerant line 22b.

[0158] = As in the case of the fourth operation mode, a heat pipe in which the EV
device 31 serves as a heating p_brtidn and the heat exchanger 14 serves as a co'oling
portion is formed by the anﬁular path that passes through the cooling pOII’tion 30 and the
heat exchanger 14. It is possible to circulate refrigerant between the heat exchanger 14
and the cooling portion 30 via the annular path without operating the compressor 12. |

[0159] Therefore, even when the‘vapor compression refrigeration cycle 10 is .
stopped, that is, even when cooling for the vehicle is stopped, it is possible to reliably
cool the EV device 31. without the necessity of a start-up of the compressor 12. It is
possible to cool the EV device 31 with no power, and the compressor 12 is not required to

constantly operate in order to codl the EV device 31. By so doing, it is possible to

-improve further power saving and comfort by reducing the power consumption of the

compressor 12, and, in addition, it is possible to imp'rdve the reliability of the compressor
12 because the life of thé compressor 12 is exterided. | |

[0160]  During operation of the cooling system 1 in the fOLll'th or fifth operation
mode, wheh it 1s not possible to sufficiently ensure the potential head Qf refrigerant
because of a shortage of the amount of refrigerant inside thé closed loop refrigerant path,
the corﬁpressor 12 1s operated in a forced operation so as to operate in only a short period
of time in a state where the three-way valvev 41 is switched so as to provide fluid
communicationvbetween the refrigerant line 22a and the refrigerant line 22b.  Through )
the forced operation, refrigerant accumulating in the heat exchangers 13 and 18 is drawn
up and is supplied to the closed loop path, the amount of refrigerant in the closed loop is
increased, thus ensuring the amount of refrigerant in the heat pipe. As a result, it is
possible to ensure the potential head of refrigerant at which it is possible to‘ensuré
cooling performance required to cool the EV device 31, so it is possible to increase the
amount of heat exchanged in the heat pipe, and it is possible to avoid a situation that

cooling the EV device 31 is insufficient due to a shortage of the amount of refrigerant.
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[0161] Note that, in the above-described embodiment, the cooling system 1 that

cools an electrical device mounted on the vehicle is described using the EV device 31 as

an example. The electrical device is not limited to the illustrated electrical devices, such -
as an inverter and a motor generator. The electrical device may be any electrical device
as long as it generates heaf when it is operated. . In the case where there are a plurality of
electrical devices to be ~cooled, the plurality of electrical devices desirably have a.
common cooling target temperature range. The cooling target femperature range is an
appropriate temperature range within which the electrical devic_e is‘operated.

[0162] Furthenhore, the heat generating source cooled by the cooling system 1

according to the embodiment of the invention is not limited to the electrical device

‘mounted on the vehicle; instead, it may be any device that generates heat or may be a

heat generating portion of any device.

[0163] = The embodiment according to the invention is described above; however,
the embbdiment described above should be regarded as only illustrative in every respect
and not restrictive. The scope of the invention is indicated not by the above description
but by the appended claims, and is intended to include all modifications within the
meaning and scopevequivalent‘to the scape of the appended claims. |

[0164] Th¢ cooling system according to t)he invention may be particalarly

advantageously applied to cooling of an electrical device, such as a motor generator and

“an inverter, using a vapor compression refrigeration cycle for cooling a cabin, in a vehicle,

such as a hybrid vehicle, a fuel-cell vehicle and an electric vehicle, equipped with the

electrical device.
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CLAIMS:

1. A cooling system cooling a heat generating source, comprising;:

a compfessor configured to compress refrigerant circulating in the cooling system;

a first hevat exchanger ‘configured to exchange heat between the refrigerant and
outside air; |

* a second heat exchanger configured toiexchange heat between the refrigerant and
outside air; | |

a first decompressor configured to decompress the refrigerant;

a third heat exchanger configured to’ ékchange heat between the refrigerant and
air-conditioning air; |

a reservoir éonﬁgured to store the refrigerant in a liquid phase, the refrigerant being
condensed in the first heat exchanger or the second heat exchangéf;

a cooling portion configured to éool the heat generating so‘urce using the refrigerant
in a liquid phase;

a first selector valve configured to sWitéh between flow of the refrigerant from the
first heat exchanger toward thev cooling portion via the reservoir and flow of the
refrigerant from the second heat exchanger toward the cooling portion via the feservoir;

a first line providing fluid communication between the first-heat ekchanger énd the
reservoir;

| a second line providing fluid communication between the second heat exchanger
and the reservoir;

a third line, the refrigerant in a liquid phase flowing from the reservoir toward the
cooling portion through the third line;

a first flow regulating valve provided in the first line, the first flow reguiating valve
being configured to adjust a ﬂdw rate of the refrigerant flowing through the cooling
portioﬁ; | | |

- a second flow regulating valve provided in the second line, the second flow
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regulating valve being conﬁgured to adjust the flow raté of the refrigerant flowing
through the cooling portion;

a fourth line providing fluid communication betweenian outlet side of the cooling
portion and the first line between the first heat exchanger and the first flow regulating ’
Valve;

a fifth line proxrfiding fluid communication between the outlet side of the cooliﬁg
‘portion and the sééond line between the second heat exchanger and the second flow
 regulating valve; and \

a second selector valve configured to switch between flow of thefrefrigerant‘fyrom

" the cooling porﬁon toward the first heat exchanger via the fourth line and flow of the

refrigerant from the cooling portion toward the second heat exchanger via the fifth line.

2. The cooling system according tvovclaim 1, further cdmprising:

a sixth line constituting a path of the refrigerant flowing into or flowing out from
the first heat éxchanger together with the first line;

a communication line providing fluid communication between the outlet side of the
cooling portion and the sixth line; and

an on-off valve configured to open or close the communication line.

3." The cooling system according to claim 2, wherein

the heat generating source is arranged below the first heat exchanger.

4. The cooling system according to any one of claims 1 through 3, wherein
the first heat exchanger has a higher heat radiation performance for releasing heat

from the refrigerant than the second heat exchanger.

5. The cooling system according to any one of claims 1 through 4, further
comprising:

an interior condenser arranged on a downstream side of flow of the air-conditioning
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air with respect to the third heat exchanger, the interior condenser being configured to

~ transfer heat from the refrigerant compressed in the compressor to the air-conditioning air

to heat the air-conditioning air. -

6. The .cOol'ing system according to any one of claims 1 through 5, further
comprising:

a second decompressor provided in a path 'on the refrigerant ﬂowihg from the
-compressor to the 'secon;i heat exchanger via the first selector valve, the second
~ decompressor being configured to decompress the refrigerant; and B

a branching line configured to branch part of the réfr_igerant ‘decompressed in the
second decorﬁpressor, the‘ branching line ﬂowing the part of the refrigerant to the third

_ heat exchanger.
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