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Description
Title of Invention: AIR CONDITIONER IN ELECTRIC VEHICLE
Technical Field
[1] The present invention relates to an air conditioner in an electric vehicle, and more

particularly to an air conditioner in an electric vehicle, which can make continuous
heating operation even in defrosting operation, can enhance heating efficiency and per-
formance even in the defrosting operation, and can recover heat discharged from
various components of the electric vehicle even in the defrosting operation for

preventing liquid refrigerant from being introduced to a compressor.

Background Art

[2] According to recent global environmental regulation strengthening and energy cost
reducing trend, demands on environment friendly EV (Electric Vehicle) is increasing.
The USA and the Europe are in a state in which supply of the electric vehicle is
obliged by legislation of the clean air act, and interest in, and research on, green car is
active in the Korea as a part of low carbon green growth activity, too.

[3] The electric vehicle is provided with a motor for driving the vehicle, a battery
mounted thereto for operating various electric units, and an air conditioner for cooling
in summer and heating in winter.

[4] The air conditioner has a cycle in which refrigerant which circulates an inside thereof
in an order of compression, condensation, expansion and evaporation for transfer of
heat. Owing to the cycle, the air conditioner is operated in a cooling cycle for dis-
charging the heat from a room to an outside of the room in summer, and in a heating
cycle of a heat pump opposite to the cooling cycle in which the heat is supplied to the
room in winter.

[5] In the meantime, if the air conditioner is operated in a heating cycle in winter, the re-
frigerant is vaporized as a heat exchanger in an outdoor unit absorbs the heat, and the
refrigerant is condensed as a heat exchanger in an indoor unit discharges the heat. In
the meantime, if the air conditioner is operated in the heating cycle, since frost is
formed on a surface of the outdoor unit heat exchanger due to a surface temperature
thereof which becomes lower significantly as the outdoor unit absorbs the heat, the
heat exchange efficiency of the heat exchanger becomes poorer.

[6] Though a technology has been used in a related art, in which heat being discharged
from an engine is used for removal of the frost from the surface of the heat exchanger,
the electric vehicle has a problem in that the heat discharged from the engine can not
be utilized.

[7] Moreover, as a method for removal of the frost from the surface of the outdoor unit
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[13]

[14]

heat exchanger, there is a defrosting operation method in which the circulation of the
refrigerant is reversed in middle of the heating cycle to operate the refrigerating cycle
in the cooling cycle. That is, if the refrigerating cycle is changed to the cooling cycle in
middle of the heating cycle, the refrigerant is condensed at the outdoor heat exchanger
to discharge the heat, and the heat discharged thus removes the frost from the surface

of the outdoor heat exchanger.
However, if the refrigerating cycle is operated reversely, there is a problem in that a

room temperature of the electric vehicle drops in the defrosting operation.
Disclosure of Invention
Technical Problem

Accordingly, the present invention is directed to an air conditioner in an electric
vehicle.

An object of the present invention is to provide an air conditioner in an electric
vehicle, which can make continuous heating operation even in defrosting operation.

Another object of the present invention is to provide an air conditioner in an electric
vehicle, which can recover heat discharged from various components of the electric
vehicle even in defrosting operation for preventing liquid refrigerant from being in-
troduced to a compressor.

Another object of the present invention is to provide an air conditioner in an electric
vehicle, which can enhance heating efficiency and performance even in defrosting
operation.

Additional advantages, objects, and features of the disclosure will be set forth in part
in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

Solution to Problem

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, an air conditioner in an
electric vehicle having a battery and a driving unit includes a compressor for com-
pressing refrigerant, an indoor heat exchanger for introducing the refrigerant thereto
from the compressor in heating operation, first and second outdoor heat exchangers
connected to the indoor heat exchanger, first and second refrigerant flow passage con-
trollers provided between the indoor heat exchanger and each of the outdoor heat ex-
changers, and a controller for making defrosting operation of the first outdoor heat

exchanger if the first outdoor heat exchanger meets at least one of defrosting operation
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[21]
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[23]

[24]

[25]

starting conditions of an outdoor temperature, and refrigerant temperatures at an inlet
and an outlet of the outdoor heat exchanger in the heating operation, and controlling
the first and second refrigerant flow passage controllers for making the refrigerant
passed through the indoor heat exchanger to be introduced only to the second outdoor
heat exchanger according to a state of remained charge of the battery or the outdoor
temperature.

Advantageous Effects of Invention

As has been described, the air conditioner in an electric vehicle related to a preferred
embodiment of the present invention can make continuous heating operation even in
defrosting operation.

And, the air conditioner in an electric vehicle related to a preferred embodiment of
the present invention can recover the heat discharged from various components of the
electric vehicle even in defrosting operation for preventing liquid refrigerant from
being introduced to the compressor.

And, the air conditioner in an electric vehicle related to a preferred embodiment of
the present invention can enhance heating efficiency and performance in defrosting
operation.

It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.

Brief Description of Drawings

The accompanying drawings, which are included to provide a further understanding
of the disclosure and are incorporated in and constitute a part of this application, il-
lustrate embodiment(s) of the disclosure and together with the description serve to
explain the principle of the disclosure. In the drawings:

FIG. 1 illustrates a block diagram of an air conditioner in an electric vehicle related
to a first preferred embodiment of the present invention.

FIG. 2 illustrates a component block diagram of an air conditioner in an electric
vehicle related to a first preferred embodiment of the present invention.

FIGS. 3 and 4 illustrate block diagrams each for describing an operation state of an
air conditioner in an electric vehicle related to a first preferred embodiment of the
present invention.

FIG. 5 illustrates a conceptual drawing of a refrigerant heater in an air conditioner in
an electric vehicle related to a preferred embodiment of the present invention.

FIGS. 6 and 7 illustrate block diagrams each for describing a discharged heat
recovery unit in air conditioner in an electric vehicle related to the present invention.

FIG. 8 illustrates a block diagram of an air conditioner in an electric vehicle related
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to a second preferred embodiment of the present invention.
FIG. 9 illustrates a block diagram of an air conditioner in an electric vehicle related

to a third preferred embodiment of the present invention.

FIG. 10 illustrates a block diagram of an air conditioner in an electric vehicle related
to a fourth preferred embodiment of the present invention.

FIG. 11 illustrates a block diagram of an air conditioner in an electric vehicle related
to a fifth preferred embodiment of the present invention.

Best Mode for Carrying out the Invention

An air conditioner in an electric vehicle (Hereafter an air conditioner) related to a
first preferred embodiment of the present invention will be described with reference to
the attached drawings, in detail. The attached drawings are in illustrative exemplary
modes of the present invention, which are provided for describing the present
invention in more detail, but not for confining technical scopes of the present
invention.

Wherever possible, the same reference numbers will be used throughout the drawings
to refer to the same or like parts, repetitive description of which will be omitted, and,
for convenience of description, a size or a shape of a member may be shown ex-
aggerated or not to scale, perfectly.

In the meantime, though terms including ordinal numbers, such as first or second,
can be used for describing various elements, the elements are not confined by the
terms, and, but are used only for making one element distinctive from other elements.

FIG. 1 illustrates a block diagram of an air conditioner in an electric vehicle related
to a first preferred embodiment of the present invention, and FIG. 2 illustrates a
component block diagram of an air conditioner in an electric vehicle related to a first
preferred embodiment of the present invention.

The air conditioner 1 in an electric vehicle related to a first preferred embodiment of
the present invention is related to an air conditioner 1 in an electric vehicle including a
battery 13-1 and a driving unit.

The air conditioner | includes a compressor 13 for compressing refrigerant, an
indoor heat exchanger 14 for introducing refrigerant thereto from the compressor 13 in
heating operation, first and second outdoor heat exchangers 11 and 12 connected to the
indoor heat exchanger 14, first and second refrigerant flow passage controllers 50 and
60 provided between the indoor heat exchanger 14 and each of the outdoor heat ex-
changers 11 and 12, and a controller 70 for making defrosting operation of the first
outdoor heat exchanger 11 if the first outdoor heat exchanger 11 meets at least one of
defrosting operation starting conditions of an outdoor temperature, and refrigerant tem-

peratures at an inlet and an outlet of the outdoor heat exchanger in the heating
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operation, and controlling the first and second refrigerant flow passage controllers 50
and 60 for making the refrigerant passed through the indoor heat exchanger to be in-
troduced only to the second outdoor heat exchanger 12 according to a state of remained
charge of the battery or the outdoor temperature.

In this instance, the controller 70 may finish the defrosting operation of the first
outdoor heat exchanger 11 if the outlet side refrigerant temperature of the first outdoor
heat exchanger 11 of which defrosting operation is being performed is higher than a set
temperature.

And, the controller 70 may perform defrosting of the second outdoor heat exchanger
12 in succession if the defrosting operation of the first outdoor heat exchanger 11 is
finished, and control the first and second refrigerant flow passage controllers 50 and 60
for making the refrigerant passed through the indoor heat exchanger to be introduced
only to the first outdoor heat exchanger 11 according to the state of remained charge of
the battery or the outdoor temperature.

Different from this, if the second outdoor heat exchanger 12 does not meet the de-
frosting operation starting conditions after finishing the defrosting operation of the first
outdoor heat exchanger 11, the controller 70 may control the first and second re-
frigerant flow passage controllers 50 and 60 for controlling flow rates of the refrigerant
being introduced to the first and second outdoor heat exchangers 11 and 12 according
to the state of remained charge of the battery or the outdoor temperature.

Referring to FIG. 1, the air conditioner | related to the first preferred embodiment of
the present invention includes an air conditioning unit 10 for cooling or heating a room
space of the electric vehicle C, a discharge heat recovery unit 30 having a working
fluid for circulating a heat generation source 31 related to a driving unit of the electric
vehicle to recover the discharged heat, and a refrigerant heater 40 for heating re-
frigerant circulating the air conditioning unit 10.

The air conditioning unit 10 includes the first outdoor heat exchanger 11, the second
outdoor heat exchanger 12, the compressor 13, and the indoor heat exchanger 14. And,
the air conditioning unit 10 may include a four-way valve 15 for change-over of a re-
frigerant flow passage to make the air conditioning unit 10 to be operated in the
cooling cycle for the cooling operation and to be operated as the heat pump for the
heating operation.

If the air conditioning unit 10 is operated as the heat pump which heats the room
space, vaporization of the refrigerant takes place at the first and second outdoor heat
exchangers 11 and 12 as heat exchange between cold outdoor air and the refrigerant
takes place at the first and second outdoor heat exchangers 11 and 12, and con-
densation of the refrigerant takes place at the indoor heat exchanger 14 as heat

exchange between the room air and the refrigerant takes place at the indoor heat
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exchanger 14. That is, the refrigerant receives the heat from the outdoor air in a course
the refrigerant passes through the first and second outdoor heat exchangers, and
transfers the heat to the room air in a course the refrigerant passes through the indoor
heat exchanger.

A refrigerant flow path of the refrigerant circulating through the air conditioning unit
10 will be described in more detail. The refrigerant discharged from the compressor 13
passes through the indoor heat exchanger 14, and the refrigerant having heat
exchanged thus at the indoor heat exchanger 14 is introduced to the first and second
outdoor heat exchangers 11 and 12.

And, the refrigerant discharged from the first and second outdoor heat exchangers 11
and 12 is introduced to the refrigerant heater 40, and the refrigerant discharged from
the refrigerant heater 40 is introduced to the compressor 13.

In the meantime, a first electronic expansion valve 16 is mounted on a refrigerant
pipeline connected between the indoor heat exchanger 14 and the first outdoor heat
exchanger 11, and a second electronic expansion valve 17 is mounted on a refrigerant
pipeline connected between the indoor heat exchanger 14 and the second outdoor heat
exchanger 12.

In this instance, the first electronic expansion valve 16 construes the first refrigerant
flow passage controller 50, and the second electronic expansion valve 17 construes the
second refrigerant flow passage controller 60.

The first refrigerant flow passage controller 50 and the second refrigerant flow
passage controller 60 may include at least one electronic expansion valve, and may
include a solenoid valve and a check vale for controlling a flow passage or flow rates
of the refrigerant being introduced to the first and second outdoor heat exchangers 11
and 12 as a case demands, additionally.

The first refrigerant flow passage controller 50 and the second refrigerant flow
passage controller 60 may be configured in a variety of ways based on a number of
pipelines and a number of valves through which the refrigerant flows. The first and
second refrigerant flow passage controllers 50 and 60 related to the first embodiment
will be described in detail.

The first outdoor heat exchanger 11 and the second outdoor heat exchanger 12 may
be connected to the indoor heat exchanger 14 in parallel, and the refrigerant pipeline
22 connected to the indoor heat exchanger 14 is branched to the first and second
outdoor heat exchangers 11 and 12, and the first branch pipe 22-1 and the second
branch pipe 22-2 may have the first and second electronic expansion valves 16 and 17
mounted thereto, respectively.

And, there may be a first solenoid valve 18 and a first expansion valve 19 provided

in parallel between the first outdoor heat exchanger 11 and the refrigerant heater 40.
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That is, the refrigerant discharged from the first outdoor heat exchanger 11 may be in-
troduced to the refrigerant heater 40 passed through the first solenoid valve 18 in a
state the first solenoid valve 18 is opened, and may be introduced to the refrigerant
heater 40 passed through the first expansion valve 19 in a state the first solenoid valve
18 is closed.

And, there may be a second solenoid valve 20 and a second expansion valve 21
connected in parallel between the second outdoor heat exchanger 12 and the refrigerant
heater 40. That is, the refrigerant discharged from the second outdoor heat exchanger
12 is introduced to the refrigerant heater 40 passed through the second solenoid valve
20 in a state the second solenoid valve 20 is opened, and is introduced to the re-
frigerant heater 40 passed through the second expansion valve 21 in a state the second
solenoid valve 20 is closed.

And, the controller 70 can control openings of the first and second electronic
expansion valves 16 and 17, and the first and second solenoid valves 18 and 19, and
openings of the first and second expansion valves 19 and 21. In the first embodiment,
the first refrigerant flow passage controller 50 may include the first electronic
expansion valve 16, the first solenoid valve 18, and the first expansion valve 19, and
the second refrigerant flow passage controller 60 may include the second electronic
expansion valve 17, the second solenoid valve 20, and the second expansion valve 21.

In the meantime, the first and second outdoor heat exchangers 11 and 12 have
surface temperatures dropped significantly in a course the first and second outdoor heat
exchangers 11 and 12 absorb the heat from the outdoor air, to form frost on the surface
of the first and second outdoor heat exchangers 11 and 12 due to the surface tem-
peratures dropped thus, thereby causing a problem of making efficiency of the outdoor
heat exchangers 11 and 12 poor.

In order to remove the frost, the air conditioning unit 10 may perform the defrosting
operation. A defrosting process of the first and second outdoor heat exchangers 11 and
12 will be described with reference to the attached drawings, in detail.

FIGS. 3 and 4 illustrate block diagrams each for describing an operation state of an
air conditioner in an electric vehicle related to a first preferred embodiment of the
present invention.

The controller 70 determines whether one of the outdoor heat exchangers 11 and 12
meets the defrosting operation starting condition or not. The defrosting operation
starting condition may include at least one of the outdoor temperature, a compressor
operation time period, a heating load, the inlet refrigerant temperature and the outlet
refrigerant temperature of the outdoor heat exchanger.

As one mode of the embodiment, the controller 70 may determine whether the de-

frosting operation starting condition is met or not by measuring the refrigerant tem-



WO 2012/169764 PCT/KR2012/004430

[56]

[57]

[58]

[59]

[60]

[61]

[62]

perature passed through the outdoor heat exchangers 11 and 12, and comparing the
measured value to a value measured in regular operation in advance, and the controller
70 may finish the defrosting operation of a relevant outdoor heat exchanger 11 or 12 if
the outlet side refrigerant temperature of the outdoor heat exchanger of which de-
frosting operation is being performed is higher than a set temperature.

An alternated defrosting process of the first outdoor heat exchanger 11 and the
second outdoor heat exchanger 12 in the air conditioner 1 related to the first em-
bodiment will be described with reference to the attached drawing, in detail.

In the meantime, as described before, if the second outdoor heat exchanger 12 does
not meet the defrosting operation starting condition even after the defrosting operation
of the first outdoor heat exchanger 11 is finished as the first outdoor heat exchanger 11
meets the defrosting operation starting condition, the alternated defrosting operation is
not made, but a general heating operation may be performed, when the controller 70
controls the flow rate of the refrigerant being introduced to the first and second outdoor
heat exchangers 11 and 12 according to the state of remained charge of the battery or
the outdoor temperature, and may perform the heating operation.

At first, a process for operating the first outdoor heat exchanger 11 as a condenser for
defrosting the first outdoor heat exchanger 11, and for operating the second outdoor
heat exchanger 12 as an evaporator for making continuous heating in the defrosting
process.

Referring to FIG. 3, the controller 70 (See FIG. 2) opens the first electronic
expansion valve 16 connected to the first outdoor heat exchanger 11, and closes the
first solenoid valve 18. The refrigerant condensed in a course the refrigerant passes
through the indoor heat exchanger 14 does not expand in a course the refrigerant
passes through the first electronic expansion valve 16, but condenses in a course the re-
frigerant passes through the first outdoor heat exchanger 11.

Therefore, the first outdoor heat exchanger 11 is operated as a condenser like the
indoor heat exchanger 14, to make the defrosting of the first outdoor heat exchanger
11. In the meantime, the refrigerant discharged from the first outdoor heat exchanger
11 expands in a course the refrigerant passes through the first expansion valve 19, and
is introduced to the refrigerant heater 40.

At the same time with this, the controller 70 controls opening of the second
electronic expansion valve 17 connected to the second outdoor heat exchanger 12, and
opens the second solenoid valve 20. The refrigerant condensed in a course of passing
through the indoor heat exchanger 14 expands in a course of passing through the
second electronic expansion valve 17, and vaporizes in a course of passing through the
second outdoor heat exchanger 12.

Therefore, different from the first outdoor heat exchanger 11, the second outdoor
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heat exchanger 12 is operated as an evaporator, and the refrigerant discharged from the
second outdoor heat exchanger 12 is introduced to the refrigerant heater 40 after
passing through the second solenoid valve 20.

In this instance, since the refrigerant discharged from the first outdoor heat exchanger
11 is not vaporized, the refrigerant is required to vaporize before being introduced to
the compressor 13. The refrigerant may vaporize in a course of passing through the re-
frigerant heater 40.

Thus, since the second outdoor heat exchanger 12 is operated as an evaporator even
during the defrosting of the first outdoor heat exchanger 11, the room space can be
heated, continuously.

A process will be described, for operating the second outdoor heat exchanger 12 as a
condenser for defrosting the second outdoor heat exchanger 12, and for operating the
first outdoor heat exchanger 11 as an evaporator for making continuous heating in the
defrosting process.

Referring to FIG. 4, the controller 70 (See FIG. 2) opens the second electronic
expansion valve 17 connected to the second outdoor heat exchanger 12, and closes the
second solenoid valve 20. The refrigerant condensed in a course the refrigerant passes
through the indoor heat exchanger 14 does not expand in a course the refrigerant
passes through the second electronic expansion valve 17, but condenses in a course the
refrigerant passes through the second outdoor heat exchanger 12.

Therefore, the second outdoor heat exchanger 12 is operated as a condenser like the
indoor heat exchanger 14, to make the defrosting of the second outdoor heat exchanger
12. In the meantime, the refrigerant discharged from the second outdoor heat
exchanger 12 expands in a course the refrigerant passes through the second expansion
valve 21, and is introduced to the refrigerant heater 40.

At the same time with this, the controller 70 controls opening of the first electronic
expansion valve 16 connected to the first outdoor heat exchanger 11, and opens the
first solenoid valve 18. The refrigerant condensed in a course of passing through the
indoor heat exchanger 14 expands in a course of passing through the first electronic
expansion valve 16, and vaporizes in a course of passing through the first outdoor heat
exchanger 11.

Therefore, different from the second outdoor heat exchanger 12, the first outdoor
heat exchanger 11 is operated as an evaporator, and the refrigerant discharged from the
first outdoor heat exchanger 11 is introduced to the refrigerant heater 40 after passing
through the first solenoid valve 18.

In this instance, since the refrigerant discharged from the second outdoor heat
exchanger 12 is not vaporized, the refrigerant is required to vaporize before being in-

troduced to the compressor 13. The refrigerant may vaporize in a course of passing
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through the refrigerant heater 40.

Thus, since the first outdoor heat exchanger 11 is operated as an evaporator even
during the defrosting of the second outdoor heat exchanger 12, the room space can be
heated, continuously.

For the defrosting operation of the first outdoor heat exchanger 11 and the second
outdoor heat exchanger 12, the controller 70 can determine whether the frost is formed
or not by measuring evaporation temperatures of the outdoor heat exchangers 11 and
12. Or, the controller can determine whether the frost is formed or not by measuring an
operation time period of the compressor, and an algorithm for the defrosting operation
can be determined in a variety of ways taking at least one of the evaporation tem-
perature and an operation time period of the compressor into account.

And, the first outdoor heat exchanger 11 and the second outdoor heat exchanger 12
may be arranged on a front side of the electric car, side by side in a vertical direction.
In this case, the second outdoor heat exchanger 12 close to a road surface may be
defrosted at first.

In the meantime, the refrigerant heater 40 may have a chamber of a predetermined
volume through which the refrigerant and a working fluid for heating the refrigerant to
pass.

The refrigerant heater 40 and the discharged heat recovery unit 30 will be described
with reference to the attached drawings, in detail.

FIG. 5 illustrates a conceptual drawing of a refrigerant heater 40 in an air conditioner
in an electric vehicle related to a preferred embodiment of the present invention, and
FIGS. 6 and 7 illustrate block diagrams each for describing a discharged heat recovery
unit 30 in air conditioner in an electric vehicle related to the present invention.

The electric vehicle may have a motor 31-2 for driving the electric vehicle, a battery
31-1 for charging electricity therein, a converter (Not shown), and an inverter 331-3
(Not shown) provided thereto.

In a process of operation of the electric vehicle, heat is generated from the motor
31-2, the inverter 31-3 and the battery 31-1, and the discharged heat recovery unit 30
may include a heat generation unit 31 including at least one of the motor, the
converter, the inverter, and the battery, a working fluid for circulating the heat
generation source 31 to recover the heat from the heat generation source 31, and a
pump 32 for circulating the working fluid.

As one mode of the embodiment, in order to construe the discharged heat recovery
unit 30, the motor 31-2, the converter, and the inverter 31-3 may be arranged in series
along a circulating course of the working fluid, for the working fluid to have a tem-
perature which is elevated in a course of passing through the heat generation source 31.

Referring to FIG. 5, provided therein the refrigerant heater 40, there may be a flow
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passage for passing the refrigerant R therethrough, and a flow passage for passing the
working fluid (For an example, cooling water) therethrough.

And, the refrigerant heater 40 may have a double pipe structure such that the re-
frigerant R flows through an inner pipe and the working fluid flows through an outer
pipe. Or, different from this, the working fluid may flow through the inner pipe, and
the refrigerant R may flow through the outer pipe.

Therefore, in a course the refrigerant and the working fluid pass through the re-
frigerant heater 40 respectively, the heat transfers from the working fluid to the re-
frigerant, to heat the refrigerant before the refrigerant is introduced to the compressor
13.

In the meantime, for a case in which heating of the refrigerant is not adequate only
with the heat recovered from the heat generation source 31, the refrigerant heater 40
may include a heater 43 for heating the refrigerant, and the heater may be an induction
heater.

In the meantime, the discharged heat recovery unit 30 may include a heat ac-
cumulator (Not shown) for storage of the discharged heat recovered from the heat
generation source 31, additionally. The heat accumulator may have a phase change
material PCM provided therein for storage of an amount of heat by heat exchange with
the working fluid.

The heat stored in the phase change material may heat the refrigerant together with
the heat recovered from the heat generation source 31 at the time of the defrosting
operation of the air conditioning unit 10.

In comparison to general heating operation in which the room space of the electric
vehicle is heated with the two outdoor heat exchangers 11 and 12, the heating per-
formance becomes poorer in the defrosting operation due to heating of the room space
with one of the outdoor heat exchangers. In this instance, if a temperature of the re-
frigerant being introduced to the compressor 13 is elevated with the refrigerant heater
40, to elevate an air blow out temperature from the indoor heat exchanger 14, the
heating performance can be made higher.

In the meantime, since heating of the refrigerant with the refrigerant heater 40 is
required only in the defrosting operation of the first or second outdoor heat exchanger
11 or 12, the controller 70 may put the pump 32 of the discharged heat recovery unit
30 only in the defrosting operation of one of the outdoor heat exchangers 11 and 12,
thereby increasing a time period use of the battery 31-1.

Referring to FIG. 6, the discharged heat recovery unit 30 may include a sup-
plementary indoor heat exchanger 33 connected to make the working fluid having the
discharged heat recovered from the heat generation source flow therethrough.

The supplementary indoor heat exchanger 33 may be positioned in a duct 80
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connected to the room space of the electric vehicle together with the indoor heat
exchanger 14 described before, and the controller 70 may control such that the heating
is performed with the supplementary indoor heat exchanger 33 and the indoor heat
exchanger 14 in general heating.

The duct 80 has a room air suction hole 81 and a room air discharge hole 82 in com-
munication with the room space such that the air introduced to the room air suction
hole 81 is heated in a course passing through the supplementary indoor heat exchanger
33 and the indoor heat exchanger 14 and is discharged to the room space again.

In the meantime, the discharged heat recovery unit 30 may include a flow passage
change-over valve (Not shown) for making the working fluid to flow to the sup-
plementary indoor heat exchanger 33 in general heating, and to the refrigerant heater
40 in the defrosting operation. The flow passage change-over valve may be a four-way
valve.

Therefore, the controller 70 may improve heating performance by controlling the
first and second refrigerant flow passage controllers 50 and 60 such that the first and
second outdoor heat exchangers 11 and 12 are operated as evaporators in a general
heating operation and, at the same time with this, by heating the room space with the
supplementary indoor heat exchanger 33.

Different from this, the controller 70 may improve heating efficiency of the air con-
ditioning unit 10 by lowering the heating load of the compressor in the air conditioning
unit 10 and compensating for a lost portion with the supplementary indoor heat
exchanger 33.

And, once the first outdoor heat exchanger 11 is put into the defrosting operation, the
controller 70 may control the first refrigerant flow passage controller 50 to make the
first outdoor heat exchanger 11 to operate as a condenser, and controls the second re-
frigerant flow passage controller 60 to make the second outdoor heat exchanger 12 to
operate as an evaporator for the continuous heating, and, at the same time with this,
changes-over a flow of the working fluid of the discharged heat recovery unit 30 to
heat the refrigerant with the discharged heat from the discharged heat recovery unit 30
for enhancing the heating performance.

In detail, in general heating operation, the controller 70 may control the flow passage
change-over valve to introduce the working fluid from the discharged heat recovery
unit 30 to the supplementary indoor heat exchanger 33, and, in defrosting operation,
the controller 70 may control the flow passage change-over valve to introduce the
working fluid from the discharged heat recovery unit 30 to the refrigerant heater 40.

Accordingly, the heating efficiency and heating performance of the air conditioner 1
can be enhanced, and a battery use time period can be increased.

Different from this, referring to FIG. 7, the discharged heat recovery unit 30 may
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include a supplementary outdoor heat exchanger 34 connected to make the working
fluid having the discharged heat recovered from the heat generation source 31 to flow
therethrough. The supplementary outdoor heat exchanger 34 may be positioned on an
outdoor air suction side or an outdoor air discharge side of the outdoor heat exchangers
11 and 12. For an example, the supplementary outdoor heat exchanger 34 may be
arranged in front of or in rear of the outdoor heat exchangers 11 and 12.

In general heating operation, the controller 70 may elevate a temperature of the
outdoor air being introduced to the outdoor heat exchangers 11 and 12 through the sup-
plementary outdoor heat exchanger 34, or, in defrosting operation of one of the
outdoor heat exchangers 11 and 12, the controller may elevate a surrounding air tem-
perature of the outdoor heat exchanger of which defrosting operation is being in
progress with the supplementary outdoor heat exchanger 34. If the working fluid flows
to the supplementary outdoor heat exchanger 34, formation of the frost can be delayed
to delay the defrosting operation starting time or to shorten a defrosting operation time
period.

And, as described before, the controller 70 may control the first refrigerant flow
passage controller 50 to the first outdoor heat exchanger 11 as a condenser if the first
outdoor heat exchanger 11 is put into the defrosting operation, and the second re-
frigerant flow passage controller 60 to the second outdoor heat exchanger 12 as an
evaporator for making continuous heating, and, at the same time with this, may
changes-over a flow of the working fluid of the discharged heat recovery unit 30 to
heat the refrigerant with the discharged heat of the discharged heat recovery unit 30 for
enhancing the heating performance.

And, the discharged heat recovery unit 30 may include a flow passage change-over
valve which can make the working fluid to be introduced to the refrigerant heater 40 or
to the supplementary outdoor heat exchanger 34, selectively. The flow passage change-
over valve may be a four-way valve.

As one mode of the embodiment, in general heating operation, the controller 70 may
control the flow passage change-over valve to make the working fluid to be introduced
from the discharged heat recovery unit 30 to the supplementary outdoor heat exchanger
34, and, in defrosting operation, the controller 70 may control the flow passage
change-over valve to make the working fluid to be introduced to the refrigerant heater
40 from the discharged heat recovery unit 30.

Therefore, the heating efficiency and heating performance of the air conditioner 1
can be enhanced, and a time period of use of the battery can be increased.

And, the discharged heat recovery unit 30 may include the supplementary outdoor
heat exchanger 34 and the supplementary indoor heat exchanger 33, and the heat

generation source 31, the supplementary outdoor heat exchanger 34, the supplementary
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indoor heat exchanger 33, and the pump 32 in the discharged heat recovery unit 30
may construe one cycle.

In this instance, the supplementary indoor heat exchanger 33 may perform a function
of providing supplementary heating heat for heating the room space with the
discharged heat recovered from the heat generation source 31, and supplementary
outdoor heat exchanger 34 may perform a function of discharging heat from the battery
31-1, the motor 31-5 and so on.

In the general heating, the controller 70 may control to perform heating with the sup-
plementary indoor heat exchanger 33 and the indoor heat exchanger 14, and to make
the battery and so on to discharge heat through the supplementary outdoor heat
exchanger 34.

As described before, the supplementary outdoor heat exchanger 34 may be po-
sitioned on the outdoor air suction side or the outdoor air discharge side of the outdoor
heat exchangers 11 and 12, when, in defrosting operation, the controller 70 may heat
the room space with the supplementary indoor heat exchanger 33, and may elevate a
surrounding air temperature of the outdoor heat exchanger of which defrosting
operation is performed with the supplementary outdoor heat exchanger 34 for
shortening the defrosting operation time period.

In the meantime, the controller 70 may control the first and second refrigerant flow
passage controllers to operate the first and second outdoor heat exchangers 11 and 12
at the same condition according to the outdoor temperature and a heating load, and, as
one mode of the embodiment, in heating operation, the controller 70 may control both
the first outdoor heat exchanger 11 and the second outdoor heat exchanger 12 to be
operated as evaporators, and, in cooling operation, the controller 70 may control both
the first outdoor heat exchanger 11 and the second outdoor heat exchanger 12 to be
operated as condensers.

And, in heating operation, the controller 70 may control the first and second re-
frigerant flow passage controllers 50 and 60 to make only one, or all, of a plurality of
the outdoor heat exchangers is operated according to the remained state of charge in
the battery.

FIG. 8 illustrates a block diagram of an air conditioner in an electric vehicle related
to a second preferred embodiment of the present invention.

Referring to FIG. 8, the air conditioner | related to the second embodiment has a
position of the refrigerant heater 70 different from the refrigerant heater 40 in the first
embodiment. And, other configuration is identical except the position of the refrigerant
heater 70, and detailed description of the identical configuration will be omitted.

Though the first embodiment suggests providing the refrigerant heater 40 at a

position for heating the refrigerant being introduced to the compressor 13 in defrosting
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operation, the embodiment suggests providing the refrigerant heater 70 between the
indoor heat exchanger 14 and the outdoor heat exchangers 11 and 12 for heating the re-
frigerant being introduced to the outdoor heat exchangers 11 and 12 in defrosting
operation.

FIG. 9 illustrates a block diagram of an air conditioner 100 in an electric vehicle
related to a third preferred embodiment of the present invention, and FIG. 10 illustrates
a block diagram of an air conditioner 200 in an electric vehicle related to a fourth
preferred embodiment of the present invention.

The air conditioner 100 or 200 in accordance with the third or fourth embodiment has
a configuration similar to a configuration of the air conditioner 1 described in the first
embodiment, with only difference in configurations of the first refrigerant flow passage
controller and the second refrigerant flow passage controller.

That is, the third or the fourth embodiment is identical to the first embodiment in
that, if the first outdoor heat exchanger 111 or 211 is put into defrosting operation, the
refrigerant passed through the indoor heat exchanger 114 or 214 is made not to be in-
troduced to the first outdoor heat exchanger 111 or 211, controlled such that the first
outdoor heat exchanger 111 or 211 is defrosted in a course the first outdoor heat
exchanger 111 or 211 is operated as an evaporator, and it is enabled that the refrigerant
passed through the indoor heat exchanger is introduced to the second outdoor heat
exchanger 112 or 212 for making continuous heating.

However, positions and a number of the valves and the pipelines on which the valves
are mounted are different from the first embodiment.

In the meantime, the discharged heat recovery unit 130 or 230 is identical to the
discharged heat recovery unit 30 described in the first embodiment. In detail, the re-
frigerant being introduced to the outdoor heat exchanger from the refrigerant heater
140 or 240 may be heated or the refrigerant being introduced to the compressor 113 or
213 may be heated with the discharged heat from the discharged heat recovery unit 130
or 230.

And, the discharged heat recovery unit 130 or 230 may include a supplementary
indoor heat exchanger (Not shown) and a supplementary outdoor heat exchanger (Not
shown). In detail, a heat generation source 131 or 231, the supplementary outdoor heat
exchanger, the supplementary indoor heat exchanger, and a pump 132 or 232 in the
discharged heat recovery unit 130 or 230 may construe one cycle.

In this instance, the supplementary indoor heat exchanger performs a function of
providing supplementary heating heat for heating the room space with the discharged
heat recovered from the heat generation source, and the supplementary outdoor heat
exchanger performs a function of discharging heat from the battery and so on.

In general heating, the controller may control to perform heating with the sup-
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plementary indoor heat exchanger and the indoor heat exchanger, and to have the
battery and so on to discharge the heat through the supplementary outdoor heat
exchanger.

As described before, the supplementary outdoor heat exchanger may be positioned
on an outdoor air suction side or an outdoor air discharge side of the outdoor heat
exchanger, when the controller may heat the room space with the supplementary
indoor heat exchanger in defrosting operation, and may elevate a surrounding air tem-
perature of the outdoor heat exchanger of which defrosting operation is being
performed with the supplementary outdoor heat exchanger for shortening a defrosting
operation time period.

The third and fourth embodiments will be described centered on differences from the
first embodiment with reference to the attached drawings, in detail.

Referring to FIG. 9, the air conditioner 100 includes a bypass pipeline 170 connected
between the compressor 113 and each of the outdoor heat exchangers 111 and 112, and
a plurality of valves 171 provided to the by pass pipeline 170, additionally. In de-
frosting operation, the controller may make a portion of the refrigerant discharged
from the compressor 113 to be introduced to the outdoor heat exchanger which is put
into defrosting operation, and the other portion of the refrigerant to be introduced to
the indoor heat exchanger and the outdoor heat exchanger which performs the heating
operation.

In detail, the by pass pipeline 170 has the first valve 171 provided thereto for con-
trolling the refrigerant being introduced to the first outdoor heat exchanger 111, and a
second valve 172 provided thereto for controlling the refrigerant being introduced to
the second outdoor heat exchanger 112.

And, there may be a first expansion valve 151 and a first check valve 152 provided in
parallel between the indoor heat exchanger 114 and the first outdoor heat exchanger
111, and the first expansion valve 151 and the first check valve 152 may construe a
first refrigerant flow passage controller 150.

And, there may be a second expansion valve 161 and a second check vale 162
provided in parallel between the indoor heat exchanger 114 and the second outdoor
heat exchanger 112, and the second expansion valve 161 and the second check vale
162 may construe a second refrigerant flow passage controller 160.

If the first outdoor heat exchanger 111 is put into defrosting operation, a portion of
the refrigerant compressed at the compressor 113 may be introduced to the first
outdoor heat exchanger 111 along the bypass pipeline 170, when the controller opens
the first valve 171 and closes the second valve 172 for defrosting the first outdoor heat
exchanger 111.

And, the other portion of the refrigerant discharged from the compressor 113 and
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passed through the first outdoor heat exchanger 111 is introduced only to the second
outdoor heat exchanger 112 for making continuous heating with the second outdoor
heat exchanger 112.

In this instance, the controller controls to close the first expansion valve 151, and to
adjust opening of the second expansion valve 161 so that the other portion of the re-
frigerant passed through the indoor heat exchanger 114 is, not to be introduced to the
first outdoor heat exchanger 111, but to be introduced to, and to vaporize at, the second
outdoor heat exchanger 112.

Referring to FIG. 10, the air conditioner 200 includes a bypass line 270 connected
between the compressor 213 and each of the outdoor heat exchangers 211 and 212, and
a plurality of valves 271 to 274 provided to the bypass pipeline 270 additionally, and,
in defrosting operation, the controller may make a portion of the refrigerant discharged
from the compressor 213 to flow to the outdoor heat exchanger of which defrosting
operation is starting, and the other portion of the refrigerant to flow to the indoor heat
exchanger and the outdoor heat exchanger which performs the heating.

In detail, a first check valve 273 is provided to the bypass line 270 between the first
outdoor heat exchanger 211 and a four way valve 272, and a second check valve 274 is
provided between the second outdoor heat exchanger 212 and the four way valve 272,
and the four way valve 272 is provided at a branch point of the first check valve 273
and the second check valve 274. And, the bypass pipeline 270 has a first valve 271
which is opened only in the defrosting operation provided thereto.

That is, if the first valve 271 is opened, a portion of the refrigerant compressed at the
compressor 213 flows along the bypass line 270, and may be introduced to the first
outdoor heat exchanger 211 or the second outdoor heat exchanger 212 by the four way
valve 272.

In this instance, if the refrigerant compressed at the compressor 213 is introduced to
the first outdoor heat exchanger 211 by the four way valve 272, defrosting of the first
outdoor heat exchanger 211 is made, and, if the four way valve 272 makes change-over
of the flow passage, the refrigerant compressed at the compressor 213 is introduced to
the second outdoor heat exchanger 212, and defrosting of the second outdoor heat
exchanger 212 is made.

And, a first expansion valve 251 may be provided between the indoor heat exchanger
214 and the outdoor heat exchanger 211 and 212, a second valve 252 may be provided
between a first expansion valve 251 and the four way valve 272, and a second
expansion valve 261 and a third check valve 262 may be provided in parallel to the
second valve 252. In this instance, the refrigerant passed through the second valve 252
flows toward the four way valve 272, and may flow toward the first outdoor heat

exchanger 211 or the second outdoor heat exchanger 212 according to a flow passage
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of the four way valve 272.

And, the refrigerant passed through the second expansion valve 261 may be
connected to a pipeline having the first check valve provided thereto, and a pipeline
having the second check valve 274 provided thereto.

In this instance, in defrosting operation of the first outdoor heat exchanger 211, by
the four way valve 272, a portion of the refrigerant compressed at the compressor 213
is introduced to the first outdoor heat exchanger 211, and the refrigerant passed
through the indoor heat exchanger 214 is introduced to the second outdoor heat
exchanger 212. In defrosting operation of the second outdoor heat exchanger 212, by
the four way valve 272, a portion of the refrigerant compressed at the compressor 213
is introduced to the second outdoor heat exchanger 212, and the refrigerant passed
through the indoor heat exchanger 214 is introduced to the first outdoor heat exchanger
211.

Though a case has been described, in which the outdoor heat exchanger is defrosted,
dividing the outdoor heat exchanger into the first and second outdoor heat exchangers
11 and 12, the present is not limited to this, but it is apparent that the outdoor heat
exchanger may be divided into a larger number of outdoor heat exchangers.

FIG. 11 illustrates a block diagram of an air conditioner in an electric vehicle related
to a fifth preferred embodiment of the present invention.

Referring to FIG. 11, the air conditioner 300 may include an air conditioning unit
310 having first to third outdoor heat exchangers 311 to 313 connected to an indoor
heat exchanger in parallel, and a discharged heat recovery unit 330 including heat
generation sources, such as a motor, and so on.

The air conditioning unit 310 is identical to the air conditioning unit 10 described in
the first embodiment except that the outdoor heat exchanger is divided into three
outdoor heat exchangers.

And, the discharged heat recovery unit 330 is identical to the discharged heat
recovery unit 30 described in the first embodiment.

As one mode of the embodiment, the air conditioner 300 can make continuous
heating operation by using the first and second outdoor heat exchangers 311 and 312 in
defrosting operation of the third outdoor heat exchanger 313.

As has been described, the air conditioner in an electric vehicle related to a preferred
embodiment of the present invention can make continuous heating operation even in
defrosting operation.

And, the air conditioner in an electric vehicle related to a preferred embodiment of
the present invention can recover the heat discharged from various components of the
electric vehicle even in defrosting operation for preventing liquid refrigerant from

being introduced to the compressor.
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And, the air conditioner in an electric vehicle related to a preferred embodiment of
the present invention can enhance heating efficiency and performance in defrosting
operation.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended

claims and their equivalents.
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Claims

An air conditioner in an electric vehicle having a battery and a driving
unit comprising:

a compressor for compressing refrigerant;

an indoor heat exchanger for introducing the refrigerant thereto from
the compressor in heating operation;

first and second outdoor heat exchangers connected to the indoor heat
exchanger;

first and second refrigerant flow passage controllers provided between
the indoor heat exchanger and each of the outdoor heat exchangers; and
a controller for making defrosting operation of the first outdoor heat
exchanger if the first outdoor heat exchanger meets at least one of de-
frosting operation starting conditions of an outdoor temperature, and re-
frigerant temperatures at an inlet and an outlet of the outdoor heat
exchanger in the heating operation, and controlling the first and second
refrigerant flow passage controllers for making the refrigerant passed
through the indoor heat exchanger to be introduced only to the second
outdoor heat exchanger according to a state of remained charge of the
battery or the outdoor temperature.

The air conditioner as claimed in claim 1, wherein the controller
finishes the defrosting operation of the first outdoor heat exchanger if
the refrigerant temperature at the outlet of the first outdoor heat
exchanger of which defrosting operation is being performed is higher
than a set temperature.

The air conditioner as claimed in claim 2, wherein the controller
performs defrosting of the second outdoor heat exchanger in succession
if the defrosting operation of the first outdoor heat exchanger is
finished, and controls the first and second refrigerant flow passage con-
trollers for making the refrigerant passed through the indoor heat
exchanger to be introduced only to the first outdoor heat exchanger
according to the state of remained charge of the battery or the outdoor
temperature.

The air conditioner as claimed in claim 2, wherein the controller
controls the first and second refrigerant flow passage controllers for
controlling flow rates of the refrigerant being introduced to the first and
second outdoor heat exchangers according to the state of remained

charge of the battery or the outdoor temperature, if the second outdoor
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heat exchanger does not meet the defrosting operation starting
condition after finishing the defrosting operation of the first outdoor
heat exchanger.

The air conditioner as claimed in claim 1, further comprising a
discharged heat recovery unit having a working fluid for circulating at
least one of heat generation sources of the battery and a motor to
recover discharged heat from the heat generation source.

The air conditioner as claimed in claim 5, further comprising a re-
frigerant heater for heating the refrigerant with the discharged heat of
the discharged heat recovery unit,

wherein the refrigerant heater heats the refrigerant being introduced to
the compressor in the defrosting operation, or the refrigerant being in-
troduced to the outdoor heat exchanger.

The air conditioner as claimed in claim 5, wherein the discharged heat
recovery unit includes a supplementary indoor heat exchanger and a
supplementary outdoor heat exchanger connected to make the working
fluid having the discharged heat recovered from the heat generation
sources to flow therethrough, and

the controller controls to perform heating with the supplementary
indoor heat exchanger and the indoor heat exchanger in general heating
operation, and to have the battery to discharge heat through the sup-
plementary outdoor heat exchanger.

The air conditioner as claimed in claim 7, wherein the supplementary
outdoor heat exchanger is positioned at an outdoor air suction side or
an outdoor air discharge side of the outdoor heat exchanger.

The air conditioner as claimed in claim 8, wherein, in defrosting
operation, the controller heats the room space with the supplementary
indoor heat exchanger, and elevates a surrounding air temperature of
the outdoor heat exchanger of which defrosting operation is performed
with the supplementary outdoor heat exchanger for shortening a de-
frosting operation time period.

The air conditioner as claimed in claim 1 or 6, further comprising a by
pass pipeline connected between the compressor and each of the
outdoor heat exchangers, and a plurality of valves provided to the by
pass pipeline, and,

in defrosting operation, the controller makes a portion of the refrigerant
discharged from the compressor to be introduced to the outdoor heat

exchanger which is put into defrosting operation, and the other portion
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of the refrigerant to be introduced to the indoor heat exchanger and the
outdoor heat exchanger which performs the heating operation.

The air conditioner as claimed in claim 1, wherein the controller
controls the first and second refrigerant flow passage controllers to
operate the first and second outdoor heat exchangers at the same
condition according to the outdoor temperature and a heating load.
The air conditioner as claimed in claim 1, wherein, in the heating
operation, the controller controls the first and second refrigerant flow
passage controllers to make only one, or all, of a plurality of the
outdoor heat exchangers is operated according to the remained state of
charge in the battery.

The air conditioner as claimed in claim 1, wherein the first refrigerant
flow passage controller includes a first electronic expansion valve
provided between the first outdoor heat exchanger and the indoor heat
exchanger,

the second refrigerant flow passage controller includes a second
electronic expansion valve provided between the second outdoor heat
exchanger and the indoor heat exchanger, and

the controller opens the first electronic expansion valve, and controls
opening of the second electronic expansion valve, if the first outdoor

heat exchanger meets the defrosting operation starting condition.
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