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(54) REFRIGERANT CIRCULATION SYSTEM

(57) In order to shift a rotation angle of a rotor to a
region of a normal mode (for example, a region c) from
a region of a heater cut mode (for example, a region e),
the rotation angle needs to pass through a region where
a flow rate of a refrigerant which is caused to flow through
all branch channels becomes zero (a region d). When
the refrigerant has a high temperature, there is a possi-

bility of the refrigerant being not cooled, and boiling.
Therefore, when a request to switch a normal mode and
a heater cut mode is issued, permission/non-permission
of switch of the mode is determined by comparison of a
temperature of the refrigerant detected by the tempera-
ture sensor (26) and an upper limit temperature of the
refrigerant.
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Description

Background

Technical Field

[0001] The present invention relates to a refrigerant
circulation system, and more particularly relates to a sys-
tem that circulates a refrigerant that cools an internal
combustion engine.

Background Art

[0002] A refrigerant circulation system of a known-type
that causes a refrigerant, which passes through a main
body of an engine, to pass through three refrigerant cir-
cuits by an electronic control valve and return to the en-
gine, for example, in JP 2013-234605 A (Patent Litera-
ture 1). More specifically, the system includes the first
refrigerant circuit provided with a radiator, the second
refrigerant circuit provided with a heater, and the third
refrigerant circuit provided with an oil cooler, and the elec-
tronic control valve includes three branch valves that
open and close the respective refrigerant circuits. In the
system, the opening degrees of the respective branch
valves are controlled independently, and therefore, the
flow rates of the refrigerant which is caused to flow into
the respective refrigerant circuits can be individually con-
trolled.
[0003] Further, JP 10-131753 A (Patent Literature 3)
discloses a refrigerant circulation system including a re-
frigerant circuit in which a refrigerant flows, which is
passed through both an engine and a radiator, a bypass
channel that bypasses the radiator in a midpoint in the
refrigerant circuit, and a flow rate control valve that is
provided in the bypass channel. In the system, the flow
rate control valve is configured by a valve housing, and
a rotary type rotor that is installed in the valve housing
to be capable of rotational operation. By rotating the rotor,
opening and closing states of the refrigerant circuit and
the bypass channel can be controlled.
[0004] Incidentally, when the electronic control valve
in Patent Literature 1 described above is configured by
the flow rate control valve in Patent Literature 3 described
above, the installation space for the control valve can be
saved. Further, the above described flow rate control
valve is provided in the installation place of the above
described electronic control valve, the opening and clos-
ing states of the respective refrigerant circuits can be
controlled by rotation of the above described rotor. There-
fore, the refrigerant is caused to flow into the oil cooler
by opening the above described third refrigerant circuit
at a time of start-up of the engine, for example, whereby
the oil temperature is increased, and fuel efficiency can
be enhanced. Further, the refrigerant is caused to pass
through the heater by opening the above described sec-
ond refrigerant circuit at a time of request for a heater,
for example, whereby the in-vehicle air temperature can

be increased. From the viewpoint like this, the present
inventor is now conducting a study on control of the open-
ing and closing states of the respective refrigerant circuits
based on the operation plan in which the opening and
closing states are set by being related with the rotation
angle of the flow rate control valve from the reference
position.
[0005] However, in the process of the study of the op-
eration plan, it becomes clear that the following problem
arises. That is to say, when the above described rotor is
rotated based on the above described operation plan,
there arises the situation where all of the refrigerant cir-
cuits are closed due to the structure of the above de-
scribed rotor. Even if all of the refrigerant circuits are
closed, no particular problem arises when the refrigerant
has a low temperature. However, when the refrigerant
has a high temperature, if all of the refrigerant circuits
are closed, the refrigerant is not cooled and is likely to
be boiled. Accordingly, it is not desirable that the all-
closed state like this is brought about even if it is only
temporary.

List of Related Art

[0006] Following is a list of patent literatures which the
applicant has noticed as related arts of the present in-
vention.

[Patent Literature 1] Japanese Patent Laid-Open No.
2013-234605
[Patent Literature 2] Japanese Patent No. 4151445
[Patent Literature 3] Japanese Patent Laid-Open No.
10-131753

Summary

[0007] The invention is made to solve the problem as
described above. That is to say, an object of the invention
is to avoid boiling of the refrigerant resulting from closure
of all refrigerant circuits in a refrigerant circulation system
that controls opening and closing states of a plurality of
refrigerant circuits by a control valve equipped with a ro-
tor.
[0008] A first invention is a refrigerant circulation sys-
tem, comprising:

a first refrigerant circuit for returning a refrigerant that
passes through a main body of an internal combus-
tion engine to the main body after causing the refrig-
erant to perform heat exchange with a first heat ex-
changer;
a control valve that is provided in the first refrigerant
circuit, and includes a rotor that is rotatable around
a rotation axis;
a second refrigerant circuit that is connected to the
control valve, and is for returning the refrigerant
which passes through the main body to the main
body after causing the refrigerant to perform heat
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exchange with a second heat exchanger; and
control means that controls a rotational operation of
the rotor, based on an operation plan that is set by
relating opening and closing states of the first refrig-
erant circuit and the second refrigerant circuit with a
rotation angle of the rotor from a reference position,
wherein the operation plan comprises an all passing
mode that changes both channels of the first refrig-
erant circuit and the second refrigerant circuit from
a state in which both the channels of the first refrig-
erant circuit and the second refrigerant circuit are
closed to a state in which both the channels are
opened, and a partial cutoff mode that changes both
the channels from the state in which both the chan-
nels are closed to a state in which only the first re-
frigerant circuit is opened, and
the control means prohibits rotation of the rotor fol-
lowing a mode switch request, when a temperature
of the refrigerant which passes through the main
body is higher than an upper limit temperature of the
refrigerant which is determined based on an operat-
ing state of the internal combustion engine, in a case
where the mode switch request to switch the all pass-
ing mode and the partial cutoff mode is issued.

[0009] A second invention is the refrigerant circulation
system according to the first invention,
wherein the control valve is configured to be able to
change an opening section of the first refrigerant circuit
and an opening section of the second refrigerant circuit
by the rotation of the rotor,
the first heat exchanger is a radiator capable of cooling
the refrigerant by heat exchange with outside air, and
the control means rotates the rotor in a direction to in-
crease the opening section of the first refrigerant circuit
when an elapsed time period after the mode switch re-
quest being issued exceeds a predetermined time period
in a case of prohibiting the rotation of the rotor following
the mode switch request.
[0010] According to the first invention, in the refrigerant
circulation system which controls the opening and closing
states of the first refrigerant circuit and the second refrig-
erant circuit based on the operation plan in which the
opening and closing states are set by being related with
the rotation angle of the rotor from the reference position,
in the case where the mode switch request to switch the
all passing mode and the partial cutoff mode, rotation of
the rotor following the mode switch request can be pro-
hibited when the temperature of the refrigerant which
passes through the engine main body is higher than the
upper limit temperature of the refrigerant, which is deter-
mined based on the operating state of the internal com-
bustion engine. Accordingly, boiling of the refrigerant re-
sulting from the first refrigerant circuit and the second
refrigerant circuit being closed can be avoided.
[0011] According to the second invention, when the
elapsed time period after the above described mode
switch request being issued exceeds the predetermined

time period, in the case where the rotation of the rotor
following the above described mode switch request is
prohibited, the rotor can be rotated in the direction to
increase the opening section of the first refrigerant circuit
which is provided with the radiator. If the opening section
of the first refrigerant circuit is increased, heat exchange
is performed between the outside air and the refrigerant,
and the temperature of the refrigerant can be reduced in
a short time period. Accordingly, the situation incapable
of respond to the above described mode switch request
can be eliminated at an early stage.

Brief Description of the Drawings

[0012]

Fig. 1 is a diagram for explaining a configuration of
a refrigerant circulation system of the first embodi-
ment of the present invention;
Fig. 2 is a diagram showing the operation plan of the
rotor of the rotary valve 18;
Fig. 3 is a diagram for explaining the upper limit tem-
perature of the refrigerant to be used when permis-
sion/non-permission of switch of the mode is deter-
mined;
Fig. 4 is a flowchart showing a mode switch deter-
mination routine that is executed by the ECU 40 in
the first embodiment;
Fig. 5 is a diagram for explaining a modification of
the refrigerant circulation system of the first embod-
iment; and
Fig. 6 is a flowchart showing a mode switch deter-
mination routine that is executed by the ECU 40 in
the second embodiment.

Detailed Description

[0013] Hereinafter, embodiments of the present inven-
tion will be described based on the drawings. Note that
common elements in the respective drawings are as-
signed with the same reference signs and redundant ex-
planation will be omitted. Further, the present invention
is not limited by the following embodiments.

First Embodiment

[Explanation of system configuration]

[0014] First of all, with reference to Figs. 1 to 5, a first
embodiment of the present invention will be described.
[0015] Fig. 1 is a diagram for explaining a configuration
of a refrigerant circulation system of the first embodiment
of the present invention. As shown in Fig. 1, the refriger-
ant circulation system of the present embodiment in-
cludes an engine 10 as an internal combustion engine
which is loaded on a vehicle. A water jacket 34 is provided
in a main body (a cylinder block and a cylinder head) of
the engine 10. Heat exchange is performed between a
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refrigerant (cooling water) that flows in the water jacket
34 and the engine 10.
[0016] The refrigerant which flows in the water jacket
34 is supplied from an electric water pump 12. The water
pump 12 includes an impeller that feeds the refrigerant
by rotation, and a motor that rotates the impeller (both
not illustrated). By electrically controlling the rotation of
the motor, a flow rate and a discharge pressure of the
refrigerant which is discharged from the water pump 12
are changed.
[0017] An inlet portion of the water jacket 34 and a
discharge port (not illustrated) of the water pump 12 are
connected by a supply channel 14. A return channel 16
is connected to an outlet portion of the water jacket 34.
The return channel 16 branches into three channels 16a
to 16c halfway. The branch channels 16a to 16c are in-
dependently connected to a suction port (not illustrated)
of the water pump 12. That is to say, the refrigerant cir-
culation system of the present embodiment includes
three refrigerant circulation channels in which the supply
channel 14, the water jacket 34 and the return channel
16 are common, and the branch channels 16a to 16c are
independent.
[0018] A first circulation channel causes the refrigerant
to pass through a radiator 20 that is provided in the branch
channel 16a. When the refrigerant is caused to pass
through the radiator 20, heat exchange is performed be-
tween outside air and the refrigerant. A second circulation
channel causes the refrigerant to pass through a device
22 that is provided in the branch channel 16b. The device
22 includes an oil cooler, an EGR cooler, an ATF (auto-
matic transmission fluid) cooler and the like. When the
refrigerant is caused to pass through the device 22, heat
exchange is performed between fluids (oil, an EGR gas
and the like) that flow in the device 22 and the refrigerant.
A third circulation channel causes the refrigerant to pass
through a heater 24 for in-vehicle air-conditioning that is
provided in the branch channel 16c. When the refrigerant
is caused to pass through the heater 24, heat exchange
is performed between in-vehicle heating air and the re-
frigerant.
[0019] A rotary valve 18 is provided in a portion where
the first to the third circulation channels are branched,
that is, a portion where the return channel 16 branches
into the branch channels 16a to 16c. The rotary valve 18
includes a valve body having discharge ports 18a to 18c
and an inflow port 18d, a rotor that is accommodated in
the valve body to be rotatable around a rotation axis, and
a motor that rotates the rotor (all of which are not illus-
trated). When the rotor is rotated by the motor, opening
sections between the respective discharge ports, and the
inflow port 18 are changed, and communication states
of the respective discharge ports and the inflow port 18d
are changed. That is to say, the opening sections of the
respective branch channels are changed, and the open-
ing and closing states of the respective branch channels
are changed. According to the rotary valve 18, the flow
rate of the refrigerant to be caused to flow into each of

the branch channels, distribution of heat to a heat ex-
changer of each the branch channels, a temperature of
the refrigerant which is circulated in the refrigerant circu-
lation system can be controlled.
[0020] The refrigerant circulation system of the present
embodiment further includes an ECU (Electronic Control
Unit) 40. The ECU 40 includes at least an input/output
interface, a memory and a CPU. The input/output inter-
face is provided to take in sensor signals from various
sensors, and output operation signals to actuators. The
sensors from which the ECU 40 takes in signals include
a temperature sensor 26 provided at the outlet portion of
the water jacket 34, a crank angle sensor 28 for detecting
a rotational speed of the engine 10, an opening degree
sensor 30 for detecting an opening degree of a throttle
valve (not illustrated), a switch 32 for turning on and off
an in-vehicle air conditioner and the like. The actuators
to which the ECU 40 outputs operation signals include
the motor of the aforementioned water pump 12, and the
motor of the rotary valve 18. A memory stores a control
program that sets an opening degree schedule that will
be described later, various maps and the like. The CPU
reads the control program or the like from the memory
and executes the control program or the like, and gen-
erates operation signals based on the sensor signals
which the CPU takes in.

[Feature of First Embodiment]

[0021] As described above, according to the rotary
valve 18, the refrigerant is caused to pass through the
device 22 and heat exchange can be performed between
the refrigerant and the fluids flowing in the device 22.
Therefore, engine oil and an EGR gas are cooled, and
fuel efficiency can be enhanced. Further, the refrigerant
is caused to pass through the heater 24 and heat ex-
change can be performed between the refrigerant and
the in-vehicle heating air. Therefore, the in-vehicle air is
warmed, or the in-vehicle temperature at a time of use
of a cooler can be regulated. From the viewpoint as
above, in order to make fuel efficiency and air-condition-
ing performance compatible, the present inventor is con-
ducting a study on control of the opening and closing
states of the respective branch channels based on an
operation plan of the rotor in which the opening and the
closing states are set by being related with a rotation
angle (hereinafter, described as "a rotation angle of the
rotor") of the rotor of the rotary valve 18 from a reference
position. The operation plan will be described with refer-
ence to Fig. 2.
[0022] Fig. 2 is a diagram showing the operation plan
of the rotor of the rotary valve 18. A horizontal axis in Fig.
2 represents the rotation angle of the rotor, and a vertical
axis represents changes of the opening and closing
states of the respective branch channels. The operation
plan is configured by a normal mode that is used in a
case where there is a request to cause the refrigerant to
pass through the heater 24 (hereinafter, described as "a
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heater request"), and a heater cut mode that is used in
a case where there is no heater request. The normal
mode and the heater cut mode are separated by a region
(a region d) in which all the branch channels are closed,
and the flow rates of the refrigerant to be caused to flow
into all the branch channels become zero.
[0023] In the normal mode, passage of the refrigerant
to the heater 24 is given the highest priority. In Fig. 2,
when the rotor is rotated in a direction to advance to the
right from the region d, the rotation angle of the rotor
shifts to a region (a region c) adjacent to the region d. In
the region c, the branch channel 16c starts to open, and
the refrigerant starts to pass through the heater 24. When
the rotor is further rotated therefrom, the branch channel
16c completely opens, and the rotation angle of the rotor
shifts to a region (a region b) adjacent to the region c. In
the region b, the branch channel 16b starts to open, and
the refrigerant starts to pass through the device 22. When
the rotor is further rotated therefrom, the branch channel
16b completely opens, and the rotation angle of the rotor
shifts to a region (a region a) adjacent to the region b. In
the region a, the branch channel 16a starts to open, and
the refrigerant starts to pass through the radiator 20.
When the rotor is further rotated therefrom, the branch
channel 16a completely opens. A position of the rotation
angle of the rotor where the branch channel 16a is com-
pletely opened corresponds to a rotation limit (Rotation
limit) of the rotor, and the operation plan is formulated
with the rotation limit as the aforementioned reference
position.
[0024] In the heater cut mode, passage of the refrig-
erant to the heater 24 is not performed, and passage of
the refrigerant to the device 22 is given higher priority
than the radiator 20. In Fig. 2, when the rotor is rotated
in a direction to advance to the left from the region d, the
rotation angle of the rotor shifts to a region (a region e)
adjacent to the region d. In the region e, the branch chan-
nel 16b starts to open, and the refrigerant starts to pass
through the device 22. When the rotor is further rotated
therefrom, the branch channel 16b completely opens,
and the rotation angle of the rotor shifts to a region (a
region f) adjacent to the region e. In the region f, only the
branch channel 16b opens, and the refrigerant passes
through only the device 22. When the rotor is further ro-
tated therefrom, the rotation angle of the rotor shifts to a
region (a region g) adjacent to the region f. In the region
g, the branch channel 16a starts to open, and the refrig-
erant starts to pass through the radiator 20. When the
rotor is further rotated therefrom, the branch channel 16a
completely opens.
[0025] According to the operation plan shown in Fig.
2, it becomes possible to make fuel efficiency and air-
conditioning performance compatible. However, it be-
comes clear that a problem as follows arises when the
switch of the mode is performed, in a case of using the
operation plan. That is to say, when the switch 32 is op-
erated to be on by an operator, the heater request is
issued, and the mode switch from the heater cut mode

to the normal mode is performed. For example, when the
heater request is issued when the rotation angle of the
rotor is in the region e, the rotation angle of the rotor is
shifted to the region c by rotating the rotor. Further, when
the switch 32 is operated from on to off by the operator,
the heater request is ended, and the mode is switched
from the normal mode to the heater cut mode. For ex-
ample, when the heater request is ended when the rota-
tion angle of the rotor is in the region c, the rotation angle
of the rotor is shifted to the region e by rotating the rotor.
[0026] Here, in order to shift the rotation angle of the
rotor from the region e to the region c, or from the region
c to the region e, the rotation angle has to pass through
the region d. Since shift between the region e and the
region c is completed in a short time period, the time
taken to pass through the region d is also small. However,
when the refrigerant has a high temperature, the refrig-
erant is not cooled, and is likely to be boiled, and there-
fore, passing through the region d is not desirable from
the viewpoint of ensuring reliability of the engine even if
it is for only a short period of time. Therefore, in the
present embodiment, permission/non-permission of
switch of the mode is determined when a request to
switch the normal mode and the heater cut mode (here-
inafter described as "a mode switch request") is issued.
[0027] More specifically, determination of permission-
non-permission of the mode switch is performed by com-
parison of a temperature of the refrigerant which is de-
tected by the temperature sensor 26, and an upper limit
temperature of the refrigerant. Fig. 3 is a diagram for
explaining the upper limit temperature of the refrigerant
to be used when permission/non-permission of switch of
the mode is determined. As shown in Fig. 3, the upper
limit temperature of the refrigerant is set based on the
operating state (the load and the rotational speed) of the
engine, and a set region thereof is enlarged as the load
and the rotational speed become higher. Further, two of
the upper limit temperatures of the refrigerant are set. At
a time of a low load, a heat reception amount of the re-
frigerant is smaller as compared with at a time of a high
load, and therefore the refrigerant is difficult to boil.
Therefore, as shown in Fig. 3, a region where the upper
limit temperature of the refrigerant is made higher as
compared with the other regions is provided in a part of
a low load region in the set region of the upper temper-
ature (low water temperature TL < high water temperature
TH). A relation between the two upper limit temperatures
shown in Fig. 3 and the operating state of the engine is
stored in the memory of the ECU 40 in a format of a
control map.
[0028] According to the present embodiment, permis-
sion/non-permission of switch of the mode can be deter-
mined based on the relation shown in Fig. 3. Therefore,
when switch of the mode is determined as non-permitted,
rotation of the rotor following the mode switch request is
prohibited, and shift of the rotation angle of the rotor to
the region d in Fig. 2 can be stopped. Accordingly, boiling
of the refrigerant at the time of switch of the mode can
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be avoided. Consequently, damage and the like of the
engine components accompanying boiling of the refrig-
erant can be prevented.

[Specific Processing]

[0029] Next, with reference to Fig. 4, specific process-
ing for realizing the aforementioned function will be de-
scribed. Fig. 4 is a flowchart showing a mode switch de-
termination routine that is executed by the ECU 40 in the
first embodiment. The routine shown in Fig. 4 is repeat-
edly executed at each predetermined control period im-
mediately after a startup of the engine 10.
[0030] In the routine shown in Fig. 4, presence or ab-
sence of the mode switch request is determined first (step
S10). The presence or absence of the mode switch re-
quest is determined based on presence or absence of a
switch operation of the switch 32. When it is determined
that the mode switch request is absent, the present rou-
tine is ended.
[0031] When it is determined that the mode switch re-
quest is present in step S10, the rotational speed and
the load of the engine 10 are detected (step S12). In the
present step, the rotational speed of the engine 10 is
detected based on the output signal from the crank angle
sensor 28, and the load of the engine 10 is detected
based on the output signal from the opening degree sen-
sor 30.
[0032] Subsequently to step S12, it is determined
whether or not the temperature of the refrigerant is equal
to or smaller than a specified value (step S 14). In the
present step, the temperature of the refrigerant is detect-
ed based on an output signal from the temperature sen-
sor 26. Subsequently, the detected refrigerant tempera-
ture and the specified value are compared. The specified
value is an upper limit temperature that is determined
based on the rotational speed and the load of the engine
10 which are detected in step S12, and the control map
which expresses the relation in Fig. 3 (that is, the low
water temperature TL or the high water temperature TH).
[0033] When it is determined that the temperature of
the refrigerant is equal to or smaller than the specified
value in step S14, it can be determined that a possibility
of the refrigerant boiling is low even if the mode is
switched. Therefore, switch of the mode is permitted
(step S16). Thereby, the rotation angle of the rotor is
changed, and switch of the mode is executed. On the
other hand, when it is determined that the temperature
of the refrigerant is higher than the specified value in step
S 14, it can be determined that a possibility of the refrig-
erant boiling with switch of the mode is high. Therefore,
switch of the mode is not permitted (step S18). Thereby,
rotation of the rotor following the mode switch request is
prohibited.
[0034] As above, according to the routine shown in Fig.
4, boiling of the refrigerant at the time of switch of the
mode can be avoided. Accordingly, damage and the like
of the engine components accompanying boiling of the

refrigerant can be prevented.
[0035] In the above described first embodiment, the
return channel 16, the branch channel 16a and the supply
channel 14 or the return channel 16, and the branch chan-
nel 16b and the supply channel 14 correspond to a "first
refrigerant circuit" in the above described first invention.
The branch channel 16c and the supply channel 14 cor-
respond to a "second refrigerant circuit" in the above de-
scribed first invention. The radiator 20 or the device 22
corresponds to a "first heat exchanger" in the above de-
scribed first invention. The heater 24 corresponds to a
"second heat exchanger" in the above described first in-
vention. The rotary valve 18 corresponds to a "control
valve" in the above described first invention. The ECU
40 corresponds to "control means" in the above de-
scribed first invention. The normal mode corresponds to
an "all passing mode" in the above described first inven-
tion. The heater cut mode corresponds to "a partial cutoff
mode" in the above described first invention.
[0036] Incidentally, in the above described first embod-
iment, the example of using the rotary valve 18 is de-
scribed, but any valve that can change the opening and
closing states of the respective branch channels by ro-
tation of the rotor around the rotation axis such as a ball
valve can be used instead of the rotary valve 18. Note
that the present modification can be similarly applied to
a second embodiment that will be described later.
[0037] Further, in the above described first embodi-
ment, the return channel 16 is caused to branch into the
branch channels 16a to 16c downstream of the return
channel 16, and the rotary valve 18 is provided in the
branch portion. However, the present invention can be
also applied to the refrigerant circulation system shown
in Fig. 5. Fig. 5 is a diagram for explaining a modification
of the refrigerant circulation system of the first embodi-
ment. In the refrigerant circulation system, the branch
channels 16a to 16c are branched downstream of the
supply channel 14. The branch channels 16a to 16c are
independently connected to the water jacket 34. Further,
the rotary valve 18 is provided in a portion where the
supply channel 14 branches into the branch channels
16a to 16c. In the system like this, the opening and closing
states of the respective branch channels can be also con-
trolled based on the operation plan shown in Fig. 2. The
present modification can be similarly applied to the sec-
ond embodiment that will be described later.

Second Embodiment

[0038] Next, with reference to Fig. 6, the second em-
bodiment of the present invention will be described. The
present embodiment is on the precondition of the refrig-
erant circulation system and the operation plan in the
above described first embodiment, and therefore expla-
nation thereof will be omitted.
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[Feature of Second Embodiment]

[0039] In the above described first embodiment, switch
of the mode is not permitted when it is determined that
the temperature of the refrigerant is higher than the upper
limit temperature. However, if any one of the branch
channels 16a to 16c communicates with the return chan-
nel 16, the refrigerant is cooled, and therefore, the tem-
perature of the refrigerant which is detected by the tem-
perature sensor 26 gradually reduces. Accordingly, when
the mode switch request is issued, non-permission of
switch of the mode is not continued, but in order to re-
spond to the mode switch request, switch of the mode
can be put on standby until the temperature of the refrig-
erant becomes equal to or lower than the upper limit tem-
perature. However, if the standby time period becomes
long, it is not desirable because the situation that is in-
capable of responding to the mode switch request keeps
correspondingly. Therefore, in the present embodiment,
when the standby time period becomes long, the rotor is
rotated so as to increase an opening section between
the exhaust port 18a and the inflow port 18d (that is, the
opening section between the branch channel 16a and
the return channel 16).
[0040] If the opening section between the branch chan-
nel 16a and the return channel 16 is increased, more
refrigerant can be passed through the radiator 20. Ac-
cordingly, heat exchange is performed between the out-
side air and the refrigerant to reduce the temperature of
the refrigerant, and the temperature of the refrigerant can
be reduced to the upper limit temperature or lower in a
short time period.
[0041] However, since the mode switch itself is not per-
mitted, rotation of the rotor for increasing the opening
section between the branch channel 16a and the return
channel 16 is performed in the mode at the time of the
mode switch request being issued. For example, when
the rotation angle of the rotor is in the region e in Fig. 2
at the time of the mode switch request being issued, the
rotor is rotated so as to shift the rotation angle to the
region g in the same mode as the region e, that is, in the
heater cut mode. Further, when the rotation angle of the
rotor is in the region c in Fig. 2 at the time of the mode
switch request, the rotor is rotated to shift the rotation
angle to the region a in the same mode as the region c,
that is, in the normal mode.
[0042] Further, for example, when the rotation angle
of the rotor is in the region g in Fig. 2 at the time of the
mode switch request, the rotor is rotated in a direction to
increase the opening section between the branch chan-
nel 16a and the return channel 16 more (a direction to a
more leftward side from the region g in Fig. 2) in the region
g. Further, when the rotation angle of the rotor is in the
region a in Fig. 2 at the time of the mode switch request,
the rotor is rotated in a direction to increase the opening
section between the branch channel 16a and the return
channel 16 more (a direction to a more rightward of the
region a in Fig. 2) in the region a.

[Specific Processing]

[0043] Next, with reference to Fig. 6, specific process-
ing for realizing the aforementioned function will be de-
scribed. Fig. 6 is a flowchart showing a mode switch de-
termination routine that is executed by the ECU 40 in the
second embodiment. Note that the routine shown in Fig.
6 is repeatedly executed at each predetermined control
period immediately after a startup of the engine 10.
[0044] In the routine shown in Fig. 6, presence or ab-
sence of a mode switch request is firstly determined (step
S20). The processing in the present step is the same as
the processing in step S10 in Fig. 4.
[0045] When it is determined that the mode switch re-
quest is present in step S20, count of an elapsed time
period from a time point at which the mode switch request
is issued is started (step S22), and the rotational speed
and the load of the engine 10 are detected (step S24).
The processing in step S24 is the same as the processing
in step S12 in Fig. 4.
[0046] Subsequently to step S24, it is determined
whether or not the temperature of the refrigerant is equal
to or lower than the specified value (step S26). The
processing in the present step is the same as the
processing in step S14 in Fig. 4. When it is determined
that the temperature of the refrigerant is equal to or lower
than the specified value in step S26, it can be determined
that a possibility of the refrigerant boiling is low even if
the mode is switched. Therefore, switch of the mode is
performed (step S28).
[0047] When the temperature of the refrigerant is high-
er than the specified value in step S26, it is determined
whether or not the elapsed time period is longer than a
specified value (step S30). The specified value which is
used in the present step is set in advance as an allowable
elapsed time period and is stored in the ECU 40. When
it is determined that the elapsed time period is shorter
than the specified value, the flow returns to step S24,
and the rotational speed and the load of the engine 10
are detected. When it is determined that the elapsed time
period is equal to or longer than the specified value, the
rotor is rotated to increase the opening section between
the branch channel 16a and the return channel 16 (step
S32). Finally, the count of the elapsed time period is reset
(step S34), and the present routine is closed.
[0048] As above, according to the routine shown in Fig.
6, when the elapsed time period from the time point at
which the mode switch request is issued becomes equal
to or longer than the specified value, the opening section
between the branch channel 16a and the return channel
16 can be increased. That is to say, the temperature of
the refrigerant is reduced in a short time period in the
case like this, and the situation which is incapable of re-
sponding to the mode switch request can be eliminated
at an early stage.
[0049] Note that in the above described second em-
bodiment, the return channel 16, the branch channel 16a
and the supply channel 14 correspond to a "first refrig-
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erant circuit" in the above described second invention.

Claims

1. A refrigerant circulation system, comprising:

a first refrigerant circuit (14, 16, 16a, 16b) for
returning a refrigerant that passes through a
main body of an internal combustion engine (10)
to the main body after causing the refrigerant to
perform heat exchange with a first heat ex-
changer (20, 22);
a control valve (18) that is provided in the first
refrigerant circuit (14, 16, 16a, 16b), and in-
cludes a rotor that is rotatable around a rotation
axis;
a second refrigerant circuit (14, 16c) that is con-
nected to the control valve (18), and is for re-
turning the refrigerant which passes through the
main body to the main body after causing the
refrigerant to perform heat exchange with a sec-
ond heat exchanger (24); and
control means (40) for controlling a rotational
operation of the rotor, based on an operation
plan that is set by relating opening and closing
states of the first refrigerant circuit (14, 16, 16a,
16b) and the second refrigerant circuit (14, 16c)
with a rotation angle of the rotor from a reference
position,
wherein the operation plan comprises
an all passing mode that changes both channels
of the first refrigerant circuit (14, 16, 16a, 16b)
and the second refrigerant circuit (14, 16c) from
a state in which both the channels of the first
refrigerant circuit (14, 16, 16a, 16b) and the sec-
ond refrigerant circuit (14, 16c) are closed to a
state in which both the channels are opened,
and
a partial cutoff mode that changes both the chan-
nels from the state in which both the channels
are closed to a state in which only the first re-
frigerant circuit (14, 16, 16a, 16b) is opened, and
the control means (40) prohibits rotation of the
rotor following a mode switch request, when a
temperature of the refrigerant which passes
through the main body is higher than an upper
limit temperature of the refrigerant which is de-
termined based on an operating state of the in-
ternal combustion engine (10), in a case where
the mode switch request to switch the all passing
mode and the partial cutoff mode is issued.

2. The refrigerant circulation system according to claim
1,
wherein the control valve (18) is configured to be
able to change an opening section of the first refrig-
erant circuit (14, 16, 16a) and an opening section of

the second refrigerant circuit (14, 16c) by the rotation
of the rotor,
the first heat exchanger (20, 22) is a radiator (20)
capable of cooling the refrigerant by heat exchange
with outside air, and
the control means (40) rotates the rotor in a direction
to increase the opening section of the first refrigerant
circuit (14, 16, 16a) when an elapsed time period
after the mode switch request being issued exceeds
a predetermined time period in a case of prohibiting
the rotation of the rotor following the mode switch
request.
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