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COOLING SYSTEM AND VEHICLE THAT INCLUDES COOLING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a cooling system and a vehicle that includes the
cooling system and, more particularly, to a cooling system that cools a heat generating
source by utilizing a vapor compression refrigeration cycle and a vehicle that includes the

cooling system.

2. Description of Related Art

[0002] In recent years, hybrid vehicles, fuel cell vehicles, electric vehicles, and
the like; that run with driving force of a motor become 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.

[0003] Japanese Patent Ai)plication Publication No. 2000-73763 (JP
2000-73763 A)_deécribes a cooling system for a ‘h_ybrid vehicle. The cooling system
inéludes a first cooling circuit, a second cooling circuit and a third cooling circuit. The
first cooling circuit vselectively. or simultaneously cools a power contro‘l unit that executes
drive control over a drive motor, an engine cylinder head and the drive motor. The
seébnd cooling circuit cools an engine bylinder block. The third cooling circuit c\ools
the power control unit. The cooling syst,ém switches a circulation path of coolant
among the cooling circuits on the basis of the operating states of an éngine, motor and air
conditioner.  Other than JP 2000-73763 A, a technique relating to a cooling device or

cooling system is described in Japanese Patent Application Publication No. 2005-90862

-(JP 2005-90862 A), Japanese Patent Application Publication No. 2007-69733 (JP

2007-69733 A), Japanese Patent Applicaiion Publication No. 2009-229014 (JP
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2009-229014 A), Japanese Patent Applic‘ation Publication No. 2005-271906 (JP
2005-271906 A), and the like. |

[000‘4] In the above-described cooling system, an engine cooling system and a
hybrid cooling system that cools the power eontrol unit, and the like, are provided, and
flow passages between these cooling systems are switched by control valves. . Therefore,
the configutation of the cooling system becomes complex,‘so cost increases.

[0005] In contrast to this, it is oonceivable to cool hybrid electrical devices by
utilizing an air conditioner cooling system. By so doing, it is possible to reduce cost by
simplifying the hybrid cooling system. Furthermore, in this case, when the air
conditioner is stopped, it is conceivable that the hybrid electrical devices are cooled
without operating a compressor by forming a heat-pipe cooling circuit and, by so doing, -
power consumption is reduceo. ’. |

[0006] '. However, in the heat-pipe cooling circuit, a.pheno'menon called dryout
that all the refrig.erant dries out may occur if the amount of refrigerant in a heat-pipe
cycle is short with respect to the amount of heat radiation that is required to protect a heat
generating source; such as the hy‘orid electrical devices. When dryout occurs, the
performance of cooliog the heat generating source decreases, so the temperature of the
heat gener}at_ing’l source problematically increases; In terms of this point, no measures

are taken into consideration for the above-described cooling system for a hybrid vehicle.

SUMMARY OF THE INVENTION

[0007]  The invention provides a ‘cooling system that is able to suppress dryout
in a heat pipe cycle and a vehicle that includes the cooling system.

[0008] | An aspect ‘of the 1nvent10n provides a cooling system that includes: a
compressor a ﬁrst condenser; a cooling portion; a heat exchanger; a ﬁrst line; a second
line; a switching device; and an ejector. The compressor compresses refrigerant flowing
through the cooling system. The first condenser cools the refrigerant.- The cooling
portion cools a heat generating source osing the refrigerant. The heat exchanger is used

to perform air conditioning using the refrigerant. The first line is a line that forms a
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vapor compression refrigeration cycle by flowing the refrigerant in order of the heat
exchanger, the compressor, the first condenser and the cooling portion. The second line
is a line that forms a heat pipe by circulating the refrigerant between the first condenser
and the cooling portion. Thé switching device flows the refrigerant thfough the first line

when the air conditioning is performed. The switching device flows the refrigerant

- through the second line when the air conditioning is stopped. The ejector is provided

between the compressor and the first condenser. Th}eAejector is ‘co:nﬁgured to, when the
refrigerant ﬂdws from the compressor to the first condenser via fhe ejector, draw the
refrigerant from the second line and join the drawn refrigerant into the refrigerant from
the compressor. |

[0009]  The ejector may include a first pipe, a second pipe and a conﬂuent
porﬁon. The first pipe flows the refrigerant discharged from the comp'ressor.. The
second pipe is fqrmed on ah outer peripheral side of the first pipe. The second ﬁne is
connected to the second pipe. The conﬂuenf portion is a portion that is used to join the
refrigerant flowing through the second pipe into the refrigerant flowing through the first
p'ipe. The second line is connected to the second pipe at a location upstream‘ of the
confluent portion.

[0010] The cooling system may further include a second condenser. The
second condenser cools the refrigerant. The first line flows the refrigerant in order of
the heat exchanger, the compressor, the first condenser, the cooling portion and the
second condenser. The switching device includes a first valve, a second valve and a
third valve. The first valve is provided in a first tube. The first tube is provided in
parallel with the cooling portion. The first tube flows the refrigerant from the first
condenser to the second condenser. The second valve ié prOvided in a second tube.
The second tube flows the réfrigéranf from the cooling portion to the second condenser.
The third valve is provided in a third tube. The third tube branches off from the second
tube, and flows the refrigerant from the cooling portion to the ejector. When the
sWitching device flows the refrigerant through the first .line, the switching device opens

the second valve and closes the third valve. When the switching device flows the
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réfrigeran{ through' the second line, the switchirig device closes the second valve and
opens the third valve. ’ |
[0011] The cooling system may further include a check valve. The check -
valve interrupts flow of the refrigerant from the first condenser to the compressor.
[0012]  The cooling portion may be arranged vertically below the first condenser.

The cooling system may further include a reservoir. The reservoir stores the refrigerant

~ in a liquid phase, flowing from the first condenser to the cooling portion.

[0013] The heat generating sourée may be an electrical device that is mbunted
oﬁ a vehicle. Another aspégt of the invention provides a Véhi(;lf: that includes any one
of the above-described cooling systems. |

[0014] With the above-described cobling system according to thé aspect of the

invention, the cooling system includes the ejector provided between the cofnpresso: and

~ the first condenser. When the refrigerant flows from the compressor_’to the first"

- condenser, the ejector generates suction force for drawing the refrigerant from the second

line and jdins the refrigerant, ﬂd@ing through the second line, intq the refrigerant
discharged from the cdmpressor. By so doing, it is possible to increase thé amount of
refrigerant in a heat pipe cycle forrﬁed between the first condenser and the cooling
portion while facilitating circulation of the refrigerant in the heat pif)e cyclé. Thus, it is -
possible to provide the cooling systerh that is able to suppress dryout in the heat pipe

cycle and the vehicle that includes the cooling system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  Features, advantages, and technical and industrial significance of

-eXemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in iyhich like numerals denote like elements, and wherein:

FIG 1 is a schematic View that shows the configuration of a ‘co‘oling systém
according to an embodiment that is one example of the invention; ‘

FIG. 2 is a Mollier chart that shows the state of refrigerant in a vapor compfession

refrigeration cycle;
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FIG. 3 is a schematic view that shows the flow of refrigerant that cools an HV
clevice during operation of the vapor compression refrigeration cycle;

FIG. 4 is a schematic view that shows the flow of refri_gerant that cools the HV
device during a stop of the vapor compression refrigeration cycle;v

FIG. § is a table that shows the opening degrees of valves in each operation mode of
the coolihg system according to the embodiment, which is shown in FIG. 1;

FIG. 6 is a view that shows an example of the structure of an ejector ehown in FIG
1; and

FIG. 7 is a flowchart that shows an example of a control method for the cooling

system according to the embodiment, which is shown in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016]  Hereinafter, an embodiment of the invention will be described in detail |

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
repeated.

[0017]  FIG. 1 is a schematic view that shows the conﬁguration of a cooling

system according to the embodiment of the invention. The cooling system according to

the present embodiment is applied to a hybrid vehicle that uses an engine 'serving as an

internal combustion engine and a drive unit serving as an electric motor as power sources,
and is used to cool electrical devices that are mounted on the hybrid vehicle.

[0018] As showri in FIG. 1, the 'cooling system 1 includes a vapor compression |
refrigeration cycle 10 (hereinefter, also simply referred to as "refrigeration cycle 10™").
The refrigeration cycle 10 is, for example, mountedv on the hybrid vehicle in order to cool
the cabin of the hybrid vehicle. Cooling using the refrigeration cycle 10 is performed,
for example, when a switch for cooling is tumed on or when an ‘automatic control mode
in which the temperature in the cabin of the hybrid vehicle is automatically adjusted to a
set temperature is selected and the temperature in the cabin is higher than the set

temperature.
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_ [0019] The fefrigeration cycle 10 includes a compressor 12, a first condenser 14,
a seeond condenser 15, an expansion valve 16 and a heat exchanger 18. The
refrigeration cycle 10 includes a tank 40. The tank 40 is arranged in ‘a path provided in
parallel with a path of refrigerant between the first condenser 14 and the second
condenser 15. |

[0020]  The compressor 12-is actuated by the motor or engine equipped for the

- hybrid vehicle as a power source, and adiabatically compresses refrigerant gas to obtain

superheated refrigerant gas. The compressor 12 introduces and compresses gaseous
refrigerant flowing from the heet exchahger 18 during operation of the refrigeration cycle
10, and discharges high-temperature and high-pressﬁre gaseous refrigerant to a refrigerant |
line 21. The compressor 12 dischgtges refrigerant ‘tc‘) the refrigerant line 21 to ihereby
circulate refrigerant in the refrigeration cycle 10.

[0021) The first condenser 14 and the second condenser 15 cause superheated
refrigeren; gas, compressed in the compressor 12, to releaée heat to an exfernal medium
with a constant pressure and to become refrigerant liquid. .Hvigh-pressur'e gaseous
refrigerant discharged from the compressor 12 releases heat to the surroundings to be
cooled in the first eonderllser‘ 14 and fhe second condenser 15 to thereby condense
(liquefy). Each of the first condenser 14 and the second condenser 15 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 condenser. |

| [0022]  The first condenser’ 14 and the second condenser 15 carry out heet
exchange between cooling air and refrigerant. Cooling air may be supblied fo the first
condenser 14 and the second condenser 15 by forced draft from a radiator fan 42
provided in a cooling circuit 46 for coeling the_engine 45.. Coolan; that is circulated by
a water pump 44 between the engine 45 and a radiator 43 is cooled by forced draft from
the radiator fan 42.‘ Cooling air may be supplied to the first vcon’denser 14 and the
second condenser 15 by natural draft that is generated as the hybrid vehicle travels.
Through heat exchange in the first condenser 14 and the second condenser 15, the

temperature of refrigerant decreases, and refrigerant liquefies.
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[0023] The expansien valve 16 causes high;pressure liquid refrigerarlt, flowing
through a refrigerant line 25, to be sprayed through a small hole to expand into
low-temperature and low-pressure atomized refrigerant. The expansion valve 16
decompresses refrigerant liquid, condensed in the first condenser 14 and the second
condenser 15, into wet steam in a gas-liquid mixing state. Note that a decompressor for
decompressirlg refrigeraint liquid is not limited to the expansion valve 16 that carries out
throttle expansion; instead, the decompressor may be a capillary tube.

[0024]  Atomized refrigerant flowing irlside the heat exchanger 18 vaporizes to

absorb heat of ambient air that is introduced so as to contact with the heat exchanger 18.

An air-conditioning device 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 hybrid vehicle to thereby cool the eabin‘ of the hybrid
vehicle. Air-conditioning air of which heat is absorbed by the heat exchanger 18 to
decrease its temperature flows into the cabin of the hybrid vehicle to cool the cabin of the
hybrid vehicle. Refrigerant absorbs heat from the surroundings in the heat exchanger 18
to be heated. _

[0025]  The heat exchanger 18 includes tubes and fins. The tubes flow
refrrgerant. The fins are used to exchange heat between refrigerant flowing through the
tubes e,nd air around the heat exchanger 18. Refrigerant in a wet steam state flows
throrrgh the tubes.. When refrigerant flows through the tubes, the refrig_erant absorbs
heat of air in rhe cabin of the hybrid vehicle as latent heat of vaporization via the fins to
evaperate, and further becomes superheated steam because of sensible heet. Vaporized
refrigerant flows into the compressor 12 via a refrigerant line 27. The compressor 12
compresses refrigerant flowing from the heat exchanger 18. |

[0026]  The refrigeration cycle 10 further irlcludes the refrigerant line 21,
refrigerant lines 22 and 24, the refrigerant line 25, a refrigerant line 26 and the refrigerant
line 27. The refrigerant line 21 prorfides fluid communication between the compressor

12 and the first condenser 14. The refrigerant lines 22 and 24 provide fluid
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communication between the first condenser 14 and the second condenser 15. The

refrigerant line 25 provides fluid communicationv between the second condenser 15 and

the expansion valve 16. The refrigerant line 26 provides fluid communication between

the expansion valve 16 and the heat exchanger 18.. The refrigerant line 27 provides fluid
communication between the heat exchanger 18 and the compressor 12. -

[0027]  The refrigerant line 21 is a line for flowing refrigerant from the
compressor 12 to the first condenser 14. Refrigerant ﬂoWs through the refrigerant. line
21 from the outlet of the compressor 12 toward the inlet 6f the first condenser 14 between
the compressor 12-and the first condenser 14. An ejector 140 is provided in the
refrigerant line 21. The refrigerant line 21 is divided into a refrigerant line 21a on the
upstream side of the ejector 140 and a refrigeraﬁt line 21b on the downstream side of the
ejector 140.  The refrigerant lines 22 to 25 are lines for flowing refrigerant from the first
condenser 14 to the expansion valve 16. Refrigerant flows from the first condenser 14 |
to the second condenser 15 via the refrigerant lines 22 and 24 and refrigerant lines 23, 34
and 36.

[0028]  The refrigerant line 26 is a line for flowing refrigerant from the
expansion valve 16 to the heatv exchanger 18. Refrfgerant flows through the refrigerant
line 26 from the outlet of the expansion valve 16 towafd the inlet of the heat exchanger
18 between the expansion valve 16 and the heat exchanger 18. The refrigerant line 27 is
a line for flowing refrigerant from the heat ekchanger 18 to the compressor 12.
Refrigerant flows through the refrigerant line 27 from the outlet of the heat exchanger 18
toward the inlet of thé compressor 12 between the heat exchanger 18 and the compressor
12. |

[0029]  The refrigeration cyéle 10 is formed such thét the vcomprbessor 12, the
first condenser 14, a cooling portion 30, the second céndenser 15, the expansion valve 16
and the heat exchanger 18 are éoupled by the refrigerant lines‘21 to 27, 34 and 36. Note
that reffigerant used in the refrigeration cycle 10 may be, for example, carbon dioxide,
hydrocafbons, such as propane and isobutane, ammonia, chlorofluorocarbons, water, or

the like.
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[0030] The tank 40 functions as a gas-liquid separator. When refrigerant
flowing from th¢ first r:ondenser 14 is in a gas-liquid two-phase state, the gas-liquid
separator separates refrigerant into gaseous refrigerant and liquid refrigerant;
Refrigerant liquid that is liquid refrigérant and refrigerant steam. rhat is gaseous

refrigerant are stored inside the tank 40. -~ The refrigerant line 23, branched off from the

' refrigerant' line 22, and the refrigerant line 34 are coupled to the tank 40.

[0031]  Refrigerant is in a wet steam gas-liquid two-phase state, mixedly
containing saturated liquid and saturated steam, on the outlet side of the first condenser
14, Refrigerant flowing out from the first condenser 14 is supplied to the taﬂk 40
through the refrigerant line 22 and the refrigerant line 23. Refrigerant in a gas-liquid-
two-phase state, flowing from the refrigerant line 23 into the tarrk‘40, is separated into
gas and liquid inside the tank 40. The tank 40 separates refrigerant, condensed by the:
first condenser ‘14, into liquid-s‘_cate refriger-ant liquid and gaseous refrigerant steam and
temporarily stores them. |

[0032]  The separated refrigerant liquid flows out tov the outside of the tank 40
via the refrigerant line 34.  The end portion of the refrigerant liné 34 arranged in liquid
inside the tank 40 forms an outlet port through which liquid réfri-gerant flows out from
the tank 40. The separated refrigerant steam ﬂows out to the outside of the tank 40 via |
the refrigerant line 23. The end portion of the refrigerant line 23 arranged in gas inside _

the tank 40 forms an outlet port thro.ugh which gaseous refrigerant flows out from the

-tank 40. Gaseous refrigerant steam delivered from the tank 40 radiates heat to the

surroundings in the second condenser 15 to be cooled to thereby condense.

[0033] Inside the tank 40, the refrigerant liquid accumulates at the lower side
and the refrigerant steam accumulates at the upper side. The end portion of the
refrigerant line 34 that d;:livers refrigerant liquid from the tank 40 is coupled to the
bottom (portion of the tank 40. Only refrigerant liquid is delivered from the bottom side
of the tank 40 to the outside of the tank 40 via rhe refrigerant line 34. The end portion

of the refrigerant line 23 that delivers refrigerant steam from the tank 40 is coupled to the

ceiling portion of the tank 40. Only refrigerant steam is delivered from the c'eiling side
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of the tank 40 to the outside éf the tank 40 via the refrigerant line 23. By so doing, the
taﬁk 40 is able to reliably separate gaseous refrigerant and liquid refrigerant from each
other.

[0034] The péth through ‘which refrigerant flows from the outlet of the first

condenser 14 toward the inlet of the expansion valve 16 includes the refrigerant line 22,

 the refrigerant line 23, the refrigerant line 24 and the refrigerant line 25. The refrigerant

line 22 is coupled from the outlet side of the first condenser 14 to a valve 28 (described
later). The refrigerant line 23 is branched off from the refrigerant line 22 anci is ’routed
to the tank 40. The refrigerant line 24 is coupled from the valve 28 to the inlet side of
the second condenser 15. The refrigerant line 25 flows refrigerant from the outlet side
of the second condenser 15 to the exbansion valve 16. |

'[0035] The path of refrigerant that flows between the first condenser 14 and fhe
second .co'ndenser 15 includes the refrigerant line 23, the refrigerant line 34 and the
refrigerar_it line 36. The refrigerant line 23 is branched off from the refrigerant line 22
and is coupled to the tank 40. The refrigerant line 34 provides fluid communication
between the tank 40 and the cooling portioﬁ 30. The refrigerant line 36 ﬁrovides fluid
communiéation between the cooling portion 30 and the refrigerant line 24. Refrigerant
liquid flows from the tank 40 to the cooling portion 30 via the refrigerant line 34.
Refrigerant passing through fhe-cooling portion 30 retﬁfns to the refrigerant line 24 via
the refrigerant line 36. The cooling potl'tion 30 is provided in the path of refrigerant
flowing from the first condenser 14 toward the second condenser 15. |

[00361 Point D shown in FIG. 1 indicates a- coupling‘ point between the
refrigerant line 24 and the refrigerant line 36, that is, the downstre,a'm-side end portion of
the refrigerant line 36.

[0037] The cooling system 1 further includes a path of refrigerant arranged in

parallel with the valve 28. The cooling portion 30 is provided in that path of refrigerant.

The cooling portion 30 includes a hybrid vehicle (HV) deyice 31 and a refrigerant line 32.

The HV device 31 is an electrical device mounted on the hybrid vehicle. The'refrigerant

line 32 is a line through which refrigérant flows. The HV device 31 is an example-of a
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heat generating éource. One end portion of the refrigerant line 32 is connected to the -
refrigerant line 34. The other end portiqn of the refrigerant line 32 is connected to the
refrigerant line 36.

[0038]  The path of refrigerant, connected in parallel with the valve 28, includes
the refrigerant line 23, the refrigerant line 3}4, the refrigerant line 32 and the refrigerant
line 36. The refrigerant line 23 is branched off from the refrigerant line 22, and is -
co'upléd to the tank 40. The refrigerant line 34 is located on the upstream side (side
closer to the tank 40) of the cooling pbrtion 30. The refrigerant line 32 is included in

the cooling portion 30. The refrigerant line 36 is located on the doWnstream side (side

‘closer to the second condenser 15) of the cooling portion 30. The refrigerant line 34 is a

- line for flowing liquid refrigerant from the tank 40 to the cooling portion 30. The

refrigerant line 36 is a line for flowing refrigerant from the cooling pﬂortion 30 to point D.
. [0039] Refrigérant‘liquid flowing out from the tank 40 flows toWard the cooling
portion 30 via the refrigerant line 34. Refrigerant that flows to the cooling portion 30

and that flows via the refrigerant line 32 takes heat from the HV device 31, which serves

as the heat génerating source, to cool the HV device 31. The cooling portion 30 cools

.the HV device 31 by using liquid refrigerant that is separated in the tank 40 and that

flows to the refrigerant line 32 via the refrigerant line 34. Refrigerant flowing through
the refrigeranf line 32 exchanges heat with the HV device 31 }in the cooling portion 30 to
cool the.HV device 31, and the refrigcrant is heated: Refrigerant further flows from the
cboling portion 30 toward point D via the refrigeraﬁt line 36, and. reaches‘ the second
condenser 15 via the refrigerant line 24. | ‘

[0040] | The cooling portion 30 is configured to be able to exchange héat between
the HV device 31 and refrigerant in the refrigerant iine 32. In'the present embodiment,
the cooling portion 30, for example, has the refrigerant line 32 that is formed such that
the outer péripheral surface of the refrigerant line 32 is in direct contact with the casing of
the HV device 31. The refrigerant line 32 has a portion adjacent to the casing of the HV
device 31. At that portion, heat is éxchangeable between refrigerant, flowing throughv‘

the refrigerant line 32, and the HV device 31.
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[0041] The HV device 31 is directly connected to the outer periphery of the
refrigerant line 32 that forms part of the path of refrigerant, routed fforh the first
condenser 14 to the second condenser 15 in the refrigeration cycle 10, and is cooled.
The HV device 31 is arranged on the outside of the refrigerant line 32, so the HV device
31 does not interfere with flow of refrigerant flowing inside the refrigerant line 32;"
Therefore, the pressure loss of the refrigeration cycle 10 does not increase, so the HV
device 31 may be cooled without increasing the power of the compressor 12.

[0042‘] Alternatively, the cooling portion 30 may include a selected known heat
pipe that is interposed between the HV device 31 and the refrigeranf line 32. In this

case, the HV device 31 is connected to the outer periphery of the refrigerant line 32 via

the heat pipe, and heat is transferred from the HV device 31 to the refrigerant line 32 via

the heat pipe to thereby cool the HV device 31. The HV device 31 serves as a heating
portion for heating the heat pipe, and the refrigerant line 32 serves as a cooling portion
for cooling the heat pipe to‘thereby increase the heat-transfer efficiency between the
refrigerant line 32» and the HV device 31, so _it is possible/to imprbve the cooling
efﬁcier?cgof the HV devic—e 31.  For example, é Wick heat pipe may be used.

| [0043]  The heat pipe is able to reliébly trahsfer heat from the HV device 31 to
the refrigerant line 32, so there may be a distance between the. HYV device 31 ahd the
refrigerant line 32,' aﬁd complex arrangement of the refrjgerant'line 32 is not required to
bring the refrigerant line 32 info contact with the HV device 31. As a result, it is
possible to improve the flexibility of a’rrangeme»nt of tﬁé HV device 31.

[0044]  The HV device 31 includes an electrical device that exéhanges electric

power to generate heat. The electrical device includes at least any one of, for example,

‘an inverter used to convert direct-current power to alternating-current power, a motor -

generator that is a rotating electribal machine, a battery that is an electrical stdrage device,
a step-up converter that is used to step up the voltage of the battery and a DC/DC
converter that is used to step down the voltage of the battery. *The battery is a secondary
battery, such as a lithium ion battery and a nickel metal hydride battery.( A capacitor

may be used instead of the battery.



10

15

20

25

WO 2013/136148 PCT/1B2013/000308
| 13
[0045]  The heat exchanger 18 is arranged inside a duct 90 through which air

flows. The heat exchanger 18 exchanges heat between refrigerant and air-conditioning
air that flows through the “inside of the duct 90 td 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 frém which air-conditioning air flows into the duct 90. The duct
outlet 92 is an outlet‘from which air—conditioning air flows out from the duct 90. A fan
93 is arfanged near the duct inlet 91 inside the duct 90.

[0046]  As the fan 93 is driven, air flows inside the duct 90. As the fan 93

~ operates, air-conditioning air flows into the inside of the duct 90 via the duct inlet 91.

Air ﬂo‘wing into the duct 90 may be outside air or may be air i‘n the cabin of the hybrid
vehicle. The arrow 95 in FIG. 1 indicates the ﬂQw of air—éonditioningv air fhat flows -
through the h_eat exchanger 18 and that exchanges heat with refrigerant in the
refrigeration cycle 10. During cooling éperation, air-conditioning air is cooled in the
heat exchanger 18, and refrigerant receives heat transferred from air-conditioning air to
be heated. The arrow 96 indicates the flow of air—cdnditioning airv‘of -which the
femperature is adjusted in the heat exchanger 18 and that flows out from the duct 90 via
the dhct outlet 92. |

[0047]  Refrigerant paéses thrbugh a refrigerant circulation path that is formed
by sequentially connecting the compressor 12, the first condenser 14, the second-
condenser\‘ 15, the expansion valve 16 and the heat exchanger 18 by the refrigerant lines

21 to 27 to circulate in the refrigeration cycle 10. Refrigerant flows in the refrigeration

| cycle 10 so as to sequentially pass through points A, B, C, D, E and F showﬁ in FIG. 1,

and refrigerant circula‘;es‘ among the compressor 12, the first condenser 14, the second
condenser 15, the expansion valve 16 and the heat gxchanger 18.

[0048] FIG. 2 is a Mollier chart that shows the state of refrigerant in the
refrigeration cycle 10. In FIG. 2, the abscissa aiis represehts the specific enthalpy of
refrigerant, and the ordinate axis represents the absolute pressure of refrigerant. The
unit of th¢ 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.
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[0049]  FIG. 2 shows the thennodynarhic state of refrigerant at points (that is,
points A, B, C, D, E and F) in the refrigeration cycle 10 when refrigerant ﬂowé from the
refrigerant line 22 at the outlet of the first condenser 14 into the refrigerant line 34 via the
refrigerant line 23 and the tank 40, cools the HV device 31 and returns through the
refrigerant line 36 to the refrigerant line 24 at the inlet of the second corrdenser 15 via
point D. A path through which refrigerant flows at this time, that is, the refrigerant line
21, the refrigerant iine 22, the refrigerant line 23,.the refrigerant line 34, the refrigerant
line 36 and the refrigerant lines 24 to 27, form a first line. |
[0050] As shown in FIG. 2, refrigerant in a superheated steam state (point A),
introduced inte the compressor 12, is adiabatically compressed in the compressor 12
along a constant specific entropy line. As refrigeranf is compressed, the refrigerant
increases in pressure and. temperature into high-temperature end high—pressure
superheated steam having a high degree of superheat (point B), and the refrigerant flows

to the first condenser 14. Gaseous refrigerant discharged from the compressor 12

releases heat to the surroundings to be cooled in the first condenser 14 to thereby

condense (liquefy). Through heat exchange with outside air in the first condenser 14,

the temperature of refrigerant decreases, and refrigerant liquefies. High-pressure.

- refrigerant steam in the first condenser 14 becomes dry saturated steam from superheated

‘steam with a constant pressure in the first condenser 14, releases latent heat of

condensation to gradually liquefy into wet steam in a gas-liquid mixing state. Within

the refrigerant in a gas-liquid two-phase state, condensed refrigerant is in a saturated

liquid state(point O).

[0051]  Refrigerant is separated into gaseeus refrigerant and liquid refrigerant in
the tank 40. Within the refrigerant separated into gas and liquid, liquid-phase refrigerant
liquid flows from the tank 40 to the refrigerant line 32 of the cooling portion 30 via the

refrigerant lfne 34, and cools the HV device 31. In the cooling portion 30, heat is

released to liquid refrigerant in a saturated liquid state, which is condensed as it passes

through the first condenser 14, to thereby cool the HV device 31. Refrigerant is heated

by exchanging heat with the HV device 31, and the dryness of the refrigerant increases.
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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).

[0052] After that, refrigerant flows into the second condenser 15. FWet steam
of refrigerant exchanges‘ heat with outside air in the second condenser 15 to be eooled to
thereby cendense again, becomes saturated liquid as fhe entire refrigerant condenses, and
further releases sensible heat to become supercooled liquid (point E). After that,
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 unchanged to
become low-temperature and low-pressure wet steam in a gas-ﬁquid mixing state (point
F).

[0053] Refrigerant 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. When refrigerant flows through the tubes of the

heat exchanger 18, the refrigerant absorbs heat of air in the cabin of the hybrid vehicle as
latent heat of vaporization via the fins 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). After that,
refrigerant is introduced into the. compressor 12 via the refrigerant line 27. The
compressor 12 compresses refrigerant flowing from the heat exchanger 18.

[0054]  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. Note that, in the above description of the vapor

compression refrigeration cycle, a theoretical refrigeraﬁon cycle is described; however, in
the actual refrigeration cycle 10, it is, of course, necessary to consider a loss in the
cempressor 12, a pressure loss of refrigerant and a heat loss.

[0055]  During operation of the refrigeration cycle 10, refrigerant absorbs heat of
vaporization from air in the cabin of the hybrid Vehicle at the time wh_en the refrigerant

evaporates in the heat exchanger 18 that serves as an evaporator to thereby cool the cabin.
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In addition, high—pressﬁre liquid refrigerant that flows out from the first condenser 14 and

that is separated into gas and liquid in the tank 40 flows to the coolihg portion 30 and
exchanges 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

~ hybrid vehicle, by utilizing the refrigeration cycle 10 for air-conditioning the cabin of the

hybrid vehicle. Note that the temperature required to cool the HV device 31 is desirably
at least lower than the upper limit of a target témperature range of the HV device 31.

[0056] The refrigeration cycle 10 that is provided in order to cool a cooled
portion in the heat exchanger 18 is ﬁtilized to cool thé‘ HV device 31, so it is not
necessary to provide a dév'ice, such as an exclusive water circulation pump and a cooling
fan, in order to cool the HV device 31. Therefore, it is possible to reduce components
required to cool the HV device 31 and to simplify t/he system conﬁguration, so it is
possible to reduce the manufacturing cost of the coolir/lg system 1. In addition, it is not ‘
necessary to 6perate a power source, such as a pump 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.

[0057]  In the first condenser 14, refrigerant just needs to be cooled into a wet

steam state, and refrigerant in a gas-liquid mixing state is separated in the tank 40, and

only refrigerant liquid in a saturated liquid state is supplied to the cooling portion 30.
Refrigerant in a wet steam state, which receives latent heat of vaporization from the HV

device 31 to be partially vaporized, is cooled again in the second condenser 15.

- Refrigerant changes in state at a constant temperature until the refrigerant in a wet steam

- state completely condenses into saturated liquid. The second condenser 15 further

supercools liquid refrigerant to a degree of supercooling required to cool the cabin of the

‘hybrid vehicle. A degree of supercooling of refrigerant does not need to be excessively

increased, so the capacity of each of the first condenser 14 and the second condenser 15
may be reduced. Thus, it is possible to ensure the cooling performance for cooling the
cabin, and it is possible to reduce the size of each of the first condenser 14 and the second

condenser 15, so it is possible to obtain the cooling system 1 that is reduced in size and
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that is advantageous in installation on the vehicle.

[0058] The refrigerant lines 22 -and 24 that do nbt pass through the cooling
portion 30 and the refrigerant lines 32, 34 and 36 that form the path of refrigerant péssing
through the cooling portion 30 to cool the HV device 31 are provided in parallel with
each other as the paths through which refrigerant flowing .er‘m the tank 40 toward the
expansion valve 16. Therefore, oniy part of - refrigerant ﬂowing out from the first
condenser 14 flows to the cooling portion 30. The amount of refrigerant required to
cool the HV device 31 is caused to flow to the ‘cooling portion 30, and the HV device 31
is appr’opriatevly.coolec.l, Thus, it is possible to prevent excessive cooling of the HV
device 31. | |

[0059] The path of refrigerant that directly flows from the first condenser 14 to
the second condenser 15 and the path of refrigerant that flows from the first condenser 14
to the second condensér 15 via the cooling portion 30 are provided in parallel with each
ther, and only part of refrigerant is caused to flow to the refrigerant lines 34 and 36.
By so doing, it is possible to reduce the pressure loss at the time when refrigerant flows
through the cooling system for coolihg the HV device 31. Not the entire refrigerant

flows to the codling 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 compreséor 12 for

- circulating refrigerant.

- [0060] When low-temperature and low-pressure refrigerant after passing
through the expansion valve 16 is ‘used to cool the HV device 31, the coolihg

performance of air in the cabin in the heat exchanger 18 reduces and the cooling

~ performance for cooling the cabin decreases. In contrast to this, in the cooling system 1

according to the present émbodiment, in the refrigeration cycle 10, high-pressure

refrigerant discharged from the compressor 12 is condensed by both the first condenser
L, ) . .

14 and the second condenser 15. The first condenser 14 and the second condenser 15

are arranged between the compressor 12 and the expansion valve 16, and the cooling

portion 30 for cooling the HV device 31 is provided between the first condenser 14 and
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the second condenser 15. The second condenser 15 is provided in fhe path of refrigerant
flowing from the cooling portiorl 30 toward the expansion valve 16.

[0061] By sufficiently cooling refrigerant, which receives latent heat of
vaporization from the HV device 31 to be heated, in the second condenser 15, the

refrigerant has a temperature and a pressure that are originally required to cool the cabin

- of the hybrid vehicle at the outlet of the expansion valve 16. Therefore, it is possible to

sufficiently increase the amount ’of heat externally received when refrigerant evaporates
in the heat exchanger 18. In this way, by setting the heat radiation performance for the
seeond condenser 15 so ae to be able to 'sufﬁciently‘cool refrigeranr, the HV device 31
may be cooled without any influence on the cooling performanee for cooling the cabin.
Thus? both the cooling performance for cooling the HV device 31 and the cooi.rng‘
performance for cooling the cabin may be reliably ensured.

~ [0062] When refrigerant flowing from the first condenser 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 saturated steam temperature or above and the

“entire amount of the refrigerant vaporizes in the cooling portion 30, the amount of heat

eXchanged between the refrigeraht and the HV device 31 reduces, and the HV device 31
cannot be efficiently cooled, and, in addition, pressure loss at the time' when the
refrigerant flows in the line increases. Therefore, it is desirable to sufficiently cool
refrigerant in the first condenser 14 such that the entire amount of refrigerant does not
vaporize after cOoling the HV device 31.

[0063] Specrﬁcally, the state of refrigerant at the outlet of the first condenser 14

is brought close to saturated liquid, and, typ1cally, refrigerant is placed in a state on the

~saturated liquid line at the outlet of the first condenser 14. Because the first condenser

14 is capable of sufficiently cooling refrigerant in this way, the heat radiation

. performance of the first condenser 14 for causing refrigerant to release heat is higher than

the heat radiation performance of the second condenser 15. By sufficiently cooling
refrigerant in the first condenser 14 having relatively high heat radiation performance,

refrigerant that has received heat from the HV device 31 may be maintained in a wet
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steam state, and a reduction in the amount of heat éxchanged between refrigerant and the
HV device 31 may be avoided, so it is possible to sufficiently cool the HV device 31.
Refrigerant in a wet steam state after cooling the HV device 31 is efficiently cooled again

in the second condenser 15, and is cooled into a supercooled liquid state below a

saturated temperature.v 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 HV device 31.
[0064]  Refrigerant in a gas-liquid two-phase state at the outlet of the first

condenser 14 is separated into gaseous refrigerant and liquid refrigerant in the tank 40.

| The gaseous refrigeraht separated in the tank 40 flows via the refrigerant lines 23 and 24

and is directly supplied to the second condenser 15. The ,liquid refrigerant separated in
the tank 40 flows via the refrigerant line 34, and is supplied to the cooling j)ortion 30 to
cool the HV device 31. The liquid refrigerant is refrigerént in a just saturated liquid
state. Byv taking only liquid refrigerant from the tank 40 and flowing the liquid
refrigerant to the cooling ,portion 30, it is possible to cool‘the HV device 31 by fully
utilizing the performance of the first condenser 14, so it is possible td provide the cooling
systefn 1 haviﬁg imprdved cooling performance for cooling the HV devicé 31.

[0065] Refrigerant in a saturated liquid state ’at the 6utlet obf the tank 40 is
introduced into the refrigerant line 32 that cools the HV device 31 to thereby make it
possible to minimize gaseous refrigérant within refrigerant that flows in the cooling
system for cooling the HV device 31, including fhe refrigerant lines 34 and 36 and the
refrigerant line 32. Therefore, it is possible to suppress an increase in pressure loss due
to an increase in flow rate of fefrigerant steam ﬂowing in the cooling system for coolingd.
the HV device 31, and the power consumption of the cdmpressor 12 for flowing
refrigefaht may be reduced, so it is possible to avoid deterioration of the performance of
the reﬁigeration cycle 10.

[0066]  Refrigerant liquid in a saturated liquid state is stored inside the tank 40.

The tank 40 functions as a reservoir that temporarily stores refrigerant liquid that is liquid

refrigerant inside. When refrigerant liquid in a predetermined amount is stored in the
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tank 40, the flow rate of refrigerant flowing from the tank’40 to the eooling portion 30

may be maintained at the time of fluctuations in load. Because the tank 40 has the

' function of storing liquid, serves as a buffer against load fluctuations and is able to absorb -

load fluctuations, the 'cooling performance for coeling the HV device 31 may be
stabilized. |

[0067]  Referring back to FIG 1, the 'ceoling system 1 includes a switching
device 52. The switching device452 includes the valve 28, a valve 57 and a‘valve'58.

[0068] A path that flows refrigeranf from the first condenser 14 to the second
condenser 15 includes a first path and a second path that is provided in parallel with the
first path. The first path diréctly flows refrigeran'g\ from the first condenser ‘14 to the
second condenser 15. The second path flows re‘frigterant from the first condenser 14 to
the second condenser 15 via the cooling portion 30. The valve 28 is provided in the first
path. The valve 28 changes its valve opening degree to increase or reduce the preseure |
loss of refrigerant flowing from the refrigerant line 22 to the refrigerant line 24 to thereby
selectively adjust the flow rate of refrigerant directly ﬂowing from the refrigerant line 22"
to the refrigerant line 24 and the flow rate of refrigerant ﬂowmg in the cooling system for
cooling the HV device 31, including the refrigerant line 32. |

[0069] -~ For example, as the valve 28 is fully clesed to set the valve opening

degree at 0%, the entire amount of refrigerant from the first condenser 14 flows into the

refrigerant line 34 via the tank 40. When the valve opening degree of the valve 28 is

increased, the flow rate of refrigerant that flows directly from the first condenser 14 to the

second condenser 15 via the valve 28 increases and the flow rate of refrigerant that flows

to the refrigerant line 32 via the refrigerant line 34 to cool the HV device 31 reduces.

When the valve opening degree of the valve 28 .is reduced, the flow rate of refrigerant
that directly flows from the first condenser 14 to the second condenser 15 via the valve
28 reduces and the flow rate of ,refrigerant that flows via the refrigerant line 32 to cool the
HYV device 31 increases.

[0070]. As the valve opening degree of the valve 28 is increased, the flow rate of

refrigerant that cools the HV device 31 reduces, so cooling performance for cooling the
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HV device 31 decreases. As the valve opening degree of the valve 28 reduces, the flow
rate of refrigerant that cools the HV device 31 increases, so cooling performance for
cooling the HV device 31 improves.i The valve 28 is used to make it possible to
optinﬁally ac_ljust’ the émount of refrigerant ﬂdwing to the HV device 31, s;> it is possible
to reliably prevent excessive cooling of the HV device 31, and, in adciition, it is possible

to reliably reduce pressure loss associated with flow of refrigerant in the cooling system

for cooIing the HV device 31 and the power consumption of the compressor 12 for

circulating refrigerant.

[007” The cooling systeni 1 further includes a communication line 51. The
communication line 51 provides fluid communication between the refrigerant line 21,
through which refrigerant flows between the compressor 12 and the first condenser 14,
and the refrigerant line 36 on the downstream side of the cooling portion 30 between the
refrigerant lines 34 and 36 that flow refrigerant through the cooling poftioh 30. The
refrigerant line 36 is di‘vided into a refrigerant line 36a on ‘the upstreani side df a
brahching portion from which the -communication line 51 is branched off and a
refriggrant line 36b on the downstream side of the bré.nching portion from which the
communication line 51 is branched off. |

{0072] The valve 57 is provided in the refrigerant line 36. The valve 57 is used
to’ switch ’the state of fluid communication of vthe refrigerant line 36. The valve 58 is
provided in the communication line 51. The valve 58 is used to switch the state of fluid
communication in the communication line 51. By switching the path of refrigerant
using the valves 57 and 58, refrigerant after cooling the HV device 31 may be caused to
flow to any selected one of the paths, that is, to the second condenser 15 Via the
refrigerant lines 36b and 24 or to the first condenser 14 via the. communication line 51
and the refrigerant line 21b. -

[0073]  More specifically, during éooling operation of the refrigeration cycle 10,

the valve 58 is fully closed (valve opening degree 0%), and the valve opening degree of

* the valve 28 and the valve opening degree of the valve 57 are adjusted such that a

sufficient amount of refrigerant flows through the cooling portion 30. By so doing,
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refrigerant flowing through the refrigerant line 36a after cooling the HV device 31 may
be reliably caused to flow to the second condenser 15 via the refrigerant line 36b.

[0074) On the other hand, during a stop of the refrigeration cycle 10, the valve
5,8 is fully open andl\fhe valve _57 is fully closed, and, furthermore, the valve 28 is fully
closed. . .By so doing, it is possible to cause refrigerant flowing through the refrigerant
line 36a after cooling the HV device 31 to ﬂow- to the first condenser 14 via the
communication line 51, thus vmaking it possible to form an annular path that causes
refrigerant to circulate between the cooling portion 30 and the first condenser 14 without
passing through the compressor 12. |

[0075}  FIG 3 is a schematic view that shows the flow of refrigerant that cools -

~ the HV device 31 during operation of the refrigerati‘onv cycle 10. FIG 4 is a schematic

view that shows the flow of refrigerant that cools the HV device 31 during a stop of the

‘refrigeration cycle 10. FIG. 5 is a table fhat shows the opening degree of the switching

device 52 (valves 28, 57 and 58) in each operation mode of the cooling system 1.
Between the operation modes shown in FIG. 5, an "air conditioner operation mode"
indicates the case where the refrigeration cycle 10 shown in FIG. 3-is operated, that is, the
case where the compressor 12 is operated to flow refrigerant through the whole of the
refrigeration cycle 10. On the other hand, a "heat pipe operation mode" shows the case
where the refrigeration cycle 10 shown in FIG. 4 is stopped, that is, the caSe where the
compressor 12 is stopped and refrigerant is caused to circulate via the annular path that
connects the cooling portion 30 to the first condenser 14. Note that, in the heat pipe
operation mode, when'.dryout is likely to occur, the compressor 12 may temporarily
operate. By so doing, 1t is possible to suppress dryout by increasing the amount of
refrigerant in a second line. | |

[0076]  As shown in FIG. 3 and FIG. 5, during "air conditioner operation mode"

- in which the compressor 12 is driven and the refrigeration cycle 10 is operated, the valve

28 and the valve 57 are adjuSted in valve opening degree such that a sufficient amount of
refrigerant flows through the cooling portion 30. The valve 58 is fully closed. In this

way, the switching device 52 is operated so as to flow refrigerant from the cooling
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portion 30 to the expansion valve 16 via the secoﬂd condenser 15. By so doing, the path
of refrigerant is selected such that refrigerant flows through the whole of the cooling
system 1. Therefore, the cooling performance of the refrigeration cycle 10 may be
eﬂsured, and the HV ‘device 31 may be efficiently cooled.

[0077] As shown in FIG. 4 and FIG. 5, during "heat pipe' operatién mode" in
which the compressor 12 is stoppéd and the refrigeration cyéle 10 is stopped, the
switching device 52 is operated such that refrigerant circulates from the cooling portion
30 to the first condenser 14. That is, as the valve 57 is fully closed, the valve 58 is fully
open and the valve 28 is fully closed, refrigerant does not flow from the refrigerant liﬁe
36a to the refrigerant line 36b but flows via the communication line 51. _B'y so doing, a
closed annular path is formed. Thel closed annular path | is routed from the first
condenser 14 to the cooling poﬁion 30 via the refrigerant line 22, the refrigerant line 23
and the refrigerant line 34 sequentially, fuﬁher passes through the refrigerant line 36a, the
communication line 51 and the refrigeraht‘line 21b sequent.ially and returns to the first
condenser 14. The path through which refrigerant ﬂdws at this time, that is, the
refrigerant line 21b, the refrigerant line 22, the refrigerant line 23, the refrigerant iine 34,
the refrigerant line 36a and the communication line 51, form the second line.

[0078] Itis possible to circulate refrigerant between the first condenser 14 and
the coolilng portion 30 via the annular: path without operating the compressor 12. When
refrigerént cools the HV device 31, the r¢frigerant receives latent heat of vaporization
from the HV device 31 to evaporate. Refrigerant steam vaporized by exchanging heat
with the HV device 31 flows to the first condenser 14 via the refrigerant line 36a, the
communication line 51 and the refrigerant line 21 sequentially. In the first condenser 14,
refrigerémt steam is cooled to condense by travelling wind of the hybrid vehicle or draft
ﬁom the radiator fan 42. Refrigerant liquid liquefied in the first condenser 14 returns to
the cooling portion 30 via the refrigerant lines 22, 23 and 34.
| [0079] In this way, a heat pipe in Which the HV device 31 serves as a heatiﬁg
portion and the first condenser 14 serves as a cooling portion is formed by the annular

path that passes through the coolihg portion 30 and the first condenser 14. Thus, when
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the refrigeration cycle 10 is stopped,v that is, when é cooler for the hybrid vehicle is
stopped aslwell, the HV device 31 may be reliably cooled without the necessity of
start-up of the compressor 12. Because th¢ éompressor 12 is not required to constantly
‘operéfe vin order to cool the HV device 31, the power consumption of the c_ompresSo'r 12
is reduced to thereby make it possible to ‘improve the fuel economy of the hybrid vehicle
and, in addition, to extend the life of the compressor 12, so it is poésible td improve the
reliability of the compressor 12.

[0080] FIG 3 and FIG 4 show a ground 60. The cooling portion 30 is
arranged below the first condenser 14 in the vertical direction perpendicular to the ground
60.

E [0081] In this case, refrigerant steam heated and vaporized in the cooling
portion 30 goes up in the annular path, reaches the ﬁrst‘ condenser 14, is cooled in the
first condenser 14, condenses into liquid fefrige_raﬁt, goes.down in the annular path by the-

action of gravity and returns to the cooling portion 30. That is, a thermo-siphon heat

‘pipe is formed of the cooling portion 30, the first condenser 14 and the paths of

réfrigerant (that is, the second line) that connect them. It is possible to improve the heat
transfer efficiency from the HV device 31 to the ﬁrst condenser 14 by forming the heat
pipe, so, when the refrigeration cycle 10 is stopped as well, ’it is possible to further
efficiently cool the HV‘device’ 31 without additional power; v

[0082] | Refefring back to FIG. 1, the cooling system 1 further includes the
ejector 140. The ejectof 140 is provided betwéen the compressor 12 and the first
cbndenser 14.  When refrigerant flows from the compfessor 12 to the first condenser 14,
the ejector 140 generates suction force for drawing refrigerant from the second line, and
causes the refrigerant ﬂovﬁng in the second line to join into refrigeranf_ discharged from
the compressor 12. :

[0083] l Dur_ing> the heat pipe operation mbde, if the amount of refrigerant in the
second line is insufficient for the amount of heat radiation that is required to protect the
HV device ‘31, a phenomenon called dryout that all thé refrigerant dries out may occur.

When dryout occurs, cooling performance for cooling the HV device 31 decreases, so the
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temperature of the HV device 31 may increase. Then, by temporarily operating the
compressor 12, refrigerant is supplied into the second line via the ejector 140. By so
doing, it is possible to increase the amount of refrigerant in the second line.

[0084] The ejector 140 generates suction force for drawing refrigeravnt'from the

_ second line when refrigerantbﬂows-f‘rom the compressor 12 to the first condenser 14. By

so doing, it is possible to increase the amount of ref.riger.ant‘ in a heat pipe cycle formed
between the first condenser 14 and the cooling portion 30 while facilitating circulation of
refrigerant in the heat pipe cyéle. Thus, in comparison with the case where a mere
confluent valve is used, it is pbssible to effectively suppress dryout.

[0085]  FIG 6is a view that shoWs an example of the strhcturé of the ejector 140
shown in FIG. 1. As shown in FIG. 6, the ejector 140 includes a first pipe 150, a second
pipe 160, a conﬂuent portion 151 and a connecting portion 180. | |

| [0086)  One end of the first pipe 150 is connected to the refrigerant line 21a, and
refrigerant discharged from the compressor 12 is ejécted from the other end of the‘ﬁrét
pipe 150. The second pipe 160 is formed on the outer petipheral side of ’thev first pipe |
150. One end of the sécond pipe 160 isconnected to the outer périphery of the first pipe
150, and the other end of the second pipe 160 is connected to the refrigefant line 21b. |
That is, the second pipe 160 forms a closed space that covers an end portion 152 of the
first pipe 150. The connecting portion 180 is a portion at which the communication line
51 is connected to the secoﬁd pipe 160. Refrigerant from the communication line 51 is
drawn into the second pipe 160 via the connecting portion 180. Refrigerant drawn into
the second pipe 160 from the communication line 51 joins at the confluent portion 151
into refrigerant flowing in the first pipe 150 from the compressor 12. The connecting
portion 180 is arranged upstream of the confluent portion 151.

[0087) | Refrigerant compressed in the compressor 12 is ejecfed from the first
pipe 150 inside the second pipe 160, and decreases in pres.Sure as the flow rate increases.
By so doing, the pressure in the closed space decreaseé, so suction force for drawing
refrigerant from the communication line 51 to the second pipe 160 is generated. Due to

the suction force, circulation of refrigerant flowing through the second line is facilitated.
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[0088] In this way, by providing the ejector 140, it is possibie to iﬁcreaee the
amount of refrigerant in the éeeond line while facilitating circulation of refrigerant in the
second line. Thus, it is possible to suppress dryout. Therefore, it is possible to
sﬁppress an increase in the temperature of the HV device 31.

[0089] In addition, the connecting portion 180 of the ejector 140 is arranged
upstream of the confluent portion 151, so it is possible to cause two flows of refrigerant
to join with each other in a state where the flow direction of refrigerant compressed in the |
compressor 12 is aligried in the flow direction of refrigerant drawn from the
communication line 51 into the second pipe 160. Therefore, it is possible to prevent
béckﬂow of refrigerant, compressed in the compressor 12, to the conriecting portion 180.
Thus, ii is possible to further facilitate circulation of refrigerant in the second line. -

[0090] - Referring back to FIG." 1, the switching device 52 may be formed of a

three-way valve instead of the above-described valves 57 and 58. The three-way valve

is arranged at the branching portion between the refrigerant Iirie 36 and the
communication line 51. In this case, a spaee required to arrange the three—way valve is
smaller ihen a space required to arrange the two vélves 57 and 58, and the three-way
valve is used to make it possible to provide the cooling system 1 having a further reduced‘_
size and excellent Vehicle mountability.

[0091]  The cooling ‘system 1 further includes a check‘ ‘valve 54. The check
valve 54 is arranged in the refrigerant line 21a. . The check \ralVe 54 allows flow of
refrigerant from the compressor 12 toward the-first condenser 14 .and prohibits flow of -
refrigerant in the opposite direction. By so doing, during the heat pipe operation mode

shown in FIG. 4, a closed loop refrigerant path for circulating refrigerant between the first

condenser 14 and the cooling portion 30 may be reliably formed.

[0092] By prdviding the check valve 54, it is possible to reliably prohibit flow
of refrigerant from the‘comrriunication line 51 toward the side adjacent to the compressor
12, so it‘is possible to prevent a decrease 1n the cooling performance for cooling the HV
device 31 during a stop of the refrigeration cycle 10, using the heat pipe that forms the

annular refrigerant path. Thué, when the cooler for the cabin of the hybrid vehicle is



10

15

- 20

25

WO 2013/136148 PCT/IB2013/000308
27

stopped as well, it is possible to efficiently cool the HV device 31;

[0093] FIG. 7 is a flowchart that shows an examble of a controi method for the
cooling system 1. Note that thevcontrol is not limited to software processihg; the control
may be processed by exclusive hardware (electroni& circuit).

[0094]  As shown in FIG 7,> first, in step (S10), it ié detérrhinea whether an air
conditioner is turned on. As a passenger -operates an air-conditioning control panel

rprovided on an instrument panel at the front of the cabin of the hybrid vehicle, the air

_conditioner is turned on or off.

[0095] When it is determined in step (S10) that the air conditioner is turned on,
the process proceeds to step (S20), and the cooling system 1 cools the HV device 31 in
the air conditioner operation mode. That is, signals for insfructing the switching device

52 to open or close are transmitted to the valves 28, 57 and 58. By so doing, the valve

.58 is fully closed, and the valve 57 and the valve 28 are adjusted in opening degree. By

so doing, within refrigerant discharged from the compressor 12, a sufficient amount of
refrigerant for cooling the HV device 31 is caused to‘ﬂbw'to the cooling pottion 30.
Refrigerant that hés exchanged fleat with air in the first condenser 14 to be cooled is
caused to flow thrdugh the cooling portion 30, and heat is exchanged between refrigerant,

flowing through the refrigerant line 32, and the HV de{/ice 31. By so doiné, the HV

- device 31 is-cooled.

[0096]  Other than the case where the passenger of the hybrid vehicle operates
the control panel to turn on the air conditioner, the HV device 31 may be cooled in the air

é‘onditidner operation mode when it is determined that the HV device 31 needs to be

~ cooled in the air conditioner operation mode. For example, when the outside air

temperature is higher than a predetermined temperature (for example, 25°C), when the
fémperature of air—conditioning air is higher than a predet_ernﬁned ‘temperature -(for H
example, 20°C) or when the amount of refrigerant liquid in the tank 40 is smaller than a
predetermined émount, the compressor 12 may be started ﬁp. v |

[0097]  Alternatively, fér examplg, when the hybrid vehicle travels in a situation

that the amount of heat generated by the HV device 31 is large, such as when the hybrid
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vehicle travels on an uphill, the HV device 31 may be cooled in the air conditioner
operation mode. The cooling performance of the cooling system 1 for cooling the HV
device 31 is relatively high in the air conditioner operation mode in which the compressor
12 is operated as compared with the heat pipe operation mode. Therefore, when the
amount of heat generated by the HV device 31 is large, the HV device 31 is cooled by
operating the cooling system 1 in the air conditioner operation mode. By so doing, it is
possible to reliably prevent overheating of the HV device 31.

[0098] When it is determined in step (S10) that the air conditioner is turned off,
the process proceeds to step (S30), and the cooling system 1 cools the HV device 31 in
the heat pipe operation mode. That is, signals for instructing the switching device 52 to
open or close are transmitted to the valves 28, 57 and 58. By so doing, the valve 57 is
fully closed, the valve 58 is fully opened, and the valve 28 is fully closed. By so doing,
the annular path that circulates refrigerant between the cooling portion 30 and the first
condenser 14 is formed, and the thermo-siphon heat pipe is formed. Liquid refrigerant
cooled in the first condenser 14 is caused to flow to the cooling portion 30 by the action
of gravity, and heat is exchanged between refrigerant flowing through the refrigerant line
32 and the HV device 31. By so doing, the HV device 31 is cooled. Refrigerant steam
heated and vaporized in the cooling portion 30 goes up in the annular path, and reaches
the first condenser 14 again.

[0099]  Subsequently, in step (S40), it is determined whether occurrence of
dryout has been detected. For example, the cooling system 1 determines that dryout has
occurred when a temperature detected by a sensor that detects the temperature of a heat
generating component of the HV device 31 exceeds an upper limit value. The cooling
system 1 may determine whether dryout has occurred on the basis of a difference
between the temperature of refrigerant flowing into the cooling portion 30 and the
temperature of refrigerant flowing out from the cooling portion 30. Furthermore, the
cooling system 1 may determine whether dryout has occurred when a temperature
detected by a sensor that detects the surface temperature of the cooling portion 30

exceeds an upper limit value. In this case, the temperature sensor may be installed near
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a refrigerant flow passage and the heat generating component.

[0100]  When it is determined in step (S40) that dryout has occurred, the process
proceeds to step (S50), and the cooling system 1 temporarily operates the compressor 12.
By so doing, refrigerant compressed in the compressor 12 is supplied into the second line
via the ejector 140. At this time, the ejector 140 is provided, so it is possible to supply
an amount of refrigerant, corresponding to an insufficient amount, to the second line
while facilitating circulation of refrigerant in the second line. Thus, it is possible to
suppress dryout. Therefore, it is possible to suppress an increase in the temperature of
the HV device 31.

[0101] When it is determined in step (S40) that dryout has not occurred, the
process proceeds to step (S60), and the cooling system 1 stops the compressor 12.

[0102]  As described above, in this embodiment, it is possible to cool the HV
device 31, which is the heat generating source, in both operation modes, that is, the "air
conditioner operation mode" in which air conditioning is performed and the "heat pipe
operation mode" in which air conditioning is stopped. In the heat pipe operation mode,
it is possible to cool the HV device 31 with the use of the heat pipe cycle, so it is not
required to constantly operate the compressor 12 in order to cool the HV device 31.
Therefore, it is possible to improve the fuel economy of the hybrid vehicle by reducing
the power consumption of the compressor 12 and, in addition, it is possible to extend the
life of the compressor 12, so it is possible to improve the reliability of the compressor 12.
The cooling system 1 includes the ejector 140 provided between the compressor 12 and
the first condenser 14. The ejector 140 generates suction force for drawing refrigerant
from the second line when refrigerant flows from the compressor 12 to the first condenser
14. By so doing, it is possible to increase the amount of refrigerant in the heat pipe
cycle formed between the first condenser 14 and the cooling portion 30 while facilitating
circulation of refrigerant in the heat pipe cycle. Thus, according to the above
embodiment, it is possible to suppress dryout.

[0103]  When refrigerant flows due to inertial force in the first pipe 150 of the

ejector 140 after the compressor 12 is stopped as well, suction force for drawing
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refrigerant from the communication line 51 to the second pipe 160 occurs. Therefore, it
is possible to resolve dryout by driving the compressor 12 in a short period of time.

[0104]  In the above embodiment, the connecting portion 180 of the ejector 140
is arranged upstream of the confluent portion 151. By so doing, it is possible to cause
two flows of refrigerant to join with each other in a state where the flow direction of
refrigerant compressed in the compressor 12 is aligned in the flow direction of refrigerant
drawn from the communication line 51 into the second pipe 160. Therefore, it is
possible to prevent backflow of refrigerant, compressed in the compressor 12, to the
connecting portion 180. Thus, it is possible to further facilitate circulation of refrigerant
in the second line.

[0105] In the above embodiment, the cooling system 1 controls the open/close
states of the switching device 52 in response to operation or stop of air conditioning. By
so doing, it is possible to further reliably switch between the air conditioner operation
mode and the heat pipe operation mode, so it is possible to cause refrigerant to flow
through an appropriate path in each operation mode.

[0106] In the above embodiment, the cooling system 1 further includes the
check valve that interrupts flow of refrigerant from the first condenser 14 to the
compressor 12. By so doing, during the heat pipe operation mode, it is possible to
reliably form the closed loop refrigerant path for circulating refrigerant between the first
condenser 14 and the cooling portion 30.

[0107] In the above embodiment, the cooling portion 30 is arranged vertically
below the first condenser 14. By so doing, refrigerant steam heated and vaporized in the
cooling portion 30 goes up in the annular path, reaches the first condenser 14, is cooled in
the first condenser 14, condenses into liquid refrigerant, goes down in the annular path by
the action of gravity and returns to the cooling portion 30. Therefore, it is possible to
improve the heat transfer efficiency from the HV device 31 to the first condenser 14 by
forming the heat pipe, so, when the refrigeration cycle 10 is stopped as well, it is possible
to further efficiently cool the HV device 31 without additional power.

[0108]  In the above embodiment, the cooling system 1 further includes the tank
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40 that stores liquid refrigerant that flows from the first condenser 14 to the cooling
portion 30. By so doing, it is possible to extract only liquid refrigerant from the tank 40
and flow the refrigerant to the cooling portion 30. Therefore, it is possible to cool the
HV device 31 by fully utilizing the performance of the first condenser 14, so it is possible
to provide the cooling system 1 having improved cooling performance for cooling the HV
device 31.

[0109] Note that the cooling system according to the invention may be applied
to not only a hybrid vehicle that uses an engine and an electric motor as power sources
but also an electric vehicle that uses only an electric motor as a power source and a
fuel-cell vehicle.

[0110] Note that, in the above-described embodiment, the cooling system 1 that
cools an electrical device mounted on the hybrid vehicle is described using the HV 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 heat when it is operated.

[0111] Note that, in the above-described embodiment, the cooling system 1 that
includes the check valve 54 is described. Instead, the cooling system 1 may not include
the check valve 54.

[0112]  Note that, in the above description, the HV device 31 corresponds to one
example of a "heat generating source" in the invention, and the tank 40 corresponds to
one example of a "reservoir" according to the invention. In addition, the valve 28
corresponds to one example of a "first valve" according to the invention, the valve 57
corresponds to one example of a "second valve" according to the invention, and the valve
58 corresponds to one example of a "third valve" according to the invention.

[0113] The embodiment 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-described embodiment but by the appended claims, and is intended to include all
modifications within the meaning and scope equivalent to the scope of the appended

claims.
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CLAIMS:

1. A cooling system comprising:

a compressor configured to compress refrigerant flowing inside the cooling system;

a first condenser configured to cool the refrigerant;

a cooling portion configured to cool a heat generating source using the refrigerant;

a heat exchanger configured to perform air conditioning using the refrigerant;

a first line configured to form a vapor compression refrigeration cycle by flowing
the refrigerant in order of the heat exchanger, the compressor, the first condenser and the
cooling portion;

a second line configured to form a heat pipe by circulating the refrigerant between
the first condenser and the cooling portion;

a switching device configured to flow the refrigerant through the first line when the
air conditioning is performed and to flow the refrigerant through the second line when the
air conditioning is stopped; and

an ejector provided between the compressor and the first condenser, the ejector
being configured to draw the refrigerant from the second line and to join the drawn
refrigerant into the refrigerant from the compressor when the refrigerant flows from the

compressor to the first condenser.

2. The cooling system according to claim 1, wherein

the ejector includes: a first pipe configured to flow the refrigerant discharged from
the compressor; a second pipe configured to be formed on an outer peripheral side of the
first pipe and the second line being connected to the second pipe; and a confluent portion
used to join the refrigerant flowing through the second pipe into the refrigerant flowing
through the first pipe, and

the second line is connected to the second pipe at a location upstream of the

confluent portion.
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3. The cooling system according to claim 1 or 2, further comprising:

a second condenser configured to cool the refrigerant, wherein

the first line flows the refrigerant in order of the heat exchanger, the compressor, the
first condenser, the cooling portion and the second condenser,

the switching device includes: a first valve provided in a first tube provided in
parallel with the cooling portion, the first valve flowing the refrigerant from the first
condenser to the second condenser; a second valve provided in a second tube flowing the
refrigerant from the cooling portion to-the second condenser; and a third valve provided
in a third tube branching off from the second tube, the third valve flowing the refrigerant
from the cooling portion to the ejector, wherein

when the refrigerant is caused to flow through the first line, the second valve is
opened and the third valve is closed, and

when the refrigerant is caused to flow through the second line, the second valve is

closed and the third valve is opened.

4. The cooling system according to any one of claims 1 through 3, further
comprising:
a check valve interrupting flow of the refrigerant from the first condenser to the

COMpressor.

5. The cooling system according to any one of claims 1 through 4, wherein

the cooling portion is arranged vertically below the first condenser.

6. The cooling system according to any one of claims 1 through 5, further
comprising:
a reservoir storing the refrigerant in a liquid phase, the refrigerant flowing from the

first condenser to the cooling portion.
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7. The cooling system according to any one of claims 1 through 6, wherein

the heat generating source includes an electrical device mounted on a vehicle.

8. A vehicle comprising:

the cooling system according to claim 1.
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