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(57) Abstract: A cooling system (1) includes: a compressor
(12) that circulates refrigerant; a heat exchanger (14) and a
heat exchanger (15) that carry out heat exchange between
refrigerant and outside air; a decompressor (16) that decom-
presses refrigerant; a heat exchanger (18) that carries out
heat exchange between refrigerant and air-conditioning air;
a cooling portion (30) that is provided in a path of refriger-
ant flowing between the heat exchanger (14) and the heat
exchanger (15) and that uses refrigerant to cool a heat gen-
erating source (31); a first line (24) through which refriger-
ant circulates between the cooling portion (30) and the heat
exchanger (15); a second line (27) through which refrigerant
circulates between the heat exchanger (18) and the com-
pressor (12); and an internal heat exchanger (40) in which
refrigerant that circulates through the first line (24) and re-
frigerant that circulates through the second line (27) ex-
change heat with each other.



WO 2012/160425 A1 |00V T O

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, Published:
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, _
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

with international search report (Art. 21(3))



5

10

15

20

25

WO 2012/160425 PCT/1B2012/000937
!

COOLING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a cooling system and, more particularly, to a
cooling system that utilizes'a vapor compression refrigeratioh. cycle to cool a heat

generating source.

2. Description of Related Art

[0002] In recent yeérs, hybrid vehicles, fuel cell vehicles, electric vehicles, and
the like, that run using driving force of a motof become a focus of attention as oné of
measures againsf environmental issues. In such vehicles, electrical devices, such as a
motor, a generator, an inverter, a convert.er and a battery, exéhange electric power to
generate heat. Therefore, these electrical devices need to be cooled. Then, there has
been suggested a technique that utilizes a vapor compression réfrigeration’ cycle, which is
ﬁsed as a vehicle air conditioner, to cool a heat generating element.

[0003] For example, Japanese Patent Application Publication No. 2006-290254

(JP 2006-290254 A) describes a cooling’ systenﬁ for a hybrid vehicle. The cooling

system includes: a compressor that is able to introduce aﬁd compress gaseous refrigeraﬁt;
a main condenser that is able to cool high-pressure ‘gaseous refrigerant using ambient air‘
to condense the high-pressure gaseous refrigerant; an evaporator that is able to eyaporate.
low-temperature liquid refrigerant to cool an refrigerating bbject; and a decompressing
unit, and é heat exchanger, which is able to absorb heat from a motor, and a second
dec':ompressinbg unit are connected in parallel with the decompressing unit and the
evaporator. Japanese Patent Application Publiqation 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 generating
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element are arranged in parallel with each other in a refrigerant line routed from an
expansion val\v/e to a compressof and refrigerant for an air conditioner is utiiized to cool
the heat generating element. |

[0004]l Japanese Patent Application Publication No. 2005-90862 (JP
2005-90862 A) describes a cboling system in which a heat genérating element cé)oling
unit for cooling a heat generating element is provided in a bypass line that bypasses the
decompressor, evaporator and ‘compressor of an air-conditio‘niﬁg refrigeration cycle.

Japaﬁese Patent Application Publication No. 2001-309506 (JP 2001-309506 A) describes

‘a cooling system that circulates refrigerant of a vehicle air-conditioning refrigeration

cycle through a cooling fnember of an,invertér circuit po}tion that executes drive control
over a vehicle drive motor and, when coolihg air-conditioning air stream is not required,
cooling of air-conditioning air stream by an evaporator of the Vehicie air-conditioning
refrigeration cycle is suppressed.

[0005]  In the cooling system described in JP 2006-290254 A, in order to cool a
heat generating source, ;such as electrical devices‘ tﬁat are typically a motor, a DC/DC
converter and an inverter, it is necessary to constantly operate the compressor.
Therefore, there is a problem that the power cohsumption éf the compressor increases
and the fuel economy of the vehicle deteriorates. In addition, the heat exchanger that
exchanges heat with the heat generating source is connected in parallel with the’
evaporator, so refrigérant for cooling the heat generating source is not used for cooliﬁg,

4

and there is a problem that cooling performance 1s traded off.

SUMMARY OF THE INVENTION
[0006]. The invention provides a coollng system that is able to rehably cool a
heat generating source while ensuring cooling performance and that is able to reduce the
power consumption of a compressor. | |
[0007]  An aspect of the invention relates to é cobling syétem that cgols a heat
generating source. = The cooliﬁg system - includes: a compressor that circulates

refrigerant; a first heat exchanger and a second heat exchanger thatv'carry out heat
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exchange between the refrigerant and outside aﬁr; a decompressor that decompresses the
refrigerant; a third heat exchanger that carries out heat exchange be‘twee'nl the refrigerant
and air-conditioning air; a cooling portion that‘is provided in a path of the refrigerant
flowing between the first heat exchanger and the second heat exchanger and that uses the

refrigerant to cool the heat generating source; a first line through which the refrigerant

flows between the cooling portion and the second heat exchanger; a second line through

which the refrigerant flows between the third heat exchanger and the compressor; and an
internal heat exchanger in which the refrigerant that flows through the first line and the
refrigerant that flows through the second line exchange heat with each other.

‘ -[0008] " In the cooling ‘systeryn, the internal heat exchanger may be arranged

~ between the cooling portion and the second heat exchanger.

[0009] The cooling system may further include: a third line throﬁgh which the
refrigerant flows between the compressor and the first heat exchanger; and a fourth line
‘thaf provides fluid communication between the first line and the third line. The cooling
system may further include a selector valve that switéhes a state of fluid comfnunication
between the fourth line and the first li_né and third line. In the cooling system, the
selector valve may be configured so as to switch the state of fluid communication into a -
state where the refrigerant flows through the fourth line during a stop of th¢ compressor.
In the cooling system, the cooling portion may be arranged below the first heat
exchanger. | | | | L

[(‘)010]7 The cooling system may furthér include a four-way valve that switches
between flow of the refrigerant from the compressor toward the first heat exchanger‘aﬁd
flow of the refrigerant from the compressor toward the third heat exchanger.

[0011] In the cooling system, thé first heat exchanger and the second heat
exchanger may be integrally arranged.

[0012] Wifh_ fhe cooling system according to the aspect of the invention, it is

possible to reliably cool a heat generating source while ensuring cooling performance,

and it is possible to reduce the power cbnsumption of'a compressor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Features, advantages, and - technical and industrial svigniﬁcance of

exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:
FIG. 1 is a schematic view that shows-the configuration of a cooling system
according to a first embodiment of the invention;

FIG. 2 is a Mollier chart that shows the state of refrigerant during cooling operation

of a vapér compression refrigeration cycle according to the first embodiment of the |

invention; ‘

FIG 3Ato FIG. 3D are graphs rhat schematically show opening degree control over
a flow regulating valve; o

FIG. 4 is a schematic view that shows the cooling .systen'l in a state where a
four-way valve is SWitched;' |

FIG. § is a Mollier chart that shows the state of refrigerant during heating operation

of a vapor compression refrigeration cycle according to the first embodiment of the

invention;
FIG. 6 is a schematic view that shows the flow of refrigerant that cools an HV
device during operation of the vapor r:orrlpression refrigeration cycle; -
v FIG. 7 is a schematic view that shows the flow of refrigerant that cools the HV
device during a stop of the vapor r:ompression refrigeration cycle; |
| FIG. 8 is a schematic view that shows the configuration of a cooling system
according to a second embodiment of the invention; and | |
FIG. 9 is a schematic view that shows an example of the internal structure of a heat

exchanger according to the second embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0014]  Hereinafter, embodiments of the invention will be described with
reference to the accompanying drawings. Note that, in the following drawings, like

reference numerals denote the same or corresponding portions and the description thereof
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is not repeated.

F ir‘st Embodiment
[0015] FIG 1 is a scheniatic view that sﬁows the configuration of a cooling -

systém 1 éccordiﬁg to a first embodiment.- As shown in FIG. 1, the cooling system 1

includes a vapor compression refrigeration cycle’ ‘10. The wvapor compression

refrigeration cycle 10 is, for example, moﬁnted on a vehicle in order tb cool or heat the

cabin of the vehicle. Cooling using the vapor compression refrigeration cycle 10 is

performed, for example, when a switch for cooling is turned on or when an automatic

coﬁtrol 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 tempe-rature. Heating using the vapor compression refrigeration cycle 10 is
perforfne_d, for example, when a switch for heatihg is turned on or when the automatic
‘control mode is selected and the temperature in the cabin is lower than the set
temperatufe. | ' ~ -

| [0016] The vapor éompression refrigeration cycle 10 includes a éompressor 12,
a heat exchanger 14 that serves as a first heat exchanger, a heat exchanger 15 that serves
as a seAcondheat ¢xchanger, an expansion valve 16 that is an example of a decompressor,
and é heat exchanger 18 that serves as a third heat exchanger. The vapor corhpression‘
refrigeration cyqle 10 further includes é four-way valve 13. The 'four-Way valve 13 is
arranged so as to be able to switch between flow of refrigerant from the compressor 12
toward the heat exchanger 14 and ﬂow of fefrigerant from the compressor 12 toward the
heat exchaﬁger 18.

[0017]  The compressor 12 is actuated By a motor or engi‘ne -equipped for the
vehicle as ‘a power source, and adiabatic;ﬂly compresses refrigeraht gas to obtain
superﬁeated ‘refrigerant gas. - The compressor 12 introduces and compresseé gaseous
refrigerant flowing during operation of the vapor compression refrigeration cycle 10, and
discharges high-temperature and high-pressure gaseous refrigerant. The compressor 12
discharges refrigerdnt to circulate the refrigerant in the vapor compression refrigerétiori

cycle 10.
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[0018] Each of the heat exchangers 14, 15 and 18 includes tubes and fins. The

tubes flow refrigerant. The fins are used to exchange heat between refrigerant flowing

.through the tubes and air around the heat ‘exchanger 14, 15 or 18. 'Each of the heat

exchangers 14, 15 and 18 exchanges heat between refrigerant and air stream supplied by
natural draft generated as the vehicle runs or air stream supplied by a fan.

[0019] The expansion valve 16 ’causes high-pressure liquid refrigerant to be

. sprayed through a small hole to expand into low-temper’ature_,a'nd low-pressure atomized

‘refrigerant. The 'expanSion valve 16 decompresses condensed refrigerant liquid into wet

steam in a gas-liquid mixing state. Note that a decompressor for decdmpressing
refrigerant liquid is not limited to the expansioh valve 16 that carries out‘throttle
ex.pansionv; instead, the decompressor may be a capillary tube.

[0020] The Vapor.compression refrigeration cycle 10 furt_her includes frefrigeraﬁt
lines 21 to 28. The refriger_ant line 21 p‘rovidés fluid communication between the
cbmpre_ssor‘ 12 and the four-way valve 13. Refrigerant flows from the compréssor 12
toward the four-way valve 13 via the refrigerant line 21. The refrigerant line 22
provides fluid communication between the four;way 'Valvé 13 and the heat exchanger 14.

Refrigerant flows from one of the four-way valve 13 and the heat exchanger 14 toward

‘the other via the refrigerant line 22. The refrigerant line 23 provides fluid

~ communication between the heat exchanger 14 and a cooling portion 30 (described later). |

Refrigerant flows from one of the heat exchanger 14 and the cooling portion 30 t_oward’_
the other. via the refrigerant line 23. | “The refrigerant line 24 provides fluid
communication between the cooling portion 30 and the heat ekchanger 15. Refrigerant
flows from one of the cooling portion 30 and the heat exchanger 15 toward the other via
the réfrigerant line 24. |

[0021] The refrigerant line 25 provides fluid communication between the heat
exchanger 15 and the expansion valve 16. Refrigerant ﬂows.-from one of the heat
exchanger 15 and the expanéion valve 16 toward the other via the refrigerant line 25.

The refrigerant line 26 provides fluid communication between the expansioh valve 16

- and the heat exchanger 18. Refrigerant flows from one of the expansion valve 16 and
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the heat exchanger 18 toward the other via the refrigerant line 26. The refrigerant line

27 provides fluid communication between the heat exchanger 18 and the four-way valve

13. . Refrigerant flows from one of the heat exchanger 18 and the four-way valve 13
toward the other via the refrigerant line 27. The vref_rigerant line 28 provides fluid -
communication between thé four-way valve 13 and the compressor 12. Refrigerant
ﬂows‘from the four-way valve 13 toward the compressor 12 via the refriggrant,line 28.
[0022] The vapor compression refrigeration cycle 10 is formed such that the
compressor 12, the heat exchangers 14 and 15, the‘expénsion valve 16 and the heat

exchangér 18 are coupled by the refrigerant lines 21 to 28.  Note that refrigerant used in

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

hydrocarbon, such as propane and isobutane, ammonia, water, or the like.

[0023]  The cooling portion 30 is provided in the path of refrigerant flowing
between the heatl exchangef 14 and the heat exchanger 15.  Because the cpoling portion
30 is provided, the path of refrigerant between the heat exchanger 14 and the heat
exchanger 15 is divided into the refrigerant line 23 closer to the heat exchanger 14 than
the cooling portion 30 and the refrigerant line 24 closer to the expansion valve 16 than
the cooling portion 30. The cooling portion 30 includes é hybrid vehicle (HV) device
31 and a cooling line 32. The HV device 31 is an electrical device mounted on the
vehicle. The cooling line 32 is a line through which refrigerant flows. The HV device
31 is-an example of a heat generating source. One end portion of the cooling line 32 is
connected to the refrigerant lline 23. Thelother end portion of the cooling line 32 is
connected to the refrigerant line 24.

[0024]  Refrigerant flowing between the heat»exchanger 14 and the expansion
valve 16 flows via the cooling line 32.  When refrigerant flows through the cooling line
32, the refrigerant takes heat from the HV device 31 to cool the HV device 31. The
cooling portion 30 is configured to be able to exchange heat between the HV device 31
and refrigerant because of the cooling line 32. In the present embodiment, the cooling
portion 30, for example, has the cooling line 32 that is formed such that the outer

peripheral surface of the cooling line 32 is in direct contact with the casing of the HV
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device 31.  The cooling line 32 has'a portion adjacent to the casing of the HV device 31.

At that portioh, heat is exchangeable between refrigerant, flowing through the cooling
line 32, and the HV device 31.
[0025]  The HV device 31 is directly connected to the outer peripheral surface of

the cooling line 32 that forms part of the path of refrigerant, routed from the heat

- exchanger 14 to the heat exchanger 15 in the vapor compression refrigeration cycle 10,

and is cooled. The HV device 31 is arranged on the outside of the cooling line 32, so
the HV device 31 doeé not interfere with flow of refrigérant flowing inside the cooling
line 32. Therefore, the pressure loss of | the vapor compression refrigeration cycle 10
do'e‘s not increase, so the HV device 31 may be cooled without increasing the power of
the corﬁpressor 12.

' [0026] Alternatively, the cooling portion 30 may include a selected known heat

pipe that is interposed between the HV device 31 and the cooling line 32. In this case,

the HV device 31 is connected to the outer peripheral surface of the cooling line 32 via

the heat pipe, and heat is transferred from the HV device 31 to the cooling line 32 via the
héat pipé to thereby cool the HV device‘ 31. The HV device 31 serves as a heating
portion for heating the heat pipe, and the cooling line 32 serves as a cooling portion for
cooling the heat pipe to thereby increase the heat-transfer efﬁcien_cy between the cooling
line 32 and the HV device 31, so the cooling efficiency of the HV deviée 31 may be
improved. For example, a Wick heat pipé may be used.

[0027] Heat may be féliably tranéferred from the HV device 31 to the édoling |

line 32 by the heat pipe, so there may be a distance between the HV device 31 and the

- cooling line 32, and complex arrangement of the cooling line 32 is not required to bring

the cooling line 32 into contact with the HV device 31. As a result, it is possible to

improve the flexibility of arrangement of the HV device 31.

[0028]  The HV device 31 includes an electrical device that éxchanges electric
power to generate heat.  The electrical device includes at least any one of, for exarhple,
ar_llinve‘rt.er uséd to convert direct-current power td altemating-current. power, a motor

generator that is a rotating electrical machine, a battery that is an electrical storage device,



10

15

20

25

WO 2012/160425 PCT/1IB2012/000937
‘ 9
a converter that is used to step up the voltage of the battery and a DC/DC»conve’rter that is

used to step down the voltage of the battéry. The battery is a secondary battery, such as

‘a lithtum ion battery and a nickel metal hydride battery. A capacitor may be used |

instead of the battery.
[06029] The heat exchanger 18 is arranged inside a duct 90 through which air
flows. The heat exchangef 18 exchanges heat between refrigeraht an\dv air-conditiorﬁng \‘
air flowing through the duct 90 fo adjust the temperature of air-conditioning air. The
duct 90 has a duct inlet 91 and a duct outlet 92. The duct inlet 91 is an inlet through

which air—bonditioning air flows into the duct 90.  The duct outlet 92 is an outlet 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. -

- [0030] As the fan 93> is driven, air flows through the duct 90. As the fan 93

'boperates, air-conditioning air flows into the duct 90 via the duct inlet 91. Air flowing

into the duct 90 may be outside .vair or may be air in the cabin of the vehicle. T’hé arrow
95 in FIG. 1 »ax_lcli FIG. 4 indicates flow of air-conditioning air that flows via the heat
exchanger 18 and exchanges heat with refrigerant in the vapor compression refrigeration
cycle 10.  During cooling operation, air-conditiorﬁng air is cooled in the heat eXchanger

18, and- refrigerant receives heat transferred from air-conditioning air to be heated.

‘During heating operation, air-conditioning air is heated in the heat exchangér 18, and

refrigerant transfers heat to air-conditioning air to be cooled. The arrow 96 indicates

- flow of air-conditioning air that is adjusted in temperature by the heat exchanger 18 and

that flows out from the duct 90 via the duct outlet 92.

[0031] Refrigerant that flows through the refrigerént lin‘e .24 as a first line
between . the C(.)oling portion 30 and the heat exchanger 15 and refrigerant that flows
through the refrigerént ling 27 as a second line betweén the heat exchanger 18 and the
four-Way valve 13 exéhange heat with éach other in an internal heat exchanger 40.  The
.‘cooling system 1 includes the internal heat ¢xchanger 40 in which refrigerant that flows
through fhe refrigerant line 24 and refrigerant that flows through the refrigerant line 27

exchange heat with each other. Because the internal heat exchanger 40 is provided, the
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refrigerant line 24 is divided into a refrigerant line 24a closer to the cooling portion 30 -

than the internal heat exc.hanger 40-and a refrigerant line 24b closer to the heat exchahger

- 15 than the internal heat exchanger 40. The refrigerant line 27 is divided into a

refrigerant line 27a closer to the heat exchanger 18 than the internal heat exchanger 40

and a refrigerant line 27b closer to the four-way valve 13 than the internal heat exchanger

40.

[0032]) The internal heat exchanger 40 has a heat exchanging line 41 that is in
fluid communication with the refrigerant line 24 and a heat exchanging line 42 that is in

fluid communication with the refrigerant line 27. One end portion of the heat

exchanging line 41 is connected to the refrigerant line 24a, and the other end portion is

connected to the refrigerant line 24b. During ‘cooling operation fshbwn in FIG 1,
refrigerant flows from the cooling portion 30 to the iﬁtemal heat exchanger 40 via the
refrigerant line 24a, ﬂqws in the heat exchanging line 41, and reaches the heat exchanger
15 via the refrigerant line 24b. One end portion of the heat exchanging line 42 is
connected to the refrigerant line 27a, and the other end portion is connected to lthe‘
refrigerant line 27b. During cooling operation shown in FIG. 1, refrigerant flows from
the heat exchanger 18 to the internal heat exchanger 40, viév{ the refrigerant line 27a, flows
iﬁ the heat exchanging line 42, reaches the four-way valve 13 via the refrigerant line 27b,
and further flows into the compressor 12 Vié the refrigerant line 28.

[0033]  The internal heat exchanger 40 has a selected structure such that heat is

| exchangeable between refrigerant that flows through the heat exchanging line 41 and

refrigerant that flows through the heat exchanging line 42. For example, a pipe that' '
forms the heat eXchanging line 41 and é pipe that forms the héat exchanging line 42 may |
be érranged such that the respective oﬁtef peripheral surfaces directly contact with each
other or may be arranged via a high thermal conductive member or a heat pipe. In
addition, for example, it is applicable that two through holes are formed in a metal block
member having a high thermal conductivity, one of the through holes sérves as the heat
exchanging line 431 and the other one of the through holes Serves as the heat exchanging

line 42.
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[0034] During coolfng operation, refrigerant flows in the vapor compression
refrigerati(on cycle 10 so as to sequentially pass through points A, B, C, D, E, F, G and H
shown in FIG:. 1, and refrigerant cfrrculates among the compressor 12, the heat exchangers
14 and 15, the expansion‘ valve 16 and the heat exchanger 18. Refrigerant passes
through a refrigerant circulation path that is formed by sequentially connecting the
corrrpressor 12, the heat eXchangerS 14 and 15, the expénsion valve 16 and the heat
exchanger 18 by the refrigerant lines 21 to 28 to circulate in the vapor compression
refrigeration cycle 10.

[0035] FIG. 2 is a Mollier chart that shows the state of refrigerant during cooling
cperation of the vapor compression refrigeration cycle 10 according to the first
embodiment. In FIG. 2, the abscissa akis represents the speciﬁc enthalpy (unit: kJ/kg) of
refrrgerant; and the ordinate axis represents the absolute. pressure’ (unit: MPa) of
refrigerant. The curve in the chart is the saturation vapor line and saturation liquid line
of refrige_rant. FIG.‘ 2 shows the thermodynamic state of refrigerant at points (that is,

points A, B, C, D, E, F, G and H) in the vapor compression refrrgeration cycle 10 when

refrigerant flows from the compressor 12 into the refrigerant line 23 via the heat

exchanger 14, cools the HV device 31 and returns from the refrigerant line 24 to the
compressor 12 via the heat exchanger 15, the expansion valve 16 and the heat exchanger
18. | |

[0036] As shown in FIG. 2, refrigerant (point A) in a superheated steam state,
irrtroduced into the compressor 12, is adiabatically compressed in the comr)ressor 12
alcng a constant specific entropy line. As refrigerant is compressed, the refrigerant
increases in preesure and temperature . into high—tempera_ture and high-pressure
superheated steam having a high degree of superheat (point B), and then the refrigerant
flows to the heat exchanger 14.

[0037]  High-pressure refrigerant steam‘ flowing into the heat exchanger 14
excherrrges heat with outside air in the heat exchanger 14 to be cooled. R‘efrigerant
becomes dry saturated steam from superheated steam with a constant pressure, releases

latent heat of condensation to gradually liquefy into wet steam in a gas-liquid mixing
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state, and becomes saturated liquid as the entire refrigerant condenses (point C). The
heat exchanger 14 causes superheated refrigerant gas, compressed in the compressor 12,
to releaée heat to an external medium with a constant pressure and to become refrigerant
liquid. Gaseous refrigerant discharged from‘ the compressor 12 releases heat to the
surroundings to be cooled in the heat exchanger 14 to thereby condense (liquety).
Owing to heat exchange in the heat exchanger 14, the temperature of réfrigerant
decreaseé, and refrigerant liquefies. _ | |

- [0038] High-pressure liquid refrigerant liquefied in the heat exchanger 14 flows

to the cooling pertion 30 via the refrigerant line 23, and cools the HV device 31.  In the.

_cooling portion 30, heat is released to liquid refrigerant that is condensed as it passes

through the heat exchanger 14 to thereby cool the HV device 31. Refrigefant is heatéd
by exchanging heat with the HV device 31, and the dryness of the refrigerant increases.
Refrigerant receives latent heat from the HV device 31 to partially vaporize into wet
steam that mixedly contains saturated liquid and saturated Steam (point D).

[0039] Refrigerant flowing out ‘frorr.l the Cooling portion 30 flows to the internal
heat'exchénger 40 via-the refrigerant line 24a. As: heat is transferred from refrigerant
that flows through the heat exchanging line 41“ to refrigerant that flows through the heat
exchanéing line 42 inside the internal heat exchanger 40, refrigerant that flows through -

the heat exchanging line 41 is cooled, and refrigérant‘ that flows through the heat

~ exchanging line 42 is heated. The percentage of saturated liquid increases and the

percéntage of saturated steam reduces within refrigerémt théf flows through the heat
exchanging line 41 by heat exchange in the internal heat exchanger 40, so the dryness of
the réfrigerant in a wet steam state, flowing through the heat exchanging line 41, reduces
(the wetness increases) (point E).

| [00;10] After that, refrigerant flows into the heat exchahger 15.  Wet steam of
refrigerant exchanges heat with outside air in the heat exchanger 15 to be cooled to
thereby condense again, becomes saturéted liquid as the entire refrigerant condenses, and
further releases sensible heat to beqdme supercooled liquid (point F). After that,

refrigerant flows into the expansion valve 16 via the refrigerant line 25. In the
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expansion valve 16, 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 staté (point G). |

[0041] Refrigerant in a Wet steam state from the expansiqn 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.  When refrig¢rant flows through the tubes of the
heat exchanger 18, the refrigerant absorbs heat of air in the cabin of the vehicle as latent
heat of vaporization via the fins to evaporate with a constant'preésure. As the entire
refrigeranf becomes dry saturated steam, the temperature of refrigerant steam further
increases by sensible heat to become superheated steam (point H). Refrigergant absorbs
héaf from the surroundings in the heat exchanger 18 to be heated.

[0042] Réfrigerant flowing out from the heat exchanger 18 flows to the internal
heat efichanger 40 via fhe refrigerant .line 27a and flows through the heat exchanging line -
42. By the above described theat exchange in the internal heat exchanger 40, refrigerant
that ﬂows through the heat exchanging line 42 is heated, and a degree of superheat of the
reffigerant in a superheated steam state, flowing through the heat exchanging line 42,
increases (point A). After that, refrigerant is introduéed into the compressor 12 via the
refrigerant line 27b, the fo‘ur-way valve 13 and the refrigerant line 28. The compressor

12 compresses refrigerant that flows from the internal heat exchanger 40. Refrigerant

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

throttle-expanded state and the evaporated state in accordance with the above descfibed
cycle. 4
 [0043] Note that, in the above description of the vapor compression
reffigeration cycle, a theoretical refrigeration cycle is described; however, in the actual
vapor compression refrigeration cycle 10, it is, of course, nécessary to consider a loss in
the compressor 12, a pressure loss of réfrigerant and a heat loss.
[0044] During cobling operation, atomized refrigerant flowing inside the heat

exchanger 18 vapbrizes to absorb heat of ambient air introduced so-as to contact with the
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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,

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

vehicle. AirQCOnditioning air of which heat is absorbed by the heat exchanger 18 to

~ decrease its temperature flows into the cabin of the vehicle to cool the cabin of the

vehicle. -

[0045] . During operation .bf the vapor compre’ssionb refrigeration .cycle 10,
refrigerant absorbs heat of vaporization from air in the cabin of the vehicle in the heat
exchanger 18 to thereby cool the cabin. In addition, high-pressure liquid réfrigerant
from t»he‘heat exchanger 14 ﬂ(;ws to the cooling pbrtion 30 and exchanges heat with thé
HV device 31 to thereby cool th.e HV device 31. The cooling systefn 1 cools the HV
device 31, which is the heat generating source mounted on the vehicle, by utilizing .the
vapor compreésion refrigeration cycle .1VO for air-conditioning the cabin of the vehicle.
Note that the temperature required to cool the HV device 31 is desirably at least lower
than the upper limit of a target temperature range of the HV device 31. |

[0046]  During éooling operation, refrigerént is cooled into a saturated liquidn _
state in the heat exchanger 14, and refrigerant in a wet éteam state, which receives lateﬁt

heat of vaporization from the HV 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 stéam state completely condenses into saturated liquid. The heat
exchanger 15 further 'supercools’ liquid refrigerant to a degree of isupercooling required to
cool the cabin ‘of the vehicle. A degfee of supercooliﬁg of refrigerant does not need to
be “excessively increased, so the capacity of each of the. heat excﬁangers 14 and 15 may

be reduced. 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 reduced, so it is possible to

obtain the cooling system 1 that is reduced in size and that is advantageous in installation
on the vehicle.

[0047]  When low-temperature and low-pressure refrigerant after passing
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through the expansion valve 16 is used to 5:001 the HV device 31, the cooling
p¢rformance of air in the cabin in the heat exchangerb 18 reduces and the co‘oling.
performance for cooling the cabin decreases. In contrast to this, in the cooling system 1
according to the present embodiment, in the vapor éompression 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 se'co'nd condenser. The two-stage heat exchanggrs 14 and 15 are arranged between the
compressor. 12 and the expansion valve 16, and the cooling ‘portionz 30 for cooling the HV
device 31 is prbvided between the heat exchanger 14 andv the heat exchangef 1.5. | The
heét exchanger 15 is prlovided'in the path of réfrigerani ﬂowing from the cooling portion
30 toward the expansion valve 16.

[0048] By sufficiently cooling refrigerant, which receives latent heat of
vaporization from the HV device 31 to be heated, in the heat exchanger 15, the refrigerant
has a temperature and a pressure that are originally reqﬁired to cool the cabin of the"
vehicle at the outlet of the expansion valve 16. Therefore, it is possible to sufficiently
increase the amount of heat extefnally feceiized when refrigerant evaporates in the heat
exchanger 18. Thus, by setting the heat radia;tion performance for the heat exchémger 15
S0 as to'be able to sufficiently cool refrigerant, the HV device 31 may be cooled without

.

any influence on the cooling performance for cooling air in the cabin. Thus, both the

‘cooling performance for cooling the HV device 31 and the cooling performance for

cooling the cabin may be reliably ensured.

[0049] When refrigerant flowing from the heat éxchanger 14 to the cooling
portion 30 cools the HV device 31, the refrigerant receives heat from the HV device 31 to
be heated. As refrigerant is heated to a saturéted steam temperature or above and the
entire amount of the refrigerant vaporizes in the cooling portion 30, the amount of heat
exchanged between the refrigerant and the HV device 31 reducés, and the HV device 31
cannot be efﬁcientiy cooled, and, in addition, pressure loss at the time when the

refrigerant flows in the pipe increases. Therefore, it is desirable to sufficiently cool

refrigerant in the heat exchanger 14 such that the entire amount of refrigerant does not
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vaporize after cooling the HV device 31.

[0050] Specifically, the state of refrigerant at the outlet of the heat ekchanger 14
is broﬁght close to saturated liquid, and, typicaily,'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 sufﬁciéntly cooling refrigerant in this way, the heat radiation
performance of the heat exchanger 14 for causing refrigerant to release heat is higher than
the -heat radiation performance of the heat exchanger 15. By sufficiently cooling
refrigerant in the heat exchanger‘ 14 having relatively high heat radiation performance,
refrigerant that has received hgat_from the HV device 31 may be maintained in a wet
steam state, and a reduction in the amount of heat exchanged between refrigerant and the
HV device 31 may be avoided, so it is‘possible to sufﬁcieﬁtly cool the HV device 31.
Refrigerant in‘ a wet steam state after cooling the HV device 31 is;fﬁciently cooled again
in the heat exchanger 15, and is cooled into a supercooled liquid state belo.w a saturated
temperature. Thus, it 1s possible to provide the cooling system 1 thafen_surés both the
cooling performance for cooling the éabin and the cooling performance for cooing the
HV devicef 31. | | |

[0051] | Reférring back to FIG. 1, the refrigerant lines 23 and 24 and a refrigerant
line 29 are connected in parallel in the path of refrigerant flowing between the h’eatb
exc>hanger, 14 and the heat exchanger 15. Thé refrigerant line 29 provides direct ﬂuid
communicatilon between the refrigerant line 23 and the refrigerant line | 24.  The
refrigerant’ line; 29 forms part of the path of refrigerant ﬂoWing between the heat
e.xchénger 14 and the heat exchanger 15. The cooling system 1 includes the refrigerant
line 29 that forms the path that does not pass through the cooling portion 30, and the
refrigerant lines 23 and 24 and the cooling line. 32 that form the path that pa.ssves through
the cooling portion 30. The_ path of refrigefant between the heat e'x’changer 14 and the
heat exche{nger 15 branches off, aﬁd paﬁ of refrigerant ﬂowé to the cooling portion 30.

[0052]  The refrigerant lines 23 and 24 and the cooling line 32 that form the path |
passing through the cooling portion 30 and the refrigerant line 29 that forms the path not

passing through the cooling portion 30 are provided in parallel with each other as the path
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through which refrigerant flows between the heat exchangef 14 and the heat exchanger
15. The Cooling system for cooling the HV device 31, including the refrigerant lines 23
and 24, is connected in parallel with theb refrigerant line 29. The path of refrigerant
flowing between the heat exchanger 14 and the heat'exchanger 15 wi‘thout passing though
the cooling portion 30 and the path of refrigerant flowing via the ‘coolling portion 30 are

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

" refrigerant lines 23 and 24. By so doing; only part of refrigerant flowing between the

heat exchanger 14 and the heat exchanger 15 flows to the cooling portion 30.

[0053] Refrigerant in an amount required to cool the HV device 31 | in the
cooling portion 30 is caused to flow to the refrigerant lines 23. and 24, and not the entire
refrigerant flows to the cooling portion 30. Thus, the HV device 31 is appropriately
céoled, and it is possible to prevent excessive cooling of the HV device 31.  In addition,
it is possible to reduce the pressure loss associated with flow of refrigerant to the cooling
sysfem for cooling the HV deviee 31, including the refrigerant lines 23 and 24 and the
cooling ﬁne 32.  Accordingly, it is possiblve to reduce power consumption required to
operate the compressor 12 for circulating refrigerant.

--[0054] A flow regulating valve 39 is provided in the refrigerant line 209. Thé_

flow regulating valve 39 is arranged in the refrigerant line 29 that forms part.of the path

“of refrigerant flowing between the heat exchanger 14 and the heat exchanger 15. The

flow regulating valve 39 changes its valve opening degree to increase or reduce a -

pressure loss of refrigerant flowing in the refrigerant line. 29 to thereby selectively adjust

. the flow rate of refrigerant flowing in the refrigerant line 29 and the flow rate of

refrigerant flowing in the codling system for cooing the HV device 31, including the
cooling line 32. 4

[0055]  For example, as the flow regulating valve 39 is fully closed to set the.
valve opening degree at 0%, the entire amount of refrigerant from the heat exchanger. 14
flows into the cooling portion 30. When the valve opening degree of the flow regulat‘ing
valve 39 is increased, the flow rate of refrigerant that flows directly‘, fo the heat exchanger

15 via the refrigerant line 29 increases and the flow rate of refrigerant that flows to the
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cooling portion 30 to cool the HV device 31 reduces within refrigerant that flows frorn
the heat exchanger 14 to the refrigerant line 23.  When the valve opening degree of the
ﬂbw regulating valve 39 is reduced, the flow rate of refrigerant that directly flows to the v |
heat exchanger‘ 15 via the refrigerant line 29 reduces and the flow rate of refrigerant that
flows to thebooling portion 30 to cbool the HV device 31 increases within refrigerant that
flows from the heat exchanger 14 to the refrigerant line 23.

[0056] As the valvve opening degree of the flow regulating valve 39-is increased,
the flow rate of refrigerant that cools the HV device 31 reduces, so cooling performance
for cooling the HV device :31 decreases.  As the valve opening degree_ of the flow
regulating valve 39 reduces, the flow rate of refrigerant that cools the HV device 31

increases, so cooling performance for cooling the HV device 31 improves. The flow

regulating valve 39 is used to make it possible to optimally adjust the amount of

refrigerant flowing to the HV device 31, so it is possible to reliably prevent excessive
cooling of the HV device 31, and, in addition, it is possible to reliably reduce pressure
loss associated with flow of refrigerant in the cooling system fpr coolingv the HV device
31 and the power consumption of the compressor 12 for circulating refrigerant.

[0057] - An example of control asscrciated with adjustment of the valve opening
degree of the flow regulating valve 39 will be described below. FIG. 3A to FIG. 3D are
graphs that schematically show opening degreé control over the flow regulating valve 39. ,

The abscissa axis shown in each of the graphs of FIG. 3A to FIG. 3D represents time.

» The ordinate axis of the graph of FIG. 3A represents a valve opening degree in the case

where the flow regulating valve 39 is an electric expansion valve that uses a stepping

motor. The ordinate axis of the graph of FIG. 3B represents a valve opening degree in

‘the case where the flow regulating valve 39 is a thermostatic expansion valve that opens

or closes with a fluctuation in temperature. The ordinate axis of the graph of FIG. 3C
represents the temperature of the HV device 31. | Thé ordinate axis of the graph of FIG.
3D represénts a difference in temperatﬁre between the inlet and outlet of the HV device
31, | |

[0058] As refrigerant flows via the cooling portion 30, the HV device 31 is
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~ cooled. The valve opening degree of the flow regulaiing valve 39 is, for example,

adjusted by monitoring the temperature of the HV device 31 or the\ difference between the
outlet temperature and inlet temberature of the HV device 31. For example, with
reference to-the graph of FIG. 3C, a temperature sensor that continuously measures the
terﬁperature of the HV device 31 is provided to monitor the temperature of the HV device
31. ‘In, addition, for example, with reference to the graph of FIG. 3D, a temperature
sensor that measures the inlet témperaturé and o‘utlet temperature of the HV device 31 is
provided to monitor the differénce in temperatu.re. between the outlet and inlet of the HV
d.evice‘31. | _ | |

[0059] As the temperature of the HV device 31 is higher than a target
temperature or the differeﬁce in témperature between the outlet and inlet of the HV
device 31 ’is larger than a target temperature difference "(for 'example, 3 to 5°C), the |
opening degree of thé flow regulating valve 39 1s feduced as shown in the graph of FIG.
3A and the graph of FIG 3B. By throttling the opéning degree of the flow regulating
valve 39, the flow rate of refrigerant ﬂoWing to the cooling portion 30 increases as.

described above, so it is possible to further effectively cool the HV device 31. As a

result, the temperature of the HV device 31 may be decreased to the target temperature or

below as shown in the graph of FIG. 3C or the different in temperature between the outlet
and inlet of the HV device 31 may be reduced to the targef temperature difference or
below as shoWn in the graph of FIG. 3D. ‘ |
| [0060] In this way, by optimally adjusting the Vaive opening degree of 'the*ﬂow
regulating valve 39, refrigerant in an amburit by Which heat radiation perforrﬁance
required to -keep the HV device 31 within an appropriate temperature range is ensured is
ensured to thereby make it possiblve to appropriately cool the HV device 31 Thus, it is
possible to reliably suppress occurrence of incohvenience thatvth\_e HV device 31 is
excessively heated to be damaged. | | |
[0061] FIG 41isa scheniatic view that shows the cooling system | in a state
where the four-way valve 13 is switched. By comparing FIG. 4 with FIG. ki, the

four-way valve 13 is rotated by 90° to switch the path along which refrigerant flowing
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from the outlet of the compressor 12 into the four—wéy valve 13 flows out from the
four-way valve 13. During cooling operation shown in FIG. 1, refrigerant compressed
in the Compreésor. 12 flows from the compressor 12 toward the heat exchanger 14. - On
the other hand, during heating operation shown in FIG. 4, refrigerant compressed in the
compreésor 12 flows from the compressor 12 toward the heat exchanger 18.

[0062] During heating operation, refrigerant flows in the vapor compression
refrigeration cycle 10 so as to sequentially pass through points A, B, vH, G,'F, E,Dand C
shown in FIG. 4 to circulate through the compressor 12, the heat exchanger 18, the -
e_xp_ansioh valve 16 and the heat ethangers 15 and 14. Refrigerant passes thr(;ugh a
refrigerant circulation path that is formed by sequentially connecting thé .compressor 12,
the heat exchanger 18, the eXparision valve 16 and the heat exchangers 15 and 14 by the
refrigerant lines 21 to 28 to circulate in the vapor comﬁression refrigeration cycle 10.

| [06063] FIG: 5 is a Mollier chart. that shows the state of refrigerant during heating
operation of | the vapor compression refrigeration cycle 10 according to the first
embodiment. In FIG. 5, the absciséa axis répresents‘ the specific enthalpy (unit: kJ/kg) of
refrigerant, and the ordinate axis represents the absolute pressure (unit: MPa) of
refrigérant. "'Fhe curve in the chart is the saturation vapor line and saturation liquid line

of refrigerant. FIG. 5 shows the thermodynamic state of refrigerant at points (that is,

~ points A, B, H, G, F, E, D and C) in the vapor compression refrigeration cycle 10 when

refrigerant flows from the compressor 12 into the refrigerant line 24 via the heat
excﬁanger 18, the expansion valve 16 and the heat exchanger 15, cools the HV device 3 1,
and returns from the refrigerant line 23 to.the compressor 12 via the heat exchanger 14.

[0064] As shown in FIG. 5, refrigerant in a superheated steam state (point A),

introduced into the compressor 12, is adiabatically compressed in the compressor 12

along a constant specific entropy line. As refrigerant is compressed, the refrigerant
increaseé in pressure and temperature into high-temperature and high-préssure
superheated steam having a high degree of superheat (point B). Refrigerant flowing out
from the compressor 12 flows to the internal heat exchanger 40. As heat is transferred

from refrigerant that flows through the heét exchanging line 42 to refrigerant that flows
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through the heat exchanging line 41 inside the internal heat exchanger'40, refrigerant that
flows through the,heat exchanging line 42 is cooled, and refrigerant that flows through
the heat exchanging line 41 is heated. By heat exchange in the internal heat exchanger
40, a degree of superheat of refrigerant that flows through the heat exchanging line 42
reduces. That is, the temperature of refrigerant in a superheated steam state decreases,
and approaches a saturated temperature of refrigerant steam (point H).

[0065] After that, refrigerant flows to the heat exchanger 18. High—pressure

" refrigerant steam in the heat exchanger 18 is cooled in the heat exchanger 18, becomes

dry saturated steam from superheated steam with a constant pressure, releases latent heat
of condensation to gradually liquefy into wet steam in a gas-liquid mixing state, becomes
saturated liquid as the entire refrigerant condenses, and further releases sensible heat to
become superceoied liquid (point G). The heat exchanger 18 causes superheated
refrigerant gas, compressed in the compressor 12, _te release heat to an external medium
with a constant pressure and to become refrigerant liquid. ~Gaseous refrigerant
discharged from the compressor 12 releases heat to the surronndings‘to be cooled in the
heat exchanger 18 to thereby condense (liquefy). Owing to heat exchange in the heat
exchanger 18, the temperature of refrigerant decreases, and refrigerant liquefies.
Refrigerant releases heat to the surroundings in the heat exchanger 18 to be cooled.

- [0066]  High-pressure liquid refrigerant liquefied in the heat exchanger 18 flows
into the expansion valve 16 via the refrigerant line 26. In the expansion valve 16,
refrigerant in a supercooled liqui(i state is throttle-expanded, and the refrigerant deereases
in temperature and pressure with the specific enthalpy of the refrigerant unchang'ed to
become low-temperature and low-pressure wet steam in a gas-liquid mixing state (point
F). Refrigerant of which the temperature is decreased in the expansion valve 16 flows
into the heat exchanger 15 via the refrigerant line 25. Refrigerant in a wet steam state
flows into the ‘tubes of the heat exchanger 15. When refrigerant flows through the tilbes,
the refrigerant absorbs heat of outside air via the fins as latent he‘a‘t of vaporizatton to
evaporate with a constant pressure. Refrigerant exchanges heat with outside air in the

heat exchanger 15 to be heated, and the dryness of the refrigerant increases. Part of
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refrigerant receives latent heat in the heat exchangér 15 to vaporize, s.o the percentage of
saturated steam contained in the refrigerant in a wet steam state increéses (point E).
[0067] Refrigerant in a wet steam state, flowing out from the heat exchanger 15,
flows to the internal heat exchanger 40 via the refrigerant line 245 and flows through the
heat exchanging line 41: By the above described heat exchange in the internal heat
exchanger 40, fefrigerant that flows through the heat exchanging liﬁe 4] is heatéd, and
the dryr{ess 6f the refrigerant in a wet steam state, flowing through the heat exchanging
line 41, increases (poiﬁt Dj. Next, refrigerant flows to the cdolihg line 32 of the cooling
portion 30 to .cool the HV device 31.. Refrigerant is heatéd by exchanging heat with the
HV device 31, and the dryness of thé refrigerant increases. Part of refrigerant receives

latent heat from the HV device 31 to vaporize, so the percentage of saturated steam

contained in the refrigerant in a wet steam state increases (point C).

[0068] Refrigerant in a wet steam state, flowing out from the cooling‘portion 30,
flows into the heat exchanger 14 via the refrigerant line 23. Refrigerant in a wet stéaﬁa
state flows into the tubes of the heat exchanger 14.  When refrigerant flows through the
tubes, the refrigerant absorbs heat of outside air via.the fins és latent heat of vaporization
to. evaporate with a constant pressure. As the entire refrigerant becomes dry saturated
steam, the refrigerant steam further increases in temperature by sensible heat to become
superheated steam (point A). Vaporized- refrigerant is introduced into the compressdr 12
via the \refrigerant line 22. The compressor 12 coinpresses refrigerant ﬂowi'ng from the

heat exchanger 14. Refrigerant 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.
[0069] During heating operation, refrigerant steam flowing inside the heat
exchanger 18 condenses to release heat to ambient air introduced so as to contact with the

heat exchanger 18. The heat exchanger 18 uses high-temperature and high-pressure

\ fefrigerant adiabatically compressed in the compressor 12 to release heat of condensation,

required at the time when refrigerant gas condenses into wet steam of refrigerant, to

air-conditioning air flowing to the cabin of the vehicle to thereby heat the cabin of the
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vehicle.  Air-conditioning air that receives heat from the heat exchanger 18 to increase

its temperature flows into the cabin of the vehicle to thereby heat the cabin of the vehicle.

[0070] During operation of the vapor compression refrigeration cycle 10,
refrigerant releases heat of condensation to air in the cabin of the vehicle in the heat
exchanger 18 to thereby heat the cabin. In addition, refrigerant in a wet steam state,
flowing oﬁt from the heat exchanger 15, flows to the cooling portion- 30 and exchanges

heat with the HV device 31 to thereby cool the HV device 31. During heating as well,

as in the case during cooling, the cooling system 1 utilizes the vapor compression

refrigeration cycle 10 for aif—conditioning the cabin of the vehicle to thereby cool the HV

device 31. |

[0071]  The four-way valve 13 is used to switch the direction in which
refrigerant flows in the vapor ‘compression refrigeration cycle 10 bgtWeen cooling
operation and heating operation. During cooling operation; in the heat exchanger 18,
low-temperature and_ low-pressure refrigerant throttle-éxpanded in the expansion valve 16
absorbs heat from air-conditioning air to cool the cabin. During heating"operation, in
the heat exchanger 18, high-temperature and high-pressure refrigerant adiabétically
compressed in the compressor 12 releases heat to air-conditioning_air to heat the cabin.
The cooling system 1 ﬁses the single heat exchanger 18 to be able to appropriately adjust
the temperature of air-conditioning air flowing into the cabin of the vehicle during both

cooling operation and heati'ng operation. Thus, it is not required to arrange two heat

‘ exchangeré that exchange heat with air-conditioning air, so the cost of the cooling system

1 may be reduced, Iand the size of the coéling system 1 may be reduced. |

[0072]  During both coolihg operation and heating operation, refrigerant flows to
the cooling portion 30 to exch_angé heat with the HV device 31 to thereby cool the HV
device 31. The cooling system 1 cools the HV 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. The vapor compression refrigeration cycle

10 that is provided in order to exchange heat with air-conditioning air in the heat

exchanger 18 to air-condition the cabin ‘of the vehicle is utilized to cool the HV device:
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[0073] It is not necessary to provide a device, such as an exclusive water
circulation pump and a cooling fan, in order to cool the HV device 31. Therefore,
components required for the cooling system 1 to cool the HV device 31 may be redrlced
to make it possible to simplify the system configuration, so the manufacturing cost of the
cooling system 1 may be reduced. In addi_tion, 1t is not necessary to operate a power
source, such as a vpump and a cooling fan, in order to cool the HV device 31, and power
consumption for operating the power source is not required. - Thus, it is possible to
reduce power consumption for cooling the HV device 31. - |

'[0074] As shown in FIG. 1 and FIG. 4, the cooling system 1 accr)rding to the

present embodiment further includes a communication line 51 that serves as a fourth line.

The communication line 51 provides fluid communication between the refrigerant line 22
that serves as a third line, through which refrigerant flows between the compressor 12
and the heat exchanger 14, and the refrigerant line 24 (24b) that serves as the first line.

A selector valve 52 is provided in the refrigerant line 24 and the communication line 51.

- The selector valve 52 switches the state of fluid communication between the

communication line 51 and the refrigerant lines 24 and 22. The ‘selector valve 52

switches between the open state and the closed: state to thereby allow or interrupt flow of

refrigerant via the communication line 51. By switching the path of refrigerant using

the selector valve 52, refrigerant after cooling‘the HYV device 31 may be caused to flow to
any selected one of the paths, that.is, to the heat exchanger 15 via the refrigerant line 24
or to the heat exchanger 14 via the communication line 51 and the refrigérant line 22.
[0075]  More speci‘ﬁcally,’ two valves 57 and 58 are provided as the selector
valve 52. - During cooling operation of the \rapor compression refrigeration cycle 10, the
valve 57 is fully open (valve opening degree 100%) and the valve 58 is frllly closed

(valve opening degree 0%), and the valve opening degree of the flow regulating valve 39

: 1s, adjusted such that a sufficient amount of refrigerant flows through the cooling portion

30. By so doing, refrigerant after cooling the HV device 31 may be reliably caused to

flow to the heat exchanger 15 via the refrigerant line 24. On the other hand, during a
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stop of the vapor compression refrigeration cycle 10, the valve 58 is fully open and the

valve 57 is fully closed, and, furthermore, the flow regulating valve 39 is fully closed.

- By so doing, it is possible to form an annular path that causes refrigerant to circulate

“between the co_oling portion 30 and the heat exchanger 14.

[0076] FVIG. 6 is a schematic view that shows flow of refrigerant that cools the

HV device 31 during cooling operation of the vapor compression refrigeration cycle 10.

- When the compressor 12 is driven and the vapor compression refrigeration-cycle 10 is

operated, the flow regu]ating valve 39 is adjusted in valve opening degree such fhat a
sufficient amount of refrigerant flows through the cooling portion 30. The selector.
valve 52 is operated so as to flow refrigerant from the cooling portion 30 to the expansion
valve .16 via the heat exchanger 15. That is, as the valve 57 is fullj/ open and the valve
58 is fully closed, the path of refrigerant that causes refrigerant to flow the whole of the
cooling system 1 is selected. Therefore, thej cobling performance of the vapor
compression refrigeration cycle 10 méy be ensured, and the HVvdevice' 31 may be
efficiently cooled. | |

[0O77] FIG. 7 is a schematic view that shows flow of refrigerant that cools the
HV device 31 during a stop of the Vapér compression refrigeration C}‘/cle 10. As shbwﬁ
in FIG 7, when the compressor 12 is stopped- and the vapor Compressioh refrigeration
cycle 10 is stoppgd, the selector valve 52 is operatedv so as to circulate refrigerant from

the cooling portion 30 to the heat exchanger 14. That is, as the valve 57 is-fully closed,

the valve 58 is fully open and the flow regulating valve 39 is fully closed, refrigerant‘

" flows via the communication line 51. By so doing, a closed annular path that is routed

from the heat exchanger 14 to the cooling portion 30 via the refrigerant line 23, further

 passes through the refrigerant line 24, the communication line 51 and the refrigerant line

22 seqﬁentially and returns to the heat exchanger 14 is formed.

[0078] Refrigerant may be circulated between the heat exchanger 14 and the
cooling portion 30 via the anhuiar path' withdut operating the compressor 1’2.( When
refrigerant cools the HV device 31, the refrigerant receives latent heat of vaporization

from the HV device 31 to evaporate. Refrigerant steam vaporized by exchanging heat
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with the HV device 31 flows to the heat exchanger 14 via the refrigerant line 24, the

communication line 51 and the refrigerant line 22 seq_uentially. In the heat exchanger 14,
refrigerant stéam is cooled to condense by running wind of the yehicle or draft frorh a
radiator fan for cooling an engine. Réfrigerant liquid liqueﬁed in the heat exchanger 14
returns to the cooling portion 30 via the refrigerant line 23. |

[0079]  In this way, a heat pipe in which the HV device 31 serves as a heating
portion and the heat exchanger 14 serves. as a cooling portion is formed by the annular
péith that passes through the cooling portion 30 and the heat exchanger 14. ‘Thus, when
the vapor compression refrigeration cycle 10 .is stopped, that is, when a cooler for the
vehicle is stoppéd’as well, the HV d;:vic,e 31 may be reliably cooled without the necessity |
of start-up of the compressor 1\2. Because the compressor 12 is not required to
constantly operate in order to co\oll the HV device 31, the power consumption of the
compressor 12 is reduced to thereby make it possible to improve the fuel economy of the
vehicle and, in addition, to extend the life of the compressor 12, so it is possible to
improve the reliability of the éompressor 12. |

[0080] " FIG. 6 and FIG. 7 show a ground 60. | The cooling portion 30 is
ai‘ranged below the heat exchanger 14 iﬁ'the vertical d_irection pefpendicular to the
groﬁnd 60. In the anriular path that circulates refrigerantbbetween the heat exchanger ‘14
and the cooling portion 30, the cooling portion 30 is arranged below, and fhev heat
exchanger 14 is arranged abO\:/e. The heat exchanger 14 is érranged at the level higher
than the cooling portion 30.

[0081] In thié case, refrigerant steam heated and vaporized in the cooling
portion 30 goes up in the annular path, reaches the heat »exchanger’ 14, is cooled in the
heat exchanger 14, condenses into liquid refrigerant, goes down in the annular path by the
action of gravity and returns to the co’oling ‘portion 30. That is, a thermo-siphon heat.
pipe is formed of the coolihg portion 30, the ‘heat exchanger 14 and the paths of-
refrigerant that connect them. | Because the heat transfer efﬁcienéy from the HV device
31 to the heat exchanger 14 may be improved by forming the heat pipe, when the vapor

compression refrigeration cycle 10 is stopped as well, the HV device 31 may be further
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efﬁciéntly cooled without additional power.

[0082] | The selector valve 52 that switches the state of fluid_ communication
between the comm11nioation line 51 and the refrigerant lines 24 and 22 may be the above
described pair of valves 57 and 58 or may be a three-way valve that is arranged at the
branching portion between tlle refrigerant line 24" and the communication line 51. ln |
any cases, during both operation and stop of the vapor compression refrigeration cycle 10,
the HV device 31 may be efficiently cooled. The valves 57 and 58 just need to liave a
simple structuré 50 as to be able to open or close the refrigerant line, vso the valves 57 and
58 are not expensive, and the two valves. 57 and 58 are used to make it possible to
provide the further low-cost cooling system 1.  On the other hand, it is presumable that a
space required to arrange ihe three-way valve is smaller than a space required to arrange
the two valves 57 and 58, and the three-way valve is used to make it possible to provide
the covoling‘ system 1 liaving a further red‘uced size and excellent Vehiole mountability.

[0083]  As described above, in the cooling system laccording to the present.
embodiment, refrigerant 'after‘ cooling the HV device 31 in the cooling portion 30 and
refrigerant after exchanging heat with air, used for the cabin, in the heat exchanger 1.8
exchange heat with each olher in the internal heat exchanger 40. By so doing, during
cooling operation, refrigerant heated'by exchanging heat with the HV dei/ice 31 is cooled
in the internal heat exchanger 40. Therefore, refrigerant ,‘after passing through the heat
exchanger 15 inay be cooled into a supercooled liquid state without increasing the
capacity of the heat exchanger 15, so the size of the heai exchanger 15 may be reduced.
When the amount of heat generated by the HV device 31 is small, a degree of
supercooling of refrigerant inoreases, so the cooling performance may be improved. " In
this case, additionally, ‘Vthe power of the compressor 12 may be reduced, so power saving -
of the cooling system 1 may be achieved. When the amount of heat generated by the
HYV device 31 is large as well, the cooling system 1 is controlled such that refrigerant is
reliably cooledinto a supercooled liquid state, so controllability of cooling operation may
be improved. | i

[0084] During heating operation, refrigerant absorbs heat from outside air to be
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heated in the heat exchangers 15 and 14. Refrigerant is additionally heated in the
internal heat exchanger 40 as well, and absorbs heat from the HV device 31 to be further
heated in the cooling portion 30. Because refrigerant is heated not only in the heat
exchangers 15 and 14 but also in the internal heat exchanger 40 and the cooling portiop
30, thé refrigerant may be heated into a sufficient superheated steam state at the outlet of
the ‘heat exchanger 14, so the HV device 31 may bé appropriately cooled while
maintaining excellent heating performahce in the cabin of the vehicle.

[0085] Therefore, refrigerant after passing through the heat exchanger 14v.may
be heated into a superheated steam state without increasing the capacities of the heat
exchangers 15 aﬁd 14, so ‘the size of each of the heat exchangers 14 and 157may be
reduced. Refrigerant is heated in the cooling portion 3‘0 and heat waste from the HV
device 31 may be effectively utilized to heat the cabin, so the coefficient of performance
improves, and the power consﬁmption for adiabatically compressing refrigerant in the
compressor 12 during heating operétion may be reduped. |
Second Embodiment

| [0086} FIG. 8 is a schematic view that shows the configuration of a cooling
system 1 according to a second embodiment. The cooling system 1 according to the
second embodiment differs from the cooling system 1 according tp the first embodiment
in that the heat exchanger 14 and the heat exchahger 15 are manufactured as an integrated
heat exchanger.

| [0087] FIG. 9 i1s a schematic view that shows an example of the internal
structure of the heat exchangers 14 and 15 according to the second embodiment. As

shown in FIG. 9, the heat exchanger 14 and the heat exchanger 15 are integrally arranged.

‘The integrally arranged heat exchanger 14 and heat exchanger 15 are, for example,

provided next to an engine cooling radiator mounted on the vehicle, and carries out heat
exchange between running wind. of the vehicle or cooling air supplied by a cooling fan
and refrigerant. |

[0088] The heat exchanger 14 includes a plurality of tubes 146 through which

refrigerant flows and a plurality of fins 148 that are used to exchange heat between
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refrigerant in the plurality of tubes 146 and air around the heat exchanger 14. The

'plurality of tubes 146 are arranged in parallel with one another between an inlet portion

142 and an oﬁtlet portion 144.  The inlet portion 142 is connected to the fefrigerant line
22, and introduces refrigerant from the compressor 12.  The dutlet pbrtion 144 is
connected to the refrigerant rline 23 rolu-ted to the cooling ‘portion 30." Refrigerant -
introduced via the ‘inlet portion 142 ﬂowé through the plurality of tubeé 146 in a
distributed manner. | |

[00'89] - Each of the plurality of fins 148 are arranged next ;cqthe' gap betweén
any adjacent two of the plurality of tubes 146 between the inlet portion 142 and the outlet
portion 144. Refrigerant exchanges heat with air around the heat exchanger 14 via the
fin 148 to be condensed in each of the plurality of tubes 146. Refrigerént after Being
condensed in the heat exchanger 14 flows from the outlet portion 144 to the cooling
portion 30.
| “[0090]' The heat exchanger 15 includes a plurality of tubes 156 and fins 158.
The plurality of tubes 156 flow refrigerant. The fins 158 are used to exchange heat
be}ween refrigerantn in' the plurality of tubes 156 and air around the heat exchanger 15.

The plurality of tubes 156 are arranged in parallel with one another between an inlet

‘portion 152 and an outlet portion 154. The inlet portion 152 is connected to the

refrigerant line 24, and introduces refrigerant from the cooling portion 30. The outlet
portion 154 is connected to the refrigerant line 25 routed ‘to the expansion valve 16.
Refrigerant introduced via the .‘inlet portion 152 flows through the plurality of tubes 156
in a distributed manner.

[0091] Each of the plurality of fins 158 1s arranged next to the gap between any
adjacent two of the plurality of tubes 156 between the inlet portion 152 and the outlet
portion 154. Refrigerant is cooled by exchanging heat with air around the heat
exchahger 15 via the ﬁn 158 in each of the plurality of tubes 156. Refrigerant after

being cooled in the heat exchanger 15 flows from the outlet portion 154 to the heat

exchanger 18 via the expansion valve 16.

[0092]  As shown in FIG. 9, a partition and individual outlets and inlets are
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provided for the integrated heat exchanger to thereby make it pbssible to cause the
integrated heat exchanger to separately serve as the two heat exchangers 14 and v15, SO
manufacturing cost of the heat exchangers 14 and 15 may be reduced.

| [0093] The cooling system 1 aceording to the second embodiment further
includes a check valve 54. The check valve 54 is arranged in'the refrigerant line 22 .
betweenithe compressor 12 and the heat exchanger 14 on the side closer to the

compressor 12 than the connection portion between the refrigerant line 22 and the

‘communication line 51. The check valve 54 allows flow of refrigerant from the -

compressor 12 toward the heat exchanger 14 and prohibits flow of refrigerant in the
opposite direction. | |

[0094] By so doing, Vi/hen the flow reguiating valve 39 is fully closed (valve
opening degree 0%) and the selector valve 52 is adjusted such that refrigerant flows from
the refrigerant line 24 to the communication-line 51 and dees not flow to t}ie heat
exchanger 15, a closed loop path of refrigerant for circulating refrigerant between the
heat exchanger 14 and the cooling portion_30 may be reliably formed. |

[0095] When no check valve 54 is provided, refrigerant may flow frem the

communication line 51 to the refrigerant.line 22 adjacent to the compressor 12. By

- providing the check valve 54, it is possible to reliably prohibit flow of refrigerant from

the communication line 51 toward the side adjacent to the compressor 12, so it is possible
to prevent a decrease in the cooling performance for cooling the HV device 31 during a
stop of the vapor compression refrigeration cycle 10, using the heat pipe that forms the

annular refrigerant path. Thus, when the cooler for the cabin of the vehicle is stopped as .

well, it is possible to efficiently cool the HV device 31.

[0096]  In addition, when the amount of refrigerant in the closed loop path of
refrigerant is insufficient during a stop of the vapor compression refrigeration cycle 10,
the compressor 12 is operated only in a short peried of time to thereby make it possible to
supply refrigerant te the closed loop path via the check valve 54. By so doing, the
amount of refrigerant in theclosed loop may be increased to thereby increase the amount _

of heat exchanged in the heat pipe. Thus, the amount of refrigerant in the heat pipe may
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be ensured, so it is possible to avoid insufficient cooling of the HV device 31 because of
an-insufﬁcieht amount of refrigerant.

[0097] | The cooling system lv according to the second embodiment further -
ineludes a gas-liquid separator 70. Refrigerant flowing out from the heat exchanger 14
is separated into gas and liquid in the | gas-liquid separator 70. Liquid refrigeranf
separated in the gas-liquid separator 70 flows via the refrigerant line 23 and is supplied to
the cooling portion-30 to cool the HV device 31. The liquid refrigerant is refrigerant in
a just saturated liquid state. By taking only liquid reffigerant from the gas-liquid
sep'arator- 70-and flowing the liquid refrigerant to the cooling portion 30, tﬁe performance
of the heat_exchanger 14 may be fully utilized to cool the HV device 31, so it is possible
to provide the cooling system ‘1 having improved cooling performance for eooling the HV
device 31. |

[0098]  Refrigerant in a saturated liquid state at the outlet of the gas-liquid
separator 70 is introduced into thecooling line 32 that cools the HV device 31 to thereby
make'it.possible to minimize gaseous refrigerant within refrigerant that flows in the
cooling systemvfor cooling the HV device 31, including the refrigerant lines 23 and 24
and 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 of the
HV 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.

[0099]  Refrigerant liquid in a saturated liquid state is stored inside the gas-liquid
separator 70 as shown in FIG. 8. | The gas-liquid separator 70 functions as a reservoir
that temporarily stores refrigerant liquid inside. = When refrigerant liquid in a
predetermined amount is stored in the gas-liquid separafor 70, the flow rate of refrigerant
flowing from the gas-liquid separator 70 to the cooling portion 30 may be maintained at
the time of fluctuations in load. Because the gas-liquid separator 70 has the function of
storing liquid, serves as a buffer against load fluctuations and is able to absorb load

fluctuations, the cooling performahee for cooling the HV device 31 may be stabilized.
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[0100]  Note that, in the above described embodiments, the cooling system 1 that

cools an electrical device mounted on the vehicle is described using the HV device 31 as
an example. The electricél device ijs not limitéd to the illustr_ated electrical devices, such
as an inverter and a motor generator. The electrical device may be any electrical device
as long as it generates heat when it is operated. In the case where there are a plurality of
electrical devices to b,e coéléd, the plkuralit“y of electrical devices desirably have a
common cooling target temperature range. The target temperature range for cooling is
an appropriate temperature range as a temperature environment in which the electrical
devices are operated.

[0101] Furthermore,_ the heat generating source cooled by the cooling system 1
according fo the embodiments of the invention is not limited to the electrical device
mounted on the vehicle; instead, it may be any device that generafes heat or may be a
heat generating portion of any device. |

[0102] = The e_mbodifnents of the invention are described above; however, the
configurations of the embodiments may be combined where appropriate. In addition,
the embodiments described above should be regarded as only illﬁstrative in every respect
and not restrictive.  The scope of the invention is indicated not by the above description
but by the append'gd claims, and is intended to includé all modifications within the
meaning and scope equivalent to the scopé of the appended claims. | |

[0103] The cooling system according to the aspect of the invention may be
particularly advantageously applied to cooling of én electrical device, such as a motor
generator and an inverter, using a Vapof compression refrigeraﬁon cycle for cooling and
heating a cabin, in a vehicle, such as a hybrid vehicle, a fuel-cell vehicle and an electric

vehicle, equipped with the electric_él device.
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CLAIMS:

1. A cooling system that cools a heat generating soufce, comprising:

a compressor that circulates refrigerant; |

a first heat exchanger and a second heat eXchangér that carry out heat exchange
betWeen fhe refrigerant and outside air; |

a decompressor that decompresses the refrigerant;

a third heat exchanger that carries out heat exchange between the refrigerant and -
‘air-conditioning air; |

a cooling portion f[hat‘ is provided iﬁ a path of the refrigerant flowing betweengthe
first heat exchanger and the second heat exchanger and that uses the refrigerant to cool
the heat generating source;

a first line through which the refrigerant flows between, the cooling portion and the
. second heat exc;hanger; o

a second line through which the refrigerant flows between the third heat exchanger
and the compressor; and |

an internal heat exchanger in which the refrigerant that flows through the first: line

“and the refrigerant that flows through the second line exchange heat with each other.

2. The cooling system according to claim 1, wherein
 the internal heat 'exchar_lger is arranged betwee_n-thé cooling portion and the second

heat exchanger.

3. The cooling system according to claim 1 or 2, further compfising:

a third line through which the refrigerant flows between the compressor and the first
heat exchanger; and | |

a fourth line that provides fluid communication between the first line and the third

line.
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4. The cooling system according to claim 3, further comprising:
a selector valve that switches a state of fluid communication between the fourth line,

and the first line and the third line. -

5. The cooling system according to claim 4, wherein
the selector valve is configured so as to switch the state of fluid communication into

a state where the refrigerant flows through the fourth line during a stop of the compréssor.

6. The cooling system according to any one of claims 3 to 5, wherein

the cooling portion is arranged below the first heat exchanger.. -

7. The cooling'system according to any one of claims 1 to 6, further comprising:

a four-way valve that switches between flow of the refrigerant from the compressor
toward the first heat exchanger and flow of the refrigerant from the compressor toward

the third heat exchanger.

8. The ,éooling system according to any one of claims 1 to 7, wherein

the first heat exchanger and the second heat exchanger are integrally arranged.
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