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(57) ABSTRACT

20 ())aims, 12 Drawing Sheets

In a vchiclc air corxliuoncr for heating a passcngcr com-
partment by a heater ccrc mid a heat pump cycle, when
openstion of a heat punrp cycle is switched fmm a defrosting
openstion to a heatin assist operation. a lieating degree of
the heater core is increased hier than a predetermined
heatin degree. Further, when the operation of the heat pump
cycle is switched (rom the delrosting operation lo thc
hcaung assist operation, mi air outlet mode cxccsrt for a
dcfrostrng mode I'or defrostuig a w uidshrcld is sct. Furiher.
in the defrosting operation of the heat pump cycle, the
temperature of an interior heat exchanger of the heat pump
cycle is set lfigher.
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VEHICLE AIR CONDITIONER WITH
DKFROSTIN('PFILATION I~ FXTI(RIOR

HEAT KX('HAN(;FR

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to and claims priority from
iapanese Patent Application No. 2001-256153 filed on Aug.
27. 2001. the content of which is hcrcby uicorporated byiii
It:fi:rcllcc.

13ACR(rROUNI) Oli 111I I INVI',N'I'ION

1. Field of the Invention I

The present invention relates to a velficie air conditioner
for heatin a passen er compartment using both of a heater
core mid a heat pump cycle. Thc heal core heats air using
exhaust heat gcncralcd I'rom thc veluclc as a heatm source.
More particularly. the present 1m ention relates to a contml IO

of the vehicle air conditioner, when operation of the heat
pump cycle is switched from a defrosting operation to a
heating operation.

2. Description of Related Art
In a velficle air conditioner. air to be blown into a

passenger compartment is hcalcxi ui a healer core usuig hol
wdli:I jcnginc-I:ooling wBli:I) Bs B healing siilirciv In thc
vehicle air conditioner, when the temperature of the water
flotvina into the heater core is lotv, the temperature of air
blown into the passenger compartment is reduced. and a
necessary heating capacity cannot be obtained. Accordingly,
recently, a heat pump cycle is combined with the heater core
for improving the heating capacity. Tlial is. when a ncccs-
sdrv hcdllng capdcllv calulot bc obuiuicd only by the hcatcr ls
core. a heatin operation is performed by operating an
interior heat exchanger of the heat pump cycle as a radiator.
When the heating operation is perforined in the heat pump
cycle, a surface of the exterior heat exchanger is readily
frosted. When the heat piunp cycle is operated wl»le the «I
surlacc ol llu: exterior heat cxclrdnger is froslcd. heal absorp-
non eflicmncy ol'hc cxteuor heat exchanger is reduced In
this case. generally, a defrosting openltion of the exterior
heat exchanger is perfilrnied by opemting the exterior heat
exchanger as a msdiator

On the other hand, afler a predetermined time (e.g.. one
hour) passes afler starting an engine, the temperature of bot
water is increased. Bnd the necessary heating capacity can be
oblauiixl only by the hcatcr core. Accordmgly, the heating
operation in lhc heat pump cycle becomes uiuicccswiry al
about a time tvhere the surface of the exterior heat exclianger
is frosted, for exaniple liven in this case, when an outside
air tempemture is equal to or lou er than 0" C., because the
frost formed once on the surface of the exrerior heat
exchanger does not melt. the defrosting opemtion of the
exterior heat cxchangcr w niwded lo bc perlbnued before thc
heal pump cycle is operated next.

However. vthcn the dclbosting operation of thc cxtcnor
heat exchanger is perfilrnied, condensed water is fiinned on
the surface of the intenor heat exchanger due to heat io
absorption of the interior heat exchan er. Then, when the
operation of the heat pump cycle is switched from the
delbosluig operation to the healing operation ui such a case
w herc thc tempera lure of lhc hot water is dgam rcsluccd. the
condensed water on thc intcuor heat exchanger Is cvapo- ss
rated due to heat radiation of the interior heat exchanger.
'I'herefiire a windshield of the vehicle may be fogged.

,427 B2
2

SUMMARY OF THE INVENTION

In view of the above-described problems, it is an object of
the present invention to restrict a windshield from being,
fogged ivhen a heating opemtion is a~itched from a delhost-
in operation in a heat pump cycle of a vehicle air condi-
tioner that heats a passcngcr compartment by thc heal pump
cycle and a hcatcr core. The heater heats mr usuig exhaust
heat generated in a vehicle

It is another object of the present invention to improve a
driving safety in the vehicle.

According to the present invention. In a vehicle air
conditioner. air to be blown into a passenger compartment is
heated by a heater core and a heat pump cycle. Thc heater
core heals air lo be blown inio llu: passcngcr comparlmcnl
by performing a heat-exchange benveen the air and a fluid
having recovered exhaust heat generated in the vehicle 'I he
heat punlp cycle including an interior heat exchanger fiir
perfomling a heat-exchange between a refngerant and the
air to be bloivn into the passenger compartment. and an
exlcuor heal cxchimgcr lhr pcrfonning a heal-exchange
bclwimn Ihc rcfngcrdni dnd outside Bir Further, a control
unit controls operation of the heat pump cycle to switch one
of a heating assist operation where the interior heat
exchanger nldiates heat to heat the air together with the
heater core. and a defrosting operation v here the exterior
heat exchanger is defrosted using heat radiated from the
cxlcrior heal cxciangcr wlnle Ihc inlcnor heat cxclmngcr
absorbs heat I'rom thc air. In thc veluclc air conditioner, thc
control unit sets a heating degree of the heater core to be
higher than a predetermined heating degree when the opera-
tion of the heat pump cycle is stvitched to the heating assist
operation from the defrosting operation. Accordingly, when
the heat assist operation is set from the defmsting operation
iu the heat pump cycle. the temperature of air blown into the
passcngcr compartment becomes lughcr thtm a prcdcier-
nuncd Icmpcralurc. In llus case, since a relative hunudily of
air blown into the passenger compartment becomes smaller,
it can effectively restrict a tvindshield from being filgged

In the present invention, for increasin the heating dree
of the heater core to be lugher than the predetermined
hciillng ilCgrCC WRCII lhC ht:dllng ilSSISI Opi:I'Iilioll IS SCI holli
thc delrosling operation ui Ihc lu:al pump cycle, a mtalional
speed of thc cnguic is scl higher than a prcdclernunod
rotational speed, or a flow amount of the fluid supplied into
the heater core is set nlore than a predetermined flow
amount. or the lhiid is made to bypass a radiator for coolin
the fluid, or an opening degree of an air mixing door for
opening Ihc hcalcr core is uicrcascd lo be lughcr titan a
prcdelcnninixl dcgrcc. or a larger tcmpcrature of air to be
blown into a passcngcr compartnu:nt ol thc vehicle is scl
higher than a predetemiined tempemsture

Alternatively, the contml unit has a niode setting member
for settin one of a defroster mode ~here air is blown into
the passenger compartment toward a front windshield of the
vcluclc mid Ihc other mode where air is blown into thc
passcilgcl conlpiiltnlcllt niw dlil d scat sidi: dlfli:Icln holli lhc
front wuldslueld. In llus case, win:n the operation of Ihe heal
punlp cycle is sv, itched to the heating assist operation from
the defrosting operation, the other mode is set by the mode
setting member. Accordingly, even when humidified air is
blov n into the passenger conlparunent. It can prevent the
humidiliixl air from directly flow ing toward thc windshield,
and fogguig on thc windslucld can be reslncted.

Preferably. ui Ihc defroslulg operation, thc control uiul
cmitrols the operation of the heat pump cycle such that the
temperature of the interior heat exchanger becomes higher
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than a sci temperature Therefore, heat absorption capacity
in the exterior heat exchanger can be restricted in the
defmcting operation. and it can restrict condensed water
fmm being adhering on the exterior heat exchanger Accord-
in ly, it can efl'ectively restrict the windshield from being
fogg&.

Alternatively. the control unit hac fogginu deteunining
means for determining whether or not a windshield of the
vehicle is diflicult to be fogged. In this case. when the
fogging deteunining means detemlines that the windshield In

is difficult to be fogged, it is determined tlmt a condition for
swiichuig the operation of ihe heat pump cycle from the
dchosilng opera(1011 lo thc lied&lug assisi opciilnoll Is siitls-
fied Alternatively, the control unit has stop-state deteunin-
ing means for deteunining whether or not the vehicle is
stopped ti&r a long time longer than a predetermined time
period. In this case„when the stop-state determining means
determines that the vehicle is stopped for the lon time. It is
dciernnncd that a condition lor swilching ihc Operation of
ihc belli pulup cycle front lhc dclli&sting opcldfioll io thc 20

heating a&cist opemction is satisfied Accordingly, it can
effectively restrict the windshield from being fogged. and a
driving safety relative to the fogging in the windshield can
be improved

BRIEF DESCRIPTION OF THE DRAtVIN(iS

Additional objects and advantages of the present inven-
tion &vill be more readily apparent froin the ti&llov iug
detailed description of preferred embodiments when taken lo
together with the accompanying drawingc, in which:

FIG. 1 is a schematic diagram showulg a vclncle mr
conditioner according to a first embodiinent of the present
invention:

FIG. 2 is 0 schematic diagram showing a control umt of&'hc
vchiclc mr coudiuoucr according to ihe first mnbudi-

IIICnt:

FIG. 3 is a schematic diagram showing the velficle air
conditioner in a cooling opemction. accordii&g to the tirst
embodiment: do

I 1(i 4 ic a flow diagrani showing an operation control of
the vehicle air conditioner according, to the tirst embodi-
ment;

FIG. 5 is a schmnaiic diagram showing thc vclucle mr
conditioner ul u heating assist opcrauon, according io thc
firrt enlbodinlent;

FIG. 6 is a schmnatic diagram shoccmg ihc vcluclc mr
conditioner in a defrosting operation, according to the hrst
Clllbodinleiltt

0
FIG. 7 is a flow ihagram showing an operation control of

a vehicle air conditioner according to a second embodiment
of thc present iilvclltlon:

FIG. 8 is a flow ihagram showing an operation control of
a vehicle air conditioner according to a third embodiment of

&1
the present invention,

FIG. 9 is a schematic diagram showing a control unit
(ti('I)) of a vehicle air conditioner according to a fmirth
embodiment of the present inventio;

FI(i 1(l is a schematic diagram shocving a part of a vehicle
air conditioner according to a fifth embodiment of the
present invention:

I 1(i 11 ic a schematic diagram showing a pan of a vehicle
air conditioner according to the fifth embodiment;

FIG. 12 is a schematic diagram showulg a pari Of a &chicle sc
air conditioner according to a sixth einbodiment of the
present invention: and

FI(i 13A is a flow diagram showing a control fi&r detcr-
nuning an air outlet mode in a defrocting operation of an
exterior heat exchmiger. and I'l(i 13B ic a graph showing a
control for detemiinin the air outlet nlode in the defrosting,
mode. according to a seventh embodiment of the present
invention.

Dli I'AII EI) Dl!8('RIP 11ON Oli 'll IE
PRESENTLY PREFERRED EMBODIMENTS

Embodiments Of ihc prcscni invention will be dcscrtbcx)
hcrcuiaftcr with rcfcrencc lo appended drawings.

(First Embodiment)
In the first embodiment. an air conditioner of the present

invention is typically used for a hybrid vehicle driven by
electnc power of a battery and driving force of an engine. In
the vehicle air conditioner slu&wn in FI(i. 1. a refrigemlnt
cycle system is constructed by a heat pump cycle 100
ciipablc ol s&wltchulg all&'nc ol a ci&Chug opcld(1011 (dclli&st-
ing operation) aud d heating operation Further, mi cnguic
2UU ic disposed for driving the vehicle

An electric conlpressor 110, for cuckmg and compressing,
refrigerant. is controlled by an inverter 111. An interior heat
exchm er 120 is disposed to perform a heat exchange
bciwiun rcfngcrant and air to be blown into a passenger
compartmcnh and mi cxtcrior heat exchanger 130 is dis-
posed io pcrfonn a heal cxchangc bctwccn Ihc rcfrigcrani
and outside air. A four-way valve (switching valve) 14t)
sv itches any one of a case where refrigerant discharged
from the compressor 110 fk&ws toward the interior heat
exchanger 120 and a case &chere refugerant discharged from
thc compressor 110 flow s toward thc cxteuor heat cxclmngcr
130 An accumulator (gas-liquid separator tank) 150 sepa-
rates rcfngcrdni into gds rclrigcrant and liquid rcfrigcrani.
and stores the separated liquid refri erant excessive in the
heat punlp cycle while the separated gac refrigerant is
introduced into a suction side of the compressor 110.

An electric cooling decompression device 161 decom-
prcsscs refrigerant flowing oui from ilm exterior heat
exchanger 130 ul ihc cooling operation. Au clcctnc hcaiulg
diuomprcssion device 162 dccompresscs refugerant flowulg
out fmm the interior heat exchanger 12U in the heating
opemction. Open degrees of the decompression devices 161,
162 are controlled by an electronic control unit described
later. A first check valve 171 is disposed to prevent reibig-
erant from flov,in into the cooling decompression device
161 iu the heating opcrauon. A second check valve 172 is

disposed to prevent rclhgcrani from flow ing into thc hcatulg
decompression device 162 in the cooling operation

An air-conditioning case 300 defines an air passage
tluough which air flows uito the passenger compaumcni. An
inside air inlet 301 for uiiroducing air (I.c., uisule air) inside
thc passenger compartment and an outside mr uilci 302 lbr
introducing air (i e, outside air) outside the passenger com-
partment are provided in the air-conditioning case 300 at a
most upstream air side. An inside-outside air switching door
303 is disposed to open and close both the in)etc 301, 302,
and a ccntrilhgal type blower 304 is disposed to blow ihc
sucked air from the inlets 301. 302 into the passenger
conlpilrtnlcili.

In the air-conditioning case 300. the interior heat
exchm er 120 is disposed at a downstream air cide of the
blower 304, aud u hcaicr core 210 is disposed at a down-
stream air sale ol'Ihc intcuor heat exchanger 120. Thc heaicr
core 210 heats air using mlginc-cooling water (hoi water,
fluid) having recovered exhaust heat generated in the engine
2(ltl Tile cooling water from the heater core 2ltl flows



US 7,140,427 B2
i

tin ough a radiator 230 by operation of an electric pump 220,
and is cooled in the radiator 230 by outside air blown fmm
an electric extcnor fan 240. A Osier su itclung valve 250 is
disposed to switch any one of a case where cooling water
fiowmg out from thc engine 200 (iowa ulto Ihc railiator 230
and a case where the cooling water from the engine 200
bypasses the mdiator 230. An air mixing door (i.e., alr-
tenlpemture adjusting device) 305 adjusts a heating degree
of air to be blov n into the passenger compartment by

1)l
adjusting a fiow ratio betv een an air amount fiowing
tin ough the hca(cr core 210 and ml air amount bypassing thc
hi:d(cr co/c 210.

A face opening 306 for blow:ing conditioned air tov ard
the upper half body of a pea~anger in the passenger com-

I
partment, a foot opening 307 for blowing conditioned air
toward the Ibo( portion ol'hc passenger, and a dc(Foster
opcnmg 308 Ibr blowing conihtloncd air tov,ard an inner
surlhci; of a wlndslucld (not shown) are provxlcd in thc
air-conditioniug case 300 at a doivnstream air side of the air lo
mixin door 3U5 and the heater core 2(0. Further. blov-
mode switching doors (not shown) for openillg and closing
the openings 306-308 are disposed in the air-conditioning
case 300 at the dircc( upstrcmu air sides ol thc opelungs
306—308. respectively Thc blow-mode switclnng doorse the
mr nuxing door 305 and thc inside-ou(side mr switching
door 303 are driven servonlotors (driving devices) M I —M3,
and the servomotors M I —M3 are contnilled by the electronic
control unit (ECU) 310 shown in FICI. 2. A blow mode (air
outlet nlode) can be switched by controllillg the servomotor
MI among a dcfros(cr mode whcrc air is blown toward thc
windshield. a lace mode where air is blown Ioward Ihe upper
luill'oily of the passcngcr. a I'oot mode where mr is blown
tolvard the foot portion of the passenger and the like By
controlling the servomotor M 2, an air introduction mode can
be switched between an inside air introduction mode where
inside air is intmduced fmm the inside air inlet 301 and an
outside air introduction mode whcrc outside mr is ultroduccd
from thc ou(side air inlet 302.

I'urther. detection values fmm sensors 311 —319 and set
values from a temperature control panel 330 are output to the
ECU 310. A chscharge pressure sensor 311 detects a pressure
Sp of refrigerant dischar ed from the compressor 110. An
interior outle( tmupcra(ure sensor 312 dc(eels a temperature
Tco of refngcrant (lowing out from thc mterior heat
exchmlger 120, and an exterior outlet teinperature sensor
313 detects a tempemture I'ho of refrigerant fiowing out
fmm the exterior heat exchanger 130. A water temperature
sensor 314 detects a temperature Tw of cooiin w:ster (hot
lvater) to be supplied into the heater core 210, and a so
disduirgcd rclylgcrant tcmperdturc smlsor 315 ilctccts a
Iempcraturc Td of rcfngerant discharged from tlm compres-
sor (10. An outside air temperature sensor 316 detects an
outside air temperature 'I'am, and a post interior temperature
sensor 3(7 detects a tenlperature I'e of air directly after
passing through the intenor heat exchanger 120. An inside
air temperature sensor 318 detects an inside air temperature
Tr, mid d sunhght sensor 319 detects an amount Ts of
sunlight radia(cd ulto thc passcngcr compartment. A dcsircd
air temperature )set in the passenger compartment is input
to Ihe temperature control panel 33U by a passenger.

The ECIJ 310 controls the blow-mode switching doors
(servomotor MI), thc air mixulg door 305 (servomotor M2),
thc inside-outsulc mr swltchulg door 303 (servomotor M3),
thc blower 304 (servomotor M4), the decompression devices (i
(61. 162. the switchmg valve 140, the water switching valve
250. in accordance with a beforehand set program, based on

Tlt 0 /Teer 1)e/—/7 Ti —Xem Tde-Xe T/+C 1st

Here. Kset. Kr. Kam and Ks are control gains, respec-
tively. and C is a correction constant

Although fonuula ( I ) is identical to Ibnuula (2), Ksct, Kr,
Kam, Ks and (.'n the cooling, operation (formula I) are
diiferent from those in the heating operation (fornnda 2),

thc dctcction values of the sensors 311 —319 mid thc set
temperature I'set set to the tenlperature contml panel 330.

Next, operation of the vehicle air conditioner according to
the first embodiment will be described When the cooling,
operation is set, a cooling operation switch (not shown) is
turned on. and a core surface of the heater core 210 is closed
by Ihc air nuxlng door 305 as shown in Flfi. 3. Then,
relyigcrant. discharged from Ihc compressor 110, fiows in(o
the side of the exterior heat exchanger 130, while all air,
having passed th/ough the interior heat exchanger 120,
b)T)asses the heater core 210. ) luis. refrigerant from the
compressor 110 circulates in the heat pump cycle 100
throu h the exterior heat exchanger 130, the cooling decom-
pression device 161, the interior heat exchanger 120 and thc
accumulator 150, ln Ibis order. and rc(urus ln(o the com-
pressor 1(0 Refrigemnt is evapomted by absorbing heat
from air to be blown into Ihe passen er conlpartment in the
interior heat exchanger (20. so that air passing through the
interior heat exchanger 120 is cooled. Thereafter. the evapo-
rated refrigerant is cooled by outside air in the exterior heat
exchanger 130, and is conilmlsed thcrcln.

Ou Ihc othcl hi)nil. col)hug water ls cl/cilltl(cil b)'hc
electnc pump 220 and the water switching valve 250 into the
heater core 2(U and the radiator 230 as indicated by am)ws
in I/I(i. 3 ln the air-conditionina case 30U, since air, cooled
by the interior heat exchanger 120, bypasses the heater core
210. the cooied air (cool air) is supplied into the passenger
compar(ment. AI Ilus umc, Ihc Icmperdturc ol air Io bc
blown ulto thc passcngcr comparunent ls controlled by
controlhng the operation (e.g. mtational speed) of the
compressor IIU

Specificall. at first, a target air temperature TAO to be
blown ln(o Ihc passenger comparuncnt, that ls, a Ialgel
tcmperaturc (target intcnor mr tcmpcraturc TEO) of air
directly after passing through the interior heat exchanger
12U is calculated based on the following formula (I ) using,
the set temperature lset. the inside air tenlperature lr
detected by the inside air temperature sensor 318. the outside
air temperature Tam detected by the outside air temperature
smlsor 316, and Ihesunligh( amount Ts radxited ulto Ihe
passcngcr compar(ment, dc(ected by tlm sunhgh( sensor 39.

/LO — I m/e 1— X /' 8» / — /S /)+I'erc.

Ksch Kr, Kam anil Ks are control gains, respec-
tlvclv, anil C ls d colrccllou collstaut.

'I'hen, the rotational speed of the compressor IIU is
inverter-controlled, so that the temperature Te of air directly
after passing throu+ the interior heat exchanger 120,
dctiwtcd by the post ul(crior mr Icmpcra(ure sensor 37
biwomcs Ihc tiugct interior mr temperature TEO.

On the other hand. Ivhen the heating operation is set,
operation controi is performed based on the flow diagmm
shown in FICI. 4. When a heating opemtion switch (not
sholvu) ls tumed on. dcicction signals arc ou(pu( from Ihe
smisors 311 —319 io thc ECIJ 310 at sicp SIUU. Next, at stc7)

S110, Ihc target air tempera turc TAO, that is, Ilm Icmpcrature
of air directly after passing through the heater core 210,
corresponding to the target water tenlperature TWO. is
calculated based on the followin formula (2) usin the
detection tales.
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rcspccuvcly. At step S120, ii is dciernuncd whether or noi
the target water tempemture 'I'WO is higher than a water
tenipemture I'iv supplied to the heater core 210. 'I'he water
tenipemture 'I'w is a detection temperature detected by the
water temperature sensor 314. When the detemiination at
step S120 is NO fi.e . TWO cTw), it is detemiined that the
passenger compartment cau be sullicicnily heated only using
thc exhaust heat from thc cnguic 200. In tlus case, at step
S130. an open degree SW of the air mixing door 305 is
detemiined, and the tempemture of air to be blown into the ia
passenger compartment is adjusted by controlling the tlow
ratio between the air amount passing tluough the heater core
210 and the air amount bypassing the heater core 210 in
accordance w ith thc opmi degree of the mr mixuig dour 305.

When ihc detcnninauon at step S120 is YES ft.e.,
'I'WO&Tw), it is deteunined that the passenger compartntent
cannot be sufiiciently heated only using the exhaust heat
fmm the en ine 200, that is, it is determined that the exhaust
heat amount is deficient for heating air in the heater core
210. In this case, air is also heated by radiating heat from the io
interior heal exchanger 120 ui a hcatm assist operation.
Spiwilically, at sicp S140, a ncccssary assisi heating capacity
required in the heating assist operation of the heat puntp
cycle is calculated using the target ivater temperature 'I WO
and the detected actual water temperature 'I'w At step 5150,
the rotational speed of the compressor 110 is imerter-
controlled so that the temperature Te of air directly after
pa as uig ilu ough the intenor heat exchanger 120, detected by
the uiicnor tcmperaturc sensor 317 corresponds to thc
necessmy assist heating capacity calculated at step S140. io
'I'hat is. at steps S140 and 5150, the heating assist operation
is pertiirnted in the interior heat exchanger 120 of the heat
punip cycle. so that the insufficient heating in the heater core
210 is assisted.

In Ihc hcatuig assist operation. rcfrigcrant is ctrculatnl in ii
thc heat pump cycle 100 Irom thc compressor 110 to the
compressor 110 through thc uiterior heat cxc)tan er 120. the
heating decontpression device 162, the exterior heat
exchmiger 130 and the accunnilator 150 in this order.
Refr)gemut absorbs heat from outside air in the exterior heat so
exchanger 130. and is condensed. In the interior heat
exchanger 120, rcfngcrant mdmtcs heat to air blown uiio thc
passenger compartment. As uidicatcd by arrows in FIG. 5,
cooluig water circulatcs while bypassing the radiator 230.
'I'lnis, the temperature of cooling water is not decreased in
the radiator 230. and the heating capacity of the heater core
210 is increased. As shov n m FIO. 5. the air mixin door
305 is idly opened so that all air having passed through the
interior hunt cxchangcr 120 passes through thc heater core
210 w i(bout bypassing. C

At step S160 (frost dctemunin means), it is dctermincd
whether or not the surface of the exterior heat exchanger 13 0

is frosted based on the tempemture 'Ilui of refrigerant
fiowing out of the exterior heat exchan er 130. detected by
the exterior outlet temperature sensor 313 and the lil e. Cs

When ii is dciermincd thai thc surface of ihe extcuor heal
exchanger 130 is not I'rosted, the compressor 110 is con-
unuously operated. On the other hand, when it is detcrmuied
that the surface of the exterior heat exchanger is frosted. the
water tempemture 'Iw is input at step SI70 At step Slgfi io
fheating capacity determining means), it is determined
whether or not a temperature difl'erence (TWO—Tv )
between the target water icmpcmture TWO mid thc actual
water tempcraturc Tw input ai step S170 is larger than a
prcilcict llililcil tclllpcratiilc iliffbrcllcc O3. si

In the first embodiment. when a condition, where a
temperature difference 5'I' Tam—Tho) between the outside

air imnpcraiure Tam and thc exterior outlet refrigerant
temperature Tlio is larger than a predeterniined tempemture
ditference (:2 (lg" (:. in the first embodiment). is contimied
for a predeterinined time Tl or longer, it is determined that
the surface of the exterior heat exchan er 130 is frosted.
Then. ivhen the temperanire difference (TWO—Tw) betvveen
the target water temperature TWO and the water icmpcra lure
Tw is huger than ihc predetermined tcmpcrature ddlbrcnce
('3. it is detemiined tliat heating operation cannot be per-
formed only by using hot ivater supphed from the engine
200, and the compressor 110 is continuously opemted When
the temperature difference (TWO-Tw) betv een the target
water temperature TWO and the ivater temperature Tw is
cqilal io ill slliallcr tllari (lie prixlctixillillixl icltlpcratiilc
dilfi:rance C3. ii is determined that heating operation can bc
perfornied only by usin hot ivater supplied from the engine
2UU, and a defrostin operation of the exteuor heat
exchanger is perfornied at step S190

In the defrosting operation. as in the cooling operation,
refri erant dischar ed from the compressor 110 is circulated
tllroil gll illc estcruel llcil I cxella llgci' 3 0, tile coollllg dccolll-
prcssion device 161, thc interior heat cxchangcr 120 and ihe
accumulator 150 in this order. and returns to the compressor
110 At this time. refrigerant absorbs heat from air to be
bhcwn it(to the passen er conipartment, in the interior heat
exchanger 120. and is evaporated therein. Then, the evapo-
rated refrigerant radiates heat to outside air in the exterior
heat exchanger 130. mid is condcnscd in the exicnor heat
cxchangcr 130.

In the first embodiment, step S100 fheating capacity
deternnning means) is provided liurther, the defrosting,
opemtion of the exterior heat exchanger 130 is perforined
v hen the temperature of hot water to be supplied to the
heater core 210 is lugher than a predetermined temperature
and when it is dciernnncd tluit the surface of Ihc cxtcnor heat
exchanger 130 is frosted. Thcrcforc. sufficicut hcaung fi:cl-
ing can bc obtained et en in thc dclyosting operation ol'he
exterior heat exchanger 130 I'urther, as mdicated by amiws
in I'l(i 6. cooling water circulates between the engine 200
and the heater core 210 ivlfile bypassing the radiator 230.
Therefore, the temperature of cooling v ater can be
iucrcascd, and the hcatuig capimity ol'thc hcaicr core 210
can bc increased. Accordingly. sufficicut heating fccling can
bc efibciivcly obtained ci cn duruig thc dcfrosiing opera(tun.

When the operation of the heat puntp cycle is switched to
the heatmg assist operation from the defrosting operation,
the heating degree of the heater core 21 is increased to be
hi her than a predetermined heating de ree, and air to be
blown uiio the passcngcr compartment is hcatcd by a large
heating capacity so that ihc air temperature blown into ihe
passcngcr compartment becomes Iughcr thim a prcdcier-
nuned temperature 'I'heretiire. relative huniidity of air
blown into tbe passenger compartment is reduced, and the
windshield is restricted front being clouded. Specifically,
dunn the heating assist operation (re-heating assist opera-
tion) pcrformcd until a prcdcternnncd umc passes aller dlc
dcfrosting operation is midcd. thc rotauonal spiwd of thc
miguic 200 is incrcascd higher (lian a prixlctcrmincd rota-
tional speed. so tliat the water temperature Tw is increased
'I'hus, the heating degree of the heater core 210 becomes
hi her than the predeterniined heating dree.

Alternatively. in the re-heating assist operation, the
amount ol'hot water to be suppluxl to thc hotter core 210 is
iucrcascd morc than a prcdciennined umount by uicreasuig
the rotational speed of ihc clcctnc pump 220, thereby
increasing tbe heating degree of the heater core 210 higher
than the predetemiined heating degree Othetwise, the water
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Iempcraturc Tw can bc uicreased by stopping heat radiation
fmm Ihe radiator 230, or the flow ratio ofair passing tlirough
the heater core 210 can be maximired by maximixing the
open degree SW of the air mixing door 305. Preferably,
during the re-heating assist operation, the target air tempem-
ture TAO, that is. the target water tempemnire TWO is set
lllgllCr IIIBII a priXICICllllllliXI ICIllpCrdhlllb SO (liat tllC OpCII

degrcm SW ol'lm air mixing door 305 for opcmng the hcatcr
core 2(U is made niaxiniuni

Further. in the hrst embodiment, during the re-heating in

assist operation, the heating capacity of the interior heat
exchanger 120 is restncted, thereby restricting water. con-
densed on the interior heat exchanger 120 during, the defrost-
ing operation. from being evaporatcih Speci(ically, flie rota-
uonal speed of the compressor 110 is invcttcr-controlled so
that the target interior air temperature 'I'I IO is not increased
big)ter than a predetermined tempemture only for a prede-
termined rime. Alternatively, the mtational speed of the
compressor 110 is inverter-controlled so that the target
interior air tempemture TEO is gradually increased. Further, ic
duruig Ihc rc-hcahug assist operauon, another mode except
for ihe defroster mode, such as Ihe luce mode and Ihc fiiot
niode is selected 'therefore. even when the blown air is
lnunidified by evaporating the condensed water due to heat
radiation of the interior heat exchanger 120, it can prevent
the Inuuidified air from being directly blown toward the
ivindshield. thereby restricting the windshield from being
fogged.

For presenting the wuidslueld from beuig clouded during
re-heating assist operation, outside air having a relative lov sc

humidity may be introduced by setting the outside air
intmduction niode during the re-heating assist operation.
However, since outside air having a temperanire greatly
lower than inside air is intmduced. heating load is increased
duruig Ihc rc-hcahng nssisl operation, imd il is necessary to is
greatly uicreasc thc consumed power. When the healing
degrCC lil IIIC ill ati:r COSC 210 IS 111CIi:dsiXI lilgliCI Iliilll IIIC

predetermined heating degree in the re-heating assist opera-
tion as in the hrst embodiment, the heating load can be
efi'actively reduced. For example. in the re-beati((8 assist do

operation is ith an outside air temperature of -20" C., when
Ihe oumidc air introductiou mode is selected, Ihe healing
load is about 8 kW. Howcvcr, dunng thc same condition,
when Ihe inside air introduction mode is selixted m thc
systeni of the first embodunent, the heating load can be
reduced to about 3 RW

(Second Embodiment)
In the second embodiment. as shown in FIC(. 7. step S125

for dctenninuig a fogging state ol'hc wtndslucid is added as
compared with FICI 4 dcscnbcd in ihe (irst mnboduncnt. O

That is, at step S125. II is dctcnntncx( whether or not the
windshield tends to be clouded (fogged). Only Chen it is
detemiined that the windshield is difficult to be fogged at
step S125„ the heating assist operation (re-heating assist
operation) is performed at step S140. That is. the re-heating s.
assisi operation is switched fmm Ihe dcfroshng operation at
d hme where it w dctennincd that thc wuidslncld is dilficult
Io bc fogged. Therefore, even when the blown mr is lnnnidi-
fied by evapomtion of the condensed water due to the heat
radiation of the interior heat exchanger 120. it can restnct ii!

the windshield from being clouded.
Here. as a vehicle speed becomes h)gher. the windshield

is readily cooled by Ihe running w md, and Ihc temperature
ol'he windslucld becomes lower. Therefore, at step S125,
when the I chicle spccd w lower than a prcdctcrnuncii spccxI, ss
it cmi be deternimed that the windshield is difficult to be
fogged Alternatively, when another blow mode except fiir

thc defroster mode, suCh as Ihc fime mode and Ihc foot mode
is set, it can be determined that the windshield is difficult to
be fngged Alternatively, ivhen a predeternuned time passes
after the defmsting operation is ended, it is determined that
the windshield does not tend to be fogged In this case, the
predetermined time can be set in a time period iuitil an
ignition switch Ibr stoppingistaning thc miguic 200 is (amex(
ou next time afh:r Ihc dcfrosiing operation is cndcd.

('I bird I imbodiment)
In the third embodinient, as shown in l1(i 8, step S126

for determining a vehicle stop state is added as compared
with FICI. 4 described in the first embodiment. That is. at
step S126, it is determined whether or not the vehicle is
stopped for a long time longer Ihmi u prcdctemnncd time.
Only when it is dctermincd that thc vchiclc is stoppcxt Ibr thc
loag time longer thmi Ihe predetermined time. the heating,
assist operation (re-heating assist operation) is performed at
step 814U For exaniple, the re-heatmg assist operation is
switched from the defrosting operation, when it is deter-
mined that the vehicle is stopped for the long time. There-
fiirc, dnvuig safi:Iy ol'thc vchiclc. duc to thc Ibgguig of Ihe
wuidshicld. can bc improved. Specilically, when thc ignition
sv itch is tun(ed offi it is determined that the vehicle is
stopped for the lnng time at step S126

(I iourth I embodiment)
In the fourth embodiment. the rotational speed of the

compressor 110 is inverter-controlled so that the temperature
of the interior heat excluuiger 120 bimomcs lugher than a
prcdc(crnuncxt temperature (c.g., a dew point of air Io bc
heat-exchanged in the interior heat exchanger 120), during,
the defmsting operation 1herefore, the heat absorption
amnunt of the interior heat exchanger 120 is reduced during,
the defro sting operation. it can restrict condensed water from
being generated on the interior heat exchanger 120, and it
can rcstnct Ihc windshield from bmng I'oggcd durin Ihe
hcahug assist opcrauon. That is. when Ihc heat absorption
amount of the interior heat exchanger 120 is reduced dunng
the defrosting operation. it can restrict the condensed water
from adhering on the interior heat exchanger 120, thereby
restrictin the windshield from being fogged during the
rc-llcatul'ssist opcl'Btioii.

In FIG. 9, a rclativc luunidity RHr of air in thc passcngcr
compartment is dc(ected by a hunudity sensor 320, and thc
dcw point is calculated based on the rclauvc lnunnlity RHr
and the inside air temperanire 'I'r Alternatively, a relative
huniidity Rili of air directly after passing thniugh the
interior heat exchanger 120 is detected by a humidity sensor
321. Bnd the deiv point is calculated based on the relative
humidity RHi and Ihc Imnperaturc Te of air directly al'ier
passing tluough Ihc uitcnor heat exchmigcr 120.

Wlmn thc condensed water is not gcncratcd ou thc interior
heat exchanger 120, absolute lnuuidity of air in the passen-
ger cnmpartment is uniform regardless of either of the
outside air introduction mode and the inside air introduction
mode. Therefore. the deiv point in the passen er compart-
ment is utufonu, and can bc calculated based on rclauvc
llulllliiltv OI illr Bt Bliy'ais ill IIIC passi:llgix i:Olllpdl(IIICIIL
such as Ihc relative hunudity RHr, RHI.

In the fourth embodiment, Ihe predetermined tempemture
can be set based on the outside air temperature 'I'am and the
inside nir temperature Tr, detected by the outside air tem-
perature sensor 316 and the inside air temperature sensor
318

(Fifth Emboduncnt)
In Ilm abovchiescribed Iirst tluough fourth cmbodimmits

of the present invention. the defmsting operation of the
exterinr heat exchanger 13U is performed by radiating heat
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in thc extcnor heat exchanger 130. However, u& the Iifih
embodiment. the defrostmg operation is performed by the
exhaust heat enerated in the vehicle. SpeciTically, as shov n
in li(Ci. 10, the defrosting openstion is performed using heat
radiated fmm the mdiator 230. Directly after stopping the
vehicle, for example„directly afier the ignition switch. &s

turned oil; coolu&g water is c&rculatcd Io fiov, u&to the
radiator 230 as &nd&cdted by arrows in FIG. 10, using the
electric pump 22U and the w:ster switching valve 250.

Further. directly after stopping the vehicle, air is blown by In

the electric exterior fan 240 fn&m the radiator 230 tn the
exterior heat exchan er 130. When the electric exterior fan
240, the radiator 230 and the exterior heat exclmnger 130 are
d&sposcd u& tlus order in a stack d&rccuon as shown &n FIG.
10. thc electric cxtcnor fan 240 &s opera(ox! Io discharge a&r

to the radiator 24U and the exterior heat exchanger 130. On
the other hand. &vhen the electric exterior fan 240, the
exterior heat exchanger 130 and the msdiatnr 230 are d&s-

posed in tlus order in the steel direction as shown in FICi.

11, the electnc exterior fan 240 is operated to suck air fmm &o

thc radiator 230 und thc cxtcnor heai exchanger 130. Duru&g
thc dcfrosting operat&on, thc compressor 110 &s stopped. or
is operated at a very low n&tational speed

Accordingly, the operation of the heat pump cycle 100 &s

unnecessary dunng the defrosting operation, and driving
electric poiver required for the compressor 110 can be
reduced to zero or a very small amount, thereby Largely
rixiucu&g clcctnc power conan&ncx( in Ihe delrosring opcra-
uon. Fur(her. in Ihc iif(h embodimcn(, Ihc defrosIu&g opera-
tion cm& be realized &vithout requiring new compnnents and &o

changing the existent structure
(Sixth I imbodiment)
In the sixth embodiment. the deibosting operation &s

perfi&rn&ed by the exhaust heat generated in the vehicle not
tluough thc mila&or 230 as u& thc lif(h cmbodimcnt, but &I

tluough a water-rcfngerant heat exchanger 260 shown &n

FIG. 12. As shown u& FIG. 12, hca( exchange between
cooling &varer and refrigemsnt is performed in the water-
refrigerant heat exchanger 260, so that heat of cooling water
heated using the exhaust heat of the vehicle is transmirted to do

refrigerant in the water-refrigemsnt heat exchanger 260. and
Ihe dc(roaring opera(&ou &s pcrlom&cd by usu&g Ihc heal
Irene&nit&cd lo rcfngcrant from coolu&g water.

Spec&lically, d&rccrly aficr stoppu& Ihc vchmlc. cooling
water is circulated to flow into the radiator 230 as indicated
by arrows in I&i(i (2 by the electric pump 220 and the water
s&vitching valve 250 At the same time. the compressor 110
is driven. and refrigerant is heated by the water-refrigerant
heal exchm&gcr 260. In Ih&s case, the rotauoixil spend of the
compressor 110 is scr ar a low roiauonal speed (e.g., 600 o

rpm) where the heat trans&u&ucd Io rein crm&1 can bc circu-
lated into the exterior heat exchanger 130 in the defrosting
operation, the operation of the electric exterior fan 240 &s

stopped. Further„as indicated by arrov:s in FIC(. 12. a fiow
direction of coolin water and a fiow direction of refrigerant &s

dre sct oppos&tc to cnch o(hcr in Ihc waIcr-relr&gcran1 heal
exchanger 260, tlmrcby improvu& heat-cxchangc elficicncy
ill Ihe wilrcr-rclrlgcrailt hi ar cxchallgcr.

(Seventh I:mbodiment)
In the above-described first to fourth embndiments, since io

the defrosting operation is performed by radiati»g heat &n the
exterior heat exchan er 130, heat is absorbed in the interior
heal exchanger 120 dunug the dcfrosiing operation. 11&erc-

fore, mr to be blown &nto Ihc passenger comparrmen1 &s

cooled by Ihc u&tenor heat exchanger 120. Espim&ally. when ss
a hearing capacity of the heater core 210 is low, cold air not
fitting a passenger feeling &s bio&vn intn the passenger

compar(ment. In the scvcnrh mnboduncnr, when thc defrost-
ing operation of the exterior heat exchan er 130 is deter-
nuncd a( s(cx& S200 in FIG. 13A, the blow mode (mr outlc(
mode) &s sv;itched to a mode. where the an&ount of air blown
from Ihc foot opctung 307 is small or zero, such as thc face
nx&de and the defrnster mode as shnwn in lil(i 13.A. thereby
restrictin uncomfi&rtable feeling of the passen er. On the
other hand, when the defrosting operation of the exterior
heat exchan er 130 is not determined at step S200, the air
outlet mode is sct bascxl on thc target a&r temperature TAO.

Further. an amount ofair blown from the foot openin 307
is made smaller as the air outlet mode is set at the foot mode,
the foot/defroster mode and the bi-level mode in this order.
Therefore, in the defrosting operation. as the temperature of
air to bc blown u&to Ihe passenger compnruncnt becomes
h&ghcr from a Iow temperature. the n&r outlet mock &s

sv itched to the bi-level mode, the foot/defroster mode and
the foot mode in this order, as shown in lil(i. 13H

Although the present invention has been fully described in
conn&mt&on with thc prcli:rrcd cmbodunents Ihcrcol'&d&
rckrencc to thc accompanyu&g dr&in&ngs, &I &s to bc no(cx(
that various changes and modifications will becon&e appar-
ent to those skilled in the art.

For example, in order to prevent the windshield from
being clouded duru&g thc rc-hearing ass&st opcrauon, Ihc
hcauug degree of Ihc hcatcr core 210 &s u&crcascd lughcr
thill& tile p&cilclcrluillcd hcdtll&g ih:grec furl&&g Ihc Ic-hcalll&g
assist operation in the (irst embed&ment In the second
embodin&ent, the re-heatina assist operation is performed
when it is determined that the windshield is difficult to be
clouded. In the third embodiment, the re-heating assist
operation is performed &shen it is determined that the vehicle
is stopped li&r the long tm&e. In thc fourth embodiment, thc
tcmpcraturc of Ihc u&tenor heat cxchungcr 120 &s u&creased
higher than the predetermined temperature dming the
defrostmg operatinn In the seventh embodiment, the blow
mode (air outlet mode) is switched to a mode where the
amount of air blov:n from the foot openin 307 is small or
zero durin the defrosting operation. These embodiments
can bc sui(ably combined to prevent thc wu&dsh&cld from
being cloudcxI dunng Ihe rc-hearing ass&sr operation.

In the first, second, fi&urrh and fifth embodunents, the
compressor 110 may be driven by the en ine 200 without
be&n limited to electric power. Further, a heat source for the
hcatcr core 210 may bc a fuel cell mount&xi ou a vehmlc
w&thou( being hm&ted Io thc vchmlc cugu&c 200

liurther, the heat pump cycle IUU may be constn&cted by
a supper-critical refrigerant cycle system usin carbon diox-
ide (CO&) as refrigerant. In the supper-critical reibigerant
cycle skate&u, d high-pleasure &rile rclrlgcrai&1 press&&le
bimomcs higher than the en(ical prcssure of rcfngcran(. In
tlus case, Ihc lugh-pressure side rcfngcraur &s uot condensed
and radiates heat in a gas state in the interior heat exchanger
120, during the defrostina operat&on of the heat pump cycle
100

In Ihc lira(, second. fourth and lif(h cmbod&ments. Ihc
pump 220 fi&r c&rculnnng coolu&g wuter may uot bc vlcc(ri-
cally driven as in the above embodiments, but may be
mechanically driven while mtat&oi&al fiirce of a crankshaft of
the engine 200 is transmitted to the pump 22U through a belt
and the like. Otherwise. both of an electncal pump and a
mechaiucal pump may be provided as the pump 220.

Such changes m&d modiiicdtions are Io be understood as
bemg within the scope of the present invention as defined by
the appended clain&s
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What Is clduuixl la
1. An air conditioner for a vehicle. Comprishtg:
d hcalcl cole fol hcBung Bll 10 bc bh1wn huo B pBsscugcl

compartment by performing a heat-exchange between
the air and a fhiid supplied into the heater core. the fluid
having recovered exhaust heat genemsted in the velucle,

a heat pump cycle including an interior heat exchanger for
perfonnin a heat-exchange benveen a refrigerant and
the air to be blown into the passenger coinparunent, and
Bn cxlcllol heal cxchangcl Iol pclfonunlg a hcdl-
cxchange between thc rcfrigcranl and outside mr. mid

a control uml Ior controllulg operauon of Ihe heal pump
cycle to swuch to onc 01 a heatulg assist opcrauon
Vvhere the interior heat exchanger radiates heat to heat
the air to ether with the heater core. and a defrosting

I
operation where the exterior heat exchanger Is
defmsted using heat radiated from the exterior heat
exchanger while thc uucnor heal exchanger absorbs
hCdl flout flu: IIII, VvhcICul.

lhe control urul sets a predetcrmuled healing dcgrix 10
uulhltahl d dcstlixl tculpcldlule ul lhc passenger conl-
psrtnlcnt:

Ihc control Uutl sets Bu htcrcascd hcdung dcglcc of lhc
heater core which is higher than the predetermined
heating dree v hen the operation of the heat pmnp
cycle Is switched to the heating assist operation front
Ihe defnlsting operation:

the fluid supplied into the heater core is cooling water for
coolin an engine ntounted on the vehicle; and

lvhen the operation of the heat pump cycle is sivitched to
Ihe heatmg assist operation fmin the defrosting opera- sc
uon, Ihc Incrctmcd hcaung dc rcc of Ihc healer cure Is
sel by ulcrcaslng a rotational speix! of lhc engule.

2. An air conditioner for a vehicle, compmsulg.
a heater core for heating air to be blown into a passenger

compartment by performing a heatsexchange between Is
the mr and u flunl supplied into flle heater core, lhc ihnd
having rccovercd exhaust heat gcncraled in the vchiclc,

a hear pump cycle including an interior heat exchanger filr
perfonnin a heat-exchange benveen a refrigerant and
the air lo bc blown Into the passcngcr compamnent, and
Bn cxlcllol heal cxchangcl Iol pclfonunlg B hcdl-
exchange benveen the refbigemsnt and outside nir: and

a control unit fbr contnllling operation of the heat pump
cvclc to switch 10 ouc ol d bedbug assist operauon
whcrc thc intenor heat cxchan cr raihatcs heal to heal
the air together v ith the heater core, and a defrosting
operation where the exterior heat exchanger Is
defrosted using heat msdlated from the exterior heat
exchanger while the interior heat exchanger absorbs
heal from thc atr, whcrcut.

the control unit sets a predetermined heating degree to o

ntaintain a desired tentperature in the passenger cnnt-
paruncnt,

the control unit sets an increased heatin degree of the
heater core ivhich is higher than the predeternuned
heating degree when the operation of the heat pump
cvclc ls swltchixl 10 lhc hcanug asslsl oper'Btuul foul
thc defrostlng operation:

lvhen the operation of the heat pump cycle is sivitched to
Ihe heatmg assist operation fmin the defrosting opera-
uon, Ihc Incrctmcd hcaung dc rcc of Ihc healer cure Is so

sel by Incrcusing a flow tunount of flunl supplmd utto
the heater core.

3. An air condiuoncr for a vehicle, compmsulg.
d hcalcl cole fol hcBung Bll 10 bc bh1wn huo B pBsscugcl

compartment by performing a heat-exchange between ss
the air and a fhiid supplied into the heater core. the fluid
having recovered exhaust heat genemsted in the velucle,

a heat pump cycle ulcluding an intcnor heal exchanger Ibr
pcrfomung a heal-cxchangc bctw can a rcfngcranl and
the air to be blown into the passenger compartment, and
an exterior heat exchanger for performing a heat-
exclmnge benveen the refrigerant and outside air: and

a control unit for controlling operation of the heat pump
cycle to switch to one of a heating assist opemstion
v here the interior heat exchanger radiates heat to heat
Ihc air together with Ihc hcatcr core, and a defrostulg
operation where thc exlcnor heal cxchtmgcr Is
defrosted using heat msdiated from the exterior heat
exchanger Vvhile the interior heat exchanger absorbs
heat from the air, ivherein:

the controi unit sets a predetermined heatin degree to
maintain a desired temperature in the passenger com-
p'Irnueat:

the control unit sets an increased heating degree of the
heater core which is higher than the predetermined
hcatulg dcgrcc whml thc operation of thc heat pump
cycle Is switched lo the heating assist opcmtion I'rom
the defrosting operation„

a radiator for cooling the fluid by performing a heat
exclmn e between the fluid and outside air, wherein:

the fluid is cooling water for coolin an engine mounted
on the vehicle; and

when Ihe opcrauon of Ihc heal pump cycle m switched lo
thc heating assist operation I'rom the dclyosting opera-
tion. cooling water bypasses the radiator so that the
heatin degree of the heater core becomes higher than
the predeterntined heating degree

4 An air condiuoncr Ibr a Vehicle, compnsing:
a heater core for heating air to be blown into a passenger

compartment by pertilrmina a heat-exchange between
the air and a fluid supplied into the heater core, the fluid
hdvhlg rccovcled exhaust hcdl gcncratcd ul lhc vchiclc.

a heat pump cycle including an intenor heat exchanger for
performing a heat-exclmnge between a refrigemsnt and
the air to be bh11vn into the passenger compartment, and
ml cxlcnor hmu cxclumgcr for performing a heal-
cxclmngc bcnvcen the rcibigerunt and outsalc atr: mid

a control lutit fnr contmfling operation of the heat pump
cycle to switch to one of a heating assist operation
whcrc Ihe uucnor heal exchanger radiates heat lo heal
thc air Iogefllcl v'Ilh Ihc hcatcl col'c, Bud II dcflosung
operation where the exterior heat exchanger is
defrosted usia heat radiated from the exterior heat
exclmnger v,bile the interior heat exchanger absorbs
heat froin the air, ivherein

the control unit sets a predetemlined heatin degree of the
heater core and the interior heat exchanger to maintain
a desired temperature in the passenger compartment;

the control unit continuously opemstes the heat pump cycle
and sets an increased heatin degree of the heater core
which is higher than the predetermined heating degree
of the heater core ivhen the operation of the heat pump
cycle Is switched lo the heating assist opcmtion I'rom
thc dcfrostlng operation.

5 1'he air conditioner according to claim 4. further
conlpllsulg

an air mixing door for adjusting a temperature of air
blown into thc passenger compartment by adjusting a
flow rauo of ml mr;mlounl passing tluough lhc heater
core to an air amount passing the Interior heat
exchanger. wherein

when Ihe opcrauon of Ihc heal pump cycle m switched lo
thc heating assist operation I'rom the dclyosting opera-
tion. the flov, mtio of the air mixin door is increased
to be higher than a predetermined mtio to increase the
heating degree of the heater core
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6. The air condiuoner accordutg to claim 4. whcreuu
when Ihe opemstion of the heat pump cycle is switched to

the healutg assist opcmtion from Ihe dcfrosung opera-
tion. a lar el Imnperaturc of air 10 bc blown into B

passenger compaament of the vehicle is ser higher than
a predetermined tempemsture to increase the hearing
degree of the heater core.

7 'I he air conditioner according to claim 4. wherein:
the control unit has a mode setting member for setting one

of a defroster mode where air is blown into the pas-
scngcr compartment toward a front v,utdslucld of the
&chicle and an other mode wlmre air is blown utto thc
passenger compartment toward a seat side difl'erent
front the fmnt windshield;

when Ihe opemstion of the heat pump cycle is switched to
the heating assist operation fmm the defrosting opera-
tion. Ihc other mode is scl by the mode setting member.

8. The air condiuoncr accordutg io claim 4. v,herein:
ut ihe deliostutg operation. theconuol urul conlrols the

operation of thc heal pump cycle such thai lcmpcralurc
of the intenor heat exchanger becomes higher than a set Ii'empemsture

9 I he air conditioner according to claiin 4, wherein:
the control unit has fogging determining means for deter-

minin whether or not a &vindshield of the vehicle is
diflicult to bc Ihggcd: and

when Ihe fogging detenninutg means deterinines that the
windshield is diflicull lo bc fogged, 11 is dclcrnuncd llml
a condition for swilclung Ihe operation ol Ihe heal
pump cycle from the defro sting operation to rhe heating
assist operation is satisfied.

10. The air conditioner accordin to claim 4. wherein:
the control unit has stop-state determining, means fi&r

delcrmuung whether or nol Ihe vchiclc is stopped
longer than a predetcrmuted tune pcnod.

when ihe stop-state detcnnuung mcaim delemtines llml
thc vehicle is stopped longer than Ihc predetcrmuted
time„ it is determined that a condition fi&r switclfing the
operation of the heat pump cycle from the defrosring
operation to the heating assist operation is satisfied

11. The air conditioner according to claim 4. wherein the
do

control unit sets the increased heating degree for a prede-
termined time after the switchin of the operation of the heat
pump cycle from Ihc dcfroslutg operation lo lhc healing
dSSISI UPCI'iltii1IL

12. The Bir conditioner according to cLaim 4. further
coulpl1slug:

a Iirst adlusting means I'or adjusting thc healm degrcc of
Ihe healer core: and

a second adlusting means for adjusting Ihe healing degree
ol'hc hcalcr core, thc second adjusling mcmts being
capable of increasing the heating degree of the heater U

core in addition to the heating degree obtained by the
first adjusting means: wherein

the control urut contmls the first adjusting means to obtain
the predetermined heating degree when the operation of
d&e heat pui&tp cycle is in the heating assist operation
bcforc switching to thc dclbostm operation, and

the control unit contmls both the first and the second
adlusung means lo obtaut thc increased hcaung dcgrcc
when Ihc operation of Ihe heal pump cycle is switched
to the heating assist opemstion from the defrosring io
operation.

12L The air conditioner according to claim 4. wherein the
control urul controls the heat pump cycle to bc operated in
thc delboslutg operation when 11 is delcnnincd llml the
cxlcrior heal cxclranger is Irosted and B healmg operation for st
tlm p;Isscitgcl'otnp,'u'tiuctlt Ls pctfi11'toed 01111'Y tlsiitg thc
heater core.
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14. The air condiuoncr accordutg to clnun 4, whcrcin thc

control unit automatically sets the increased heating dree
of lhc heater core.

15. The air conditioneraccordin to claun 14, v hereinthe
control unit immediately sets an increased heating dcgrcc of
the heater core i&hen the operation of the heat pump cycle is
switched to Ihe hcalutg assist opcrauon Irom thc defrostutg
opemstion.

16. The air condiuoncr accordutg to clnun 4, whcrcin thc
control unit inunediately sets an increased heating degree of
lhc bed let cttrc whcil lhc Upci'iltii111 of Ihc hi:dl ptttnp cYclc'. ls
switched to the heating assist operation from the defrosting,
OpCraltoli.

17. An air conditioner fi&r a vehicle. comprising
a heater core fi&r heating air Io be blown into a passenger

compartment by performin a heat-exchange between
the air and a fluid supplied into the heater cnre. the fiuid
having recovered exhaust heat generated in the vehicle;

a hCBI pUtup Cy'ClC IIIClUdittg Bll itlli:tlor hCdl CSChatlgi:I lol
performing a heat-exchange between a iefngerant and
the air to be bh1&vll into the passenger compartment, and
mt exterior heat exchan er for performing a heat-
exclmn e between the refrigemnt and outside air: and

B coltlrol Utlit fol Cottlrollitlg Opcl'alton Ol lhi: hc'dl pttiilp
cycle lo switch onc of a heating assml operation where
the interior heat exchanger radiates heat to heat the air
together with the heater core, and a defmsting open-
tion &vhere the exterior heat exchanger is defrosted
using heat radiated front the exterior heat exchanger
while Ihc inlenor heal cxclmnger absorbs heat Ibom thc
air. whcrcin.

the contml unit controls Ihe heat pmnp cycle to be
open&ted in the heatin assist opemstion when it is
determined that the recovered exhaust heat amount is
deficient for heating air in the heater core. and to be
opcralcd in the dclbosling operation when it is detcr-
nuncd that the exterior heal cxchangcr is frosted, and

the control unit sets a heating degree of the heater core
and the interior heat exchanger at a predetermined
heating degree to maintain B desired temperature in the
passcngcr compdruncnl when llm operation ol thc heal
pump cycle is in Ihc hcalutg assist operation bcforc
switclung to thc dcfrosling opcrauon, and thc contml
unit continuously operates the heat puma cycle and sets
the heating degree of the heater core at an increased
heatin de ree of the heater core which ls higher than
the predetermined heating degtree when the operation of
thc heal pump cycle is switched lo thc heating assist
operation from the defrosting opemstion.

18. The air conditioneraccordin to claun 17, v hereinthe
control unit automatically sets Ihc incrcascd healing degree
of lhc hcitlcl cole.

19. I he air conditioner according to claint 18, w:herein the
control unit inunediately sets an increased heating degree of
the heater core when the operation of the heat pump cycle is
sv itched to the heating assist operation fmm the defrosting
OpCraltoli.

21). I he air conditioner according to claint 17, w:herein the
cmttrol unit immediately sets an increased heating degree of
the heater core when the operation of the heat pump cycle is
sv itched to the heating assist operation fmm the defrosting
OpCraltoli.


