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A Waste heat utilization device includes a Rankine cycle in 
Which an operation ?uid circulates, and a control unit Which 
controls an operation of the Rankine cycle. The Rankine 
cycle has a heater for heating the operation ?uid using a 
Waste ?uid With a Waste heat from a heat engine, an 
expander that expands the heated operation ?uid to recover 
a mechanical energy, and a condenser for cooling and 
condensing the expanded operation ?uid. The control unit 
operates the Rankine cycle When a Waste ?uid temperature 
is not less than a predetermined temperature and When the 
Waste ?uid is in a ?oWing state in the heat engine. 
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WASTE HEAT UTILIZATION DEVICE AND 
CONTROL METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on Japanese Patent Appli 
cations No. 2006-115924 ?led on Apr. 19, 2006, and No. 
2007-029566 ?led on Feb. 8, 2007, the contents of Which are 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a Waste heat utili 
Zation device and a control method thereof. For example, the 
Waste heat utilization device can be used for recovering a 
Waste heat of a vehicular engine. 
[0004] 2. Description of the Related Art 
[0005] Conventionally, in a vehicle having a Rankine 
cycle, the Rankine cycle is operated only When a tempera 
ture (Waste heat) of an engine-cooling Water is not less than 
a predetermined temperature, and the Rankine cycle is 
stopped When the temperature is not su?icient, for example, 
as described in US. Pat. No. 6,928,820 (corresponding to 
JP-A-2005-l55336). Therefore, an engine temperature can 
be prevented from decreasing excessively, and the Waste 
heat recovery can be performed Without reducing a fuel 
consumption rate of the engine. 
[0006] HoWever, When a mechanical pump driven by the 
engine is used as a pump for circulating the engine-cooling 
Water in a vehicle, such as a hybrid vehicle and an idling stop 
vehicle, in Which the engine may be stopped in accordance 
With a driving state even When the vehicle is in use, the 
engine-cooling Water is not circulated When the engine is 
stopped. Therefore, the Rankine cycle may not function as 
a Waste heat recovery system When the Rankine cycle is 
operated only based on the temperature of the engine 
cooling Water. 

SUMMARY OF THE INVENTION 

[0007] In vieW of the foregoing problems, it is an object of 
the present invention to provide a Waste heat utiliZation 
device Which can ensure a Waste heat recovery, and a control 
method thereof. 
[0008] According to an aspect of the invention, a Waste 
heat utiliZation device includes a Rankine cycle in Which an 
operation ?uid circulates, and a control unit Which controls 
an operation of the Rankine cycle. The Rankine cycle has a 
heater for heating the operation ?uid using a Waste ?uid With 
a Waste heat from a heat engine, an expander that expands 
the heated operation ?uid to recover a mechanical energy, 
and a condenser for cooling and condensing the expanded 
operation ?uid. The control unit operates the Rankine cycle 
When a Waste ?uid temperature is not less than a predeter 
mined temperature and When the Waste ?uid is in a ?oWing 
state in the heat engine. 
[0009] Because the control unit determines not only the 
Waste ?uid temperature but also the ?oWing state of the 
Waste ?uid, the Rankine cycle is ensured to be operated 
When the Waste heat recovery is possible. As a result, the 
Waste heat recovery can be performed effectively, and a fuel 
consumption rate of a vehicle can be improved. 
[0010] According to another aspect of the invention, a 
control method of a Waste heat utiliZation device including 
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a Rankine cycle is provided. The Rankine cycle heats an 
operation ?uid in the Rankine cycle by a heater using a 
Waste ?uid With a Waste heat from a heat engine, expands the 
heated operation ?uid by an expander for recovering a 
mechanical energy, and cools and condenses the expanded 
operation ?uid by a condenser. The method includes a step 
of determining Whether a Waste ?uid temperature is not less 
than a predetermined temperature, a step of determining 
Whether the Waste ?uid is in a ?oWing state, and a step of 
operating the Rankine cycle When the Waste ?uid tempera 
ture is not less than the predetermined temperature and the 
Waste ?uid is in the ?oWing state. 
[0011] By the above-described control method, the effects 
described in the former aspect of the invention can be 
obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Additional objects and advantages of the present 
invention Will be more readily apparent from the folloWing 
detailed description of preferred embodiments When taken 
together With the accompanying draWings. In the draWings: 
[0013] FIG. 1 is a schematic diagram shoWing a Waste heat 
utiliZation device according to a ?rst embodiment of the 
invention; 
[0014] FIGS. 2A and 2B are cross-sectional vieWs shoW 
ing a compression/expansion unit according to the ?rst 
embodiment; 
[0015] FIG. 3 is a ?oW diagram shoWing a process per 
formed by a control unit for controlling the Waste heat 
utiliZation device according to the ?rst embodiment; 
[0016] FIG. 4 is a graph shoWing a relationship betWeen a 
determination value and a temperature of a cooling Water, set 
in the control unit, according to the ?rst embodiment; 
[0017] FIG. 5 is a schematic diagram shoWing an opera 
tion state of the Waste heat utiliZation device according to the 
?rst embodiment When a refrigeration cycle is in operation; 
[0018] FIG. 6 is a schematic diagram shoWing an opera 
tion state of the Waste heat utiliZation device according to the 
?rst embodiment When a Rankine cycle is in operation; 
[0019] FIG. 7 is a ?oW diagram shoWing a process per 
formed by the control unit for a Rankine/air-conditioning 
cooperative control according to the ?rst embodiment; 
[0020] FIG. 8 is a graph shoWing a relationship betWeen a 
determination value and a temperature of the cooling Water 
at an evaporator temperature TE, set in the control unit, 
according to the ?rst embodiment; 
[0021] FIG. 9 is a time chart shoWing operation states in 
a normal air-conditioning control and the Rankine/air-con 
ditioning cooperative control in the control unit according 
the ?rst embodiment; 
[0022] FIG. 10 is a schematic diagram shoWing a Waste 
heat utiliZation device according to a second embodiment of 
the invention; 
[0023] FIG. 11 is a ?oW diagram shoWing a process 
performed by a control unit for controlling the Waste heat 
utiliZation device according to the second embodiment; 
[0024] FIG. 12 is a graph shoWing a relationship betWeen 
a determination value and a ?oW amount a cooling Water, set 
in the control unit, according to the second embodiment; 
[0025] FIG. 13 is a ?oW diagram shoWing a process 
performed by the control unit for a Rankine/air-conditioning 
cooperative control according to the second embodiment; 
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[0026] FIG. 14 is a schematic diagram showing a Waste 
heat utilization device according to a third embodiment of 
the invention; 
[0027] FIG. 15 is a schematic diagram shoWing a Waste 
heat utilization device according to a fourth embodiment of 
the invention; 
[0028] FIG. 16 is a ?oW diagram shoWing a process 
performed by a control unit for controlling the Waste heat 
utiliZation device according to the fourth embodiment; 
[0029] FIG. 17 is a ?oW diagram shoWing a process 
performed by the control unit for a Rankine/air-conditioning 
cooperative control according to the fourth embodiment; 
[0030] FIG. 18 is a schematic diagram shoWing a Waste 
heat utiliZation device according to a ?fth embodiment of 
the invention; 
[0031] FIG. 19 is a schematic diagram shoWing a Waste 
heat utiliZation device according to a sixth embodiment of 
the invention; 
[0032] FIG. 20 is a ?oW diagram shoWing a process 
performed by a control unit for controlling the Waste heat 
utiliZation device according to the sixth embodiment; 
[0033] FIG. 21 is a time chart shoWing a heat loss amount 
of a condenser, a required cooling capacity, and a rotation 
number of an expander according to the sixth embodiment; 
[0034] FIG. 22 is a schematic diagram shoWing a Waste 
heat utiliZation device according to a seventh embodiment of 
the invention; and 
[0035] FIG. 23 is a schematic diagram shoWing a Waste 
heat utiliZation device according to an eighth embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

[0036] In a ?rst embodiment, a Waste heat utiliZation 
device 20 is typically used for a hybrid vehicle Which has an 
electric motor 140 for driving, and an engine (heat engine) 
10 being operated or stopped in accordance With a driving 
state of the vehicle. The Waste heat utiliZation device 20 
includes a refrigeration cycle 20A as a base cycle, and a 
Rankine cycle 30A for recovering an energy from a Waste 
heat generated in the engine 10. At a compression part and 
expansion part of the cycles 20A and 30A, a compression/ 
expansion unit 110 as a ?uid machine is provided. The 
cycles 20A and 30 A, and the compression/expansion unit 
110 are controlled by a control unit 40. The Waste heat 
utiliZation device 20 according to the ?rst embodiment Will 
be described beloW With reference to FIG. 1. 
[0037] The refrigeration cycle 20A moves heat from a loW 
temperature side to a high temperature side for using a 
thermal energy for an air conditioning. The refrigeration 
cycle 20A includes the compression/expansion unit 110, a 
condenser 21, a gas-liquid separator 22, a decompressor 23, 
and an evaporator 24 Which are connected to form a closed 
cycle. 
[0038] The compression/expansion unit 110 is operated in 
both a compression mode (operating as a compressor) for 
compressing and discharging a gas refrigerant, and an 
expansion mode (operating as an expander) for converting a 
?uid pressure of a superheated vapor refrigerant during 
expansion to a kinetic energy and outputting a mechanical 
energy. The compression/expansion unit 110 is connected 
With a generator/motor 120 Which functions as both a 
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generator and a motor. When the compression/expansion 
unit 110 is operated in the compression mode, the generator/ 
motor 120 functions as a poWer source for providing a 
motive poWer (R1) to the compression/expansion unit 110. 
When the compression/expansion unit 110 is operated in the 
expansion mode, the generator/motor 120 functions as the 
generator for generating an electric poWer by the motive 
poWer (R2) recovered at the compression/expansion unit 
110. The electric poWer generated by the generator/motor 
120 is charged in a battery, and is used for starting the engine 
10 and an usual operating of various types of current 
consumer (e.g., headlight and engine auxiliary machine). 
Further detail about the compression/ expansion unit 110 Will 
be described beloW. 
[0039] The condenser 21 is located on a refrigerant dis 
charge side of the compression/expansion unit 110 in the 
refrigeration cycle 20A. The condenser 21 is a heat 
exchanger, Which cools and condenses the high-temperature 
and high-pressure refrigerant discharged from the compres 
sion/expansion unit 110, by an outside air of a vehicle 
compartment ?oWing into a heat exchanging part of the 
condenser 21. The gas-liquid separator 22 is a receiver, 
Which separates the refrigerant condensed in the condenser 
21 into gas refrigerant and liquid refrigerant, and ?oWs out 
the liquid refrigerant. The decompressor 23 decompresses 
and expands the liquid refrigerant separated by the gas 
liquid separator 22. In this embodiment, the decompressor 
23 has a thermal expansion valve for decompressing the 
liquid refrigerant in iso-enthalpy, and controlling a throttle 
open degree so that a super-heating degree of the refrigerant 
sucked into the compression/expansion unit 110 in the 
compression mode becomes a predetermined value. 
[0040] The evaporator 24 is a heat exchanger Which 
evaporates the refrigerant decompressed by the decompres 
sor 23 for obtaining an endothermic effect, and cools air for 
air conditioning by the endothermic effect. A check valve 
24a is provided on a refrigerant outlet side of the evaporator 
24 so that the refrigerant may ?oW only from the evaporator 
24 to the compression/expansion unit 110. 
[0041] The Rankine cycle 30A recovers the energy (i.e., a 
driving energy of the compression/expansion unit 110 in the 
expansion mode) from the Waste heat generated in the 
engine 10 Which generates a driving force of the vehicle. The 
Rankine cycle 30A uses the condenser 21 and the gas-liquid 
separator 22 in common With the refrigeration cycle 20A. 
Refrigerant bypasses the condenser 21 through a ?rst bypass 
passage 31 connected from the gas-liquid separator 22 to a 
point A located betWeen the compression/expansion unit 110 
and the condenser 21, and a second bypass passage 32 
connected from a point B located betWeen the compression/ 
expansion unit 110 and the check valve 24a to a point C 
located betWeen the condenser 21 and the point A. 
[0042] In the ?rst bypass passage 31, a liquid pump 33 and 
a check valve 31a are provided so that the refrigerant may 
?oW only from the gas-liquid separator 22 to the liquid pump 
33. A heater 34 is provided betWeen the point A and the 
compression/expansion unit 110. The heater 34 is a heat 
exchanger Which heats the refrigerant by heat exchanging 
betWeen the refrigerant (operation ?uid) sent by the liquid 
pump 33 and an engine-cooling Water (Waste ?uid) of a hot 
Water circuit 10A of the engine 10. 
[0043] A Water pump 12 is a mechanical pump Which 
circulates the engine-cooling Water in the hot Water circuit 
10A, and is driven by the engine 10. A Water radiator 13 is 
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a heat exchanger Which cools the engine-cooling Water by 
heat exchanging betWeen the engine-cooling Water and the 
outside air. 

[0044] On an outlet side of the hot Water circuit 10A, a 
temperature sensor 14 for detecting a temperature of the 
engine-cooling Water is provided. The temperature detected 
by the temperature sensor 14 is input to the control unit 40 
as a signal. The engine 10 has a rotation speed sensor 
(rotation number detector) 15 for detecting a rotation num 
ber. The rotation number detected (output) by the rotation 
speed sensor 15 is input to the control unit 40 as a signal, 
similarly to the temperature. 
[0045] In the second bypass passage 32, a check valve 32a 
is provided so that the refrigerant may ?oW only from the 
compression/expansion unit 110 to a refrigerant inlet side of 
the condenser 21. BetWeen the point A and the point C, a 
sWitching valve 35 is provided. The sWitching valve 35 is an 
electromagnetic valve for opening and closing a refrigerant 
passage, and is controlled by the control unit 40. On the 
refrigerant discharge side of the compression/ expansion unit 
110 in the compression mode, a control valve 36 is provided. 
When the compression/expansion unit 110 is operated in the 
compression mode, the control valve 36 functions as a check 
valve for stopping a discharge of the refrigerant. On the 
other hand, When the compression/expansion unit 110 is 
operated in the expansion mode, the control valve 36 
becomes an open state. The control valve 36 is operated by 
the control unit 40. 

[0046] The Rankine cycle 30A includes the gas-liquid 
separator 22, the ?rst bypass passage 31, the liquid pump 33, 
the heater 34, the compression/expansion unit 110, the 
second bypass passage 32, and the condenser 21. 
[0047] Next, a structure and an operation of the compres 
sion/expansion unit 110 Will be described. In this embodi 
ment, the compression/expansion unit 110 is constructed 
With a vane-type ?uid machine. FIG. 2A shoWs the com 
pression/expansion unit 110 in the compression mode, and 
FIG. 2B shoWs the compression/expansion unit 110 in the 
expansion mode. 
[0048] When the compression/expansion unit 110 is oper 
ated in the compression mode, the control valve 36 functions 
as the check valve, and a rotor 12011 is rotated by the 
generator/motor 120 for sucking and compressing the refrig 
erant. The discharged high-pressure refrigerant is prevented 
from regurgitating to the side of the rotor 12011 by the control 
valve 36. 

[0049] When the compression/expansion unit 110 is oper 
ated in the expansion mode, the control valve 36 is opened. 
The superheated vapor generated in the heater 34 is sucked 
into the compression/ expansion unit 110 and is expanded for 
rotating the rotor 120a and changing the thermal energy to 
the mechanical energy. Thus, a rotational force is generated 
by the compression/expansion unit 110 in the expansion 
mode. 

[0050] As shoWn in FIG. 1, the control unit 40 is input 
With an air-conditioning (A/C) request signal, the signal 
from the temperature sensor 14, and the signal from the 
rotation speed sensor 15, for example. The air-conditioning 
request signal is determined in accordance With a setting 
temperature set by an occupant, an environmental condition 
(e.g., outside air temperature and amount of solar radiation 
entering into the vehicle compartment), for example. The 
control unit 40 controls components such as the liquid pump 
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33, the sWitching valve 35, the compression/expansion unit 
110, the control valve 36 and the generator/motor 120 based 
on the input signals. 
[0051] Next, a control operation of the Waste heat utiliZa 
tion device 20 performed by the control unit 40 according to 
the ?rst embodiment Will be described With reference to a 
How diagram in FIG. 3 
[0052] At ?rst, at step S110, it is determined Whether or 
not there is the air-conditioning request from the occupant. 
When it is determined that there is the air-conditioning 
request (YES), it proceeds to step S120, and determines 
Whether or not the temperature of the engine-cooling Water 
is a sufficient temperature for heating the refrigerant at the 
heater 34, based on the signal from the temperature sensor 
14. 

[0053] As shoWn in FIG. 4, When the temperature of the 
engine-cooling Water increases from a temperature loWer 
than a second predetermined temperature TW2 to the second 
predetermined temperature TW2 and over, it is determined 
that the temperature of engine-cooling Water becomes the 
suf?cient temperature for heating (determination value 1). 
When the temperature of the engine-cooling Water decreases 
to be loWer than a ?rst predetermined temperature TW1 
Which is loWer than the second predetermined temperature 
TW2, it is determined that the temperature of the engine 
cooling Water is not the suf?cient temperature for heating 
(determination value 0). In this Way, a hysteresis is provided 
for determining the temperature of the engine-cooling Water. 
The ?rst predetermined temperature TW1 and the second 
predetermined temperature TW2 are determined so that a 
difference betWeen the TW1 and TW2 is 5 to 10 deg, for 
example. 
[0054] When it is determined that the temperature of 
engine-cooling Water is not the suf?cient temperature for 
heating (NO) at step S120, it proceeds to step S130. Then, 
a normal air-conditioning control is performed, and the 
refrigeration cycle 20A is continuously operated. Speci? 
cally, in the state that the liquid pump 33 is stopped, the 
sWitching valve 35 is opened, and the control valve 36 is 
functioned as the check valve, the generator/motor 120 is 
supplied With electricity for rotating the rotor 120a. Thus, 
the refrigerant circulates in order of the compression/expan 
sion unit (compressor) 110, the heater 34, the condenser 
(heat Waster) 21, the gas-liquid separator 22, the decom 
pressor 23, the evaporator (heat sink) 24, and the compres 
sion/expansion unit (compressor) 110, as shoWn in FIG. 5. 
The rotation number of the rotor 120a (i.e., rotation number 
of the compressor) is controlled based on a ?rst target 
temperature TEO1 (e.g., ?rst target temperature of the 
engine-cooling Water or that of other part associated With the 
engine-cooling Water temperature) at the evaporator outlet 
Which is calculated in accordance With values input from 
various sensors, such as the outside air temperature, the air 
conditioning setting temperature, and the amount of solar 
radiation entering into the vehicle compartment. After step 
S130 is performed, it retunes to step S110, and the folloWing 
steps in FIG. 3 are repeated. 
[0055] When it is determined that the temperature of the 
engine-cooling Water is the suf?cient temperature for heat 
ing (YES) at step S120, it proceeds to step S140. Then, a 
Rankine/air-conditioning cooperative control is performed, 
and the operation of the Rankine cycle 30A and the opera 
tion of the refrigeration cycle 20A are appropriately 
sWitched. The detail about the Rankine/air-conditioning 
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cooperative control Will be described below. After step S140 
is performed, it retunes to step S110, and the following steps 
in FIG. 3 are repeated. 
[0056] At step S110, When it is determined that there is not 
the air-conditioning request (NO), it proceeds to step S150 
and determines Whether or not the temperature of engine 
cooling Water is the sufficient temperature for heating the 
refrigerant at the heater 34, based on the signal from the 
temperature sensor 14, similarly to that of step S120. When 
it is determined that the temperature of the engine-cooling 
Water is the sufficient temperature for heating (YES), it 
proceeds to step S160, and determines Whether or not the 
engine 10 is in operation (operation state) based on the 
signal from the rotation speed sensor 15. When it is deter 
mined that the engine 10 is in operation (ON), it is deter 
mined that a How amount of the engine-cooling Water is 
su?icient amount for heating the refrigerant at the heater 34 
(i.e., the engine-cooling Water is in a ?oWing state) because 
the Water pump 12 is operated by the engine 10. Then, it 
proceeds to step S170, and the Rankine cycle 30A is 
operated. 
[0057] Speci?cally, in the state that the sWitching valve 35 
is closed and the control valve 36 is opened, the liquid pump 
33 is operated. Thus, the refrigerant circulates in order of the 
gas-liquid separator 22, the ?rst bypass passage 31, the 
liquid pump 33, the heater 34, the compression/expansion 
unit (expander) 110, the second bypass passage 32, the 
condenser 21, and the gas-liquid separator 22, as shoWn in 
FIG. 6. When the Rankine cycle 30A is in operation, the 
rotation number of the generator/motor 120 is controlled in 
accordance With the temperature of the engine-cooling Water 
so that the maximum generated output can be obtained at the 
generator/motor 120. After step S170 is performed, it 
retunes to step S110, and the folloWing steps in FIG. 3 are 
repeated. 
[0058] When it is determined that the temperature of 
engine-cooling Water is not the su?icient temperature for 
heating (NO) at step S150, or When the engine 10 is not in 
operation (NO) (i.e., the engine-cooling Water is not in the 
?oWing state) at step S160, it proceeds to step S180. Then, 
the liquid pump 33 is stopped, the supply of electricity to the 
generator/motor 120 is stopped, and the Rankine cycle 30A 
and the refrigeration cycle 20A are not operated (OFF). After 
step S180 is performed, it retunes to step S110, and the 
folloWing steps in FIG. 3 are repeated. 
[0059] Next, the detail about the Rankine/air-conditioning 
cooperative control performed at step S140 Will be described 
With reference to a How diagram in FIG. 7. 

[0060] At step S210, a second target temperature TEO2 
(e.g., second target temperature of the engine-cooling Water 
or that of other part associated With the engine-cooling Water 
temperature) at the evaporator outlet used for the Rankine/ 
air-conditioning cooperative control is calculated. Speci? 
cally, the ?rst target temperature TEO1 at the evaporator 
outlet same as that used for the normal air conditioning 
control (step S130 in FIG. 3) is calculated in accordance 
With the values input from various sensors such as the 
outside air temperature, the air-conditioning setting tem 
perature, and the amount of solar radiation entering into the 
vehicle compartment. Then, the second target temperature 
TEO2 at the evaporator outlet is determined to be loWer than 
TEO1 by a predetermined value, e.g., l to 5 deg. 
[0061] At step S220, it is determined Whether or not the 
engine 10 is in operation based on the signal from the 
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rotation speed sensor 15, similarly to step S160. When it is 
determined that the engine 10 is in operation (ON), it is 
determined that the How amount of the engine-cooling Water 
is sufficient for heating the refrigerant at the heater 34 (i.e., 
the engine-cooling Water is in the ?oWing state), and a Waste 
heat amount from the engine 10 is sufficient amount for the 
operation of the Rankine cycle 30A. Then, it proceeds to 
step S230, and determines Whether or not the operation of 
the refrigeration cycle 20A is requested. When it is deter 
mined that the operation of the refrigeration cycle 20A is not 
requested (NO), it proceeds to step S240, and the control 
valve 36, the sWitching valve 35, and the liquid pump 33 are 
controlled so that the Rankine cycle 30A is operated. After 
step S240 is performed, it returns to a routine of the Whole 
control in FIG. 3. 

[0062] A necessity of an operation of the refrigeration 
cycle 20A is determined by a comparison of the second 
target temperature TEO2 at the evaporator outlet and an 
actual temperature TE (e.g., actual temperature of the 
engine-cooling Water or that of other part associated With the 
engine-cooling Water temperature) at the evaporator outlet. 
Speci?cally, as shoWn in FIG. 8, a third target temperature 
TEO3 (e.g., third target temperature of the engine-cooling 
Water or that of other part associated With the engine-cooling 
Water temperature) is set to be higher than the TEO2 by a 
predetermined value. When the actual temperature TE 
increases from a temperature loWer than the third target 
temperature TEO3 to the third target temperature TEO3 and 
over, it is determined that the operation of the refrigeration 
cycle 20A is requested (determination value is 1). On the 
other hand, When the actual temperature TE decreases to be 
loWer than the second target temperature TEO2, it is deter 
mined that the operation of the refrigeration cycle 20A is not 
requested (determination value 0). In this Way, a hysteresis 
is provided for the determination Whether or not the opera 
tion of the refrigeration cycle 20A is requested. In this 
embodiment, the target temperatures TEO1, TEO2, TEO3 
are target air temperatures to be cooled by the evaporator 24. 

[0063] At step S220, When it is determined that the engine 
10 is not in operation (OFF), it proceeds to step S250, the 
rotation number of the compression/expansion unit (com 
pressor) 110, i.e., the rotation number of the rotor 12011 is 
calculated based on the second target temperature TEO2. 
Then, at step S260, the generator/motor 120 is supplied With 
electricity for rotating the rotor 12011 at the rotation number 
calculated at step S250, and the liquid pump 33, the sWitch 
ing valve 35, and the control valve 36 are controlled so that 
the refrigeration cycle 20A is operated. After step S260 is 
performed, it returns to the routine of the Whole control in 
FIG. 3. 

[0064] In this Way, in the Rankine/air-conditioning coop 
erative control, When the refrigeration cycle 20A is operated, 
the target temperature at the evaporator outlet is set to be the 
second target temperature TEO2 Which is loWer than the ?rst 
target temperature TEO1 used in the normal air-conditioning 
control (i.e., satisfying a required cooling capacity). Thus, a 
discharge amount of the compression/expansion unit (com 
pressor) 110 is increased so that a cooling capacity becomes 
over the required cooling capacity. Therefore, even When the 
air conditioning is requested, it may obtain a time for Which 
the refrigeration cycle 20A is not operated, Without reducing 
the cooling capacity than that in the normal air-conditioning 
control, and may use the time for operating the Rankine 
cycle 30A. 
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[0065] FIG. 9 shows the compressor rotation number of 
the compression/expansion unit 110 in each of the normal 
air-conditioning control (step S130 in FIG. 3) and the 
Rankine/air-conditioning cooperative control (step S140 in 
FIG. 3), and operation state of the Rankine cycle 30A in the 
Rankine/air-conditioning cooperative control in accordance 
With a change in the rotation number of the engine 10. In the 
normal air-conditioning control, the compression/ expansion 
unit (compressor) 110 is continuously operated in accor 
dance With a cooling load. However, in the Rankine/air 
conditioning cooperative control, When the refrigeration 
cycle 20A is operated, the rotation number of the compres 
sion/expansion unit (expander) 110 is set to be higher, and 
When the refrigeration cycle 20A is stopped, the Rankine 
cycle 30A is operated. The Rankine cycle 30A is generally 
stopped When the refrigeration cycle 20A is operated. 
[0066] As described above, according to this embodiment, 
in the hybrid vehicle in Which the engine 10 may be stopped 
even When the vehicle is in use, When it is determined 
Whether or not the Rankine cycle 30A should be operated, 
the control unit 40 does not only determine Whether or not 
the engine-cooling Water of the engine 10 is the suf?cient 
temperature for heating the refrigerant, but also determines 
Whether or not the engine 10 is in operation, for con?rming 
the How amount of the engine-cooling Water. When the 
engine 10 is not in operation, the control unit 40 determines 
that the engine-cooling Water is not in the ?oWing state, and 
the Rankine cycle 30A is not operated. Therefore, the 
Rankine cycle 30A can be certainly operated only When the 
Waste heat from the engine 10 is recoverable. As a result, the 
Waste heat recovery can be performed effectively, and a fuel 
consumption rate of the vehicle can be improved. 
[0067] In addition, even When the air conditioning is 
requested, if the temperature of the engine-cooling Water is 
su?icient temperature for heating the refrigerant, the control 
unit 40 may set the time for Which the refrigeration cycle 
20A can be stopped While the engine 10 is in operation, and 
the time is used for operating the Rankine cycle 30A. As a 
result, the Waste heat recovery can be performed effectively 
by using the Waste heat utiliZation device 20. 

Second Embodiment 

[0068] A second embodiment of the invention Will be 
described With reference to FIG. 10. In the ?rst embodiment, 
the control unit 40 determines Whether or not the How 
amount of the engine-cooling Water is su?icient amount, 
based on the signal of the rotation number of the engine 10. 
HoWever, in the second embodiment, a How amount sensor 
(?oW amount detector) 41 is provided in the hot Water circuit 
10A for detecting the How amount directly. A signal from the 
How amount sensor 41 is input to the control unit 40. In the 
second embodiment, the Water pump 12 may be the 
mechanical pump driven by the engine 10 similarly to the 
?rst embodiment, or may be an electric pump driven by an 
electric motor. 

[0069] FIG. 11 is a How diagram shoWing a control 
operation of the Waste heat utiliZation device 20 by the 
control unit 40 according to the second embodiment. Steps 
S110 to 130, S150, S170, and S180 are same as those of the 
?rst embodiment. 
[0070] In the ?rst embodiment, it is determined Whether or 
not the engine 10 is in operation, based on the signal of the 
rotation number, at step S160 in FIG. 3. HoWever, the 
second embodiment, step S165 is used instead of step S160 
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in FIG. 3, and step 165 determines Whether or not the How 
amount of the engine-cooling Water is su?icient amount 
based on the signal from the How amount sensor 41, as 
shoWn in FIG. 11. 
[0071] Speci?cally, as shoWn in FIG. 12, When the How 
amount of the engine-cooling Water detected by the How 
amount sensor 41 increases from a How amount smaller than 
a second predetermined ?oW amount QW2 to the second 
predetermined ?oW amount QW2 and over, it is determined 
that the How amount is suf?cient for heating the refrigerant 
(determination value 1). On the other hand, When the How 
amount decreases to be smaller than a ?rst predetermined 
?oW amount QW1 Which is less than the second predeter 
mined ?oW amount QW2, it is determined that the How 
amount is not suf?cient for heating (determination value 0). 
In this Way, a hysteresis is provided for the determination of 
the How amount. The difference of the predetermined ?oW 
amount QW1 and the second predetermined ?oW amount 
QW2 may be set to be 2 L/min, for example. 
[0072] FIG. 13 shoWs a control process in the Rankine/ 
air-conditioning cooperative control performed at step S145 
in FIG. 11. Steps S210, and S230 to S260 are same as those 
of the ?rst embodiment. At step S225, the determination of 
the How amount is performed similarly to step S165 in FIG. 
11. 
[0073] As described above, according to the second 
embodiment, the How amount sensor 41 directly detects the 
How amount of the engine-cooling Water for the determina 
tion of the How amount. Therefore, it can be determined 
more properly Whether or not the How amount is suf?cient 
for heating, and the Rankine cycle 30A can be operated for 
longer time. 

Third Embodiment 

[0074] A third embodiment of the invention is described 
With reference to FIG. 14. In the ?rst and second embodi 
ments, the integral compression/expansion unit 110 formed 
by one ?uid machine is used as the expander and the 
compressor. HoWever, as shoWn in FIG. 14, it may use a 
compressor 130 and an expander 131 Which are independent 
from each other, as the compression/expansion unit. The 
compressor 130 and the expander 131 are located in parallel 
With respect to a refrigerant How, and sWitching valves 38a 
and 38b are provided in refrigerant passages connected to 
the compressor 130 and the expander 131. The Waste heat 
utiliZing device 20 may be controlled by the control unit 40 
similarly to the ?rst embodiment or the second embodiment. 
HoWever, When the Rankine cycle 30A and the refrigeration 
cycle 20A are sWitched, the sWitching valves 38a and 38b 
are controlled by the control unit 40, as Well as the liquid 
pump 33 and the sWitching valve 35. 

Fourth Embodiment 

[0075] A fourth embodiment of the invention Will be 
described With reference to FIG. 15 to FIG. 17. In the fourth 
embodiment, as a pump for circulating the engine-cooling 
Water in the hot Water circuit 10A, an electric Water pump 
12a is provided. 
[0076] The Water pump 12a is driven by a generator, and 
is controlled by the controller (not shoWn) of the engine 10. 
Therefore, the Water pump 1211 may be operated indepen 
dently from the operation state of the engine 10 unlike the 
mechanical Water pump 12. In the hybrid vehicle, the engine 
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10 may be stopped in accordance With the driving state of 
the vehicle. According to the ?rst embodiment, the mechani 
cal Water pump 12 is stopped When the engine 10 is stopped. 
However, the electric Water pump 1211 may be operated for 
circulating the engine-cooling Water in the hot Water circuit 
10A, even When the engine 10 is stopped. 
[0077] An operation signal Which shoWs the operation 
state of the Water pump 12a is input to the control unit 40 
from the controller of the engine 10. When the Water pump 
12a is in operation, the control unit 40 determines that the 
engine-cooling Water in the hot Water circuit 10A is in the 
?oWing state. When the Water pump 12a is not in operation, 
the control unit 40 determines that the engine-cooling Water 
is not in the ?oWing state. 
[0078] The operation (i.e., control process by the control 
unit 40) of the Waste heat utilization device 20 according to 
the fourth embodiment Will be described With reference to 
How diagrams in FIG. 16 and FIG. 17. In the How diagrams 
in FIG. 16 and FIG. 17, steps S166 and S266 are used 
instead of steps S160 and S220 in FIG. 3 and FIG. 7, 
respectively. 
[0079] When it is determined that the air conditioning is 
not requested (NO) at step S110, and it is determined that the 
temperature of the engine-cooling Water is suf?cient for 
heating (YES) at step S150, it proceeds to step S166, and 
determines the operation state of the Water pump 1211. When 
the Water pump 12a is in operation (ON), the engine-cooling 
Water is in the ?oWing state. Therefore, the refrigerant can 
be heated at the heater 34, and the Rankine cycle 30A is 
operated at step S170. 
[0080] When the Water pump 12a is not operated (OFF), 
the engine-cooling Water is not in the ?oWing state. There 
fore, the refrigerant cannot be heated at the heater 34, and 
the Rankine cycle 30A is not operated at step S180. 
[0081] When it is determined that the air conditioning is 
requested (YES) at step S110, and it is determined that the 
temperature of the engine-cooling Water is suf?cient for 
heating (YES) at step S120, it proceeds to S140, and the 
Rankine/air-conditioning cooperative control is performed. 
In the Rankine/air-conditioning cooperative control of FIG. 
17, after calculating the second target temperature TEO2 at 
the evaporator outlet at step S210, it proceeds to step S266, 
and determines the ?oWing state of the engine-cooling Water 
based on the operation state of the Water pump 12a, similarly 
to step S166. Then, the operation of the Rankine cycle 30A 
of step S240 and the operation of the refrigeration cycle 20A 
of step S260 are sWitched in accordance With the determi 
nation at step S266. 
[0082] As described above, in the fourth embodiment, the 
electric Water pump is used as the Water pump 12a. There 
fore, the ?oWing state of the engine-cooling Water can be 
determined exactly in accordance With the operation state of 
the Water pump 12a. Therefore, the effects described in the 
?rst embodiment can be obtained. 
[0083] The control unit may determine that the engine 
cooling Water is in the ?oWing state When the rotation 
number of the Water pump 12a is a predetermined rotation 
number and over, and may determine that the engine-cooling 
Water is not in the ?oWing state When the rotation number is 
under the predetermination number. 

Fifth Embodiment 

[0084] A ?fth embodiment of the invention Will be 
described With reference to FIG. 18. The Rankine cycle 30A 
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of the Waste heat utilization device 20 according to the ?fth 
embodiment is similar to that of the fourth embodiment, but 
the refrigeration cycle 20A described in the fourth embodi 
ment (FIG. 15) is not provided. Therefore, the air-condi 
tioning request signal is not input to the control unit 40. 
[0085] The Waste heat utilization device 20 includes 
mainly the Rankine cycle 30A. The expander 131 is used 
instead of the compression/expansion unit 110, and the 
check valves 31a and 32a, the sWitching valve 35, and the 
control valve 36 are not provided. The expander 131, the 
condenser 21, the gas-liquid separator 22, the liquid pump 
33, and the heater 34 are connected in order in a closed 
circuit, for forming the Rankine cycle 30A. 
[0086] The control unit 40 controls the operation of the 
Rankine cycle 30A by using steps S150, S166, S170, S180 
in the How diagram in FIG. 16. The Rankine cycle 30A is 
operated in accordance With the temperature of the engine 
cooling Water and the ?oWing state of the engine-cooling 
Water. Therefore, the Waste heat can be recovered effec 
tively. 

Sixth Embodiment 

[0087] A sixth embodiment of the invention Will be 
described With reference to FIG. 19 to FIG. 21. In the sixth 
embodiment, a refrigeration cycle 20B is added to the Waste 
heat utilization device 20 according to the ?fth embodiment. 
The refrigeration cycle 20B has the compressor 130 for its 
oWn use, and using the condenser 21 and the gas-liquid 
separator 22 in common With the Rankine cycle 30A. 
[0088] The refrigeration cycle 20B is formed as beloW by 
using a branch passage 25 provided in the Rankine cycle 
30A. That is, the branch passage 25 is formed so as to be 
branched from a liquid-gas outlet side of the gas-liquid 
separator 22 and connected to a point D Which is located 
betWeen the expander 131 and the condenser 21. In the 
branch passage 25, the decompressor 23, the evaporator 24, 
and the compressor 130 are provided in this order. Thus, the 
compressor 130, the condenser 21, the gas-liquid separator 
22, the decompressor 23, and the evaporator are connected 
in order in a closed circuit, for forming the refrigeration 
cycle 20B. 
[0089] Because the refrigeration cycle 20B includes the 
compressor 130 for its oWn use, the refrigeration cycle 20B 
can be operated independently from the Rankine cycle 30A. 
That is, in the Waste heat utilization device 20 according to 
the sixth embodiment, a single operation of the Rankine 
cycle 30A, a single operation of the refrigeration cycle 20B, 
and a simultaneous operation of the Rankine cycle 30A and 
the refrigeration cycle 20B can be performed. 
[0090] The control operation of the Waste heat utilization 
device 20 by the control unit 40 according to the sixth 
embodiment Will be described With reference to FIG. 20. In 
a How diagram in FIG. 20, step S121 is added to the How 
diagram in FIG. 16 described in the fourth embodiment, and 
steps S131, S141, S171, and S181 are used instead of steps 
S130, S140, S170, and S180 in FIG. 16, respectively. 
[0091] At ?rst, it is determined Whether or not there is the 
air-conditioning request from the occupant at step S110. 
When it is determined that the there is not the air-condi 
tioning request (NO), it proceeds to step S150, and deter 
mines Whether or not the temperature of the engine-cooling 
Water is su?icient for heating the refrigerant at the heater 34, 
based on the signal form the temperature sensor 14. 
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[0092] When it is determined that the temperature of the 
engine-cooling temperature is sufficient for heating (YES), it 
proceeds to step S166, and determines the ?owing state of 
the engine-cooling Water based on the operation state of the 
Water pump 1211. When it is determined that the engine 
cooling Water is in the ?owing state (YES) at step S166, it 
proceeds to step S171, and the single operation (single 
control) of the Rankine cycle 30A is performed (i.e., the 
refrigeration cycle 20B is not operated). 
[0093] When it is determined that the temperature of the 
engine-cooling Water is not sufficient for heating (NO) at 
step S150, or When it is determined that the Water pump 12a 
is not in the operation state (OFF) and the engine-cooling 
Water is not in the ?oWing state at step S166, it proceeds to 
step S181, and neither the Rankine cycle 30A nor the 
refrigeration cycle 20B is operated. 
[0094] When it is determined that there is the air-condi 
tioning request from the occupant (YES) at step S100, it 
proceeds to step S120, and determines Whether or not the 
temperature of the engine-cooling Water is sufficient for 
heating the refrigerant at the heater 34. 
[0095] When the temperature of the engine-cooling Water 
is not sufficient for heating (NO) at step S120, it proceeds to 
step S131, an air-conditioning single operation (normal 
air-conditioning control) is performed, and only the refrig 
eration cycle 20B is operated (i.e., the Rankine cycle 30A is 
not operated). 
[0096] HoWever, When it is determined that the tempera 
ture of the engine-cooling Water is sufficient for heating 
(YES) at step S120, it proceeds to step S121, and determines 
the ?oWing state of the engine-cooling Water based on the 
operation state of the Water pump 1211. When it is determined 
that the engine-cooling Water is not in the ?oWing state 
(NO), it proceeds to step S131, and the air-conditioning 
single operation is performed. On the other hand, When it is 
determined that engine-cooling Water is in the ?oWing state 
(YES), it proceeds to step S141, a Rankine/air-conditioning 
simultaneous operation (simultaneous operation control) is 
performed, and both the Rankine cycle 30A and the refrig 
eration cycle 20B are simultaneously operated. 
[0097] FIG. 21 shoWs the relationship betWeen a required 
cooling capacity, a rotation number of the expander 131, and 
a heat loss amount of the condenser 21, in the Rankine/air 
conditioning simultaneous operation. 
[0098] In the Rankine/air-conditioning simultaneous 
operation, the control unit 40 controls the rotation number of 
the expander 131 of the Rankine cycle 30A so that a heat loss 
amount at the condenser 21 does not exceed its heat loss 
capacity. That is, the control unit 40 determines the heat loss 
capacity at the condenser 21 as shoWn by dotted line A in 
FIG. 21 based on the outside air temperature ?oWing into the 
heat exchanging part of the condenser 21, the How rate of the 
outside air, and the siZe of the condenser 21. 
[0099] When the refrigeration 20B is operated, the heat 
loss corresponding to a heat quantity absorbed by the 
refrigerant at the evaporator 24, and a heat quantity received 
from compression at the compressor 130, is required at the 
condenser 21 for providing the cooling capacity required for 
air conditioning. The control unit 40 determines the heat loss 
amount of the condenser 21 as a refrigeration cycle heat loss 
amount (?rst heat loss amount) shoWn by the loWer area 
under the line B in FIG. 21. 
[0100] When the Rankine cycle 30A is operated, a heat 
loss for cooling and condensing the refrigerant ?oWing from 
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the expander 131 is required at the condenser 21. The control 
unit 40 determines the heat loss amount as the Rankine cycle 
heat loss amount (second heat loss amount) shoWn by the 
upper area above the line B in FIG. 21. The Rankine cycle 
heat loss amount is proportional to the How amount of the 
refrigerant ?oWing into the condenser 21, i.e., the rotation 
number of the expander 131 as shoWn in FIG. 21. 
[0101] Therefore, When the Rankine/air-conditioning 
simultaneous operation is performed, the control unit 40 
controls the rotation number of the expander 131 so that the 
sum of the heat loss amount of the refrigeration cycle 20B 
and the heat loss amount of the Rankine cycle 30A is not 
more than the heat loss capacity of the condenser 21. That 
is, When the required cooling capacity of the refrigeration 
cycle 20B is loW, the rotation number of the expander 131 
is increased, and the recovering energy (generated energy) 
of the Rankine cycle 30A is increased. On the other hand, 
When the required cooling capacity of the refrigeration cycle 
20B is high, the rotation number of the expander 131 is 
decreased, and the driving force for recovery (generated 
energy) of the Rankine cycle 30A is decreased. 
[0102] As described above, according to the sixth embodi 
ment of the invention, the refrigeration cycle 20B having the 
compressor 130 for its oWn use and using the condenser 21 
and the gas-liquid separator 22 in common With the Rankine 
cycle 30A is provided. Therefore, the Rankine single opera 
tion, the air-conditioning single operation, and the Rankine/ 
air-conditioning simultaneous operation can be selectively 
performed. The Rankine cycle 30A is operated in accor 
dance With the temperature of the engine-cooling Water and 
the ?oWing state of the engine-cooling Water. Therefore, the 
Waste heat can be recovered effectively. 
[0103] When the Rankine/air-conditioning simultaneous 
operation is performed, the control unit 40 controls the 
rotation number of the expander 131 so that the sum of the 
heat loss amount of the refrigeration cycle 20B and the heat 
loss amount of the Rankine cycle 30A is not more than the 
heat loss capacity of the condenser 21. Therefore, the 
required cooling capacity can be obtained by the refrigera 
tion cycle 20B and the Waste heat can be effectively recov 
ered by the Rankine cycle 30A Without breaking doWn of the 
heat loss function of the condenser 21. 

Seventh Embodiment 

[0104] A seventh embodiment of the invention Will be 
described With reference to FIG. 22. A Waste heat utiliZation 
device 20 according to the seventh embodiment is similar to 
that of the sixth embodiment, but the mechanical Water 
pump 12 is used instead of the electric Water pump 12a, and 
the rotation speed sensor 15 is added to the engine 10. The 
Water pump 12 and the rotation speed sensor 15 are similar 
to those in the ?rst embodiment. 
[0105] According to the seventh embodiment, the deter 
mination of the operation state of the engine 10 based on the 
signal from the rotation sensor 15 is performed instead of the 
determination of the ?oWing state of the engine-cooling 
Water at steps S121 and S166 in FIG. 20 described in the 
sixth embodiment. Therefore, the effects described in the 
sixth embodiment can be obtained. 

Eighth Embodiment 

[0106] An eighth embodiment of the invention Will be 
described With FIG. 23. In a Waste heat utiliZation device 20 








