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FIG. 4
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FIG. 6
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FIG. 8
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VEHICLE AIR CONDITIONER WITH
DEFROSTING OPERATION OF EXTERIOR

HEAT LXCHANGER

CROSS-REFERENCE TO RELATED
AVVI.I('AI1ON

This application is rclatcd to and claims priority from
Japanese Patent Applications No. 20(KI-294514 filerl on Sep.
27, 2000 and No. 2001-101599 liled on Mar. 30, 2001, the
contents of which are hereby incorporated by reference

13ACKGROUNI) OI'IIL INVL'N 11ON

1. Field of the Invention
The present invention relates lo a vehicle air conditioner

includtng a healer core that uses waste heat generated in a
heal pump cycle aml a vehicle as a heanng source, and it is
suitably applied to an electric vehicle

2. Dcscnption of Rclatcd Art o

When a heating operation is performed in a conventional
heat pump cycle (heat pump), it is well knoivn that a surface
of an exterior heat exchanger is frosted I lowever, when the
heat pump is operated while the surface of the exterior heat
cxchangcr is frosted, heat-absorbing cfhciency of the exte-
rior heat cxchan cr is deteriorated. In JP-A-10-166846,
therefore, high-temperature refrigerant discharged from a
compressor is supplierf lo the exterior heat exchanger io
defrost the surface of the exterior heat exchanger I lowever,

l))
a heating operation cannot be performed while refrigerant
discharged from the compressor is supplied to the exterior
hest cxchangcr (i.c., during defrosting operation).

On Ihe other hami, in JP-A-9-142139, when frosting on
the surface of the extenor heal exchanger is detected, Ihe
frosting is restricted from proceeding by reducing an air
amount blown to an interior heat exchanger or the like
Accorrlingly, a time of startin the dcfrosting operation is
dclaycrl, thcrcby lcngthcning a time (heating continuation
time) for which a heating operation can l&e pcrformcd. When

so
the operation of: Ihe heal pump cycle is continued while Ihe.

surface of Ihe exterior heat exchanger is frosted, Ihe heal
pump cycle is operated in a state where heat pump efiiciency
is degraded. Therefore, consumption pe)ver of the heat
pump cycle (compressor) is increased. as

Further, in JP-A-10-175415, a heater core using waste.
heal is provided in addition to the heat pump cycle, so that
a heating operation can be performed even during a defrost-
ing operation. In a vehicle, having a relatively small amount
of waste heat, such as an electric vehicle, however, suflicient
heating may bc not obtained during thc dc frosting operation.

SUMMARY OF THE INVEN11ON

In vtew of. the foregoing problems, it is an obtect of Ihe
present invention to provide a vehicle air comhnoner which
can obtain a sufficient heating even in a defrosting operation

According lo an aspect of. Ihe present invennon, in a
vehicle air conrfitioner, a heater pump cycle includes a
compressor for compressing and discharging refrigerant, an
intenor heat exchanger for performing a heat exchange R)

bctwccn rcfri crant and air blown into a passcngcr compart-
ment of thc vehicle, and an exterior heat exchanger for
performing a heal exchange between refrigerant and outside
air outsxle the passenger compartment. A heal core is
disposerf R)r healing air blown into Ihe passenger compari- as
ment by performing a heat exchange between air and a fluid
which recovers waste heat generated in the vehicle 'I'he

vehicle mr comhuoner has l resting delerminanon means for
determining whether a surface of the exterior heal exchanger
is frosted, hcatin capacity dctcrmining means for dctcrmin-
in whcthcr a heating capacity of thc hcatcr core is lar cr
than a predetermined capacity, and a control unit for con-
trolling operation of the heat pmnp cycle. In the vehicle air
conilitioner, al least when Ihe frostmg determinanon means
determines a frosnng on the surface of Lhe extenor heat
cxchan cr, anti when thc heating capacity dctcrmining
means dctemiincs that thc heating capacity of thc heater core
is lar cr than the prcdctcrmincd capacity, thc control unit
performs a defrosung operation in which Lhe surface of the
exlenor heal exchanger is defrosted. Accordingly, even in
Ihe defrosting operation, a sufiicienl heanng can be obtained
llecause the defrosting operation is performed while a
sufficient heating is obtained, it can prevent the heat pump
cycle from operating with a large power, and consumcrl
power in thc conipressor can bc rcduccrl in thc heating
operation. In Ihe present invennon, when the heanng capac-
ily ol. Lhe healer core is larger than Ihe predetermined
capacity, il can be determineil that heating capacity of Lhe

heater core is sutTicient for heating the passenger compart-
ment

According to an another aspect of the present invention,
in a vehicle air conditioner, a ratio adjustin unit is rhsposed
for adjusting a ratio of an air amount introduced through an
inside air introduction port to an air amount introrluccrl
throu h an outside air introduction port, and frosting deter-
mination means lor determining whether a surface of Lhe

extenor heat exchanger is frosleil is provided. In this case,
at least when the frosnng determinanon means determines a
frosting on the surface of the exterior heat exchanger, the
control unit performs a defrosting operation in which the
surface of thc exterior heat cxchan cr is rlcfrostcrl, anil thc
ratio adjusting unit incrcascs the ratio of the insirlc air
amount introduced through the inside air introduction port
Accordingly, in the delrosting operanon, a heal load of the
heater core can be made smaller, and a sulhcient heanng can
be obtained 'IJ)at is, in the defrosting operation for defrost-
ing the exterior heat exchanger, the heating capacity of the
heater core is incrcascd. In the prcscnt invention, thc heating
capacity of thc heater core can be incrcascd, by heating thc
fluid supplied to Lhe healer core, by reducing a flow amount
ol: Ihe fluid, by increasing a rotauon speed of: an engine, by
sloppmg operation of a blower for blowing outside air
toward a radiator that cools the tluid, by mcreasing an output
of a fuel cell, or the like.

13RILI'LSCRIVTION Ol) 'I'IIL'RAWINGS

Additional objects and advantages of the present inven-
tion will be more readily apparent from the following
detailed description of prefcrrcd cmborlimcnts when taken
togcthcr vvith thc accompanying draivin s, in which:

FIG. I is a schematic rliagram showing an air conditioner
with a heater pump cycle accorrlin to a first prcfi:rrcrl
cmborlimcnt of the present invention;

FIG. 2 is a schematic dia ram showing a control system
of thc air conditioner according to thc first cmliorliment;

11G. 3 is a schematic diagram showing the air conditioner
in a cooling operation, according to the first embodiment;

I'IG. 4 is a floiv diagram showing control operation of the
air conditioner, accordin to the hrst embodiment;

11G. 5 is a schematic diagram showing the air conditioner
in a heating operation, according to the first embodiment,

FIG. 6 Ls a flow diagram showing control operation of an
air conditioner, according to a second preferred emborhment
of the present invention;
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FIG. 7 is a flow ihagram shov:ing control operation of. an
air conditioner, according to a third preferred embodiment of
the present invention;

FIG. 8 is a flow diagram showin control operation of an
air conditioner, accorrling to a fourth preferred embodiment
of the present invention,

I'IG 9 is a schematic diagram showing the air conditioner
accordin to thc fourth cmbodimcnt;

FIG. 10 is a schematic iliagram shov:ing an air conditioner
in a defrosling operation according to a lip h preferrerl
embodiment of the present invention,

FIG. 11 is a schematic diagram showing an air conditioner
in a dcfrosting operation accordin to a sixth prrfcrrcd
cmborhmcnt of thc present invention;

I'I G. 12 is a schematic diagram showing an air conditioner
in a defrosting operation according to a seventh preferred
embodiment of the present invention;

FIG. 13 is a schemauc diagram showing an air conditioner
in a defrosling operation according lo an eighth preferred
emboihment of. the present invention,

I'IG 14 is a schematic diagram shnwing an air conditioner
in a hcatin operation according to a ninth preferred embodi-
ment of thc present invention;

as
FIG. 15 is a schematic diagram showing lhe air condi-

tioner in a defrnsting operation, according to the ninth
embodiment;

I'IG 16 is a schematic diagram shnwing an air conditioner
in a dcfrosting operation, according to a tenth preferred
cmbodimcnt of thc present invention; and

FIG. 17 is a schemauc diagram showing an air conditioner
in a defrosting operation, according to an eleventh preferred
emboihment of. the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Preferred emlindiments of the present invention ivill be
described hereinafter with reference to the accompanying
drawings. so

(First Embodiment)
In the lirst emboiliment, a vehicle air condihoner accord-

ing to the present invenhon is typically used for an eleclnc
vehicle having a fuel cell (FC steel ) as a power supply. The.
first embodiment will be noiv described with reference to as
I IGS. I —5.

In FIG. I, a heat pump cycic (heat pump) 100 enclosed by
a two-dot chain line is disposed to switch an operation mode
between a healing operation, a cooling operahon anil a
defrosting operation, aml a fuel cell (macromolecule- so

electrolyte type fuel cell) 2UU is disposed to generate electnc
power by a chemical reaction between oxygen and hydro-
gen.

A compressor 110 (electric con)presser) sucks and coni-
prcsscs rcfwgcrant usin an invcrter control. An interior heat ..
exchanger 120 is disposed to perform a heat exchange.
between refngeranl anil air blown into a passenger
compartment, anil an extenor heat exchanger 13U is dis-
posed to perform a heat exchange between refrigerant and
outside air. i li

A four-way switching valve 140 is disposed to switch a
rcfn crant flow from thr compressor 110 to the interior heat
exchanger 120 or a refrigerant flow from the compressor 110
to the extenor heal exchanger 130. An accumulator (gas-
hqutd separator tanl ) 150 is disposed to separate refrigerant ss
into gas refrigerant and liquid refrigerant The accumulator
150 accumulates therein liquid refrigerant which is surplus

refwgerant in the heat pump cycle 10U, while introducing gas
refrigerant to a suction side of the compressnr 110

An electric cooling decompression device 161 is rhsposed
to decompress refrigerant tlowing out from the exterior heat
exchan cr 130 in the coolin operation, and an ekctric
heatin decompression device 162 is disposed to decom-
press refrigerant flowing out from the mterior heat
exchanger 120 in the heating operauon. Openin degrees of
these decompression devices (decompression valves) 161,
162 are controlled by an electronic control unit (E('U)
described later

A first check valve 171 is dispose(i to prcvcnt rcfri crant
from passin through thc coolin decompression dcvicc 161
m the heann ~ operauon, and a secoml check valve 172 is
disposed to prevent refngeranl from passing through the
heating decompression device 162 in the cooling operation

An air conditioning case 300 is disposed to define an air
passage through ivhich air is blown into the passenger
compartment. Thc air conrlitioning case 300 has an inside air
introrluction port 301 through which insirlc air insirlc thc
passenger compartment is introiluced and an outside air
introduction port 3U2 through which outside air outside the
passenger compartment is introduced, al upstream air side
thereof An inside ioutside switching door 303 is disposed to
selectively open and close the inside air intrnduction port
301 and thc outside air introrluction port 302, and a ccn-
trifu al type blower 304 is rlisposcrl to blow air into thc
passenger compartment through the air passage of the air
condiuomn ~ case 300.

The interior heat exchanger 120 of the heat pump cycle
100 is disposed at a downstream air side of the blower 304
in the air conditionin case 300. A heater core 210, for
heatin air by using cooling water (fluid) having rccovcrcrl
waste heat gcncrated from thc fuel cell 200, is disposed at a
downstream air side of. the interior heat exchanger 12U in the
air conditioning case 30U.

An air mixin ~ door (air temperature adjusung means) 305
adjusts temperature of air to be blown into the passenger
compartment by adjusting a ratio between a flow amount of
air (warm air hcaterl by thc cooling avatar) passing through
the heater core 210 and a flow amount of air (cool air)
bvpassmg lhe heater core Z10.

Al a downstream air side of the air mixing door 305
(healer core Z10), lhe air condiuoning case 300 has a lace
port through ivhich conditioned air is bloivn towarrl the
upper half body of a passenger, a foot port thrnugh which
conditioned air is bloivn toward thc foot arcs of thc
passen cr, anil a defroster port through which air is blown
toward an inner surface of a wmdshiekl. Mmle switching
doors for opemng and closing lhe ports are disposed at an
upstream air side of. the ports, respecuvely, in the air
conditioning case 300.

The mode switching doors, the air mixing door 305 and
the inside,'outside switching door 303 are driven by scrvo-
motors (driving means) Ml—M3, rcspcctively, and thcsc
servomotors Ml—M3 and an electric motor M4 of the blower
304 are controlled by lhe electronic control unit (ECU) 310
as shown in FIG. Z.

Detection values froln a sensor group and a set value set
on a temperature control panel 320 are inputted to the L'CU

15, 310. Thc sct value is a tempcraturc of thc passen cr
compartment, rcqucstcd by a passcngcr. Thc sensor group
inchides a dischar e pressure sensor (discharge pressure
detecuon means) 311 for detecting a pressure Sp of refng-
erant discharged from the compressor 11U, an interior outlet
refrigerant temperature sensor (intenor outlet refrigerant
temperature detection means) 312 for detecting a tempera-
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ture Tco of reingeranl flowing oui from the interior heal
exchanger 120, an exlenor outlet refngeranl temperature
sensor (cxtcrior outlet refrigerant temperature detection
means) 313 for dctccting a temperature Tho nf refrigerant
flowing out from the exterior heat exchanger 130, a water
temperature sensor (ivater temperature detection means) 314
for detecting a temperature Tw of cooling water (hol water)
supplied tn the heater core 210, a discharge refrigerant
temperature sensor (discharge refrigerant temperature detec-
tion means) 315 for detecting a temperature I'd of refrigerant
discharged from thc compressor 110, an nutside temperature
sensor (outside tcmpcraturc detectinn means) 316 for detect-
ing a temperature Tam of outs)tie air, an interior air tem-
perature sensor (intenor air lemperalure tie(ection means)
317 for detecting a temperature 'Ib of air immediately after
passing through the interior heat exchanger 120, an inside air
temperature sensor (inside temperature detection means)
318 for dctcctin a tcmpcraturc Tr ot'inside air, and a snlar
rachation sensor (solar radiation intensity detection means)
319 for detecnng a solar radiation intensity Ts entering inio
the passenger compartment.

Using the detection values frnm the sensors 311 —319 and
a set temperature Tact on the temperature control pane1320,
the Lt('U 310 controLs the mode sivitching doors (servomotor
Mf), thc air mixing door 305 (servomotor M2), thc inside/ xs
outside switching door 303 (servomotor M3), the blower
304 (electric motor M4), the decompresmon devices 161,
162, the four-way switching valve 140 anti the impresser
110 based on a preset program

Next, descnption &vill be made on operations according to
the brat embodiment

1. Coolin Operation
When a cooling operation switch (not shown) is turned

on, refrigerant discharged from Ihe compressor 11U flows
into the exterior heat exchanger 13U while all air having
passed through the interinr heat exchanger 120 bypasses the
heater core 210 by closing cnre surfaces of the heater core
210 using the air mixing dnor 305, as shown in l)IG 3
Accorclingly, rcfri crant circulatcs in the heat pump cycle
100 from thc compressor 110 to compressor 110 through the ao
extenor heat exchanger 13U, the coohng decompression
device 161, the interior heal exchanger 12U and ihe accu-
mulator 150 in this order. Therefnre, refrigerant is cooled by
outside air to be cnndensed in the exterinr heat exchanger
130, and the condensed refrigerant is evaporated in the
intcnor heat cxchangcr 120 by absnrt&ing heat from air to be
blown into the passcngcr compartment. Thus, air passing
through the intenor heal exchanger 12U is cooled.

In Ihe air conthlioning case 30U, since air coolecl in Ihe
intenor heat exchanger 120 bypasses the healer core 21U,
cool air coolecl in the interior heat exchanger 120 is supplied
into the passenger compartment. At this time, the tempera-
ture of air to bc blown into thc passen er compartment can
bc controllccl by controliing the nperation (c.g., revolution
speeci) of Ihe compressor 11U as follows.

First, a target temperature (i.ee target air I:mperalure.
TAO) of air blown into Ihe passenger compartment, that is,
a target temperature of air immediately after passing through
the mterior heat exchanger 120 (target post-air temperature
TEO) is calculated based on thc following formula (I) using „,
thc sct temperature Tact, the inside air temperature
(temperature detected by Ihe inside lemperalure sensor 318)
Tr, an outside air temperature (temperature detected by Ihe
outside temperature sensor 316) Tam and Ihe solar radiation
amount entenng into the passenger compartment (detection
value from the solar radiation sensor 319) Ts

TLO(Tan)=gee) Tset —Xmr't—T'tat Tate —I't TieC (0

wherein, Keel, Kr, Kam and Ks are control gains, and C
is a correclion ntnstanl.

Then, the rotation spcccl of thc compressor 110 is con-
trolled through thc invcrtcr so that thc tcmpcrature Tc
(temperature detected by the interior air temperature sensor
317) of air immediately after passing through the interior
heat exchanger 12U ben)mes Ihe temperature TEO.

2. Healing Operation
The hcatin operation of thc air conditioner will be now

dcscribcd with rcfcrencc to thc flow diagram in FIG. 4.
When a heating operation switch of the air conditioner is

turned on, detection signals from the sensors 311 —319 are
mpuned into the ECU 31U at step SIUU. The ECU 3111

calculales a targei lemperalure (TAO) of air immediately
after passing through thc heater core 210, that is, a target
water temperature TWO, based on the following iormula (2)
usin ~ lhe inputted detection values, al step S11U.

TIVO(Tan)=rest Tset-XmTt-Xattt Tart-Ks Ts+C (T)

whcrcin, Ksct, Kr, Kam and Ks arc control gains, anil C
is a correction constant. Althou h the formula (I) is identical
with lhe formula (2), each value of Kset, Kr, Kam, Ks and
C is chilerent between Ihe fltrmulas (I) and (2).

Then, it is determined whether the temperature Tw
(temperature detected by the ivater temperature sensor 314)
of hot ivater supplied to the heater core 210 ts equal to or
higher than the calculatccl tcniperaturc TWO at step S120
When thc tempcraturc Tsv is equal to or higher than thc
temperature TWO, ii is determined that Ihe passenger com-
partment can be sufflciently hex(eel using waste heat from the
fuel cell 200 Then, an opening degree SW of the air mixing
door 305 is determined, and the ratio between the flow
amount of svarm air and the flow amount of cool air is
controlled by thc air mixing door 305, thcrcby adjusting thc
temperature of air to be blown into thc passenger
comparlmeni, al slap S130.

On the other hand, when lhe target water temperature
TWO is higher than Ihe water temperature Tw, it is deter-
mined that the passenger compartment cannot be sulflciently
heated using waste heat from the fuel cell 200. In this case,
a supplement heating capacity of thc heat pump cycle 100,
required for supplenienting thc heating of thc heater core
210, is calculalecl by using a dilference between the target
water temperature TWO and Ihe water temperature Tw at
slap S140. Next, al slap S150, the rotation speed of the
compressor 110 is controlled through the inventer so that the
temperature 'I'e (temperature detected by the intenor air
tcmpcraturc sensor 317) of air immediately after passing
throu h thc interior heat exchanger 120 bccomcs a tempera-
ture corresponchn ~ to the heanng capacity (required supple-
ment healing capacity) of. ihe heal pump cycle 100 calcu-
lated al the step S14U.

In this case, refrigerant circulates from the compressor
110 to the compressor 110 through the interior heat
cxchan er 120, the heating clccompression device 162, the
exterior heat exchanger 130 anil thc accumulator 150 in this
order. The relngeranl is comlenseil in the intenor heat
exchanger 1ZU by radiating heat to air lo be blown into the
passenger compartment, and the condensed refngerant is
evaporated at the exterior heat exchanger 130 by at&sorbing
heat from outside air. Therefore, air passing through the
interior heat cxchangcr 120 is heated.

Further, thc air mixing cloor 305 is opened so that all air
havin ~ passed through the inlenor heat exchanger 1211

passes through lhe healer core Z10 without bypassing lhe
heater core Z1U.

Next, at step S160 (frosting determination means), it is
determined whether or not the surface of the exterior heat
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exchanger 13U is frosted based on Ihe outside air tempera-
ture 'I'am, the refrigerant temperature (temperature detected
by the exterior outlet refrigerant temperature sensor 313)
I'hn and the like When it is determined that the surface of
thc cxtcrior heat exchanger 130 is not frosted, thc operation
of thc compressor 110 is continuously performed.

When it is cleterminecl that the surface of. the exterior heat
exchanger 130 is frosted at the step SI6U, the water tem-
perature Tw is read at step S170. At step SIIIU (heating
capacity determinatinn means), it is determined whether a lo
temperature difFerence between the target &vater temperature
TWO and thc water tcmprraturc Tw read at thc step S170 is
larger than a prcdctcrmincd ten&peraturc differrncc C3.

In the first embodiment, when a temperature dilference.
AT (Tam—Tho) between the oulsicfe air temperature Tam and
the exterior outlet refrigerant temperature I'ho is larger than
a predetermined temperature differeiice (2 (e g., lg (, iii
the brat embncliment) and this condition continues for a
prcdctcrmincd time Tl, thc frosting on thc surface of thr
cxtcmor heat cxchangcr 130 can br determined. o

When the temperature dilference between the target water
temperature TWO and Ihe water temperature Tw is larger
than the predetermined teinperature difFerence C3, that is,
when the water temperature Tw is lower than a predeter-
mined temperature 'I''etermined by the set temperature xs
Tsct and thc idee, it is dctermincd that this hcatin operation
cannot bc maintained by hot water supplied fron& the fuel
cell 2UU, and the operation of. the compremor 110 is con-
tinuously performecf.

When the temperature difference ('I'WO — Ikv) is equal to .io

or smaller than the predetermined temperature difference
C3, that is, when the water temperature T&v is equal to or
larger than thc prcdrtem&ined temperature Tf; it is deter-
mined that this hcatin operation can l&e maintained by hot
water supplied from the fuel cell 20U. In ibis case, a is
defrosling operation is performed at step S190.

In Ibis defrosting operation, similarly to that in the cooling
operation, refrigerant circulates from the cnmpressor 110 to
the compressnr 110 thrnugh the evterinr heat exchanger 130,
thc coolin decompression device 161, thc interior heat so
cxchan cr 120 and the accumulator 150 in this order.

Next, features of the air conditioner according lo Ihe Iirsi
embochment will be now closet&bed.

According lo Ihe Iirst embodiment, when it is determined
that the surface ot'he exterior heat exchanger 130 is frosted &s

and the temperature of the water supplied to the heater core
210 is equal to or higher than a prcdctermincd temperature,
thc dcfrosting of thc exterior heat cxchan rr 130 is prr-
formecl. Therefore, a sufficient healing feeling can be
obtainixl even when Ihe defrosling operauon of ihe exterior so

As heal exchanger 130 is performed. Because the defrosting
operation can be performed while sufficient heating feeling
can be ensurecl, the heat pump cycle 100 (compressnr 110)
can bc prcvcntcd from continuing an operation while its
consumption power is increased, thereby restricting con- ..
sumecf electnc power (motive power).

When the heal amount requirecf for heating the passenger
compartment can be sufflcienlly obtained from lhe fuel cell
200, the heatmg operation is performed only by using the
heater core 210 without nperating the heat pump cycle 100
(compressor 110). Therefore, a vehicle power source can br
cffcctivcly used.

In the above-cfescribed lirsi embodiment, when ihe frosi-
ing on the surface of Ihe extenor heal exchanger 130 is
determined aml when Ihe heating capacity of the heater core ss
210 is larger than a predetermined capacity, the defrnsting
operation is performed.

(Secoml Embodiment)
In the second embodiment, &vhen frosting nn the surface

of the exterior heat exchanger 130 is determined, when the
temperature of hot water supplied to the heater core 210 is
equal to or higher than thc prcdcterminccl tcmperaturc and
&vhcn a vehicle spcccl Vs is equal to or higher than a
predetermined speed Vm& (e.g., ll km,'hour, in the second
embodiment), the defrosnng operauon is performed.

Accordingly, frost is melted by the defrostmg operation,
and the melted water drops can be blown away by vehicle
travelling &vind Therefore, when the heating nperation is
pcrformcd again after finishin thc dcfrosting operation,
water clrops (frost) melted in thc defrosting operation can bc
prevented Irom being freezed again, thereby lengthening a
heaiing operation nme.

Next, operation of a vehicle air conditioner accorcling to
the second embodiment will be described with reference to
the flow diagram in I IO. 6

When thc heating operation switch is turnecl on, clctcction
si nals fron& thc sensors 311—319 arc inputtccl into thc ECU
310 at step SZUU, and Lhe target air temperature TAO (target
water temperature TWO) is calculated basecl on the above-
described formula (2) using the inputted detectinn signals, at
step S210

Then, it is determined whether the temperature Tw
(tempcraturc detcctccl by thc water tempcraturc sensor 314)
of hot &vatcr supplied to the heater core 210 is equal to or
higher than the temperature TWO at step SZ20 When the
temperature Tw is equal to or higher than Ihe temperature
TWO, it is determined that the passen er compartment can
be sufficiently heated only using heat from the fuel cel1200
Then, the opening de ree SW of the air mixing door 305 is
determined, and thc ratio between the flow amount of warm
air and thc flow an&ount of cool air is controlled by the air
mixing door 3U5, thereby adjusnng the temperature of air to
be blown into Lhe passenger compartment, ai step S230.

When Lhe Lar et water temperature TWO is higher than
the water temperature Tw, it is determined that the passenger
compartment cannot be sufflciently heated only using &vaste

heat from the fuel cell 200. In this case, thc supplcmcnt
hcatin capacity of the heat pump cycle 100 rcquircd for
supplementing Lhe heating of Lhe healer core Z1U is calcu-
lated by using the difference between the target water
temperature TWO aml Ihe water lemperalure Tw, at step
S240. At step S250, the rotation speed of the compressor 110
is controlled through the inverter so that the temperature I'e

detcctcd by the interior tempcraturc sensor 317 bccomcs a
tcmpcraturc corresponding to thc required supplement heat-
iil 'apaclLv.

In Lhis case, refngerani circulales from Ihe compressor
110 to Lhe compressor 11U through the inienor heat
exchanger 120, the heatin decompression device 162, the
exterior heat exchanger 130 and the accumulator 150 in this
order. Thus, the rcfrigcrant is condcnsccl in thc interior heat
cxchan er 120 by radiating heat to air blown into the
passenger compartment, and the condensed refngerant is
evaporated in Lhe exterior heal exchanger 130 by abso&rbin ~

heat from outside air. The air mixing door 305 is opened so
that all air having passed through the intenor heat exchanger
120 passes through the heater core 210 &vithout bypassing
thc hcatcr core 210.

Next, at step S260 (frosting dctermmation means), it is
determined whether Lhe surface of. Ihe exterior heal
exchanger 130 is Irosted. W'hen ii is determinecl that Lhe

surface is nol frosied, Ihe operation of the compressor 11(l
continuously performed On the other hand, when it is
determined that the surface is frosted at the step S260, the
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ECU 310 reads the water temperature Tw at step S27U. AL

step 5280, it is rletermined whether a temperature difference
lietween the target water temperature TWO and the ivater
temperature Ikv read at the step S270 is larger than a
prcdctcrmincd tcmpcrature difference C3.

When thc tcmpcraturc difi'crencc is larger than the pre-
determined temperature dillerence C3, it is determined that
this healing operation cannot be maintained only by hot
water supplied from the fuel cell 200, and the operation of
the cnmpressor 110 is continunusly performed to

When the temperature difference (I'WO —Tw) is equal to
or smaller than thc predetermined temperature diflcrcnce
C3, it is rlctcrmincd whether thc vchiclc speed Vs detected
by a vehicle speeil sensor is equal to or higher than a
predetermined speed Vso (e.g., 10 km'hour in ihe second
embodiment) at step S285. When the vehicle speed Vs is
higher than the predetermined speed Vso, the defrosting
operation is performed at step S290. When the vehicle speed
Vs is lower than thc predetermined speed Vso, control
program returns to the step S200 from the step 285 without ao

performing defrosnng operalion.
In lhe second embodiment, when the frosting on the

surface nf the exterior heat exchanger 130 is detemiined,
when the temperature nf hnt water supplied to the heater
core 210 is equal tn or higher than the predetermined as
tcmpcraturc and when thc vehicle speed is higher than the
prcdctcrmincd spccd, thc dcfrostin operation of thc exterior
heal exchanger 130 w performeri. Here, the predetermined
speeri can be sel at aero.
(Third Embodiment) .io

When the vehicle speed is excessively high in defrosting
operation, the exterior heat exchanger 130 is greatly conied
by vchiclc travelling wind. Therefore, dcfrostin operation
cfficicncy may bc decreased, and power consunied in thc
compressor 110 for melting lrosl may be increased. Ls

In the third emboiliment, when lhe frosting on Lhe surl ace
of lhe exterior heal exchanger 13U is determined, when lhe
temperature of hot water supplied to the heater core 210 is
equal to or higher than the predetermined temperature, and
when thc vehicle spccd Vs is hi her than a first prcdcter- ao

mined spccrl Vsl (e.g., 10 kmrhour in thc third embodiment)
anil is lower than a second predetermined speed Vs2 (e, 40
I m,'hour in lhe lhiril embodiment), the delrosting operanon
is performeri

Next, operation of a vehicle air conditioner according to zs
the third embnrliment will lie described with reference to the
flow diagram in FIG. 7.

When thc hcatin operation switch is turned on, detection
signals from the sensors 311—319 are inpuned into the ECU
31U al step S30U, and the target air temperature TAO (target so

water temperature TWO) is calcuhiled based on the above-
described formula (2) using the inputted detection signals, at
step S310.

Then, it is dctcrmincd whether thc temperature Tw
(tcmpcraturc dctcctcd by the water temperature sensor 314) ..
of hol water supplied to the heater core 210 is equal to or
higher than lhe temperature TWO al step S320. When lhe.

temperature Tw is equal to or higher than the temperature.
I'WO, it is determined that the passenger cnmpartment can

lie sufficientl heated only using heat from the fuel cell 200 so
Then, thc opening dcgrec SW of thc air mixing door 305 is
dctcrmincd, and thc ratio between thc flow amount of vvarm
air aml lhe flow amount of cool air is controlled by Lhe air
mixtng tloor 305, thereby adlusling the temperature of air io
be blown into the passenger compartment, at step S330. ss

When the target water temperature TWO is higher than
the water temperature Tw, it is determined that the passenger

compartment cannot be sufficiently heated only using waste
heat from the fuel cell 200 In this case, the supplement
heating capacity of the heat pump cycle 100 required for
supplementing the heating of the heater core 210 is calcu-
lated by using thc diflcrcnce bctwcen thc tar ct water
tcmpcraturc TWO and thc water tcmpcraturc Tw, at step
S340. At step S350, lhe rotation speed of. the compressor 11(l
is controlleil through lhe inverler sos that the temperature Te
detected by the interior temperature sensor 317 becomes a
temperature corresponding to the required supplement heat-
ing capacity.

In this case, refrigerant circulatcs from thc compressor
110 to thc compressor 110 through thc interior heat
exchanger 120, Lhe heatmg deixrmpresston device 162, the
extemor heal exchanger 13U and the accumulator 150 in this
order. Thus, the refrigerant is condensed in the interior heat
exchanger 120 by radiating heat to air blown into the
passenger compartment, and the condensed refrigerant is
evaporated in thc exterior heat exchanger 130 by absorbing
heat from outside air. Thc air mixing door 305 is opcncd so
that all air having passed through lhe intemor heat exchanger
1ZU passes through lhe heater core ZIU without bypassing
the heater core 210

Next, at step S360 (frosting determination means), it is
determined whether the surface of the exterior heat
cxchan er 130 is frosterl. When it is rlctermincd that thc
surface is not frosted, the operation of thc compressor 110 is
continuously performed. On Lhe other henri, when it is
determined that the surface is frosted at the step S36U, the
ECU 310 reads the ivater temperature Tiv at step S370 At
step S380, it is determined whether a temperature rhfl'erence
betiveen the target water temperature 'I'WO and the water
tcmpcraturc Tw read at the step S370 is larger than a
predctcrminerl tcmpcrature diflcrencc C3.

When lhe temperature thlference is larger than the pre-
determined temperature dilference C3, it is determined that
this healing operanon cannel be maintained only by hot
water supplied from the fuel ceil 200, and the operation of
the compressor 110 is continuously performed

On thc other hanrl, when the tcmperaturc diifi:rcnce
(TWO-Tw) is equal to or smaller than thc predetermined
temperature difference C3, it is determined whether a

vehicle speed Vs is higher than the lirst spec&i Vsl and is
lower than Lhe second speed Vs2 at step S385. When the
vehicle speed Vs is higher than the first speed Vsl and is
lower than the second speed VsZ, the defrosting operation is
perfomicrl at step S390. When the vchiclc spccd Vs is equal
to or lower than the first speed Vsl or is equal to or hi hcr
than lhe seconil speed Vs2, Lhe control program returns to
lhe step S3UU from the step 385 without performing Lhe

defrosnng operaiion.
(Fourth Embodiment)

In the above-described first embodiment, the vehicle air
conditioner is controlled iiascrl on thc flow rliagram shown
in FIG. 4. In thc fourth enibodimcnt, a vchiclc air condi-
tioner is controlled boxed on Lhe flow diagram shown FIG
8.

W'hen lhe healing operation switch is lurned on, it is
determined ivhether the heating capacity of the heater core
210 is smaller than a heating capacity required for heating
thc passen cr compartment, corresponding to thc set tcm-
peraturc Tset, at step S400. That is, at step S400, it is
determined whether or not the heating capacity is insulh-
cient for heanng the passenger compartment based on the set
temperature Tsel. When Lhe heating capacity of the heater
core 210 is insuflicient, a heatin operation is performed
using the heat pump cycle 100 and the heater core 210, at



US 6.725,679 B2
12

step S410 At step 42U (frosnng determination means), rt rs
determined whether or not the surface of the evterior heat
exchanger 130 is frosted. When the frosting on the surface
of the exterior heat evchanger 130 is determined, a defrost-
ing flag F is sct at "I'F=l) at step S430. In the fourth
cmbothmcnt, when thc control prograni shown in FIG. 8 is
started, the defrosting flag F is sel al *'0'F=O).

When the heating capacity of the heater core 210 rs
sufficient for heating the passenger compartment to the set
temperature 'liset, it is determined that the passenger com-
partment can be sufficiently heated only using ivaste heat
from thc fuel cell 200, and the heating operation is per-
formed only using thc heater core 210 without opcratin the
heal pump cycle 100 (compressor 110) at step S44U. Al step
S450, rl rs rielermrneri whether or not the defrosting fla ~ F
rs set at "I **. When the de frosting flag I is determined tn be
set at "I** (i e, I—— I), it is determined whether the heating
capacity nf the heater core 210 is larger than a predetermined
heating capacity required for hcatin air, cooled in thc
intcmor heat cxchangcr 120 during the dcfrosting operation, zo

to the target arr temperature TAO at step S46U. That is, at
step 460, rt is determined whether or nol the heating capacriy
of the heater core 210 is sufficient for heating the passenger
compartment even in the defrosting operation in which air is
cooled in the interinr heat evchanger 120 zs

When thc hcatin capacity of thc heater core 210 is
dctcrmincrl to bc larger than the predetermined required
heaung capacity at the step S46U, that rs, when the heaung
capactty of the heater core 210 rs determined lo be suliicient
at the step S460, the defrosting operation is perfomred at
step S470 That is, rvhen the heating capacity of the heater
core 210 is rletermrned nnt to lie insuflicient at the step 400,
when thc hcatin capacity of thc heater core 210 is detcr-
mincd to bc sui5cicnt at step 460, and the dcfrostin flag F
rs set at *'1" at lhe slap S450, the defrosling operauon rs is
performed.

Next, descwptron will be made on specrlic determination
means at step S460 in the fourth embodiment

I'or example, at step S460 in the fourth embodiment,
when thc tcmpcraturc difiercncc bctwccn thc water tempera- so
turc Tw anil thc target water temperature TWO is lar er than
the predetermined temperature C3 (Tw—TWO&C3) inmdarly
to that al lhe step SIUU rn lhe lirst emboihment, rl can be.

determined that the heating capacity of the healer core 210
rs suflicient. as

I'urther, at step S460 in the fourth embodiment, when the
opcnin dcgrcc SW of the air mixin door 305 is not sct at
thc maximum heating position shown in FIG. 5, it can bc
determined that the heating capacity of the heater core 210
rs sutiicrenl. Accorrhngly, in this case, when ihe air mixing so

door 305 moves from lhe maximum healing position shown
rn I'l(r 5 toward the position shown in lrl(i. 3, the defrnsting
operation can be performed. I'urther, the air temperature
adjusting means is not limited to the air mixin door 305 but
mav bc well-known reheating means for adjustin a teni- ..
peralure of arr lo be blown into the passenger compartment
by tmljusling a tlow amount of hot water supplied to lhe.

healer core 210. In this case, when the flow amount of hot
water supplied to the heater core 210 is not mavimum, it can
lie determmerl that the heating capacity nf the heater core
210 ts sui5cicnt at step S460.

In a case ivhcrc cooling water (hot water) for cooling an
engine 4UO (see FIG. 10) rs supplied lo the heater core 21U,
when the cooling water is cooled in a radiator by performing
a heat exchange between lhe cooling water and outside arr, ss
rt can be determined that the heating capacity of the heater
core 210 is sufficient at step S460 In this case, when an

operauon state where the cooling water is nol cooleil rn the
radiator, is chan ed to an operation state where the cooling
ivater is cooled in the radiator, the defrosting operation is
performed

Further, vvhcn thc tar ct air tcniperaturc TAO rlcscribcd in
thc first cmbotlimcnt is equal to or lower than a prcdetcr-
mrned temperature, rl can be determined that lhe heaung
capacity of. lhe heater core 210 rs sulhcrenl at step S460.
Accordingly, when an operation state where the target blown
air temperature 'I)AO is hi her than the predetermined
temperature, is changed to an operation state where the
target blown air temperature TAO is equal to or lower than
the prcdctcrmincd tcmperaturc, the rlcfrostin operation is
performed.

In a case where cooing water for cooling the engine rs
supplied to the heater core 210, as shown in I l(i. 9, a
rotation speed detection unit 321 for detectmg a rotation
speed Sr of the engine can be provided, as shnivn in I'IG 9

In this case, when thc rotation speed Sr of thc engine is
hi hcr than a predctcrminetl rotation spccd, it can bc deter-
mined that lhe temperature of lhe cooling water rs suih-
crently high, and il can be determined that the heaung
capacity of the heater core 210 is sufhcient at step S460.

The rotation speed Sr is detected by a rotation speed
detection means 321, and it is inputted mto the ECU 310 as
shown in FIG. 9. Herc, thc prcdetcrmined rotation speed
may include thc zero rotation speed, anil thc heating capacity
of. lhe heater core Z10 may be determined to always be
suificrenl when lhe engine is driven.

When the outside air temperature Tam described in the
tirst embodiment is equal to or higher than a predetermined
temperature, a heating load on the heater core 210 can be
determined to bc suflicicntly low, and it can bc dctermincrl
that thc heating capacity of the heater core 210 is sui5cicnt
at step S46U. Alternatively, when the inside air temperature
Tr rs equal to or higher than a predetermined temperature, n
can be determined that the heating capacity of the heater
core 210 is surficient at step S460.

As a vehicle speed Vs becomes higher, a vehicle body rs

further cooled by vchiclc travcllin winrl, thereby increasing
a heating load on thc hcatcr core 210. In an outsitlc air
mtroducuon mode where outsrrle air rs introduced from the
outside air introduction port 302, as the vehicle speed Vs
becomes higher, the ram pressure further increases
Therefore, a larger amount of cool outside air rs mtroduced
into the passenger compartment, and the heatin load on the
heater core 210 is incrcascrl. Accortlin ly, a speed tlctcction
unit 322 is provitlcd as shown in FIG. 9, and a vehicle spccrl
Vs detected by the speed delecuon unit 3Z2 rs rnpuuerl into
lhe ECU 310. When lhe detection vehicle speeil Vs is equal
lo or lower than a predetermined speed, it can be determined
that the heating capacity of the heater core 210 is sufficient
at step S460. Here, the predetermined speed may include
zero km,'hour. Accordin ly, the hcatin capacity of thc
hcatcr core 210 niay bc always dctcrmincd to bc sui5cicnt
when the vehicle is stopperl, ior example. Further, when a
predetermined nme passes after starnng lhe operation of the
engme, rl can be determined that lhe healing capacity of the
heater core 210 is sufficient at step S460
(I'ifth Embodiment)

In thc dcfrostin operation of the above-tlcscnbcd first to
third enibodimcnts, refrigerant circmlatcs from thc compres-
sor 11U to the compressor 110 through lhe extewor heal
exchanger 130, the cooling decompression device 161, lhe
rntewor heat exchan er IZO and the accumulator 15U in this
order, similarly to that in the cooling operation In the
defrosting operation of the fifth embodiment, as shown in
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FIG. IU, refrigerant circulates from the compressor 11U to
the compressor 110 through the interior heat exchanger 120,
the heating rlecompression device 162, the exterinr heat
exchanger 130 and the accumulator 150 in this order At the
same time, a part of rcfri erant flows from the compressor
110 towarrl thc exterior heat cxchan er 130 while bypassing
the tnterior heat exchanger 12U.

That is, in the liflb embodiment, a refrigerant bypass
passage 432u, through ivhich refrigerant discharged from
the compressor 110 flows to the exterior heat exchanger 130 in
while bypassing the interior heat exchanger 120, is provided,
and a solcnoirl valve 432 is disposed in thc refrigerant
bypass passage 432u. When the defrosting operation is
performed in Ihe heating operation using the heal pump
cycle IUU, a part of. refngeranl flowing from the impresser
110 tnward the in terinr heat exchanger 120 flu&v through the
refrigerant bypass passage 432a by opening the snlenoid
valve 432.

Bccausc high-tempcraturc and high-prcssure as rcfrig-
crant discharged from thc compressor 110 flows into thr ao

extemor heal exchanger 13U, the riefrosung operation can be
macle by heal of this gas refngeranl. That is, in the lifih
embodiment, the defrosting operation can be performed
while a heating supplement due to the heater pump cycle 100
is performed xs

Althou h cooling water of the furl cell 200 is supplied to
thc hcatcr core 210 in the above-described flrst to third
emboihments, cooling water of an engine 4UO (E,'G) is
supplied to the heater core 210 in the liflh embodiment. That
is, in the tifth embodiment, the present invention is typically
applied to a vehicle having the engine 400 (E G)

In I'IG 10, an electric water pump (electric pump) 430 is
disposed to circulate coolin water in a coolin ivater circuit
of thc cnginc 400. In thc fifth embodiment, a niechanical
water pump (mechanical pump), for circulaung cooling is
water tn the cooling water circuit of the engine 4UO, is also
prov&cled separately from the eleclmc pump 430. A rotation
of a crankshaft of the engine 400 is transmitted to the
mechanicai pump through a belt or the like, so that the
mechanical pump is mechanically driven l&y thc en inr 400, so
In thc prcscnt invention, either of the electric pump 430 and
the mechanical pump can be provided. As shown in FIG. 1U,
a rarhator 41U for cooling the cooling water from the en ine.

40U is provideri and a blower 42U for blowing outside, air
toward the radiator 410 is provided LS

In H(i. 10, a water bypass passage 431a through ivhich
cooling water bypasses thc radiator 410 is provided, and a
thermal valve 431 is disposed to adjusts a coolin water
amount flowing through Ihe water bypass passage 431n and
a coohng water amount flowing through the radiator 41U. By so

the operation of the thermal valve 431, the engine 40U can
be set at a predetermined temperature
(Sixth Embodiment)

In thc sixth cmbodimcnt, a water-refrigerant heat
cxchan cr (refrigerant heating means) 500 is disposed in the ..
water bypass passage 43lu deacnberi in the fifth embodi-
ment. In the deirosting operation of Ihe sixth embodiment,
reingeranl circulates from Ihe compressor 11U lo Ihe com-
pressor 110 through the interior heat exchanger 120, the
heating decompression device 162, the exterior heat so
cxchangcr 130 anti thc accumulator 150 in this order. At this
time, rcfrigcrant flowing into the exterior heat exchanger
13U ts heater) by the water-refnge rant heal exchanger 5UU. In
FIG. 11, a three-way switching valve 433 is disposed io
switch a case where cooling water flowing into ihe water es

bypass passage 431u floivs into the ivater-refrigerant heat
exchanger 500, nr a case where cooling water flnwing into

Ihe water bypass passage 431n flows through the water
bypass passage 433u ivhile bypassing the ivater-refrigerant
heat exchanger 500
(Seventh Embodiment)

In thc above-dcscribcd sixth cmborlimcnt of thc prcscnt
invention, the ivater-refrigerant heat exchanger 500 is dis-
posed in the water bypass passage 431n. However, in Lhe

seventh embothmenl of Lhe present invenuon, the water-
refrigerant heat exchan er 500 is disposed in a water pas-
sage through ivhich cooling water flows from the heater core
210 to the engine 400, as shoivn in l&I(k 12 In the seventh
cmbodinicnt, thc water-rcfrigc rant heat exchanger 500 heats
rcfri erant flowing froni thc cooling rlccompression dcvicc
161 lo Lhe intenor heal exchanger 120 by performing a heat
exchange between cooling water flowing irom the heater
core 2N to the engine 400 and the refrigerant flowing from
the cooling decompression device 161 to the intenor heat
exchanger 120

In thc dcfrostin operation of the scvcnth cmborhmcnt,
rcfri crant circulates from thc compressor 110 to thc com-
pressor 110 through Ihe exterior heat exchanger 130, Lhe

cooling decompression device 161, the intemor heal
exchanger 120 and the accmnulator 150 in this order. At this
time, refrigerant tloiving into the interior heat exchanger 120
is heated by the water-refrigerant heat exchanger 500 I'he
water bypass passage 433a is provirlcd so that coolin v ster
from thc hcatcr core 2N bypasses thc water-rcfrigcrant heat
exchanger 5UO.

In Ihe defrosun ~ operation, as shown in FIG. 12, refrig-
erant floiving out from the cooling decompression device
161 can tlow into a refrigerant bypass passage 435u while
bypassing the interior heat exchanger 120 by a switching
operation of a thrcc-ivay switching valve 435.
(Eighth Embodiment)

In the above-described seventh embodiment of the present
invention, Lhe water-refrigerant heat exchanger SNI is dis-
posed to heal reliugerant flowing from the cooling decom-
pression device 161 toward the interior heat exchanger 120
I lowever, in the eighth embodiment of the present mvention,
the water-rcfrigcrant heat exchanger 500 is rlisposcd to heat
rcfri erant flowing from the cxtcrior heat exchanger 130
toward Lhe accumulator 150 (interior heal exchanger 120), as
shown in FIG. 13.

In the defrosung operation of. the eighth embodiment,
refrigerant circulates from the compressor 110 to the com-
pressor 110 through the interior heat exchanger 120, the
heating dccomprcssion dcvicc 162, thc cxtcrior heat
exchan cr 130 anti the accumulator 150 in this order. At this
lime, Ihe water-refngeranl heal exchanger 500 heals refng-
erant flowing from the exlenor heal exchanger 130 toward
Ihe accumulator 15U.

In lrl(i 13, the three-way switchin valve 433 is disposed
to sivitch a case ivhere coolin water from the intenor heat
cxchangcr 210 flows into the water-refri crant heat
cxchan er 500 or a case where cooling water flows through
Ihe water bypass passage 433u while bypassing the water-
refngeranl heal exchanger 50U.
(Ninth Embodiment)

In the defrosting operation of the ninth embodiment, the
temperature of coolin water is increased by rerlucing the
flow amount of cooling ivater floivin through thc cnginc
400, so that thc hcatin capacity of the hcatcr core 210 is
improved.

In Ihe heating operation of Lhe ninth embodiment, as
shown in FIG. 14, refngeranl circulates from Lhe compressor
110 to the compressor 110 through the interior heat
exchanger 120, the heatin decompression device 162, the
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extemor heat exchanger 130 aml the accumulator 15U in this
ortler. Further, as shov:n in FIG. I5, in the deirosting
operation, rcfri crant circulates front thc compressor 110 to
thc compressor 110 through the exterior heat cxchangcr 130,
the cooling rlecompression device 161, the interior heat
exchanger 120 and the accumulator 150 in this order.

Further, a flow amount W2 of cooling water flowing inio
thc cnginc 400 in thc dcfrosting operation is made to bc
smaller than a flow amount Wl of cooling water flowing into
thc cnginc 400 in thc heating operation (Wl&WZ).
Accordingly, a flnw amount W22 of cooling water flowing
from thc cn inc 400 to a side of thc radiator 410 in thc
defrnsting operation is made to be smaller than a floiv
amount W12 in thc heating operation (W12&W22). Further,
a flnw amount W21 of cnniing water flowing from the
cnginc 400 to a side of thc heater core 210 in thc defrosting ts
operation is made to be smaller than that Wll in the heating
operation (WII&W21).
(Tenth Embodiment)

In thc tenth cmbodimcnt, a heater 600 for heating cooling
water is provided, and the heating capacity of the heater core
210 is increased liy heating cooling water using the heater o

60U in the defrosting operation.
In the defrosting operation of. the tenth embodiment,

rcfngcrant circulatcs from thc compressor 110 to the coni-
prcssor 110 through the exterior heat exchanger 130, thc
cooling decompressinn device 161, the interinr heat
exchanger 120 and the accumulator 150 in this nrder ln this
case, cooling water flowing into the heater core 210 from the
engine 40U is heated by the heater 600.

When thc frostin on the surface of the exterior heat
cxchan cr is dctcrmincd, thc liow amount of thc cooling io
water can lie decreased so that the heating capacity of the
heater core 210 is increased. Alternatively, when the frnsting
on the surface of. the extenor heat exchanger 13U
determined, the rotation speed of the engine 4(N can be
incrcascd so that thc heating capacity of the heater core 210
is incrcascd. Altemativcly, when the frosting on the surface
of the exterior heat exchanger 130 is determined, the flow
amount of the cooling water can be decreased so that the
heattng capacity of. the heater core 21U is increased.
Alternativelv, when the frosting on the surface of the exte-
rior heat cxchan cr 130 is determined, thc operation of thc
blower 420 can bc stopped so that the heating capacity of the
heater core 210 is increased. Alternatively, in a vehicle
havmg the fuel ceil 200, when the frosting on the surface of
the extemor heat exchanger is determined, the output of. the.

fuel cell can be increased so that the heating capacity of the aa

hcatcr core 210 is increased.
(Elcvcnth Embodiment)

In thc dcfrosting operation of thc eleventh embodiment,
as shown in FIG. 17, rcfrigcrant circuiatcs from thc coni-
pressor 110 to the compressnr 110 through the exterior heat
exchanger 130, the cooling decompression device 161, the
intemor heat exchanger 120 aml the accumulator 150 in this
ortler. In the defrosting operation, the inside/outside air
switching door 303 is operated at a position indicated by the
solid hnc in FIG 17, so that an inside air introduction mode
where inside air is introduced from the inside air intrnduc-
tion port 301 is set. Similarly, in the defrnsting nperation, a
ratio of an inside air amount to an outside mr amount can be
increased. In this operation, because in&itic mr is tlehumidi-
ficd by thc intcmor heat exchanger 120, it can prevent a
wintlshicltl from being clouded (fogged).

Although the present invention has been fully described in
connection with the preferred embodiments thereof ivith
reference to the accompanying drawings, it ts to be noted
that various changes anti modifications will become appar-
ent to those skilled in thc art. 65

Thc prcscnt invention is applied to a vehicle with a fuel
cell in the first to third embodiments, or an engine-driving

vehicle in the fifth to eleventh embodiments. Without lim-
ited to these, however, the present invention can be applied
to an clcctric vchiclc using a scconrlary ccfl such as a battery
as a power source, a vehicle bavin a heat engine such as a
gasoline engine and a diesel engine, and the like A ivaste
heat source is not limited to the fuel cell 200 and the engme
4(N, but it can be an electric circuit such as an inverter
circuit and a heat generating apparatus such as a heat engine

In the above-tlcscribcd cmliodiments, a switchin opera-
tion of thc refrigerant floiv can be pcrformcd using plural
refrigerant pipes and plural solenoid valves in place of the
four-way sivitching valve 140. Althou h the cnmpressor 110

driven by electric power in the above-de&embed
embodiments, it can be dmven by the engine 4(N. Although
the air mixing door 305 is arloptcd as the air tcmpcraturc
atljustin means in thc above cmliorliments, well-known
reheating means for adjusting a flow amount of hot water to
be supplied to the heater core 210 can be adnpted.

Such changes aml modilications are to be unilerstood as
being within the scope of the present invention as delined by
thc appcndcd claims.

What is claimed is:
1. An air conditioner for a vchiclc having a passenger

compartment, comprising:
a heater punip cycle inclurling a compressor for com-

prcssin anil discharging refrigerant, an interior heat
exchanger lor performing a heat exchange between
refmgerant and air blown into the passenger
compartment, and an exterior heat exchanger for per-
forming a heat exchange betiveen refrigerant and out-
side air outside the passenger compartment;

a heat core for heating air blown into thc passenger
compartment by performing a heat cxchangc bctwcen
air and a fluid which rccovcrs waste heat generated in
the vehicle,

frosting determinauon means for tletermining whether a
surface of the exterior heat exchanger is frosted,

heating capacity determining means for determining
whether a heating capacity of the heater core is larger
than a predetermined capacity; and

a control unit for controfling operation of the heat pump
cycle, whcrcin:
at least when the frosnng determinauon means deter-

mines a frosting on the surface of the extenor heat
exchanger, aml when the heating capacity determin-
ing means determines that the heating capacity of the
heater core is larger than the predetermmed capacity,
thc control unit performs a dcfrosting operation in
which thc surface of thc cxtcrior heat cxchangcr is
delrosted.

Z. The air conditioner accortling to claim I, further
composing

a fluid tcmperaturc detecting unit for rlctccting a tcmpcra-
turc of thc fluid supplied to the heater core, whermn,

when the tempcraturc of thc fluid, detcctetl liy thc fluid
temperature detecting unit is higher than a pretleter-
mined temperature, the heanng capacity determinin ~

means determines that the heatin capacity of the
heater core is lar er than the predetermined capacity

3. The air conditioner accordin to claim I, further
comprising

a vehicle speed detecnng unit for detectin a vehmle
speed, wherein,

the control unit performs the defrosting operation when
the vehicle speed is hi her than a predetermined speed

4. The air conditioner accordin to claim I, further
comprising
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a vehicle speed detecnng unit for delecung a vehicle.
speed, wherein,

the cnntrnl unit performs the defrosting operation ivhen
the vehicle speed is higher than a first predetermined
speed and a lower than a second predetermined speed
that is larger than the lirsl predetermined speed.

5. Thc air conditioner according to ciaini I, further
compnsing

air temperature adjusting means for adjusting temperature
of air blnwn into the passenger compartment by adjust-
ing a heating degree due lo the heater core, wherein,

when the air temperature adjusting means adjusts the
heating degree at the maximum degree, the heating
capacity determining means rietermines that the healing
capacity of. Ihe heater core is lower than Ihe predeler-

ISmincrl capacity.
6. Thc air conditioner according to claim I, further

comprising:
target air temperature calculating means for calculating a

target temperature of air blown into the passenger
compartment, wherein, o

when the target temperature of air bloivn into the passen-
ger compartment is leaver than a predetermined
temperature, the heanng capacity determining means
determines that the heanng capacity is larger ihan Ihe.

prcdctcrmincd capacity. as
7. Thc air conditioner according to ciaini I, further

compnsing:
an outside air detecting unit for detecting temperature of

outside air, wherein,
when thc tcmpcraturc of thc outside air is higher than a

predetermined temperature, the heating capacity deter-
mining means determines that the heating capacity is
larger than the predetermined capacity.

8. The air conditioner accorriing to claim I, further
comprising:

an inside air tempcraturc detecting unit for detecting
temperature of inside air inside the passenger
compartment, wherein,

when thc tcmpcraturc of the inside air is higher than a
prcdctcrmincd temperature, the hcatin capacity deter-

gemining means deterinines that the heating capacity is
larger than the predetermined capacity.

9. The air conditioner accorriing to claim I, further
compnsin:

a vchiclc spccd dctccting unit for detecting a vehicle
spccd, wherein, as

when the vehicle speed is loiver than a predetermined
speed, the heating capacity determining means deter-
mines that thc heating capacity is lar er than thc
prcdctcrmincd capacity.

IU. The air conihlioner according to claim I, wherein Ihe
fluirl supplied to thc heater core is cooling water for cooling
onc of an cnginc and a fuel cell mounted on thc vehicle.

ll The air conditinner accnrding to claim I, ivherein the
fluid supphed to the heater cnre is cooling water for cooling
an engine of Ihe vehicle, the air conditioner further com-
pnsing

a radiator fnr cnoling the cooling water by performing a
heat exchange between the conling water and outside
air, wherein,

when the cooling ivater is cooled in the radiator, the a!I

heating capacity deterinin ing means determines that the
heating capacity is lar er than the predetermined capac-
ity.

12. The air conihlioner according to claim I, wherein Ihe
fluirl supplied to thc heater core is cooling water for cooling SS

an cnginc mounted on thc vehicle, thc air conditioner further
compnsing

a rotation speed detecting unit for detecting a rotation
spccd of thc cn inc, whcrcin,

when the rotation spccrl of thc engine is higher than a

predctcrminerl specrl, thc hcatin capacity dctcrmining
means determines that the heating capacity is larger
than lhe predetermineil capacity.

13. The air conrlitioncr accorrling to claim I, wherein:
the fluid supplied to the heater core is cooling ivater for

cooling an co~cue mounted on thc vchiclc;

ivhen a passed time from a start of the en ine is larger than
a prcdcterniincd time, the hcatin capacity rlctcrminin
means determines that the heating capacity is larger
than thc prcdctcrmincd capacity.

Iab The air condinoner acnirdmg lo claim I, wherein,
in the defrostin operation, the heat pump cycle is con-

trolled to be operated in such a manner that heat of
refrigerant is radiated in the exterior heat exchanger
aml is absorbed in lhe inlenor heal exchanger.

15 The air conditioner accordin to claim I, wherein
in a heating operation for heating thc passcngcr

compartment, the control umt controLs lhe heat pump
cycle in such a manner that refrigerant discharged from
Ihe compressor flows into lhe exlenor heat exchanger
after passing throu h the interior heat exchanger; and

in the defrosiin ~ operation, a part of. refrigerant tlowin ~

front a discharge side of thc compressor rlircctly flows
mlo the extenor heal exchanger while bypassing lhe
interior heat exchanger

16. The air conditioner according lo claim I, further
compnsing

a refrigerant heating unit in which the tluid is heat-
exchanged with refrigerant to heat refrigerant,

wherein the dcfrosting operation is performed by heating
refngeranl using Ihe refrigerant heanng unit

17 The air conditioner acr nrding to claim I, wherein the
interior heat exchanger is disposed at an upstream air side of
thc hcatcr core.

Ig. The air condinoner acnirdmg lo claim I, wherein.
the heat pump cycle further includes a four-way switching

valve for switching a refrigerant flow in thc heat pump
cycle, aml

thc four-way switching valve is rlisposcrl to switch onc of
a cooling operation ivhere heat of refngerant is radiated
in thc exterior heat exchanger and is absorbed in thc
interior heat exchanger, and a heating operation where
heat of refri crant is rarliated in the interior heat
exchanger and is absorbeil m the extenor heal
cxchan er.

19. The air comhnoner acnirding to claim I, wherein the
compressor is an electncal compressor dnven by electri
cally

20 The air conditioner according to claim I, further
comprising:

a temperature deleciing uml for detecting temperature of
the fluid supplied into the heater core; and

an air temperature adjustmg umt which adjusts a heaun ~

degree due to the heater core based on the temperature
detected by the temperature detecting unit, to adlusl
temperature of air blown into the passenger compart-
ment.


