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HEAT PUMP AIR CONDITIONING SYSTEM
FOR VEHICLE

TECHNICAL FIELD

[0001] The present invention relates to a heat pump air
conditioning system for a vehicle, capable of dehumidifica-
tion heating operation and dehumidification cooling opera-
tion.

BACKGROUND ART

[0002] In a usual vehicle, heating inside the cabin of the
vehicle is often performed under environment where the tem-
perature outside the vehicle is low in a winter season or the
like. In this situation, even it is attempted to heat inside the
cabin, if the humidity inside the cabin is high, as the outside
of'the vehicle is cold, a phenomenon occurs that condensation
forms on a window of the vehicle to fog it immediately after
a warm air contacts the window. Accordingly, a state often
occurs that an air conditioning system for a vehicle performs
dehumidification heating.

[0003] However, when a conventional heat pump air con-
ditioning system is used for such a vehicle, it is difficult to
appropriately adjust the discharge temperature (blowing tem-
perature), which causes a problem of making the discharge
temperature higher than necessary in dehumidification heat-
ing. In response to this situation, for a heat pump air condi-
tioning system disclosed by Patent Literature 1, a technology
is presented in which, when a blowing temperature is deter-
mined to be higher than a predetermined value in dehumidi-
fication heating, the dehumidification heating operation is
switched to cooling operation, and further, current is applied
to a PTC heater provided in advance.

BACKGROUND ART DOCUMENT

Patent Literature

[0004] Patent Literature 1: JP 2009-202735 A
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0005] However, in the technology disclosed by Patent Lit-

erature 1, electrical power is consumed to be supplied to an
electric heater (PTC heater) and to perform cooling operation,
which may cause a drop in the electrical efficiency of the
entire vehicle.

[0006] The present invention solves the above conventional
problem, and an object of the invention is to provide a heat
pump air conditioning system, for a vehicle, that enables
efficient use of electrical power and setting an optimum dis-
charge temperature.

Means for Solving the Problems

[0007] According to the present invention, a heat pump air
conditioning system for a vehicle includes: a refrigerant com-
pressor; a first heat exchanger, for heat discharge, that per-
forms heat exchange between a refrigerant discharged from
the refrigerant compressor and a heat medium; a second heat
exchanger, for heat discharge, that is disposed downstream of
the first heat exchanger and performs heat exchange between
the refrigerant discharged from the refrigerant compressor
and external atmospheric air; a depressurizing unit that is
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disposed downstream of the second heat exchanger and
decreases a pressure of the refrigerant; a third heat exchanger,
for heat absorption, that is disposed downstream of the
depressurizing unit and performs heat exchange between a
heat source and the refrigerant; a fourth heat exchanger, for
heat absorption, that is disposed on an upstream side of the
first heat exchanger with respect to a flow of the heat medium
introduced to the first heat exchanger; a cooling-heating
switching unit for switching between a flow of the refrigerant
and the heat medium in cooling operation and a flow of the
refrigerant and the heat medium in heating operation; a first
blower for sending the heat medium to the first heat
exchanger and the fourth heat exchanger; a second blower for
sending the heat medium from the heat source to the third heat
exchanger; and a control section for controlling the refriger-
ant compressor, the cooling-heating switching unit, the first
blower, and the second blower, wherein, the control section
performs collaborated operation of the second blower in asso-
ciation with the first blower in dehumidification heating
operation in which the refrigerant passes through the fourth
heat exchanger after the refrigerant passes through the third
heat exchanger, and if a discharge temperature of the heat
medium from the first heat exchanger is higher than a first
predetermined temperature and a rotation speed of the refrig-
erant compressor is lower than a predetermined rotation
speed, the control section releases the collaborated operation
between the first blower and the second blower to adjust an
electrical power for the second blower and thereby makes the
discharge temperature become lower than a second predeter-
mined temperature.

[0008] Thus, the flow rate of the second blower is adjusted
in association with the flow rate of first blower in normal
dehumidification heating operation, however, in case that
conditions that the discharge temperature of the heat medium
is higher than the predetermined temperature (excessive
capacity) and the rotation speed of the refrigerant compressor
is lower than the predetermined value (for example, the rota-
tion speed of the refrigerant compressor is the minimum)
have occurred, the collaborated operation between the second
blower and the first blower is released and the electrical power
for the second blower is independently controlled. In such a
manner, as the absorption amount at the third heat exchanger
can be decreased, the heat discharge amount at the first heat
exchanger can be decreased, and it is thereby possible to
adjust the discharge temperature from the first heat exchanger
to an optimum temperature.

[0009] That is, as a decrease in the heat absorption amount
at the third heat exchanger decreases the heat absorption
amount at the fourth heat exchanger decreases, the heat dis-
charge amount at the first heat exchanger decreases. Accord-
ingly, the temperature of the heat medium discharged from
the first heat exchanger decreases.

[0010] Further, a heat absorption amount is ensured by heat
absorption at the third heat exchanger and the fourth heat
exchanger, and the flow rated at the first blower is not
decreased. Accordingly, a heat discharge amount at the first
heat exchanger and a dehumidification amount at the fourth
heat exchanger can be ensured. Thus, dehumidification heat-
ing operation is also enabled even by a system common to
cooling operation and heating operation.

[0011] Still further, without using an electrical heater, in a
state, for example, of minimizing the output from the refrig-
erant compressor, as it is also possible to restrict the electrical
power for the second blower 90 to a minimum limit, it is
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possible to reduce the consumption electrical power to
thereby effectively use electrical power.

[0012] Further, in the heat pump air conditioning system
for a vehicle, if an external atmospheric temperature is within
a first predetermined range in dehumidification cooling
operation, the control section switches the dehumidification
cooling operation to the dehumidification heating operation
to make the refrigerant flow through the third heat exchanger
and adjusts the electrical power for the second blower, to
thereby control the discharge temperature to be within a sec-
ond predetermined range.

[0013] Thus, it is possible, by dehumidification heating
operation, to respond even to a region that would be
responded conventionally by dehumidification cooling
operation which requires control of a cooling-heating switch-
ing unit (the air mix damper in the later-described embodi-
ment).

Advantage of the Invention

[0014] According to the present invention, it is possible to
provide a heat pump air conditioning system, for a vehicle,
that enables efficient use of electrical power and setting an
optimum discharge temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1is anentire configuration diagram illustrating
operation in dehumidification heating operation of a heat
pump air conditioning system, for a vehicle, in the present
embodiment;

[0016] FIG.2 is anentire configuration diagram illustrating
operation in dehumidification cooling operation of the heat
pump air conditioning system, for a vehicle, in the present
embodiment;

[0017] FIG. 3 is a flowchart illustrating operation in dehu-
midification heating operation of the heat pump air condition-
ing system, for a vehicle, in the present embodiment;

[0018] FIG. 4 is a flowchart illustrating operation in dehu-
midification cooling operation of the heat pump air condi-
tioning system, for a vehicle, in the present embodiment; and
[0019] FIGS. 5A and 5B show external atmospheric tem-
perature ranges to which the respective operation modes are
applicable, wherein FIG. 5A shows the present embodiment
while FIG. 5B shows a comparative example.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0020] An embodiment according to the present invention
will be described below, referring to the drawings. A heat
pump air conditioning system (abbreviated as an air condi-
tioning system) F1, for a vehicle, in the present embodiment
can be applied to a vehicle V, such as an electric vehicle (EV),
a fuel cell vehicle (FCV), a hybrid electric vehicle (HEV) or
the like.

[0021] As shown in FIG. 1, the air conditioning system F1
in the present embodiment is configured with a refrigerant
compressor 10, a first heat exchanger 20 for heat discharge, a
second heat exchanger 30 for heat discharge, an expansion
valve (depressurizing unit) 40, a third heat exchanger 50 for
heat discharge, a fourth heat exchanger 60 for heat discharge,
a cooling-heating switching unit 70, a first blower 80, a sec-
ond blower 90, a control section 100, and the like. In the
present embodiment, piping shown by thick lines refers to the
flow of refrigerant.
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[0022] The refrigerant compressor 10 is arranged such that
the refrigerant compressor 10 is driven by the power of a
motor (or an engine), absorbs and compresses refrigerant, and
sends by pressure the refrigerant (gas refrigerant) with a high
temperature and a high temperature to the first heat exchanger
20 through a pipe 111.

[0023] The first heat exchanger 20 is a so-called refrigerant
heater and is connected to the refrigerant compressor 10
through the pipe 111. The first heat exchanger 20 has a func-
tion to heat air conditioning air A (heat medium, external
atmospheric air) by discharge of the heat of the gas refrigerant
with a high temperature and a high pressure sent from the 10,
the air conditioning air A having been taken in from outside
the vehicle V.

[0024] The second heat exchanger 30 is a heat exchanger
forheat discharge provided on the front end side of the vehicle
V, and has a function to cool the refrigerant by external
atmospheric air taken in from the front of the vehicle V. In the
second heat exchanger 30, the gas refrigerant from the refrig-
erant compressor 10 is condensed (cooled) and becomes lig-
uid refrigerant. The second heat exchanger 30 is connected to
the first heat exchanger 20 through the pipe 112.

[0025] To the second heat exchanger 30, a receiver tank 31
and a sub-condenser 32 are serially connected on the down-
stream side of the second heat exchanger 30. A pipe 112 on
the inlet side of the second heat exchanger 30 is provided with
an electromagnetic valve V1 that is opened and closed by the
control section 100. Incidentally, without being limited to a
condenser unit configured such with the second heat
exchanger 30, the receiver tank 31, and the sub-condenser 32,
it is also possible to use an existing sub-cool condenser.
[0026] The receiver tank 31 has a function to separate the
refrigerant taken out from the second heat exchanger 30 into
liquid refrigerant and gas refrigerant (gas-liquid separation
function), and sends out only the liquid refrigerant to the
downstream side. The receiver tank 31 functions as a buffer
section for compensating a short of refrigerant.

[0027] The sub-condenser 32 functions as a sub-cool sec-
tion in heating operation, and further cools the refrigerant
cooled by the first heat exchanger 20 to make the refrigerant
become a complete liquid refrigerant. Further, the sub-con-
denser 32 also functions as a sub-cool section for cooling the
refrigerant in cooling operation, too.

[0028] A second heat exchanger bypass unit 71 for bypass-
ing the second heat exchanger 30 is provided. The second heat
exchanger bypass unit 71 has a second heat exchanger bypass
pipe 121, wherein the end portion of the second heat
exchanger bypass unit 71 on the upstream side is connected to
the pipe 112 on the upstream side of the electromagnetic
valve V1, and the end portion of the second heat exchanger
bypass unit 71 on the downstream side is connected to the
receiver tank 31. The second heat exchanger bypass pipe 121
is provided with a throttle member S to generate a pressure
loss. The throttle member S is formed such as to have a
pressure loss higher than the pressure loss at the second heat
exchanger 30 in order that, even when the electromagnetic
valve V1 is opened, the refrigerant does not flow to the second
heat exchanger bypass pipe 121 and flows to the second heat
exchanger 30.

[0029] The opening degree of an expansion valve 40 can be
changed, for example, depending on the temperature/pres-
sure of the refrigerant, so that the expansion valve 40 has a
function to change the flow rate of the refrigerant, depending
ona detected temperature/pressure (a function to decrease the
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pressure of the refrigerant). Further, the expansion valve 40 is
connected to the sub-condenser 32 through a pipe 113. The
expansion valve 40 is not limited to a temperature/pressure
dependent valve, and may be an electromagnetic valve for
adjusting the flow rate of the refrigerant by open-close control
of the valve.

[0030] Thethird heat exchanger 50 is a heat absorber for the
refrigerant to exchange heat with air conditioning air A (heat
medium, heat source) emitted from the vehicle interior C, and
is disposed, for example, in the luggage room D (for example,
a trunk room) of the vehicle V, at the vehicle rear part from
where the air conditioning air is emitted outside the vehicle.
The third heat exchanger 50 prevents the heat inside the
luggage room D from being wastefully emitted outside.
[0031] The fourth heat exchanger 60 is a heat absorber that
is disposed on a flow path of air conditioning air A introduced
into the vehicle interior C, and performs heat exchange
between air conditioning air A (external atmospheric air)
taken in from outside the vehicle and the refrigerant. The
fourth heat exchanger 60 is disposed on the upstream side of
the first heat exchanger 20 with respect to the flow of air
conditioning air A.

[0032] Therefrigerantinlet of the third heat exchanger 50 is
connecter with the refrigerant outlet of the expansion valve 40
through a pipe 114, and the refrigerant outlet of the third heat
exchanger 50 is connected to the refrigerant inlet of the fourth
heat exchanger 60 through a pipe 115. Further, the refrigerant
outlet of the fourth heat exchanger 60 is connected to the
refrigerant compressor 10 through a pipe 116 and the expan-
sion valve 40.

[0033] The cooling-heating switching unit 70 switches the
flow of the refrigerant and flow of air conditioning air A in
cooling operation (in dehumidification cooling operation),
and the flow of the refrigerant and air conditioning air A in
heating operation (in dehumidification heating operation).
The cooling-heating switching unit 70 is configured with the
above-described second heat exchanger bypass unit 71, a
third heat exchanger bypass unit 72, a fourth heat exchanger
bypass unit 73, and an air mix damper 74.

[0034] The third heat exchanger bypass unit 72 is config-
ured with a third heat exchanger bypass pipe 122 and an
electromagnetic valve V2. The third heat exchanger bypass
pipe 122 is configured such that the refrigerant flows bypass-
ing the third heat exchanger 50, wherein the upstream end is
connected to the pipe 114 and the downstream end is con-
nected to the pipe 115. The electromagnetic valve V2 is
provided on the third heat exchanger bypass pipe 122.
[0035] The fourth heat exchanger bypass unit 73 is config-
ured with a fourth heat exchanger bypass pipe 123 and an
electromagnetic valve V3. The fourth heat exchanger bypass
pipe 123 is configured such that the refrigerant flows bypass-
ing the fourth heat exchanger 60, and the upstream end is
connected to a pipe 115, which is on the downstream side of
the third heat exchanger bypass unit 72 while the downstream
end is connected to a pipe 116 that is between the fourth heat
exchanger and the expansion valve 40. The electromagnetic
valve V3 is provided on the fourth heat exchanger bypass pipe
123.

[0036] The air mix damper 74 is disposed on the upstream
side (the deeper side) of a blowing opening M for air condi-
tioning air A introduced into the vehicle interior C, and is
disposed in the space (on the flow path) between the first heat
exchanger 20 and the fourth heat exchanger 60. In heating
operation (in dehumidification heating operation), the air mix
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damper 74 is controlled to fully open (see FIG. 1), and after
air conditioning air A to be introduced into the vehicle interior
C passes through the fourth heat exchanger 60, the flow of the
air conditioning air A is controlled to pass through the first
heat exchanger 20. In cooling operation (in dehumidification
cooling operation), the air mix damper 74 is controlled to
fully close, and after air conditioning air A to be introduced
into the vehicle interior C passes through the fourth heat
exchanger 60, the air conditioning air A is introduced into the
vehicle interior C (see FIG. 2).

[0037] The first blower 80 is disposed on the upstream side
of' the fourth heat exchanger 60 with respect to the flow of air
conditioning air A, and is configured with an air blower for
blowing air conditioning air A (external atmospheric air)
taken in from outside the vehicle onto the surface of the fourth
heat exchanger 60. Air conditioning air A discharged from the
first blower 80 passes through between fins provided around
a tube, not shown, that forms the fourth heat exchanger 60,
and thereby exchanges heat with the refrigerant.

[0038] The second blower 90 is disposed on the upstream
side of the third heat exchanger 50 with respect to the flow of
air conditioning air, the third heat exchanger 50 being dis-
posed inside the luggage room D of the vehicle V, and is
configured with an air blower that blows air conditioning air
A onto the surface of the third heat exchanger 50, the air
conditioning air A having been introduced from inside the
vehicle interior C. The second blower 90 is configured such as
to be able to adjust the blowing air flow rate step by step, as
shown in FIG. 1, when predetermined conditions are satis-
fied. In the diagram shown at the right top of FIG. 1, the state
shown at the top of the column represents a state that air
blowing is stopped, and the states shown at the middle and the
bottom of the column represent states that the respective flow
rates can be adjusted. The predetermined conditions
described above will be described later.

[0039] The control section 100 controls opening and clos-
ing of the electromagnetic valves V1 to V3, and also controls
opening and closing of the air mix damper 74 so as to control
the flow of the refrigerant and the flow of air conditioning air
A inrespective operations of dehumidification heating opera-
tion, dehumidification cooling operation (dry operation or
dehumidification operation), heating operation, and cooling
operation.

[0040] Further, the control section 100 is connected to a
discharge temperature sensor 101 for detection of the dis-
charge temperature T1 at the blowing opening M through
which air conditioning air A is introduced into the vehicle
interior C, and an external atmospheric temperature sensor
102 for detection of the external atmospheric temperature T2.

[0041] The respective operations in dehumidification heat-
ing operation and dehumidification cooling operation (also
referred to as in dry operation or in dehumidification opera-
tion) of the air conditioning system F1 will be described
below. FIG. 1 shows the flow of the refrigerant and air con-
ditioning air A in dehumidification heating operation,
wherein the electromagnetic valves V1, V2, and V3 are all
closed while the air mix damper 74 is fully open. FIG. 2 shows
the flow of the refrigerant and air conditioning air A in dehu-
midification cooling operation, wherein the electromagnetic
valves V1 and V3 are closed, the electromagnetic valve V2 is
open, and the air mix damper 74 is fully closed.



US 2013/0025312 Al

(Operation in Dehumidification Heating Operation)

[0042] As shown in FIG. 1, when the refrigerant compres-
sor 10 is driven, the refrigerant (gas refrigerant) with a high
temperature and a high pressure compressed by the refriger-
ant compressor 10 is introduced to the first heat exchanger 20
through the pipe 111. Herein, as the air mix damper 74 is fully
open, air conditioning air (heat medium, external atmo-
spheric air) A taken in from outside the vehicle passes through
the first heat exchanger 20. Further, when the refrigerant
compressor 10 is driven, the first blower 80 and the second
blower 90 are driven. The second blower 90 operates in asso-
ciation with the first blower 80.

[0043] The refrigerant introduced to the first heat
exchanger 20 exchanges heat with air conditioning air A. That
is, the temperature of air conditioning air A rises by the gas
refrigerant with a high temperature and a high pressure. On
the other hand, the refrigerant is cooled by air conditioning air
A (for example, cold external atmospheric air) to be con-
densed, and thus turns from gas refrigerant into liquid refrig-
erant.

[0044] The liquid refrigerant having passed through the
first heat exchanger 20 passes through the pipe 112, the sec-
ond heat exchanger bypass pipe 121 and the throttle member
S and thus introduced to the receiver tank 31 and the sub-
condenser 32, bypassing the second heat exchanger 30.

[0045] The refrigerant depressurized by the throttle mem-
ber S is separated into gas and liquid by the receiver tank 31,
and the liquid refrigerant is introduced from the receiver tank
31 to the sub-condenser 32. Incidentally, by providing the
throttle member S, the expansion valve 40 that is set suitably
for cooling operation can also be used for dehumidification
heating operation (heating operation).

[0046] In the sub-condenser 32, the liquid refrigerant is
further cooled to become a complete liquid refrigerant. Inci-
dentally, the process by the receiver tank 31 and the sub-
condenser 32 serves as a so-called sub-cool section (sub-cool
region).

[0047] The liquid refrigerant having passed through the
sub-condenser 32 passes through the pipe 113 and is intro-
duced to the expansion valve 40. At the expansion valve 40,
the liquid refrigerant is depressurized to become a refrigerant
in a state of mixture of liquid and gas, and is introduced
through the pipe 114 to the third heat exchanger 50.

[0048] Thethird heat exchanger 50 performs heat exchange
between air conditioning air A introduced from the vehicle
interior C and the refrigerant. That is, when the refrigerant
passes through the third heat exchanger 50, the refrigerant
absorbs the heat that air conditioning air A has and the specific
enthalpy of the refrigerant increases.

[0049] The refrigerant having passed through the third heat
exchanger 50 is introduced through the pipe 115 to the fourth
heat exchanger 60. At the fourth heat exchanger 60, heat
exchange is performed between air conditioning air (external
atmospheric air) A introduced from outside the vehicle and
the refrigerant, and the heat of air conditioning air A is
absorbed. Thus, moisture contained in air conditioning air
(external atmospheric air) A taken in from outside the vehicle
is removed, and dehumidification processing is thereby per-
formed. Air conditioning air A having been subjected to dehu-
midification is heated by the heat discharge from the first heat
exchanger 20, and is thereafter introduced to the vehicle
interior C. The refrigerant, whose heat has been absorbed by
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the fourth heat exchanger 60, passes through the pipe 117 and
the expansion valve 40, and returns to the refrigerant com-
pressor 10.

[0050] Incidentally, in heating operation, the electromag-
netic valve V3 is opened by the control section 100, and the
refrigerant thereby bypasses the fourth heat exchanger 60.
Accordingly, dehumidification processing of air conditioning
air A is not performed.

(Dehumidification Cooling Operation)

[0051] As shown in FIG. 2, in dehumidification cooling
operation, when the refrigerant compressor 10 is driven, the
refrigerant compressed by the refrigerant compressor 10 is
introduced through the pipe 111 to the first heat exchanger 20.
Incidentally, in dehumidification cooling operation, as the air
mix damper 74 is set to be fully closed, air conditioning air A
does not pass through the first heat exchanger 20. Accord-
ingly, air conditioning air A is not heated by the gas refriger-
ant having a high temperature and a high pressure.

[0052] The gas refrigerant with a high temperature and a
high pressure having passed through the first heat exchanger
20 passes through the pipe 112 and is introduced to the second
heat exchanger 30. In the second heat exchanger 30, the gas
refrigerant is cooled by external atmospheric air, which is
introduced from the front of the vehicle V, and is thus con-
densed to become a liquid refrigerant.

[0053] The refrigerant (liquid refrigerant) having passed
through the second heat exchanger 30 is introduced to the
receiver tank 31, wherein the refrigerant having not com-
pletely been separated is separated into a liquid refrigerant
and a gas refrigerant, and only the liquid refrigerant is intro-
duced to the sub-condenser 32. Then, in the sub-condenser
32, the liquid refrigerant is further cooled, and is introduced
thereafter through the pipe 113 to the expansion valve 40.
[0054] At the expansion valve 40, the liquid refrigerant is
depressurized to become a refrigerant in a mixture of liquid
refrigerant and gas refrigerant. The refrigerant having passed
through the expansion valve 40 bypasses the third heat
exchanger 50 by the third heat exchanger bypass pipe 122,
and is introduced to the fourth heat exchanger 60. In such a
manner, in dehumidification cooling operation, as it is not
necessary to take in heat from outside by the third heat
exchanger 50, an arrangement is made such that the third heat
exchanger 50 is bypassed.

[0055] In the fourth heat exchanger 60, heat exchange is
performed between air conditioning air (external atmospheric
air) A to be introduced into the vehicle interior C and the
refrigerant, and the heat of the air conditioning air A is thereby
absorbed. Thus, the moisture contained in air conditioning air
(external atmospheric air) A is removed and dehumidification
is thus performed. As the air mix damper 74 is fully closed
then, the air conditioning air A having been subjected to
dehumidification is introduced into the vehicle interior C
without being heated by the first heat exchanger 20. The
refrigerant, whose heat has been absorbed at the fourth heat
exchanger 60, passes through the pipe 117 and the expansion
valve 40, and returns to the refrigerant compressor 10.
[0056] The procedure of collaborated operation by the first
blower 80 and the second blower 90 and release of the col-
laborated operation in dehumidification heating operation of
the heat pump air conditioning system F1 in the present
embodiment will be described below, referring to FIG. 3.
[0057] As shown in FIG. 3, in step S10, the control section
100 determines whether or not dehumidification heating
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operation is performed. Whether or not dehumidification
heating operation is performed may be determined by detec-
tion that a driver has switched a mode change switch to the
dehumidification heating mode, or may be determined by a
fact that the dehumidification heating mode has been set in a
total control of the air conditioning system F1.

[0058] Ifthe control section 100 has determined that dehu-
midification heating operation is performed (Yes), the pro-
cess proceeds to step S20 to read various conditions and store
the conditions into a memory. Herein, various conditions
refer to the discharge pressure (discharge refrigerant pres-
sure), the discharge temperature (blowing temperature) T1
and the like of the refrigerant compressor 10.

[0059] Then, the process proceeds to step S30, and the
control section 100 performs normal dehumidification heat-
ing operation. Normal dehumidification heating operation
refers to, as shown in FIG. 1, performing dehumidification
heating operation, by collaborated operation in which the first
blower 80 and the second blower 90 are driven in collabora-
tion between the respective rotation speeds with increase or
decrease by voltage adjustment or the like, in other words,
collaborated operation in which if the supply voltage to the
first blower 80 is increased, the supply voltage to the second
blower 90 is also increased with a predetermined rate, and in
reverse, if the supply voltage to the first blower 80 is
decreased, the supply voltage to the second blower 90 is also
decreased with a predetermined rate.

[0060] The, the process proceeds to step S40, and the con-
trol section 100 determines whether or not the capacity of
dehumidification heating operation is enough. Whether or not
the capacity is enough can be determined, for example,
depending on whether or not the discharge temperature T1,
detected by a discharge temperature sensor 101, of air condi-
tioning air A from the blowing opening M is exceeding a
predetermined value. The predetermined value herein is, for
example, 20° C.

[0061] In step S40, if the control section 100 determines
that the capacity is enough (Yes, the discharge temperature is
higher than or equal to 20° C.), the process proceeds to step
S50, and the control section 100 determines whether or not
the capacity of dehumidification heating operation is exces-
sive. Whether or not the capacity is excessive can be deter-
mined, for example, depending on whether or not the dis-
charge temperature T1 of air conditioning air A discharged
from the blowing opening M is higher than or equal to a
predetermined value (the first predetermined value). The pre-
determined value herein refers to a high temperature at which
passengers in the vehicle interior C start feeling uncomfort-
able, and is, for example, 50° C.

[0062] Ifthe control section 100 determines that the capac-
ity is not enough (No, the discharge temperature T1 is lower
than 20° C.) in step S40, the process proceeds to step S120,
and the rotation speed of the refrigerant compressor 10 is
increased (UP). Thus, more refrigerant with a high tempera-
ture and a high pressure is introduced to the first heat
exchanger 20, the heat discharge amount at the first heat
exchanger 20 accordingly increases, and it is thus possible to
increase the discharge temperature T1 of air conditioning air
A to be introduced from the blowing opening M into the
vehicle interior C.

[0063] Then, the process proceeds to step S130, the control
section 100 continues operation at the rotation speed of the
refrigerant compressor 10 having been set in step S120, and
the process proceeds to step S140. In step S140, the control
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section 100 determines whether or not the operation of the air
conditioning system F1 by the driver is terminate, and if it is
determined that the operation is terminated (S140, Yes), the
control section 100 terminates process, and if it is determined
that the operation is not terminated yet (S140, No), the pro-
cess returns to step S20.

[0064] In step S50, if the control section 100 determines
that the capacity is excessive (Yes, the discharge temperature
T1is 50° C. or higher.), then the process proceeds to step S60.
In step S50, if the control section 100 determines that the
capacity is not excessive (No, the discharge temperature T1 is
lower than 50° C.), in other words, it is determined that the
discharge temperature T1 is in an appropriate range, the pro-
cess proceeds to step S130, and the control section 100 con-
tinues operation, and then the process proceeds to step S140.
[0065] Further, in step S60, the control section 100 deter-
mines whether or not the rotation speed of the refrigerant
compressor 10 is the minimum value (a predetermined rota-
tion speed), and if it is determined that the rotation speed is
not the minimum value (No), then it is determined that the
rotation speed of the refrigerant compressor 10 can be
decreased, and the process proceeds to step S70 to decrease
the rotation speed (down) of the refrigerant compressor, and
the process returns to step S40. Thus, as the supply amount of
the refrigerant from the refrigerant compressor 10 to the first
heat exchanger 20 decreases, the discharge temperature T1 of
air conditioning air A to be introduced from the blowing
opening M into the vehicle interior C can be decreased.
[0066] In step S60, if the control section 100 determines
that the rotation speed of the refrigerant compressor 10 is the
minimum value (Yes), in other words, if it is determined that
the rotation speed of the refrigerant compressor 10 cannot be
decreased any more, then the process proceeds to step S80 to
release collaborated operation between the first blower 80 and
the second blower 90. That is, the voltage of the first blower
80 is maintained as it is, while the voltage of the second
blower 90 is decreased (down). By decreasing the voltage
(electrical power) supplied to the second blower 90, the flow
rate of air conditioning air A to be introduced from the vehicle
interior C to the third heat exchanger 50 decreases.

[0067] Thus, as the heat absorption amount of the refriger-
ant at the third heat exchanger 50 decreases, the heat absorp-
tion amount at the fourth heat exchanger 60 decreases, and the
heat discharge amount at the first heat exchanger 20
decreases. In such a manner, by decreasing the voltage of the
second blower 90, it is possible to decrease the temperature of
air conditioning air A to be introduced from the blowing
opening M into the vehicle interior C.

[0068] Then, the process proceeds to step S90, and the
control section 100 checks the current capacity of dehumidi-
fication heating operation. The capacity is determined, based
on the discharge temperature T1 at the blowing opening M,
and is set, for example, to 40° C. (the second predetermined
temperature). In such a manner, by setting the second prede-
termined temperature to be lower than the first predetermined
temperature, it is possible to prevent a phenomenon (hunting)
that the process whether or not the capacity is excessive is
frequently switched.

[0069] In step S90, if the control section 100 determines
that the capacity is excessive (namely, if the discharge tem-
perature T1 is exceeding 40° C.), then the process returns to
step S80 to decrease the voltage of the second blower 90: if
the control section 100 determines that the capacity is appro-
priate (namely, if the T1 is higher than or equal to 20° C. and
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lower than or equal to 40° C.), the process proceeds to step
S130 to continue operation with the capacity as it is; and if the
capacity is not enough (namely, if the discharge temperature
T1 is lower than 20° C.), then the process proceeds to S100.

[0070] In step S100, the control section 100 determines
whether or not the voltage of the second blower 90 is the
maximum (MAX), and if the voltage of the second blower 90
is determined to be not the maximum (MAX) (No), then the
process proceeds to step S110 to increase (up) the voltage of
the second blower 90 and returns to step S90.

[0071] In step S100, if the control section 100 determines
that the voltage of the second blower 90 is the maximum
(Yes), that is, the control section 100 determines that the flow
rate by the second blower 90 cannot be increased any more,
then the step returns to step S120 to increase (up) the rotation
speed of the refrigerant compressor 10. By increasing the
rotation speed of the refrigerant compressor 10, the heat
discharge amount at the first heat exchanger 20 increases, and
the discharge temperature T1 of air conditioning air A from
the blowing opening M can be increased.

[0072] Onthe other hand, in step S10, if the control section
100 determines that dehumidification heating operation is not
performed (No), the process proceeds to S200, and the con-
trol section 100 determines whether or not dehumidification
cooling operation is performed. Whether or not dehumidifi-
cation cooling operation is performed may be determined by
detecting a fact that the driver has switched the mode change
switch to the dehumidification heating operation, or may be
determined by a fact that the dehumidification heating opera-
tion mode has been set in the total control of the air condi-
tioning system F1.

[0073] In step S200, if the control section 100 determines
that dehumidification cooling operation is performed (Yes),
the process proceeds to step S300, and moves to the process-
ing for dehumidification cooling operation, shown in FIG. 4,
and if the control section 100 determines that dehumidifica-
tion cooling operation is not performed (No), then the process
proceeds to step S400 to perform operation in another desig-
nated mode that has been set by switching or control. Another
designated mode refers to heating operation or cooling opera-
tion.

[0074] Then, the process proceeds to step S500, and the
control section 100 determines whether or not the operation
of' the air conditioning system F1 is terminated. If it is deter-
mined that the operation is not terminated yet (No), then the
process returns to step S10, and if it is determined that the
operation is terminated (Yes), then the operation of the air
conditioning system F1 is terminated.

[0075] Ifthe control section 100 determines, in step S300,
that dehumidification cooling operation is performed, the
control section 100 reads, in step S310, as shown in FIG. 4,
various conditions and stores the conditions into the memory.
Various conditions herein refer to the discharge pressure (re-
frigerant discharge pressure), the discharge temperature
(blowing temperature) T1, the external atmospheric tempera-
ture T2, and the like of the refrigerant compressor 10.

[0076] Then, the process proceeds to step S320, and the
control section 100 determines whether or not the external
atmospheric temperature (the temperature outside the
vehicle) T2 is within the first predetermined range. The first
predetermined range herein refers to a temperature range that
is difficult for a conventional heat pump air conditioning
system to set, and is set, for example, to 20-25° C.
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[0077] Ifthe control section 100 determines, in step S320,
that the external atmospheric temperature T2 is not within the
first predetermined range (No), the process returns to step
S500, and if the control section 100 determines that the eter-
nal atmospheric temperature T2 is within the first predeter-
mined range (Yes), the process proceeds to step S330.
[0078] In step S330, the control section 100 closes the
electromagnetic valve V2 and sets the air mix damper 74 to be
fully open. That is, if the eternal atmospheric temperature T2
is within the first predetermined range, the control section 100
performs control to switch from dehumidification cooling
operation to dehumidification heating operation.

[0079] Then, in step S340, the control section 100 adjusts
the voltage of the second blower 90. By decreasing the volt-
age of the second blower 90, the heat absorption amount at the
third heat exchanger 50 decreases, as described above.
Accordingly, it is possible to decrease the heat discharge
amount at the first heat exchanger 20, and decrease the dis-
charge temperature T1 of air conditioning air A discharged
from the blowing opening M. On the other hand, by increas-
ing the voltage of the second blower 90, the heat absorption
amount at the third heat exchanger 50 increases. Accordingly,
it is possible to increase the heat discharge amount at the first
heat exchanger 20, and increase the discharge temperature T1
ofair conditioning air A discharged from the blowing opening
M.

[0080] Then, in step S350, the control section 100 deter-
mines whether or not the discharge temperature T1 of air
conditioning air A from the blowing opening M is within the
second predetermined range. The second predetermined
range herein is set to be a range wider than the first predeter-
mined range, and is set, for example, to 20-30° C. If the
control section 100 determines that the discharge temperature
T1 is not within the second predetermined range (No), then
the process returns to step S340, and the control section 100
adjusts the voltage of the second blower 90.

[0081] In step S350, if the control section 100 determines
that the discharge temperature T1 of air conditioning air A
from the blowing opening M is within the second predeter-
mined range (Yes), the process returns to step S500 in FIG. 3.
In step S500, the control section 100 determines whether or
not the operation of the air conditioning system F1 is termi-
nated. If it is determined that the operation is not terminated
(No), the process returns to step S10, and if it is determined
that the operation is terminated (Yes), then the series of pro-
cesses is terminated.

[0082] As described above, the air conditioning system F1
in the present embodiment adjusts the flow rate of the second
blower 90 in association with the flow rate of the first blower
80 in normal dehumidification heating operation, however, in
case that conditions that the discharge temperature T1 is
higher than the first predetermined temperature (Yes in step
S50, an excessive capacity) and that the rotation speed of the
refrigerant compressor 10 is lower than the predetermined
rotation speed (Yes in step S60) have occurred, the collabo-
rated operation between the second blower 90 and the first
blower 80 is released and the voltage (electrical power) of the
second blower 90 is independently controlled, and the
absorption amount at the third heat exchanger 50 can be
decreased. Thus, the heat discharge amount at the first heat
exchanger 20 decreases, and it is thereby possible to adjust
the discharge temperature T1 from the first heat exchanger 20
to an optimum temperature (a predetermined temperature, for
example, 40° C.).
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[0083] In such a manner, as the absorption amount can be
ensured by absorbing heat at the third heat exchanger 50 and
the fourth heat exchanger 60 and further the flow rate at the
first blower 80 is not caused to decrease, the heat discharge
amount at the first heat exchanger 20 and the dehumidifica-
tion amount at the fourth heat exchanger can be ensured.
Accordingly, by the air conditioning system F1 having the
same path common to heating operation and cooling opera-
tion, it is possible to adjust the discharge temperature T1 from
the blowing opening M to an appropriate temperature without
using an electrical heater (a PTC heater or the like) in dehu-
midification heating operation. Further, without using an
electrical heater, in a state of minimizing the output from the
refrigerant compressor 10, as it is also possible to restrict the
electrical power for the second blower 90 to a minimum limit,
it is possible to reduce the consumption electrical power to
thereby effectively use electrical power.

[0084] Incidentally, in case that the discharge temperature
T1 from the blowing opening M becomes lower than the
predetermined temperature and the voltage of the second
blower 90 is not the maximum (MAX), it is possible, by
increasing the voltage of the second blower 90, to increase the
heat absorption amount at the third heat exchanger 50 and
increase the discharge temperature T1 to an appropriate tem-
perature (the predetermined temperature, for example, 40°
C).

[0085] As shown in FIG. 5B, by a conventional heat pump
air conditioning system, which always performs collaborated
operation between the first blower 80 and the second blower
90, in case that the external atmospheric temperature is in the
first predetermined range, it is difficult to enable collaborated
operation always in dehumidification cooling operation and
dehumidification heating operation, as represented by sym-
bol Q1. By the air conditioning system F1 in the present
embodiment, as shown in FIG. 5A, in case that the external
atmospheric temperature T2 is within the first predetermined
range in dehumidification cooling operation, by switching
from dehumidification cooling operation to dehumidification
heating operation to cause air conditioning air A (refrigerant)
to flow through the third heat exchanger 50 and by adjusting
the voltage (electrical power) of the second blower 90 to
control the discharge temperature T1 to be within the second
predetermined range, it is possible, by dehumidification heat-
ing operation, to respond even to a region Q2 (the external
atmospheric temperature is 25-30° C.) that would be
responded conventionally by dehumidification cooling
operation which requires control of the air mix damper 74
(cooling-heating switching device).

[0086] The present invention is not limited to the foregoing
embodiment. For example, although the present invention has
been described above about states in which the air mix
damper 74 is either fully opened or fully closed, the air mix
damper 74 may be adjusted to a middle position (an interme-
diate position) so as to obtain a middle temperature between
temperature in dehumidification heating operation and tem-
perature in dehumidification cooling operation.

REFERENCE SYMBOLS

[0087] 10: refrigerant compressor

[0088] 20: first heat exchanger

[0089] 30: second heat exchanger

[0090] 40: expansion valve (depressurizing unit)
[0091] 50: third heat exchanger

[0092] 60: fourth heat exchanger
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[0093] 70: cooling-heating switching unit
[0094] 71: second heat exchanger bypass unit
[0095] 72: third heat exchanger bypass unit
[0096] 73: fourth heat exchanger bypass unit
[0097] 74: air mix damper

[0098] 80: first blower

[0099] 90: second blower

[0100] 100: control section

[0101] 101: discharge temperature sensor

[0102] 102: external atmospheric temperature sensor
[0103] C: vehicle interior

[0104] F1: heat pump air conditioning system for vehicle
[0105] V: vehicle

1. A heat pump air conditioning system for a vehicle,

comprising:

a refrigerant compressor;

a first heat exchanger, for heat discharge, that performs heat
exchange between a refrigerant discharged from the
refrigerant compressor and a heat medium;

a second heat exchanger, for heat discharge, that is dis-
posed downstream of the first heat exchanger and per-
forms heat exchange between the refrigerant discharged
from the refrigerant compressor and external atmo-
spheric air;

a depressurizing unit that is disposed downstream of the
second heat exchanger and decreases a pressure of the
refrigerant;

a third heat exchanger, for heat absorption, that is disposed
downstream of the depressurizing unit and performs
heat exchange between a heat source and the refrigerant;

a fourth heat exchanger, for heat absorption, that is dis-
posed on an upstream side of the first heat exchanger
with respect to a flow of the heat medium introduced to
the first heat exchanger;

a cooling-heating switching unit for switching between a
flow of the refrigerant and the heat medium in cooling
operation and a flow of the refrigerant and the heat
medium in heating operation;

a first blower for sending the heat medium to the first heat
exchanger and the fourth heat exchanger;

a second blower for sending the heat medium from the heat
source to the third heat exchanger; and

a control section for controlling the refrigerant compressor,
the cooling-heating switching unit, the first blower, and
the second blower,

wherein, the control section performs collaborated opera-
tion of the second blower in association with the first
blower in dehumidification heating operation in which
the refrigerant passes through the fourth heat exchanger
after the refrigerant passes through the third heat
exchanger, and if a discharge temperature of the heat
medium from the first heat exchanger is higher than a
first predetermined temperature and a rotation speed of
the refrigerant compressor is lower than a predetermined
rotation speed, the control section releases the collabo-
rated operation between the first blower and the second
blower to adjust an electrical power for the second
blower and thereby makes the discharge temperature
become lower than a second predetermined temperature.

2. The heat pump air conditioning system according to

claim 1,

wherein, if an external atmospheric temperature is within a

first predetermined range in dehumidification cooling
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operation, the control section switches the dehumidifi- second blower, to thereby control the discharge tempera-
cation cooling operation to the dehumidification heating ture to be within a second predetermined range.
operation to make the refrigerant flow through the third

heat exchanger and adjusts the electrical power for the L



