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(54) RANKINE CYCLE SYSTEM

(57) A Rankine cycle system includes a refrigerant
pump which is mounted on an engine and is configured
to feed refrigerant, a heat exchanger which is mounted
on the engine and is configured to recover exhaust heat
of the engine to the refrigerant, an expander which is
mounted on the engine and is configured to convert the
exhaust heat recovered to the refrigerant into power by
expanding the refrigerant whose temperature has been
increased by the heat exchanger, and a condenser which
is mounted on a vehicle body and is configured to con-
dense the refrigerant expanded by the expander. The
expander and the condenser, and the condenser and the
refrigerant pump are connected by flexible pipes having
higher flexibility than other pipes.
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Description

TECHNICAL FIELD

[0001] The presentinventionrelatesto aRankine cycle
system.

BACKGROUND ART

[0002] Conventionally, it is disclosed in

JP2001-182504A to mount an evaporator and an ex-
pander on an engine in an on-vehicle Rankine cycle sys-
tem.

SUMMARY OF INVENTION

[0003] The evaporator and the expander are connect-
ed to another member, e.g. a condenser mounted on a
vehicle body via pipes. Since a member mounted on an
engine and amember mounted on the vehicle body differ
in vibration frequency, the member mounted on the en-
gine and that mounted on the vehicle body are connected
by aflexible pipe. Since flexible pipes are more expensive
than pipes having high rigidity such as stainless steel
pipes and aluminum pipes, the usage thereof is prefer-
ably reduced.

[0004] However, in the above invention, no consider-
ation is made on such a point and there is a problem of
increasing the cost of the Rankine cycle system.

[0005] The present invention was developed to solve
the above problem and aims to reduce the cost of a Rank-
ine cycle system by reducing the usage of flexible pipes.
[0006] A Rankine cycle system according to one as-
pect of the present invention includes a refrigerant pump
which is mounted on an engine and is configured to feed
refrigerant, a heat exchanger which is mounted on the
engine and is configured to recover exhaust heat of the
engine to the refrigerant, an expander which is mounted
on the engine and is configured to convert the exhaust
heatrecoveredtotherefrigerantinto power by expanding
the refrigerant whose temperature has been increased
by the heat exchanger, and a condenser which is mount-
ed on a vehicle body and is configured to condense the
refrigerant expanded by the expander. In the Rankine
cycle system, the expander and the condenser, and the
condenser and the refrigerant pump are connected by
flexible pipes having higher flexibility than other pipes.
[0007] Embodiments of the present invention and ad-
vantages thereof are described in detail below with ref-
erence to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0008]
FIG. 1 is a schematic configuration diagram of an

integrated cycle of a first embodiment of the present
invention,
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FIG. 2A is a schematic sectional view of an expander
pump formed by integrating a pump and an expand-
er,

FIG. 2B is a schematic sectional view of a refrigerant
pump,

FIG. 2C is a schematic sectional view of an expand-
er,

FIG. 3 is a schematic diagram showing functions of
refrigeration system valves,

FIG. 4 is a schematic configuration diagram of a hy-
brid vehicle,

FIG. 5 is a schematic perspective view of an engine,
FIG. 6 is a schematic diagram showing an arrange-
ment of an exhaust pipe when the vehicle is viewed
from below,

FIG. 7A is a characteristic graph of a Rankine cycle
operating region,

FIG. 7B is a characteristic graph of a Rankine cycle
operating region,

FIG. 8 is a view diagrammatically showing a state of
pipes of the integrated cycle of the first embodiment,
FIG. 9 is a schematic configuration diagram of a hy-
brid vehicle of a second embodiment of the present
invention,

FIG. 10 is a schematic configuration diagram of an
integrated cycle of the second embodiment of the
present invention,

FIG. 11 is a view diagrammatically showing a state
of pipes of the integrated cycle of the second em-
bodiment, and

FIG. 12 is a view diagrammatically showing a state
of pipes of an integrated cycle of a third embodiment.

DESCRIPTION OF EMBODIMENTS

[0009] FIG. 1 is a schematic configuration diagram
showing an entire system of a Rankine cycle 31 which
is a premise of the present invention. The Rankine cycle
31 of FIG. 1 is configured to share refrigerant and a con-
denser 38 with a refrigeration cycle 51 and a Rankine
cycle system obtained by integrating the Rankine cycle
31 and the refrigeration cycle 51 is referred to as an in-
tegrated cycle 30 hereinafter. FIG. 4 is a schematic con-
figuration diagram of a hybrid vehicle 1 in which the in-
tegrated cycle 30 is mounted. It should be noted that the
integrated cycle 30 indicates the entire system including
a circuit (passages) for cooling water and exhaust air in
addition to a circuit (passages) in which the refrigerant
of the Rankine cycle 31 and the refrigeration cycle 51 is
circulated and constituent elements such as pumps, ex-
panders and condensers provided at intermediate posi-
tions of the circuit.

[0010] In the hybrid vehicle 1, an engine 2, a motor
generator 81 and an automatic transmission 82 are cou-
pled in series and an output of the automatic transmission
82 is transmitted to drive wheels 85 via a propeller shaft
83 and a differential gear 84. A first drive shaft clutch 86
is provided between the engine 2 and the motor generator
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81. Further, one of frictional engagement elements of the
automatic transmission 82 is configured as a second
drive shaft clutch 87. The first and second drive shaft
clutches 86, 87 are connected to an engine controller 71,
and connection and disconnection (connected state)
thereof are controlled according to a driving condition of
the hybrid vehicle 1. In the hybrid vehicle 1, as shown in
FIG. 7B, when a vehicle speed is in an EV running region
where the efficiency of the engine 2 is poor, the engine
2 is stopped, the first drive shaft clutch 86 is disengaged
andthe second drive shaft clutch 87 is connected, where-
by the hybrid vehicle 1 is caused to run only by a drive
force by the motor generator 81. On the other hand, when
the vehicle speed deviates from the EV running region
and transitions to a Rankine cycle operating region, the
Rankine cycle 31 (to be described later) is operated by
driving the engine 2. The engine 2 includes an exhaust
passage 3, which is composed of an exhaust manifold 4
and an exhaust pipe 5 connected to a collection part of
the exhaust manifold 4. The exhaust pipe 5 is branched
off into a bypass exhaust pipe 6 at an intermediate posi-
tion and an exhaust heat recovery device 22 for heat
exchange between exhaust air and cooling water is pro-
vided in a section of the exhaust pipe 5 bypassed by the
bypass exhaust pipe 6. The exhaust heatrecovery device
22 and the bypass exhaust pipe 6 are united into an ex-
haust heat recovery unit 23 and arranged between an
underfloor catalyst 88 and a sub-muffler 89 downstream
of the underfloor catalyst 88 as shown in FIG. 6.

[0011] The engine 2 is mounted on the vehicle body
by being fixed to a frame member forming a vehicle body
skeleton of the hybrid vehicle 1 via an unillustrated engine
mount. The engine mount functions to reduce (damp)
vibration transmitted between the engine 2 and the ve-
hicle body and makes it difficult to transmit the vibration
of the engine 2 to the vehicle body and the vibration of
the vehicle body to the engine 2. As a result, the engine
2 and the vehicle body produce different types of vibra-
tion, wherefore an engine 2 side component fixed to the
engine 2 and a vehicle body side component fixed to the
vehicle body also produce different types of vibration.
Even components generally connected by a connecting
component having high rigidity need to be connected by
a connecting component having high flexibility (excellent
in flexibility) to absorb relative displacements caused by
vibration when they are separately mounted on the en-
gine 2 and the vehicle body.

[0012] First, an engine cooling water circuit is de-
scribed based on FIG. 1. Cooling water of about 80 to
90°C coming out from the engine 2 separately flows in a
cooling water passage 13 passing through a radiator 11
and a bypass cooling water passage 14 bypassing the
radiator 11. Thereafter, two flows join again in a thermo-
stat valve 15 for determining an allocation of cooling wa-
ter flow rates in the both passages 13, 14 and are further
returned to the engine 2 by way of a cooling water pump
16. The cooling water pump 16 is driven by the engine 2
and a rotation speed thereof is synchronized with an en-
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gine rotation speed. The thermostat valve 15 relatively
increases an amount of the cooling water passing
through the radiator 11 by increasing a valve opening on
the side of the cooling water passage 13 when a cooling
water temperature is high, and relatively decreases the
amount of the cooling water passing through the radiator
11 by reducing the valve opening on the side of the cool-
ing water passage 13 when the cooling water tempera-
ture is low. When the cooling water temperature is par-
ticularly low such as before the warm-up of the engine
2, a total amount of the cooling water flows in the bypass
cooling water passage 14 while completely bypassing
the radiator 11. On the other hand, the valve opening on
the side of the bypass cooling water passage 14 is not
completely closed, and the thermostat valve 15 is con-
figured not to completely stop the flow although a flow
rate of the cooling water flowing in the bypass cooling
water passage 14 decreases as compared with the case
where the total amount of the cooling water flows in the
bypass cooling water passage 14 when a flow rate of the
cooling water flowing through the radiator 11 increases.
The bypass cooling water passage 14 bypassing the ra-
diator 11 is composed of a first bypass cooling water
passage 24 branched off from the cooling water passage
13 and directly connected to a heat exchanger 36 to be
described later and a second bypass cooling water pas-
sage 25 branched off from the cooling water passage 13
and connected to the heat exchanger 36 by way of the
exhaust heat recovery device 22.

[0013] The heat exchanger 36 for performing heat ex-
change with the refrigerant of the Rankine cycle 31 is
provided in the bypass cooling water passage 14. This
heatexchanger 36 is formed by integrating an evaporator
and a superheater. Specifically, in the heat exchanger
36, two cooling water passages 36a, 36b are arranged
substantially in a row and a refrigerant passage 36¢ in
which the refrigerant of the Rankine cycle 31 flows is
provided adjacent to the cooling water passages 36a,
36b so as to enable heat exchange between the refrig-
erant and the cooling water. Further, each passage 36a,
36b, 36¢ is so configured that the refrigerant of the Rank-
ine cycle 31 and the cooling water flow in opposite direc-
tions when the entire heat exchanger 36 is viewed from
above.

[0014] Indetail, one cooling water passage 36alocated
on an upstream side (left side of FIG. 1) for the refrigerant
of the Rankine cycle 31 is inserted in the first bypass
cooling water passage 24. This cooling water passage
36a and a left part of the heat exchanger formed by a
refrigerant passage part adjacent to this cooling water
passage 36a constitute the evaporator for heating the
refrigerant of the Rankine cycle 31 flowing in the refrig-
erant passage 36¢ by directly introducing the cooling wa-
ter coming out from the engine 2 to the cooling water
passage 36a.

[0015] The cooling water having passed through the
exhaust heat recovery device 22 via the second bypass
cooling water passage 25 is introduced to the other cool-
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ing water passage 36b on a downstream side (right side
of FIG. 1) for the refrigerant of the Rankine cycle 31. This
cooling water passage 36b and a right part (downstream
side for the refrigerant of the Rankine cycle 31) of the
heat exchanger formed by a refrigerant passage part ad-
jacent to this cooling water 36b constitute the superheat-
er for overheating the refrigerant flowing in the refrigerant
passage 36¢ by introducing the cooling water obtained
by further heating the cooling water at the exit of the en-
gine 2 by the exhaust air to the cooling water passage
36b.

[0016] A cooling water passage 22a of the exhaust
heat recovery device 22 is provided adjacent to the ex-
haust pipe 5. By introducing the cooling water at the exit
of the engine 2 to the cooling water passage 22a of the
exhaust heat recovery device 22, the cooling water can
be heated, for example, up to 110 to 115°C by the high-
temperature exhaust air. The cooling water passage 22a
is so configured that the exhaust air and the cooling water
flow in opposite directions when the entire exhaust heat
recovery device 22 is viewed from above.

[0017] A control valve 26 is disposed in the second
bypass cooling water passage 25 including the exhaust
heat recovery device 22. An opening of this control valve
26 is reduced when a temperature detected by a cooling
water temperature sensor 74 at the exit of the engine 2
reaches a predetermined value or higher so that an en-
gine water temperature indicating the temperature of the
cooling water in the engine 2 does not exceed a permis-
sible temperature (e.g. 100°C) for preventing, for exam-
ple, efficiency deterioration of the engine 2 and the oc-
currence of knocking. When the engine water tempera-
ture approaches the permissible temperature, the
amount of the cooling water passing through the exhaust
heatrecovery device 22 is reduced. This can reliably pre-
vent the engine water temperature from exceeding the
permissible temperature.

[0018] On the other hand, if the cooling water temper-
ature increased by the exhaust heat recovery device 22
becomes too high and the cooling water evaporates
(boils) due to a reduction in the flow rate of the second
bypass cooling water passage 25, the flow of the cooling
water in the cooling water passage may become poor
and component temperatures may excessively increase.
To avoid this, the bypass exhaust pipe 6 bypassing the
exhaust heat recovery device 22 is provided and a ther-
mostat valve 7 for controlling an amount of the exhaust
air passing through the exhaust heat recovery device 22
and an amount of the exhaust air passing through the
bypass exhaust pipe 6 is provided in a branched part of
the bypass exhaust pipe 6. Specifically, a valve opening
of the thermostat valve 7 is adjusted based on the tem-
perature of the cooling water coming out from the exhaust
heat recovery device 22 so that the temperature of the
cooling water coming out from the exhaust heat recovery
device 22 does not exceed a predetermined temperature
(e.g. boiling temperature of 120°).

[0019] The heat exchanger 36, the thermostat valve 7
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and the exhaust heat recovery device 22 are united into
the exhaust heat recovery unit 23 and arranged at inter-
mediate positions of the exhaust pipe under a substan-
tially central part of a floor in a vehicle width direction.
The thermostat valve 7 may be a relatively simple tem-
perature sensitive valve using a bimetal or the like or may
be a control valve controlled by a controller to which a
temperature sensor output is input. Since an adjustment
of a heat exchange amount from the exhaust air into the
cooling water by the thermostat valve 7 causes a rela-
tively long delay, it is difficult to prevent the engine water
temperature from exceeding the permissible tempera-
ture if the thermostat valve 7 is singly adjusted. However,
since the control valve 26 in the second bypass cooling
water passage 25is controlled based onthe engine water
temperature (exit temperature), a heat recovery amount
can be quickly reduced to reliably prevent the engine
water temperature from exceeding the permissible tem-
perature. Further, if there is a margin between the engine
water temperature and the permissible temperature, an
exhaust heat recovery amount can be increased by per-
forming heat exchange until the temperature of the cool-
ing water coming out from the exhaust heat recovery de-
vice 22 reaches a high temperature (e.g. 110 to 115°C)
exceeding the permissible temperature of the engine wa-
ter temperature. The cooling water coming out from the
cooling water passage 36b joins the first bypass cooling
water passage 24 via the second bypass cooling water
passage 25.

[0020] If the temperature of the cooling water flowing
from the bypass cooling water passage 14 toward the
thermostat valve 15 is sufficiently reduced, for example,
by heat exchange with the refrigerant of the Rankine cy-
cle 31 in the heat exchanger 36, the valve opening of the
thermostat valve 15 on the side of the cooling water pas-
sage 13 is reduced and the amount of the cooling water
passing through the radiator 11 is relatively reduced.
Conversely, if the temperature of the cooling water flow-
ing from the bypass cooling water passage 14 toward
the thermostat valve 15 is increased such as because
the Rankine cycle 31 is not operated, the valve opening
of the thermostat valve 15 on the side of the cooling water
passage 13 is increased and the amount of the cooling
water passing through the radiator 11 is relatively in-
creased. Based on such an operation of the thermostat
valve 15, the cooling water temperature of the engine 2
is appropriately maintained and heatis appropriately sup-
plied (recovered) to the Rankine cycle 31.

[0021] Next, the Rankine cycle 31 is described. Here,
the Rankine cycle 31 is configured not as a simple Rank-
ine cycle, but as a part of the integrated cycle 30 inte-
grated with the refrigeration cycle 51. The Rankine cycle
31 as a basis is described first and the refrigeration cycle
51 is then mentioned.

[0022] The Rankine cycle 31 is a system for recovering
the exhaust heat of the engine 2 by the refrigerant using
the cooling water of the engine 2 and regenerating the
recovered exhaust heat as power. The Rankine cycle 31
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includes a refrigerant pump 32, the heat exchanger 36
as a superheater, an expander 37 and the condenser 38
and each constituent element is connected by refrigerant
passages 41 to 44 in which the refrigerant (R1344a, etc.)
is circulated. The refrigerant passages 41 to 44 are gen-
erally formed by ordinary metal pipes (steel pipes) which
easily ensure refrigerant sealability and have relatively
high rigidity, but flexible pipes having high flexibility are
used as some of them in the present embodiment. This
is described in detail later.

[0023] A shaft of the refrigerant pump 32 is arranged
to be coupled to an output shaft of the expander 37 on
the same axis, the refrigerant pump 32 is driven by an
output (power) generated by the expander 37 and the
generated power is supplied to an output shaft (crank-
shaft) of the engine 2 (see FIG. 2A). The shaft of the
refrigerant pump 32 and the output shaft of the expander
37 are arranged in parallel with the output shaft of the
engine 2, and a belt 34 is mounted between a pump pulley
33 provided on the tip of the shaft of the refrigerant pump
32 and a crank pulley 2a (see FIG. 1). Specifically, the
output shaft of the expander 37 and that of the engine 2
are configured to be able to transmit power. It should be
noted that, in the present embodiment, a gear-type pump
is used as the refrigerant pump 32 and a scroll type ex-
pander is used as the expander 37 (see FIGS. 2B, 2C).
The refrigerant pump 32 and the expander 37 are mount-
ed on the engine 2 as shown in FIG. 5.

[0024] An electromagnetic clutch (hereinafter, this
clutch is referred to as an "expander clutch") 35 (first
clutch) is provided between the pump pulley 33 and the
refrigerant pump 32 to make the refrigerant pump 32 and
the expander 37 connectable to and disconnectable from
the engine 2 (see FIG. 2A). Thus, by connecting the ex-
pander clutch 35 when the output generated by the ex-
pander 37 exceeds a drive force of the refrigerant pump
32 and the friction of a rotating body (predicted expander
torque is positive), the rotation of the engine output shaft
can be assisted by the output generated by the expander
37. By assisting the rotation of the engine output shaft
using energy obtained by exhaust heat recovery in this
way, fuel economy can be improved. Further, energy for
driving the refrigerant pump 32 for circulating the refrig-
erant can also be generated using the recovered exhaust
heat. It should be noted that the expander clutch 35 may
be provided at any intermediate position of a power trans-
mission path from the engine 2 to the refrigerant pump
32 and the expander 37.

[0025] The refrigerant from the refrigerant pump 32 is
supplied to the heat exchanger 36 via the refrigerant pas-
sage 41. The heat exchanger 36 is a heat exchanger for
performing heat exchange between the cooling water of
the engine 2 and the refrigerant and evaporating and
overheating the refrigerant.

[0026] The refrigerant from the heat exchanger 36 is
supplied to the expander 37 via the refrigerant passage
42. The expander 37 is a steam turbine for converging
heat into rotational energy by expanding the evaporated
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and overheated refrigerant. The power recovered by the
expander 37 drives the refrigerant pump 32 and is trans-
mitted to the engine 2 via a belt transmission mechanism
to assist the rotation of the engine 2.

[0027] The refrigerantfrom the expander 37 is supplied
to the condenser 38 via refrigerant passages 43a, 43b.
The condenser 38 is a heat exchanger for performing
heat exchange between outside air and the refrigerant
and cooling and liquefying the refrigerant. Thus, the con-
denser 38 is arranged in parallel with the radiator 11 and
cooled by aradiator fan 12. The condenser 38 is mounted
on the vehicle body.

[0028] The refrigerant passage 43ais connected to the
expander 37. The refrigerant passage 43b connects the
refrigerant passage 43a and the condenser 38. The re-
frigerant passages 43a, 43b are connected at a refriger-
ation cycle junction 46 to be described later.

[0029] The refrigerant passage 43a connecting the en-
gine 2 side component and the vehicle body side com-
ponentis a flexible pipe for refrigerant having higher flex-
ibility than the refrigerant passage 43b to absorb a rela-
tive displacement caused by vibration. High flexibility
means low rigidity and being freely deformable. To pro-
vide flexibility, the flexible pipe has a bellows-like shape
or is made of a material which is soft and excellent in
flexibility. Thus, the refrigerant passage 43a can be freely
bent at any intermediate position and can absorb vibra-
tion if the vibration is transmitted. A part of the refrigerant
passage 43a on the side of the expander 37 mounted on
the engine 2 vibrates together with the engine 2 and the
expander 37.

[0030] The refrigerant passage 43b is a pipe connect-
ed to the condenser 38 and having lower flexibility, i.e.
higher rigidity than the refrigerant passage 43a such as
a stainless steel pipe or an aluminum pipe. The refriger-
ant passage 43b vibrates together with the condenser
38 mounted on the vehicle body.

[0031] Therefrigerant passage 43ais connected tothe
expander 37 mounted on the engine 2. Further, the re-
frigerant passage 43b is connected to the condenser 38
mounted on the vehicle body. Thus, when the vehicle is
driven, a vibration frequency of the refrigerant passage
43a and that of the refrigerant passage 43b differ. In the
present embodiment, the refrigerant passage 43a is
formed by a flexible pipe for refrigerant, whereby a vibra-
tional difference between the part of the refrigerant pas-
sage 43a on the side of the engine 2 and the refrigerant
passage 43b is absorbed by the refrigerant passage 43a.
[0032] The refrigerant liquefied by the condenser 38 is
returned to the refrigerant pump 32 via refrigerant pas-
sages 44a, 44b. The refrigerant returned to the refriger-
ant pump 32 is fed to the heat exchanger 36 again by
the refrigerant pump 32 and circulates through each con-
stituent element of the Rankine cycle 31.

[0033] Therefrigerant passage 44ais connected tothe
condenser 38. The refrigerant passage 44b connects the
refrigerant passage 43a and the refrigerantpump 32. The
refrigerant passages 44a, 44b are connected at a refrig-
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eration cycle junction 45 to be described later.

[0034] The refrigerant passage 44a is, for example, a
stainless steel pipe or an aluminum pipe having lower
flexibility than the refrigerant passage 44b. The refriger-
antpassage 44a vibrates together with the condenser 38.
[0035] Therefrigerant passage 44b connecting the en-
gine 2 side component and the vehicle body side com-
ponent is a flexible pipe for refrigerant having higher flex-
ibility than the refrigerant passage 44a to absorb a rela-
tive displacement caused by vibration. A part of the re-
frigerant passage 44b on the side of the engine 2 vibrates
together with the engine 2 by having the vibration of the
engine 2 transmitted thereto.

[0036] By forming the refrigerant passage 44b by the
flexible pipe for refrigerant, a vibrational difference be-
tween the refrigerant passages 44a, 44b can be ab-
sorbed by the refrigerant passage 44b.

[0037] Next, the refrigeration cycle 51 is described.
Since the refrigeration cycle 51 shares the refrigerant
circulating in the Rankine cycle 31, the refrigeration cycle
51 is integrated with the Rankine cycle 31 and the con-
figuration thereof is simple. Specifically, the refrigeration
cycle 51 includes a compressor 52, the condenser 38
and an evaporator 55.

[0038] The compressor 52 is a fluid machine for com-
pressing the refrigerant of the refrigeration cycle 51 at
high temperature and high pressure. The compressor 52
is mounted on the vehicle body. The compressor 52 is
an electric compressor and power is supplied thereto
from an unillustrated battery or the like.

[0039] The refrigerant from the compressor 52 is sup-
plied to the condenser 38 via the refrigerant passage 43b
after joining the refrigerant passage 43a at the refriger-
ation cycle junction 46 via a refrigerant passage 56. The
refrigerant passage 56 is formed by a general metal pipe
(steel pipe) having relatively high rigidity. The condenser
38 is a heat exchanger for condensing and liquefying the
refrigerant by heat exchange with outside air. The liquid
refrigerant from the condenser 38 is supplied to the evap-
orator 55 via a refrigerant passage 57 branched off from
the refrigerant passage 44a at the refrigeration cycle
junction 45. The refrigerant passage 57 is also formed
by a general metal pipe (steel pipe) having relatively high
rigidity. The evaporator 55 is arranged in a case of an air
conditioning unit in the same manner as an unillustrated
heater core. The evaporator 55 is a heat exchanger for
evaporating the liquid refrigerant from the condenser 38
and cooling air conditioning air from a blower fan by latent
heat of evaporation.

[0040] The refrigerant evaporated by the evaporator
55 is returned to the compressor 52 via a refrigerant pas-
sage 58. It should be noted that a mixing ratio of the air
conditioning air cooled by the evaporator 55 and that
heated by the heater core is changed according to an
opening of an air mix door to adjust the temperature to
a temperature set by a passenger.

[0041] The integrated cycle 30 composed of the Rank-
ine cycle 31 and the refrigeration cycle 51 appropriately
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includes various valves at intermediate positions of the
circuit to control the refrigerant flowing in the cycle. For
example, to control the refrigerant circulating in the Rank-
ine cycle 31, a pump upstream valve 61 is provided in
the refrigerant passage 44b allowing communication be-
tween the refrigeration cycle junction 45 and the refrig-
erant pump 32 and an expander upstream valve 62 is
provided in the refrigerant passage 42 allowing commu-
nication between the heat exchanger 36 and the expand-
er 37. Further, a check valve 63 for preventing a reverse
flow of the refrigerant from the heat exchanger 36 to the
refrigerant pump 32 is provided in the refrigerant passage
41 allowing communication between the refrigerant
pump 32 and the heat exchanger 36. A check valve 64
for preventing a reverse flow of the refrigerant from the
refrigeration cycle junction 46 to the expander 37 is also
provided in the refrigerant passage 43a allowing com-
munication between the expander 37 and the refrigera-
tion cycle junction 46. Further, an expander bypass pas-
sage 65 is provided which bypasses the expander 37
from a side upstream of the expander upstream valve 62
and joins at a side upstream of the check valve 64, and
a bypass valve 66 is provided in this expander bypass
passage 65. Furthermore, a pressure regulating valve
68 is provided in a passage 67 bypassing the bypass
valve 66. Also in the refrigeration cycle 51, an air condi-
tioning circuit valve 69 is provided in the refrigerant pas-
sage 57 connecting the refrigeration cycle junction 45
and the evaporator 55.

[0042] Any of the above four valves 61, 62, 66 and 69
is an electromagnetic on-off valve. To the engine con-
troller 71 are input a signal indicating a pressure up-
stream of the expander detected by a pressure sensor
72, a signal indicating a refrigerant pressure Pd at the
exit of the condenser 38 detected by a pressure sensor
73, a rotation speed signal of the expander 37, etc. In
the engine controller 71, the compressor 52 of the refrig-
eration cycle 51 and the radiator fan 12 are controlled
and the opening and closing of the above four electro-
magnetic on-off valves 61, 62, 66 and 69 are controlled
based on each of these input signals according to a pre-
determined driving condition.

[0043] Forexample, an expandertorque (regenerative
power) is predicted based on the pressure upstream of
the expander detected by the pressure sensor 72 and
the expander rotation speed, and the expander clutch 35
is engaged when this predicted expander torque is pos-
itive (the rotation of the engine output shaft can be as-
sisted) and released when the predicted expander torque
is zero or negative. The expander torque can be predicted
with high accuracy based on the sensor detected pres-
sure and the expander rotation speed as compared with
the case where the expander torque (regenerative pow-
er) is predicted from the exhaust temperature, and the
expander clutch 35 can be properly engaged/released
according to a generation state of the expander torque
(for further details, see JP2010-190185A).

[0044] The above four on-off valves 61, 62, 66 and 69
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and two check valves 63, 64 are refrigeration system
valves. Functions of these refrigeration system valves
are shown anew in FIG. 3.

[0045] In FIG. 3, the pump upstream valve 61 is for
preventing an uneven distribution of the refrigerant (con-
taining a lubricant component) to the Rankine cycle 31
by being closed under a predetermined condition that
makes the refrigerant easily unevenly distributed to the
circuit of the Rankine cycle 31 as compared with the cir-
cuit of the refrigeration cycle 51 such as during the stop
of the Rankine cycle 31, and closes the circuit of the
Rankine cycle 31 in cooperation with the check valve 64
downstream of the expander 37 as described later. The
expander upstream valve 62 cuts off the refrigerant pas-
sage 42 when a refrigerant pressure from the heat ex-
changer 36 is relatively low, so that the refrigerant from
the heat exchanger 36 can be maintained until a high
pressure is reached. This can prompt the heating of the
refrigerant even if the expander torque cannot be suffi-
ciently obtained and can shorten a time, for example,
until the Rankine cycle 31 is restarted (regeneration
comes to be actually performed). The bypass valve 66
is for shortening a start-up time of the Rankine cycle 31
by being opened to actuate the refrigerant pump 32 after
the expander 37 is bypassed such as when an amount
of the refrigerant present on the side of the Rankine cycle
31 is insufficient such as at the start-up of the Rankine
cycle 31. If a state where the refrigerant temperature at
the exit of the condenser 38 or at the entrance of the
refrigerant pump 32 is reduced from a boiling point in
consideration of a pressure at that location by a prede-
termined temperature difference (subcool temperature
SC) or more is realized by actuating the refrigerant pump
32 after the expander 37 is bypassed, a state is prepared
where the liquid refrigerant can be sufficiently supplied
to the Rankine cycle 31.

[0046] The check valve 63 upstream of the heat ex-
changer 36 is for maintaining the refrigerant supplied to
the expander 37 at a high pressure in cooperation with
the bypass valve 66, the pressure regulating valve 68
and the expander upstream valve 62. Under a condition
that the regeneration efficiency of the Rankine cycle is
low, the operation of the Rankine cycle is stopped and
the circuit is closed in a section before and after the heat
exchanger, whereby the refrigerant pressure during the
stopisincreased so that the Rankine cycle can be quickly
restarted utilizing the high-pressure refrigerant. The
pressure regulating valve 68 functions as a relief valve
for allowing the refrigerant having reached an excessive-
ly high pressure to escape by being opened when the
pressure of the refrigerant supplied to the expander 37
becomes excessively high.

[0047] The check valve 64 downstream of the expand-
er 37 is for preventing an uneven distribution of the re-
frigerant to the Rankine cycle 31 in cooperation with the
aforementioned pump upstream valve 61. If the engine
2 is not warm yet immediately after the operation of the
hybrid vehicle 1 is started, the temperature of the Rankine
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cycle 31 is lower than that of the refrigeration cycle 51
and the refrigerant may be unevenly distributed toward
the Rankine cycle 31. Although a probability of uneven
distribution toward the Rankine cycle 31 is not very high,
there is a request to resolve even a slightly uneven dis-
tribution of the refrigerant to secure the refrigerant of the
refrigeration cycle 51, for example, immediately after the
start of the vehicle operation in summer since it is wished
to quickly cool vehicle interior and cooling capacity is
required most. Accordingly, the check valve 64 is provid-
ed to prevent the uneven distribution of the refrigerant
toward the Rankine cycle 31.

[0048] The compressor 52 is not so structured that the
refrigerant can freely pass when the drive is stopped, and
can prevent an uneven distribution of the refrigerant to
the refrigeration cycle 51 in cooperation with the air con-
ditioning circuit valve 69. This is described. When the
operation of the refrigeration cycle 51 is stopped, the re-
frigerant moves from the Rankine cycle 31 that is in
steady operation and has a relatively high temperature
to the refrigeration cycle 51, whereby the refrigerant cir-
culating in the Rankine cycle 31 may become insufficient.
In the refrigeration cycle 51, the temperature of the evap-
orator 55 is low immediately after the cooling is stopped
and the refrigerant tends to stay in the evaporator 55 that
has a relatively large volume and a low temperature. In
this case, the uneven distribution of the refrigerant to the
refrigeration cycle 51 is prevented by stopping the drive
of the compressor 52 to block a movement of the refrig-
erant from the condenser 38 to the evaporator 55 and
closing the air conditioning circuit valve 69.

[0049] Next, FIG. 5 is a schematic perspective view of
the engine 2 showing an entire package of the engine 2.
Whatis characteristic in FIG. 5is that the heat exchanger
36 is arranged vertically above the exhaust manifold 4.
That s, the heat exchanger 36 is mounted on the engine
2. By arranging the heat exchanger 36 in a space verti-
cally above the exhaust manifold 4, the mountability of
the Rankine cycle 31 on the engine 2 is improved. Fur-
ther, a tension pulley 8 is provided on the engine 2.
[0050] Next, a basic operation method of the Rankine
cycle 31 is described with reference to FIGS. 7A and 7B.
[0051] First, FIGS. 7A and 7B are graphs showing op-
erating regions of the Rankine cycle 31. FIG. 7A shows
the operating region of the Rankine cycle 31 when a hor-
izontal axis represents outside air temperature and a ver-
tical axis represents engine water temperature (cooling
water temperature) and FIG. 7B shows the operating re-
gion of the Rankine cycle 31 when a horizontal axis rep-
resents engine rotation speed and a vertical axis repre-
sents engine torque (engine load).

[0052] In both FIGS. 7A and 7B, the Rankine cycle 31
is operated when a predetermined condition is satisfied.
The Rankine cycle 31 is operated when both of these
conditions are satisfied. In FIG. 7A, the operation of the
Rankine cycle 31 is stopped in a region on a low water
temperature side where the warm-up of the engine 2 is
prioritized and a region on a high outside temperature
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side where a load of the compressor 52 increases. During
the warm-up in which exhaust temperature is low and
recovery efficiency is poor, the cooling water temperature
is quickly increased rather by not operating the Rankine
cycle 31. During a high outside temperature period in
which high cooling capacity is required, the Rankine cycle
31 is stopped to provide the refrigeration cycle 51 with
sufficient refrigerant and the cooling capacity of the con-
denser 38. In FIG. 7B, the operation of the Rankine cycle
31 is stopped in the EV running region and a region on
a high rotation speed side where the friction of the ex-
pander 37 increases since the vehicle is the hybrid ve-
hicle 1. Since it is difficult to provide the expander 37 with
a highly efficient structure having little friction at all the
rotation speeds, the expander 37 is so configured (di-
mensions and the like of each part of the expander 37
are set) in the case of FIG. 7B as to realize small friction
and high efficiency in an engine rotation speed region
where an operation frequency is high.

[0053] Effects of the first embodiment of the present
invention are described.

[0054] FIG. 8 diagrammatically shows a state of pipes
of the integrated cycle 30 of the first embodiment. As
described above, each of the refrigerant pump 32, the
heat exchanger 36 and the expander 37 of the Rankine
cycle 31 is mounted on the engine 2 and the condenser
38 is mounted on the vehicle body. The refrigerant pump
32 and the heat exchanger 36, and the heat exchanger
36 and the expander 37 are connected by general metal
pipes (steel pipes) 101 having relatively high rigidity. The
expander 37 and the condenser 38, and the condenser
38 and the refrigerant pump 32 are connected by pas-
sages (conduits) having high flexibility and including a
flexible pipe 100 at least in an intermediate part. This
causes the flexible pipes 100 to absorb vibrational differ-
ences (changes in relative positions) between the ex-
pander 37 and the refrigerant pump 32 mounted on the
engine 2 and the condenser 38 mounted on the vehicle
body, thereby enhancing component reliability or sup-
pressing the transmission of unpleasant vibration to pas-
sengers.

[0055] Particularly, the presentembodimentis not only
configured to be able to drive the refrigerant pump 32 by
the engine 2 by mounting the refrigerant pump 32 on the
engine 2, but also configured to be able to drive the re-
frigerant pump 32 by a regenerative output of the ex-
pander 37 by mounting the expander 37 on the engine
2, and energy efficiency can be improved by enabling
the refrigerant pump 32 to be driven also utilizing the
regenerative output of the expander 37 while increasing
adegree of freedom in the operation of the Rankine cycle
31 by enabling the refrigerant pump 32 to be driven by
the power of the engine 2. Since the heat exchanger 36
provided between the refrigerant pump 32 and the ex-
pander 37 is mounted on the engine 2 under such an
assumption, the refrigerant pump 32 and the heat ex-
changer 36, and the heat exchanger 36 and the expander
37 can be connected by the passages (conduits) 101
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having relatively high rigidity, and only the expander 37
and the condenser 38, and the condenser 38 and the
refrigerant pump 32 are connected by the flexible pipes
100 having high flexibility. This can suppress cost by re-
ducing the number of the relatively expensive flexible
pipes 100. Specifically, only two flexible pipes 100 are
provided at intermediate positions of the circuit of the
Rankine cycle 31.

[0056] Specifically, atleasta part of the refrigerant pas-
sage 43a connected to the expander 37 mounted on the
engine 2 is formed by aflexible pipe for refrigerant having
higher flexibility than the refrigerant passage 43b con-
nected to the condenser 38 mounted on the vehicle body.
This enables the refrigerant passage 43a to absorb a
vibrational difference between the part of the refrigerant
passage 43a on the side of the engine 2 and the refrig-
erant passage 43b. Further, the refrigerant passage 43b
can be formed by a metal pipe less expensive than the
flexible pipe for refrigerant such as a copper pipe, a stain-
less steel pipe or an aluminum pipe, and the number of
the expensive flexible pipes for refrigerant can be re-
duced. Thus, the cost of the integrated cycle 30 can be
reduced.

[0057] By using the flexible pipe for refrigerant at least
in a part of the refrigerant passage 43a, the length of the
pipe connecting the expander 37 and the condenser 38
can be shortened, a pressure loss in the pipe can be
reduced and the efficiency of the integrated cycle 30 can
be improved.

[0058] At least a part of the refrigerant passage 44b
connected to the refrigerant pump 32 mounted on the
engine 2 is formed by aflexible pipe for refrigerant having
higher flexibility than the refrigerant passage 44a con-
nected to the condenser 38. This enables the refrigerant
passage 44b to absorb a vibrational difference between
the refrigerant passage 44a and the part of the refrigerant
passage 44b on the side of the engine 2. Further, the
refrigerant passage 44a can be formed by a metal pipe
less expensive than the flexible pipe for refrigerant, and
the number of the expensive flexible pipes for refrigerant
can be reduced. Thus, the cost of the integrated cycle
30 can be reduced.

[0059] By using the flexible pipe for refrigerant at least
in a part of the refrigerant passage 43a, the length of the
pipe connecting the condenser 38 and the refrigerant
pump 32 can be shortened, a pressure loss in the pipe
can be reduced and the efficiency of the integrated cycle
30 can be improved.

[0060] By forming the refrigerant passage 43a by a
flexible pipe for refrigerant and forming the refrigerant
passage 43b, for example, by a metal pipe in the inte-
grated cycle 30 in which the output shaft of the expander
37 and that of the engine 2 are configured to be able to
transmit power, the above effects can be obtained more.
[0061] Next, a second embodiment of the present in-
vention is described using FIGS. 9 and 10.

[0062] FIG. 9 is a schematic configuration diagram of
a hybrid vehicle in the present embodiment. FIG. 10is a
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schematic configuration diagram of an integrated cycle
in the present embodiment. The second embodiment is
described, centering on parts different from the first em-
bodiment. The same configuration as the first embodi-
ment is denoted by the same reference signs as in the
first embodiment and not described here.

[0063] A compressor 59 is mounted on an engine 2
and driven by the engine 2. As shown in FIG. 9, a com-
pressor pulley 53 is fixed to a drive shaft of the compres-
sor59 and a belt 34 is mounted on this compressor pulley
53 and a crank pulley 2a. A drive force of the engine 2
is transmitted to the compressor pulley 53 via this belt
34 to drive the compressor 59. Further, an electromag-
netic clutch 54 is provided between the compressor pul-
ley 53 and the compressor 59 to make the compressor
59 and the compressor pulley 53 connectable to and dis-
connectable from each other.

[0064] Arefrigerant passage 56 connected to the com-
pressor 59 is a flexible pipe for refrigerant having higher
flexibility than a refrigerant passage 43b.

[0065] A refrigerant passage 58 provided between the
compressor 59 and an evaporator 55 and connected to
the compressor 59 is a flexible pipe for refrigerant simi-
larly to the refrigerant passage 56.

[0066] When the compressor 59 is mounted on the en-
gine 2, a vibration frequency of the refrigerant passage
56 connected to the compressor 59 and that of the re-
frigerant passage 43b connected to a condenser 38 differ
when the vehicle is driven. In the present embodiment,
avibrational difference between the refrigerant passages
56 and 43b is absorbed by forming the refrigerant pas-
sage 56 by the flexible pipe for refrigerant.

[0067] Effects of the second embodiment of the
present invention are described.

[0068] FIG. 11 diagrammatically shows a state of pipes
of the integrated cycle 30 of the second embodiment. A
difference from the firstembodiment is that the refrigerant
passages before and after the compressor 59 are formed
by flexible pipes 100 since the compressor 59 is mounted
on the engine 2. Also according to the second embodi-
ment, cost can be suppressed by reducing the number
of relatively expensive flexible pipes 100. Specifically,
only two flexible pipes 100 are provided at intermediate
positions of a circuitof a Rankine cycle 31 and the number
of the flexible pipes 100 is suppressed to four in the entire
integrated cycle 30.

[0069] Specifically, atleasta partof therefrigerant pas-
sage 56 is formed by the flexible pipe for refrigerant and
the refrigerant passage 56 is connected to the refrigerant
passage 43b at a refrigeration cycle junction 46. This
enables the refrigerant passage 43b to absorb a vibra-
tional difference between the refrigerant passages 43b
and 56.

[0070] Next, a third embodiment of the present inven-
tion is described.

[0071] The third embodiment is described, centering
on parts different from the second embodiment.

[0072] In the third embodiment, a refrigerant passage
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43b is formed by a flexible pipe having higher flexibility
than refrigerant passages 43a and 56. Further, the re-
frigerant passages 43a and 56 are formed, for example,
by stainless steel pipes or aluminum pipes having low
flexibility.

[0073] Effects of the third embodiment of the present
invention are described.

[0074] FIG. 12diagrammatically shows a state of pipes
of an integrated cycle 30 of the third embodiment. A dif-
ference from the second embodiment is that a pipe con-
necting an expander 37 and a condenser 38 and a pipe
connecting a compressor 59 and the condenser 38 join
each other at an intermediate position and a part after
the junction is formed by a flexible pipe 100. Also accord-
ing to the third embodiment, cost can be suppressed by
reducing the number of relatively expensive flexible pipes
100. Specifically, only two flexible pipes 100 are provided
at intermediate positions of a circuit of a Rankine cycle
31 and the number of the flexible pipes 100 is suppressed
to three in the entire integrated cycle 30.

[0075] Specifically, arefrigerant passage 43b connect-
ed to the condenser 38 is formed by a flexible pipe for
refrigerant, and a refrigerant passage 43a connected to
the expander 37 and arefrigerant passage 56 connected
to the compressor 59 are formed, for example, by stain-
less pipes or aluminum pipes less expensive than flexible
pipes for refrigerant. This enables the absorption of a
vibrational difference between the refrigerant passage
43b and the refrigerant passages 43a, 56. Further, the
refrigerant passages 43a, 56 can be formed by inexpen-
sive pipes and the cost of the integrated cycle 30 can be
reduced.

[0076] It should be noted that a refrigerant passage
44a may be formed by a flexible pipe for refrigerant and
a refrigerant passage 44b may be formed by a stainless
steel pipe or an aluminum pipe.

[0077] By usingflexible pipes for refrigerant at least as
some of the refrigerant passages, the length of the pipes
connecting the expander 37 or the compressor 59 and
the condenser 38 and the pipe connecting the condenser
38 and a refrigerant pump 32 can be shortened, a pres-
sure loss in the pipes can be reduced and the efficiency
of the integrated cycle 30 can be improved.

[0078] The presentinvention is notlimited to the above
embodiments. For example, a pipe configured to include
a flexible pipe for refrigerant having high flexibility in a
part (at an intermediate position) of a general metal pipe
may be used as a passage pipe having high flexibility to
absorb a relative displacement caused by vibration.
[0079] Although the embodiments of the present in-
vention have been described above, the above embod-
iments are only an illustration of some application exam-
ples of the present invention and not intended to limit the
technical scope of the present invention to the specific
configurations of the above embodiments.

[0080] This application claims a priority of Japanese
Patent Application No. 2011-216772 filed with the Japan
Patent Office on September 30, 2011, all the contents of
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which are hereby incorporated by reference.

Claims

1.

A Rankine cycle system, comprising:

a refrigerant pump which is mounted on an en-
gine and is configured to feed refrigerant;

a heat exchanger which is mounted on the en-
gine and is configured to recover exhaust heat
of the engine to the refrigerant;

an expander which is mounted on the engine
and is configured to convert the exhaust heat
recovered to the refrigerant into power by ex-
panding the refrigerant whose temperature has
been increased by the heat exchanger; and
acondenser which is mounted on a vehicle body
and condenses the refrigerant expanded by the
expander; wherein

the expander and the condenser, and the con-
denser and the refrigerant pump are connected
by flexible pipes having higher flexibility than
other pipes.

2. TheRankine cycle systemaccordingto claim 1, com-

prising:

arefrigeration cycle which is configured to share
the condenser and the refrigerant; wherein

a compressor provided in the refrigeration cycle
is mounted on the engine, a pipe between the
expander and the condenser and a pipe be-
tween the compressor and the condenser are
joined in a state where the pipes are supported
onthe engine, and a junction and the condenser
are connected by a flexible pipe.

The Rankine cycle system according to claim 1 or
2, wherein an output shaft of the expander and an
engine output shaftare configured to be able to trans-
mit power.

A Rankine cycle system, comprising:

a heat exchanger which is mounted on an en-
gine and is configured to recover exhaust heat
of the engine to refrigerant;

an expander which is mounted on the engine
and is configured to convert the exhaust heat
recovered to the refrigerant into power by ex-
panding the refrigerant whose temperature has
been increased by the heat exchanger;
acondenser which is mounted on a vehicle body
and is configured to condense the refrigerant
expanded by the expander;

a refrigeration cycle of an air conditioner which
is configured to share the condenser and the
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10

refrigerant;

a first pipe which is connected to the expander;
and

a third pipe which is connected to the first pipe
and a second pipe connected to a compressor
of the refrigeration cycle and is configured to in-
troduce the refrigerant to the condenser; where-
in

either one of the first and third pipes has higher
flexibility than the other.

The Rankine cycle system according to claim 4,
wherein

the compressor is mounted on the vehicle body; and
the first pipe has higher flexibility than the second
and third pipes.

The Rankine cycle system according to claim 4,
wherein

the compressor is mounted on the engine; and

the first and second pipes have higher flexibility than
the third pipe.

The Rankine cycle system according to claim 4,
wherein

the compressor is mounted on the engine; and

the third pipe has higher flexibility than the first and
second pipes.

The Rankine cycle system according to any one of
claims 4 to 7, comprising:

a refrigerant pump which is configured to supply
the refrigerant condensed by the condenser to
the heat exchanger;

a fourth pipe which is connected to the refriger-
ant pump; and

a sixth pipe which is connected to the fourth pipe
and a fifth pipe connected to an evaporator of
the refrigeration cycle and in which the refriger-
ant discharged from the condenser flows;
wherein

either one of the fourth and sixth pipes has high-
er flexibility than the other.

The Rankine cycle system according to any one of
claims 4 to 8, wherein

an output shaft of the expander and an output shaft
of the engine are configured to be able to transmit
power.
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