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[57] ABSTRACT

An air conditioning system includes: a compressor, an
outside air heat exchanger, an outside air heat ex-
changer fan, an expansion valve, an interior heat ex-
changer, an interior heat exchanger fan, and a four-way
switching valve further comprises an outside air induc-
tion/venting device provided outside the outside air
heat exchanger. A device for switching or opening/-
closing the air intakes and/or outlet of the outside air
heat exchanger are provided in the outside air induc-
tion/venting device and are operated to enable the effi-
cient use of waste heat from the drive shaft motor or
inside the passenger compartment, and to provide a
defrost cycle in the heat pump heating mode.

3 Claims, 13 Drawing Sheets
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Fig . 7
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AIR CONDITIONING APPARATUS FOR AN
ELECTRICALLY-POWERED MOTOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to an apparatus for air
conditioning the interior of an electrically-powered
motor vehicle.

2. Prior art

An air conditioning system for a conventional inter-
nal combustion engine-driven motor vehicle is con-
structed as shown in FIG. 1 (@). A compressor 1 for
compressing the coolant is driven by the engine; heat is
discharged by the outside air heat exchanger 2 and the
fan 3 for the outside air heat exchanger, and the coolant
is condensed to a liquid. The condensed coolant is then
transferred through an expansion valve 4 to the interior
air heat exchanger 5 by which the air inside the passen-
ger compartment is cooled, dehumidified, and the cool-
ant vaporized by the interior air heat exchanger fan to
cool the inside of the vehicle.

The passenger compartment is heated using the heat
of the engine passing through a hot water heating coil.

An air conditioning apparatus for an electrically-
powered motor vehicle cooling can be provided by an
essentially similar system, but the engine heat is not
present and therefore cannot be used for heating. It is
therefore necessary to modify the section indicated by
the dotted line in FIG. 1 (@) as shown in FIG. 1 (b) to
form a heat pump heating system. A four-way switch-
ing valve 7 downstream from the compressor 1 reverses
the coolant flow so that the heat from the interior air
heat exchanger 5 is discharged into the passenger com-
partment and the coolant is condensed. The condensed
coolant is then passed through the expansion valve 4 to
the outside air heat exchanger 2, which then cools and
dehumidifies the air outside the vehicle so that the cool-
ant absorbs heat and is again vaporized.

It should be noted that a heat pump heat system using
engine waste heat in an air conditioning system for an
internal combustion engine-driven vehicle has also been
described in Japanese patent Application Publication
(unexamined) H3-90430.

Because the coolant in the outside air heat exchanger
reaches a low temperature when this system is operat-
ing in the heat pump heating mode, the moisture ab-
sorbed from the air tends to condense as frost or ice on
the outside air heat exchanger, thus preventing the out-
side air heat exchanger from exchanging heat with the
air. It is therefore necessary to provide a defrost cycle
for the outside air heat exchanger.

In a residential room air conditioner this defrost cycle
is accomplished by switching the four-way switching
valve to the cooling mode position, effectively raising
the temperature of and defrosting the outside air heat
exchanger. The outside air heat exchanger fan is also
stopped during the defrost cycle because defrosting is
not possible if the outside air heat exchanger is exchang-
ing heat with the air. This same cycle is applied for
outside air heat exchanger defrosting in a motor vehicle
with a heat pump heating mode.

In an electrically-powered motor vehicle, however, a
supplemental heat source must be provided because
waste heat from the engine is not available. The natural
air flow of vehicle movement causes air to pass through
the outside air heat exchanger even when the outside air
heat exchanger fan is stopped. The outside air heat
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2
exchanger therefore continues to exchange heat with
the air, and defrosting in the heat pump heating mode
becomes impossible.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
enable the effective use of another heat source enabling
a defrost cycle in the heat pump heating mode when the
vehicle is moving.

Specifically, the present invention relates to an air
conditioning apparatus for an electrically-powered
motor vehicle comprising a first air duct through which
travels air that has passed the drive shaft motor, a sec-
ond air duct through which travels air from outside the
vehicle, and a switching means provided at the air in-
take section of the outside air heat exchanger for
switching the two air ducts.

By selectively switching the air supply between two
air ducts, the present invention enables the outside air
heat exchanger to use waste heat from the drive shaft
motor during the heat pump heating mode, and air from
outside the vehicle during the cooling mode.

An alternative embodiment of the invention com-
prises an air duct connected to the air intake section of
the outside air heat exchanger, and an outside air heat
exchanger fan and a switch device for opening and
closing this air duct.

By opening and closing the air duct to the air intake
of the outside air heat exchanger and stopping the out-
side air heat exchanger fan, the flow of air can be
stopped to the front of the outside air heat exchanger,
and an outside air heat exchanger defrost cycle can be
achieved in the heat pump heating mode when the vehi-
cle is in motion.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air that has passed the drive shaft motor and
passes the outside air heat exchanger fan, a second air
duct through which travels air from outside the vehicle,
a switch device provided at the air intake section of the
outside air heat exchanger for opening and closing the
two air ducts, and a control means for opening the first
air duct and closing the second air duct during the
heating mode, closing the first air duct and opening the
second air duct during the cooling mode, and closing
both the first and second air ducts and stopping the
outside air heat exchanger fan during the defrost cycle
of the heating mode.

By controlling the opening of the two air ducts and
the operation of the outside air heat exchanger fan ac-
cording to the operating mode of the air conditioning
system, the outside air heat exchanger can use the waste
heat of the drive shaft motor during the heat pump
heating mode, can introduce fresh air from outside the
vehicle in the cooling mode, and can enable a defrost
cycle in the heat pump heating mode because the air
flow to the front of the outside air heat exchanger can
be stopped during vehicle travel.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air that has passed the drive shaft motor and
passes the outside air heat exchanger fan, a second air
duct through which travels air from outside the vehicle,
a first temperature detection means inside the first air
duct and a second temperature detection means inside
the second air duct, a switch device provided at the air
intake section of the outside air heat exchanger for
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opening and closing the two air ducts, and a control
means for comparing the temperatures of the first and
second air ducts and opening the high temperature air
duct and closing the low temperature air duct during
the heating mode, comparing the temperatures of the
first and second air ducts and opening the low tempera-
ture air duct and closing the high temperature air duct
during the cooling mode, opening both the first and
second air ducts during the heating and cooling modes
when the temperature difference is within a predeter-
mined threshold value due to some other factor such as
the drive shaft motor being stopped, and closing both
the first and second air ducts and stopping the outside
air heat exchanger fan during the defrost cycle of the
heating mode.

By controlling the opening of the two air ducts and
the operation of the outside air heat exchanger fan ac-
cording to the operating mode of the air conditioning
system and the temperature difference between the two
temperature detection means, the outside air heat ex-
changer can use the higher temperature air duct during
the heat pump heating mode, can use the lower temper-
ature air duct in the cooling mode, and can adapt to a
reversal of temperatures in the air ducts due to external
conditions such as the radiant heat of the sun because
the air duct selection is temperature controlled. In addi-
tion, when the temperature difference is below a prede-
termined threshold value such as when the vehicle is
stopped, the two air ducts can be used to lower the
resistance of the air duct and increase the air flow
through the outside air heat exchanger. In addition, a
defrost cycle can be enabled in the heat pump heating
mode because the air flow to the front of the outside air
heat exchanger can be stopped during vehicle travel.

An alternative embodiment of the invention com-
prises a switching means for opening and closing the air
duct to the air intake section of the outside air heat
exchanger, a switch device for opening and closing the
air duct to the air outlet section of the outside air heat
exchanger, and an outside air heat exchanger fan.

A defrost cycle in the heat pump heating mode can
thus be enabled during vehicle travel even when there is
a draft behind the outside air heat exchanger because
the supply of outside air to the outside air heat ex-
changer can be completely shut off by opening and
closing the air ducts to the air intake and from the outlet
of the outside air heat exchanger.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air that has passed the drive shaft motor and
passes the outside air heat exchanger fan, a second air
duct through which travels air from outside the vehicle,
a switching means provided at the air intake section of
the outside air heat exchanger for switching the first
and second air ducts, a switch device provided in the air
outlet of the outside air heat exchanger for opening and
closing a third air duct, and a control means for opening
the first and third air ducts and closing the second air
duct during the heating mode, closing the first and third
air ducts and opening the second air duct during the
cooling mode, and closing the first, second, and third air
ducts and stopping the outside air heat exchanger fan
during the defrost cycle of the heating mode.

By controlling the opening of the three air ducts and
the operation of the outside air heat exchanger fan ac-
cording to the operating mode of the air conditioning
system, the outside air heat exchanger can use the waste
heat of the drive shaft motor during the heat pump
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4
heating mode, can introduce fresh air from outside the
vehicle in the cooling mode, and can enable a defrost
cycle in the heat pump heating mode even when there
is a draft behind the outside air heat exchanger because
the supply of outside air to the outside air heat ex-
changer can be completely shut off.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air that has passed the drive shaft motor and
passes the outside air heat exchanger fan, a second air
duct through which travels air from outside the vehicle,
a first temperature detection means inside the first air
duct and a second temperature detection means inside
the second air duct, a switch device provided at the air
intake section of the outside air heat exchanger for
opening and closing the first and second air ducts, a
switch device provided in the air outlet of the outside
air heat exchanger for opening and closing a third air
duct, and a control means for comparing the tempera-
tures of the first and second air ducts and opening the
air duct with the higher temperature and the third air
duct and closing the low temperature air duct during
the heating mode, comparing the temperatures of the
first and second air ducts and opening the air duct with
the lower temperature and the third air duct and closing
the high temperature air duct during the cooling mode,
opening the first, second, and third air ducts during the
heating and cooling modes when the temperature dif-
ference is within a predetermined threshold value due
to some other factor such as the drive shaft motor being
stopped, and closing the first, second, and third air
ducts and stopping the outside air heat exchanger fan
during the defrost cycle of the heating mode.

By controlling the opening of the three air ducts and
the operation of the outside air heat exchanger fan ac-
cording to the operating mode of the air conditioning
system and the temperature difference between the two
temperature detection means, the outside air heat ex-
changer can use the higher temperature air duct during
the heat pump heating mode, can use the lower temper-
ature air duct in the cooling mode, and can adapt to a
reversal of temperatures in the air ducts due to external
conditions such as the radiant heat of the sun because
the air duct selection is temperature controlled. In addi-
tion, when the temperature difference is below a prede-
termined threshold value such as when the vehicle is
stopped, two air ducts can be used to lower the resis-
tance of the air duct and increase the air flow through
the outside air heat exchanger. In addition, a defrost
cycle can be enabled in the heat pump heating mode
even when there is a draft behind the outside air heat
exchanger because the supply of outside air to the out-
side air heat exchanger can be completely shut off.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air vented from the passenger compartment, a
second air duct through which travels air from outside
the vehicle, a switching means provided at the air intake
to the outside air heat exchanger for switching the two
air ducts, and a control means for switching to the first
air duct during the heating mode, switching to the sec-
ond air duct during the cooling mode, and switching to
the first air duct and stopping the outside air heat ex-
changer fan and the interior air heat exchanger fan
during the defrost cycle of the heating mode.

By controlling the switching of the two air ducts and
the operation of the fans for the interior and outside air
heat exchangers according to the operating mode of the
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air conditioning system, the outside air heat exchanger
can use the waste heat in the air vented from the passen-
ger compartment during the heat pump heating mode,
can directly intake outside air in the cooling mode, and
a defrost cycle can be enabled in the heat pump heating
mode because the air flow to the front of the outside air
heat exchanger can be stopped during vehicle travel.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air vented from the passenger compartment and
passes through from the outside air heat exchanger fan,
a second air duct through which travels air from outside
the vehicle, a switch device provided at the air intake to
the outside air heat exchanger for opening and closing
the two air ducts, and a control means for opening the
first air duct and closing the second air duct during the
heating mode, closing the first air duct and opening the
second air duct during the cooling mode, and closing
the first and second air ducts and stopping the outside
air heat exchanger fan during the defrost cycle of the
heating mode.

By controlling the opening of the two air ducts and
the operation of the outside air heat exchanger fan ac-
cording to the operating mode of the air conditioning
system, the outside air heat exchanger can use the waste
heat in the air vented from the passenger compartment
during the heat pump heating mode, can directly intake
outside air in the cooling mode, and a defrost cycle can
be enabled in the heat pump heating mode because the
air flow to the front of the outside air heat exchanger
can be stopped during vehicle travel.

An alternative means of achieving the objectives of
the invention comprises a first air duct through which
travels air vented from the passenger compartment and
passing through the outside air heat exchanger fan, a
second air duct through which travels air from outside
the vehicle, a switch device provided at the air intake to
the outside air heat exchanger for opening and closing
the two air ducts, a third air duct provided at the air
outlet of the outside air heat exchanger, a switch device
for opening and closing the third air duct, and a control
means for opening the first and third air ducts and clos-
ing the second air duct during the heating mode, closing
the first air duct and opening the second and third air
ducts during the cooling mode, and closing the first,
second, and third air ducts and stopping the outside air
heat exchanger fan during the defrost cycle of the heat-
ing mode.

By controlling the opening of the three air ducts and
the operation of the outside air heat exchanger fan ac-
cording to the operating mode of the air conditioning
system, the outside air heat exchanger can use the waste
heat in the air vented from the passenger compartment
during the heat pump heating mode, can directly intake
outside air in the cooling mode, and a defrost cycle can
be enabled in the heat pump heating mode even when
there is a draft behind the outside air heat exchanger
because the supply of outside air to the outside air heat
exchanger can be completely shut off.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given below and the
accompanying diagrams wherein:

FIG. 1 (@) is a diagram of a conventional air condi-
tioning system for an internal combustion engine-driven
automobile;
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FIG. 1 (b) is a diagram of a conventional air condi-
tioning system for an electric automobile;

FIG. 2 is a diagram of an air conditioning system for
an electric automobile according to the present inven-
tion;

FIG. 3 is a graph of the amount of waste heat recov-
ered from the vehicle drive motor at different vehicle
speeds;

FIG. 4 is a cross-section of the outside air induction
device for the air conditioning apparatus for an electri-
cally-powered motor vehicle according to the present
invention;

FIGS. 5 (a) and 5(b) are cross-sections of the outside
air induction device for the air conditioning apparatus
of an electrically-powered motor vehicle according to.a
second embodiment of the present invention;

FIG. 6 is a cross-section of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a third em-
bodiment of the present invention;

FIG. 7 is a cross-section showing a different state of
the outside air induction device for the air conditioning
apparatus of an electrically-powered motor vehicle
according to a third embodiment of the present inven-
tion;

FIG. 8 is a cross-section of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a fourth
embodiment of the present invention;

FIG. 9 is a cross-section of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a fifth em-
bodiment of the present invention;

FIG. 10'is a cross-section of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a sixth em-
bodiment of the present invention;

FIG. 11 is a cross-section of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a seventh
embodiment of the present invention;

FIG. 12 is a diagram of an air conditioning system for
an electric automobile according to an eighth embodi-
ment of the present invention;

FIG. 13 is a diagram of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a ninth em-
bodiment of the present invention;

FIG. 14 is a diagram of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a tenth em-
bodiment of the present invention; and

FIG. 15 is a diagram of the outside air induction
device for the air conditioning apparatus of an electri-
cally-powered motor vehicle according to a seventh
embodiment of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The preferred embodiments of an air conditioning
apparatus for an electrically-powered motor vehicle
according to the present invention are described below
with reference to the accompanying figures, of which
FIG. 2 shows the air conditioning system according to
the first embodiment.

As shown in FIG. 2, this air conditioning system
comprises a compressor 1, an outside air heat exchanger
2, an outside air heat exchanger fan'3, an expansion
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valve 4, an interior air heat exchanger §, an interior air
heat exchanger fan 6, a four-way switching valve 7, and
an outside air induction/venting means 8 of the inven-
tion, which is provided outside the outside air heat
exchanger 2. The coolant flow is the same in the inven-
tion as in the conventional apparatus described above,
and a further description thereof has been omitted be-
low.

It is necessary for all of the components to feature a
high efficiency, low power consumption design because
of the limited capacity of the battery in an electrically
powered motor vehicle.

FIG. 3 is a graph showing the amount of waste heat
typically recoverable from the drive motor of an elec-
tric car.

If the gross weight, including the battery, of a com-
pact electric car is assumed to be 2000 kg, the motor
output required to travel 40 km/hr on a level road will
be 4 kW, and 11 kW when travelling 80 km/hr. If the
motor is assumed to be 80% efficient, the respective
input power required will be 5 kW and 14 kW. The heat
generated by the motor will be the difference between
the input power and the output power. If 70% of this
waste heat can be recovered, it will be possible to re-
cover 0.7 kW (600 kcal/hr) and 2.1 kW (1800 kcal/hr),
respectively. This heat recovery is shown as the shaded
area between the input (solid line) and output (dotted
line) in FIG. 3.

The following embodiment of the invention effec-
tively utilizes another heat source.

FIG. 4 is a cross-section of the first embodiment of
the outside air induction/venting means 8 used in the
system shown in FIG. 2.

As shown in FIG. 4, the drive shaft motor 9 is sur-
rounded by a duct 10 which intakes outside air passed
around the drive shaft motor 9. The other intake duct 11
intakes air directly from the outside. Both intake ducts
10 and 11 are connected so that the air from both flows
into a common duct 12. A damper 13 is placed at the
connection of the three ducts 10, 11, and 12 to control
the flow of air from either duct 10 or duct 11 into the
common duct 12. The outside air heat exchanger 2 and
the outside air heat exchanger fan 3 are placed inside the
common duct 12 of the outside air induction/venting
means 8 constructed as shown in FIG. 4.

When operating in the heating mode, the damper 13
is positioned as shown in FIG. 4 in the outside air induc-
tion/venting means 8 so that outside air warmed by the
waste heat of the drive shaft motor 9 is introduced to
the outside air heat exchanger 2. During the cooling
mode, the damper 13 is switched to the position indi-
cated by the dotted line in FIG. 4 so that the outside air
is introduced directly to the outside air heat exchanger
2 without being warmed. By thus changing the position
of the damper 13, waste heat from the drive shaft motor
9 can be used in the heating mode to improve heating
capacity and efficiency, and decreased cooling capacity
and efficiency caused by an increase in the air tempera-
ture from the waste heat can be prevented in the cooling
mode by direct ducting of outside air.

The object of the second embodiment of the inven-
tion is to enable a defrost cycle in the heat pump heating
mode.

FIG. 5 (a) is a cross-section of the second embodi-
ment of the outside air induction/venting means 8 used
in the system shown in FIG. 2.

As shown in FIG. 5 (@), the damper 15 is placed in the
duct 14 to open and close the flow of air from the duct
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8
14 to the outside air heat exchanger 2, which is also
provided inside the duct 14 together with the outside air
heat exchanger fan 3.

With this outside air induction/venting means 8, the
flow of air into the outside air heat exchanger 2 can be
prevented by closing the damper 15 and stopping the
outside air heat exchanger fan 3, thus enabling a defrost
cycle in the heating mode during normal vehicle travel.

It is to be noted that the same effect can be obtained
by substituting an aperture-like flow restrictor for the
damper switch device to greatly restrict the air flow.

By further providing a hole in the duct 14 as shown in
FIG. 5 (b), the air flow can be allowed to escape when
the damper 15 is closed, reducing the leakage of air
passing the closed damper 15 and further improving
efficiency.

The object of the third embodiment of the invention
is to enable the efficient use of another heat source and
a defrost cycle in the heat pump heating mode.

FIG. 6 is a cross-section of the third embodiment of
the outside air induction/venting means 8 used in the
system shown in FIG. 2.

As shown in FIG. 6, the drive shaft motor 9 is sur-
rounded by a duct 16 which intakes outside air passed
around the drive shaft motor 9. The other intake duct 17
intakes air directly from the outside. Both intake ducts
16 and 17 are connected so that the air from both flows
into a common duct 18. Separate dampers 19 and 20 are
placed between ducts 16 and 18, and 17 and 18, respec-
tively, to control the flow of air from either duct 16 or
duct 17 into the common duct 18. The outside air heat
exchanger 2 and the outside air heat exchanger fan 3 are
placed inside the common duct 18 of the outside air
induction/venting means 8 constructed as shown in
FIG. 6. A control device 21 is also externally provided
to control the position (open or closed) of the dampers
19 and 20 and the operating state of the outside air heat
exchanger fan 3 according to the air conditioning mode.

With this outside air induction/venting means 8,
damper 19 is closed and damper 20 is opened to allow
the direct flow of outside air to the outside air heat
exchanger 2 when operating in the cooling mode. When
operating in the heating mode, damper 19 is opened and
damper 20 is closed so that outside air warmed by the
waste heat of the drive shaft motor 9 is introduced to
the outside air heat exchanger 2. During the defrost
cycle of the heating mode, both dampers 19 and 20 are
closed and the outside air heat exchanger fan 3 is
stopped. By thus changing the position of the dampers
and outside air heat exchanger fan 3 operation accord-
ing to the air conditioning mode, waste heat from the
drive shaft motor 9 can be used in the heating mode to
improve heating capacity and efficiency, and decreased
cooling capacity and efficiency caused by an increase in
the air temperature from the waste heat can be pre-
vented in the cooling mode. In addition, a defrost cycle
can be enabled in the heating mode during normal vehi-
cle travel because the flow of air into the outside air
heat exchanger 2 can be stopped.

By further providing a hole in either duct 16 or 17 as
shown in FIG. 7, the air flow can be allowed to escape
when the damper is closed, reducing the leakage of air
passing the closed damper and further improving effi-
ciency. These vents can also be used for cooling the
drive shaft motor 9 in hot weather. In addition, by plac-
ing the windshield washer fluid tank or other auxiliary
unit 22 downstream from the air vented from the drive
shaft motor 9 duct 16, waste heat from the motor can be
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used to prevent fluid freezing and other problems in
winter and low temperature areas when the waste heat
is not needed by the outside air heat exchanger 2.

The object of the next embodiment of the invention is
to enable the efficient use of another heat source and a
defrost cycle in the heat pump heating mode.

FIG. 8 is a cross-section of an embodiment of the
outside air induction/venting means 8 used in the sys-
tem shown in FIG. 2.

The outside air heat exchanger 2, outside air heat
exchanger fan 3, drive shaft motor 9, ducts 16, 17, and
18, and dampers 19 and 20 shown in FIG. 8 are the same
as those shown in FIG. 6, and a further description
thereof has been omitted.

This embodiment is characterized by the temperature
detector 23 provided inside the drive shaft motor 9 duct
16, the temperature detector 24 provided in the other
duct 17, and the control device 25 provided outside the
ducts to control opening and closing of the dampers 19
and 20 and outside air heat exchanger fan 3 operation
according to the air conditioning mode and the differ-
ence between the temperature of the two ducts as de-
tected by the two temperature detectors 23 and 24.

With this outside air induction/venting means 8, the
temperature of the air in duct 16 and is compared with
that of duct 17 based on the temperature detectors 23
and 24. The two dampers 19 and 20 are then controlled
so that the lower temperature duct is opened and the
higher temperature duct is closed in the cooling mode,
and the higher temperature duct is opened and the
lower temperature duct closed in the heating mode.
Furthermore, when the temperature difference between
the two ducts 16 and 17 is within a predetermined
threshold value in either the heating or cooling mode
because, for example, the drive shaft motor 9 is stopped,
both dampers 19 and 20 are opened. In addition, both
dampers 19 and 20 are closed and the outside air heat
exchanger fan 3 is stopped during the heating mode
defrost cycle.

By thus changing the position of the dampers and
outside air heat exchanger fan 3 operation according to
the air conditioning mode, waste heat from the drive
shaft motor 9 can be used in the heating mode to im-
prove heating capacity and efficiency, and decreased
cooling capacity and efficiency caused by an increase in
the air temperature from the waste heat can be pre-
vented in the cooling mode by direct ducting of outside
air. In addition, a defrost cycle can be enabled in the
heating mode during normal vehicle travel because the
flow of air into the outside air heat exchanger 2 can be
stopped. The air flow to the outside air heat exchanger
2 can also be increased when the vehicle is stopped and
at other times by using both ducts.

The object of the next embodiment of the invention is
to enable a defrost cycle in the heat pump heating mode
during vehicle travel.

FIG. 9 is a cross-section of an embodiment of the
outside air induction/venting means 8 used in the sys-
tem shown in FIG. 2.

The positions of the outside air heat exchanger 2,
outside air heat exchanger fan 3, duct 14, and damper 15
in the embodiment shown in FIG. 9 are the same as
those of the embodiment shown in FIG. 5 ().

This embodiment is characterized by an additional
damper 26 provided in the duct 14 on the vent side of
the outside air heat exchanger 2.

With this outside air induction/venting means 8, a
defrost cycle can be provided in the heating mode dur-
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ing vehicle travel by cutting off the supply of air to the
front of the outside air heat exchanger 2 and any draw
caused by drag behind the outside air heat exchanger 2
during vehicle travel by closing both dampers 15 and 26
and stopping the outside air heat exchanger fan 3.

It is to be noted that this damper 26 is shown on the
vent side of the outside air heat exchanger fan 3 in FIG.
9, but the same effect can be obtained by placing the
damper 26 between the outside air heat exchanger 2 and
the outside air heat exchanger fan 3 so long as the out-
side air heat exchanger 2 is enclosed between the two
dampers 15 and 26.

By further providing a hole in the inlet side of the
duct 14 as shown in FIG. § (b), the air flow can be
allowed to escape when the damper 15 is closed, reduc-
ing the leakage of air passing the closed damper 15 and
further improving efficiency.

The object of the next embodiment of the invention is
to enable the efficient use of another heat source and a
defrost cycle in the heat pump heating mode.

FIG. 10 is a cross-section of an embodiment of the
outside air induction/venting means 8 used in the sys-
tem shown in FIG. 2.

The outside air heat exchanger 2, outside air heat
exchanger fan 3, drive shaft motor 9, ducts 16, 17, and
18, and dampers 19 and 20 are the same as those of the
embodiment shown in FIG. 6.

This embodiment is characterized by an additional
damper 27 provided in the duct 18 on the vent side of
the outside air heat exchanger 2, and a control device 28
to control the position {open or closed) of the dampers
19, 20, and 27 and the operating state of the outside air
heat exchanger fan 3 according to the air conditioning
mode.

With this outside air induction/venting means 8,
damper 19 is closed and dampers 20 and 27 are opened
to allow the direct flow of outside air to the outside air
heat exchanger 2 when operating in the cooling mode.
When operating in the heating mode, dampers 19 and 27
are opened and damper 20 is closed so that outside air
warmed by the waste heat of the drive shaft motor 9 is
introduced to the outside air heat exchanger 2. During
the defrost cycle of the heating mode, dampers 19, 20,
and .27 are closed and the outside air heat exchanger fan
3 is stopped. By thus changing the position of the damp-
ers and outside air heat exchanger fan 3 operation ac-
cording to the air conditioning mode, waste heat from
the drive shaft motor 9 can be used in the heating mode
to improve heating capacity and efficiency, and de-
creased cooling capacity and efficiency caused by an
increase in the air temperature from the waste heat can
be prevented in the cooling mode. In addition; a defrost
cycle can be enabled in the heating mode during normal
vehicle travel because the flow of air into the outside air
heat exchanger 2 can be stopped and any draw caused
by drag behind the outside air heat exchanger 2 during
vehicle travel can be blocked.

By further providing a hole in either duct 16 or 17 as
shown in FIG. 7, the air flow can be allowed to escape
when the damper is closed, reducing the leakage of air
passing the closed damper and further improving effi-
ciency. These vents can also be used for cooling the
drive shaft motor 9 in hot weather. In addition, by plac-
ing the windshield washer fluid tank or other auxiliary
unit 22 downstream from the air vented from the drive
shaft motor 9 duct 16, waste heat from the motor can be
used to prevent fluid freezing and other problems in
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winter and low temperature areas when the waste heat
is not needed by the outside air heat exchanger 2.

It is to be noted that this damper 27 is shown on the
vent side of the outside air heat exchanger fan 3 in FIG.
10, but the same effect can be obtained by placing the
damper 26 between the outside air heat exchanger 2 and
the outside air heat exchanger fan 3.

The object of the embodiment of the invention is to
enable the efficient use of another heat source and a
defrost cycle in the heat pump heating mode during
vehicle travel.

FIG. 11 is a cross-section of an embodiment of the
outside air induction/venting means 8 used in the sys-
tem shown in FIG. 2. '

The outside air heat exchanger 2, outside air heat
exchanger fan 3, drive shaft motor 9, ducts 16, 17, and
18, and temperature detectors 23 and 24 in the dampers
19 and 20 shown in FIG. 11 are the same as those shown
in FIG. 8, and a further description thereof has been
omitted.

This embodiment is characterized by the damper 29
provided on the vent side of the outside air heat ex-
changer 2, and a control device 30 to control the posi-
tion (open or closed) of the dampers 19, 20, and 29 and
the operating state of the outside air heat exchanger fan
3 according to the air conditioning mode and the differ-
ence between the temperature of the two ducts as de-
tected by the two temperature detectors 23 and 24.

With this outside air induction/venting means 8, the
temperature of the air in duct 16 and is compared with
that of duct 17 based on the temperature detectors 23
and 24. The two dampers 19 and 20 are then controlled
so that the Jower temperature duct is opened, the higher
temperature duct is closed, and the vent duct 29 is
opened in the cooling mode, and the higher temperature
duct is opened, the lower temperature duct closed, and
the vent duct 29 is opened in the heating mode. Further-
more, when the temperature difference between the
two ducts 16 and 17 is within a predetermined threshold
value in either the heating or cooling mode because, for
example, the drive shaft motor 9 is stopped, dampers 19,
20, and 29 are opened. In addition, both dampers 19, 20,
and 29 are closed and the outside air heat exchanger fan
3 is stopped during the heating mode defrost cycle.

By thus changing the position of the dampers and
outside air heat exchanger fan 3 operation according to
the air conditioning mode, waste heat from the drive
shaft motor 9 can be used in the heating mode to im-
prove heating capacity and efficiency, and decreased
cooling capacity and efficiency caused by an increase in
the air temperature from the waste heat can be pre-
vented in the cooling mode. In addition, a defrost cycle
can be enabled in the heating mode during normal vehi-
cle travel because the flow of air into and draft caused
by drag behind the outside air heat exchanger 2 can be
stopped. The air flow to the outside air heat exchanger
2 can also be increased when the vehicle is stopped and
at other times by using both ducts.

It is to be noted that this damper 29 is shown on the
vent side of the outside air heat exchanger fan 3 in FIG.
11, but the same effect can be obtained by placing the
damper 29 between the outside air heat exchanger 2 and
the outside air heat exchanger fan 3.

By further providing a hole in either duct 16 or 17 as
shown in FIG. 7, the air flow can be allowed to escape
when the damper is closed, reducing the leakage of air
passing the closed damper and further improving effi-
ciency. These vents can also be used for cooling the
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drive shaft motor 9 in hot weather. In addition, by plac-
ing the windshield washer fluid tank or other auxiliary
unit 22 downstream from the air vented from the drive
shaft motor 9 duct 16, waste heat from the motor can be
used to prevent fluid freezing and other problems in
winter and low temperature areas when the waste heat
is not needed by the outside air heat exchanger 2.

An alternative embodiment of the present invention is
described hereinbelow with reference to FIG. 12,
which shows the air conditioning system according to
this alternative embodiment.

As shown in FIG. 12, this air conditioning system
comprises a compressor 31, an outside air heat ex-
changer 32, an outside air heat exchanger fan 33, an
expansion valve 34, an interior air heat exchanger 38, an
interior air heat exchanger fan 36, a four-way switching
valve 37, and an outside air induction/venting means 38
of the invention, which is provided outside the outside
air heat exchanger 32. The coolant flow is the same in
the invention as in the conventional apparatus described
above, and a further description thereof has been omit-
ted below.

It is necessary for all of the components to feature a
high efficiency, low power consumption design because
of the limited capacity of the battery in an electrically
powered motor vehicle.

FIG. 13 is a cross-section of the outside air induc-
tion/venting means 38 used in the system shown in
FIG. 12.

As shown in FIG. 13, an air vent duct 40 is provided
to intake the vented air from the passenger compart-
ment air vent 39. The other intake duct 41 parallel to the
air vent duct 40 intakes air directly from the outside.
Both intake ducts 40 and 41 are connected so that the air
from both flows into a common duct 42. A damper 43 is
placed at the connection of the three ducts 40, 41, and
42 to control the flow of air from either air vent duct 40
or outside air intake duct 41 into the common duct 42.
The outside air heat exchanger 32 and the outside air
heat exchanger fan 33 are placed inside the common
duct 42 of the outside air induction/venting means 38,
and a control device 44 is provided to control operation
of the damper 43, outside air heat exchanger fan 33, and
the interior air heat exchanger fan 36 according to the
air conditioning mode.

The damper 43 is positioned as shown in FIG. 13 in
the outside air induction/venting means 38 so that the
heat of the air from the passenger compartment vented
through the passenger compartment air vent 39 is intro-
duced to the outside air heat exchanger 32 in the heating
mode. During the cooling mode, the damper 43 is
switched to the position indicated by the dotted line in
FIG. 13 so that the outside air is introduced directly to
the outside air heat exchanger 32. In addition, by
switching the damper 43 to the (solid line) position
shown in FIG. 13 during the heating mode defrost cycle
and stopping the fans 33 and 36 for both the interior and
outside air heat exchangers, outside air can be pre-
vented from blowing across the outside air heat ex-
changer. By thus changing the position of the damper
43 and the operation of the fans 33 and 36 for both the
interior and outside air heat exchangers according to
the air conditioning mode, waste heat from inside the
passenger compartment can be used in the heating mode
to improve heating capacity and efficiency, and de-
creased cooling capacity and efficiency can be pre-
vented in the cooling mode by intaking air directly from
outside the vehicle. Furthermore, the outside air heat
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exchanger 32 is prevented from exchanging heat with
the outside air, and a defrost cycle in the heat pump
heating mode can be provided because induction of
outside air to the outside air heat exchanger 32 can be
prevented during vehicle travel by closing the damper
43.

It is also possible to position the damper 43 so that
both outside air and air vented from the passenger com-
partment are ducted to the outside air heat exchanger 32
for an increased air flow. _

An alternative embodiment of the present invention is
described hereinbelow with reference to FIG. 14, a
cross section of the outside air induction/venting means
38 according to this alternative embodiment.

As shown in FIG. 14, an air vent duct 45 is provided
to intake the vented air from the passenger compart-
ment air vent 39. The other intake duct 46 parallel to the
air vent duct 45 intakes air directly from the outside.
Both intake ducts 45 and 46 are connected so that the air
from both flows into a common duct 47. Separate
dampers 48 and 49 are between the common duct 47
and air vent duct 45 and outside air intake duct 46,
respectively, to control the flow of air from the two
ducts 45 and 46 into the common duct 47 and the out-
side air heat exchanger 32. The outside air heat ex-
changer 32 and the outside air heat exchanger fan 33 are
placed inside the common duct 47 of the outside air
induction/venting means 38, and a control device 50 is
provided to control operation of the dampers 48 and 49,
and outside air heat exchanger fan 33 according to the
air conditioning mode.  °

With this outside air induction/venting means 38,
damper 48 is closed and damper 49 is opened to allow
the direct flow of outside air to the outside air heat
exchanger 32 when operating in the cooling mode.
When operating in the heating mode, damper 48 is
opened and damper 49 is closed so that warm air from
inside the passenger compartment and vented from the
passenger compartment air vent 39 is introduced to the
outside air heat exchanger 32. During the defrost cycle
of the heating mode, both dampers 48 and 49 are closed
and the outside air heat exchanger fan 33 is stopped to
stop the flow of air to the outside air heat exchanger 32.
By thus changing the position of the dampers and out-
side air heat exchanger fan 33 operation according to
the air conditioning mode, warm air from inside the
passenger compartment can be used in the heating mode
to improve heating capacity and efficiency, and de-
creased cooling capacity and efficiency caused can be
prevented in the cooling mode by intaking outside air.
In addition, a defrost cycle can be enabled in the heating
mode during normal vehicle travel because the flow of
air into the outside air heat exchanger 32 can be
stopped.

It is to be noted that the same effect can be obtained
by substituting an aperture-like flow restrictor for the
damper switch device to greatly restrict the air flow. It
is also possible to position the dampers 48 and 49 so that
both outside air and air vented from the passenger com-
partment are ducted to the outside air heat exchanger 32
for an increased air flow.

An alternative embodiment of the present invention is
described hereinbelow with reference to FIG. 15, a
cross-section of the outside air induction/venting means
38 according to this alternative embodiment.

The outside air heat exchanger 32, outside air heat
exchanger fan 33, passenger compartment air vent 39,
air vent duct 45, outside air intake duct 46, common
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duct 47, and dampers 48 and 49 shown in FIG. 15 are
the same as those shown in FIG. 14, and a further de-
scription thereof has been omitted.

This embodiment is characterized by a damper 51
provided in the duct 47 on the vent side of the outside
air heat exchanger 32, and a control device 52 for con-
trolling the opening and closing of the dampers 48, 49,
and 51 and the operation of the outside air heat ex-
changer fan 33 according to the air conditioning mode.

With this outside air induction/venting means 8,
damper 48 is closed and dampers 49 and 51 are opened
to allow the direct flow of outside air to the outside air
heat exchanger 32 when operating in the cooling mode.
When operating in the heating mode, dampers 48 and 51
are opened and damper 49 is closed so that the air
vented from the passenger compartment air vent 39 is
introduced to the outside air heat exchanger 32. During
the defrost cycle of the heating mode, dampers 48, 49,
and 51 are closed and the outside air heat exchanger fan
33 is stopped. By thus changing the position of the
dampers and outside air heat exchanger fan 33 operation
according to the air conditioning mode, waste heat
from the passenger compartment can be used in the
heating mode to improve heating capacity and effi-
ciency, and decreased cooling capacity and efficiency
can be prevented in the cooling mode by directly intak-
ing outside air. In addition, a defrost cycle can be en-
abled in the heating mode during normal vehicle travel
because the flow of air into the outside air heat ex-
changer 32 can be stopped and any draw caused by drag
behind the outside air heat exchanger 32 during vehicle
travel can be blocked.

It is to be noted that this damper 51 is shown on the
vent side of the outside air heat exchanger fan 33 in
FIG. 15, but the same effect can be obtained by placing
the damper 51 between the outside air heat exchanger
32 and the outside air heat exchanger fan 33.

The present invention enables the outside air heat
exchanger to use waste heat from the drive shaft motor
during the heat pump heating mode, and air from out-
side the vehicle during the cooling mode by selectively
switching the air supply between two air ducts.

In addition, the flow of air from the front of the vehi-
cle in motion can be stopped to the outside air heat
exchanger, and an outside air heat exchanger defrost
cycle can be achieved in the heat pump heating mode
by opening and closing the air duct to the air intake of
the outside air heat exchanger and stopping the outside
air heat exchanger fan.

In addition, the outside air heat exchanger can use the
waste heat of the drive shaft motor during the heat
pump heating mode, can introduce fresh air from out-
side the vehicle in the cooling mode, and can enable a
defrost cycle in the heat pump heating mode because
the frontal air flow to the outside air heat exchanger can
be stopped during vehicle travel by controlling the
opening of the two air ducts and the operation of the
outside air heat exchanger fan according to the operat-
ing mode of the air conditioning system.

In addition, by controlling the opening of the two air
ducts and the operation of the outside air heat ex-
changer fan according to the operating mode of the air
conditioning system and the temperature difference
between the two temperature detection means, the out-
side air heat exchanger can use the higher temperature
air duct during the heat pump heating mode, can use the
lower temperature air duct in the cooling mode, and can
adapt to a reversal of temperatures in the air ducts due
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to external conditions such as the radiant heat of the sun
because the air duct selection is temperature controlled.
In addition, when the temperature difference is below a
predetermined threshold value such as when the vehicle
is stopped, the two air ducts can be used to lower the
resistance of the air duct and increase the air flow
through the outside air heat exchanger. In addition, a
defrost cycle can be enabled in the heat pump heating
mode because the air flow to the front of the outside air
heat exchanger can be stopped during vehicle travel.

In addition, a defrost cycle in the heat pump heating
mode can be enabled during vehicle travel even when
there is a draft behind the outside air heat exchanger
because the supply of outside air to the outside air heat
exchanger can be completely shut off by opening and
closing the air ducts to the air intake and from the outlet
of the outside air heat exchanger.

In addition, by controlling the opening of the three
air ducts and the operation of the outside air heat ex-
changer fan according to the operating mode of the air
conditioning system, the outside air heat exchanger can
use the waste heat of the drive shaft motor during the
heat pump heating mode, can introduce fresh air from
outside the vehicle in the cooling mode, and can enable
a defrost cycle in the heat pump heating mode even
when there is a draft behind the outside air heat ex-
changer because the supply of outside air to the outside
air heat exchanger can be completely shut off.

In addition, by controlling the opening of the three
air ducts and the operation of the outside air heat ex-
changer fan according to the operating mode of the air
conditioning system and the temperature difference
between the two temperature detection means, the out-
side air heat exchanger can use the higher temperature
air duct during the heat pump heating mode, can use the
lower temperature air duct in the cooling mode, and can
adapt to a reversal of temperatures in the air ducts due
to external conditions such as the radiant heat of the sun
because the air duct selection is temperature controlled.
In addition, when the temperature difference is below a
predetermined threshold value such as when the vehicle
is stopped, two air ducts can be used to lower the resis-
tance of the air duct and increase the air flow through
the outside air heat exchanger. In addition, a defrost
cycle can be enabled in the heat pump heating mode
even when there is a draft behind the outside air heat
exchanger because the supply of outside air to the out-
side air heat exchanger can be completely shut off.

In addition, the outside air heat exchanger can use the
waste heat in the air vented from the passenger com-
partment during the heat pump heating mode, can di-
rectly intake outside air in the cooling mode, and a
defrost cycle can be enabled in the heat pump heating
mode because the air flow to the front of the outside air
heat exchanger can be stopped during vehicle travel by
controlling the switching of the two air ducts and the
operation of the fans for the interior and outside air heat
exchangers according to the operating mode of the air
conditioning system.

In addition, the outside air heat exchanger can use the
waste heat in the air vented from the passenger com-
partment during the heat pump heating mode, can di-
rectly intake outside air in the cooling mode, and a
defrost cycle can be enabled in the heat pump heating
mode because the air flow to the front of the outside air
heat exchanger can be stopped during vehicle trave] by
controlling the opening of the two air ducts and the
operation of the outside air heat exchanger fan accord-
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ing to the operating mode of the air conditioning sys-
tem.

In addition, the outside air heat exchanger can use the
waste heat in the air vented from the passenger com-
partment during the heat pump heating mode, can di-
rectly intake outside air in the cooling mode, and a
defrost cycle can be enabled in the heat pump heating
mode even when there is a draft behind the outside air
heat exchanger because the supply of outside air to the
outside air heat exchanger can be completely shut off by
controlling the opening of the three air ducts and the
operation of the outside air heat exchanger fan accord-
ing to the operating mode of the air conditioning sys-
tem. ’

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

What is claimed is: :

1. An air conditioning apparatus for an electrically-
powered motor vehicle comprising:

a heat pump heating and cooling system including a
compressor, an outside air heat exchanger, an out-
side air heat exchanger fan, an expansion valve, an
interior air heat exchanger, an interior air heat
exchanger fan, and a four-way selector valve;

a first air duct enclosing a drive shaft motor for duct-
ing air that has passed said drive shaft motor,

a second air duct for direct ducting of outside air; and

a switching means for switching between said two air
ducts provided at an air intake of said outside air
heat exchanger.

2. An air conditioning apparatus for an electrically-

powered motor vehicle comprising:

a heat pump heating and cooling system including a
compressor, an outside air heat exchanger, an out-
side air heat exchanger fan, an expansion valve, an
interior air heat exchanger, an interior air heat
exchanger fan, and a four-way selector valve;

and a switch device for opening and closing said air
duct provided at said air intake of said outside air
heat exchanger;

wherein said switch device closes said ventilation
circuit during a defrost operation in at least a
warming mode, whereby air flow through said
outside air heat exchanger is prevented, thereby
shortening the time of the defrost operation.

3. An air conditioning apparatus for an electrically-

powered motor vehicle comprising:

a heat pump heating and cooling system including a
compressor, an outside air heat exchanger, an out-
side air heat exchanger fan, an expansion valve, an
interior air heat exchanger, an interior air heat
exchanger fan, and a four-way selector valve;

a first air duct enclosing a drive shaft motor for duct-
ing air which has passed said drive shaft motor;

a second air duct for direct ducting of outside air;

a switch device provided at an air intake of said out-
side air heat exchanger for opening and closing said
two air ducts; and

a control device for operating said switch device and
said outside air heat exchanger fan according to an

air conditioning mode.
* * =» * *




