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An object of Ihe invention is to provide a vehicular air
conditioner using a heat pump that can improve heating
ability by effective utilization of engine ivaste heat during a

heating operation

Thc apparatus of thc invention is a vehicular air conrlitioner
usin ~ a heat pump with a compressor unit Zo equipped with
a compressor 31, a Ihrouling resistance 34 an&i a lour way
valve 33, connected by a refrigerant path 30 to an indoor
heat exchanger 25 for effecting heat exchange between a
rcfri crant and vehicle cabin air, anil an outdoor heat
cxchan cr 21 installed in an cnginc compartment for cifi:ct-
in heat cxchan e bctwccn a refrigerant and outsirlc air, anil
equipped with fan 2Z for drawing in outside air, and which
executes a cooling operation anil a heating operauon by
sivitching a direction of flosv of the refmgerant. 1?uring the
heating operation, if the temperature of the en ine compart-
ment goes aliovc a prcrlctcrmincd value, thc fan 22 for
drawin in outside air is rcvcrsed so that high tcmpcraturc
air is dischar cd front the engine compartment to the out-
side.
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VEHICULAR AIR CONDITIONER USING
HEAT PUMP

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invenuon relates to a vehicular air conditioner

using a heat pump, which is installed in vehicles such as
automobiles.

2. Dcscnption of thc Related Art

Recently, there has been an increasing demand for intro-
ducing a low-pollution vehicle and alternative energy
vehicle, accompanied with demands for improving the air
cnvironmcnt and environmental problems. When the cncrgy
source is replaced by natural gas, this is basically a change
only in Ihe fuel, and there ts no need Io change ihe basic
structure of an air conditioning apparatus (hereinafter
referreri to as an air conditioner), since there is sull an
internal combustion engine (hereinafter referred to as an
engme) o

If howcvcr a conventional air conditioner is used as is, in
an ckctric vchiclc or a hybrid vchiclc (using both an electric
motor and an engine as a drive source) which is onc of the
strong candidates for Ihe alternative energy vehicle, ii is
necessary to reconsider the heat source during the heating as
operation and the compressor drive source during the cool-
ing operation

That is to say, a problem arises in that during the heating
operation, with clcctric vehicles there is no engine cooling
water to scrvc as thc heating source as in thc conventional "'ehicles,aml in hybrul vehicles there is a motor iravelling
mode in which Ihe engine is stopped and the vehicle is
driven only by the electric motor, aml hence sulhcieni warm
water cannot be obtained.

Moreover, during the cooling operation, the drive source
for the compressor cannot rely only upon the engine as ivith
conventional vehicles, and another drive source must be
provided. For example, in the case of a hybrid vchiclc, there
is a motor travelling mode in which Ihe vehicle is dnven
only by Ihe electnc motor, or even if. the vehicle is driven by to

the engine, at the time ot'stopping, the engine is stopped so
as not to run in idle. Hence stable operation of the air
conditioner is not possible when only the engine is used as
thc drive source for thc compressor.

LS
From this background, a heat pump type air conditioner

used in household cooling heating air conditioners has bren
adopieri as Ihe air conriitioner installed in vehicles such as
the electnc vehicles and hybrid vehicles.

FIG. 4 shows a schematic structural diagram of. a con-
ventional vehicular air conditioner using a heat pump. In the
figure, numeral I denotes an indoor heat exchanger, 2
dcnotcs a compressor unit, 3 denotes an outdoor heat
cxchan cr, anil 4 dcnotcs a fan for drawin in outside air. In
this case, Ihe outdoor heal exchanger 3 is insialleri inside, of,-,-
an engine compartment together with the compressor unit 2
anil the lil e. By activating the Ian 4 for drawing in outside.
air 4, the outside air can be draivn into the engine compart-
ment.

With thc above dcscribcd conventional construction, a „ti
rcfn crant is circulated as dcscribcd below to ctfcct cooling
anil heating in thc vchiclc cabin.

The refrigerant during the heating operation circu late& in
a clocl wise direction, as shown by the solid arrow in Ihe
ligure. The refrigerant which is changed to a high- ss
temperature and high-pressure gas by the compressor in the
compressor umt 2 is sent to the indoor heat exchanger I to

exchange heat with the air outside Ihe vehicle (the outside
air) or with ihe air inside Ihe vehicle (ihe inside a&r). As a
result, the outside air or the insirlc air (hcrcinaftcr referrcil to
as intake air) becomes hot air by absorbing heat from thc
high-temperature and high-pressure gas refrigerant, and at
the same time, the high-temperature and high-pressure as
refngerani looses heaL io be change&i into a condensate, and
becomes a hi h-temperature aml high-pressure liquid refrig-
erant.

Subsequently, the high-temperature and high-pressure liq-
uid refngerani passes through Ihe compressor unit 2 where

is expanded io become a low-temperature anil low-
pressurc liquid refrigerant and is sent to the outdoor heat
exchanger 3. In the outdoor heat exchanger 3, the low-
iemperaiure and low-pressure liquid refrigerant draws up
heat from the outside air and is evaporaieil anil gasilied to
become a lo&v-temperature and Iow-pressure gas refrigerant
This low-temperature and low-pressure gas refrigerant is
again sent to thc compressor unit 2 and comprcsscd, to
bccomc a high-tenipcraturc anil high-prcssure gas.
Hcrcafter, the above describeil process is repeated.

That is to say, during thc heating operation, the outdoor
heat exchan cr 3 functions as an evaporator, and thc indoor
heat exchanger I functions as a comlenser

If such a heating operation is continued, frost attaches to
the outdoor heat cxchan cr 3, and sut)icicnt heat cxchangc
cannot be elfected. Therelore, if a preiletermined delrost
condiuon is satisfied, a defrosi operation is performed to
melt the frost by switching the direction of flow of the
refrigerant, that is, by makin the refrigerant flow as in a

cooling operation described later With such a defrost
operation, thc outdoor heat cxchangcr 3 which functions as
an evaporator durin the heating operation functions as a
conilenser, anil hence the frost can be melt by receiving heaL
from ihe refngerani.

Thc rcfri erant during the coolin irlchumidifying opcra-
lion circulaies in Ihe counterclockwise direction as shown by
Ihe broken line arrow in the ligure. The refngerant which is
changed to a high-temperature and high-pressure gas by the
compressor in the compressor unit 2 is sent to the outdoor
heat cxchan er 3 to exchange heat ivith the outside air. As
a result, thc refrigerant gives up heat to the outdoor air anil
is chan cd into a condcnsatc, becoming a hi h-tcmperaturc
and high-pressure liquid refrigerant. The relngerant which
becomes the high-temperature anil high-pressure liquid
refrigerant as described above passes through a throttling
resistance in the compressor unit 2 to become a low-
temperature and lo&v-pressure liquid refrigerant, and is then
sent to the indoor heat cxchan cr 1.

Subsequently, the lo&v-temperature and low-pressure liq-
uiil refrigerant absorbs heat from thc intake air in the indoor
heat exchanger I to cool thc air. Ifmncc cool air can bc
supplied to thc vehicle cabin, and at the same time, thc
refngerani itself. Ls evaporated anil gasilied to ben&me a
low-temperaiure aml Iow-pressure gas refngerant. The
refrigerant &vhich becomes the low-temperature anil low-
pressure gas refrigerant is again sent to the compressor in the
compressor unit 2, and compressed to bccomc a high-
tempcraturc and hi h-pressure gas. Hereafter, the above
dcscribcd process is rcpcated. That is, rlurin thc cooling
operauon, Ihe indoor heat exchanger I funcuons as an
evaporator, anil the outdoor heaL exchanger 3 functions as a

condenser
With the above described conventional vehicular air con-

ditioner using a heat pump, ii is tlesirable elIecuvely uuhxe
the &vaste heat from the drive source (en ine, electnc motor,
and the like) during the heating operation.
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That is to say, uniier a situation of low outside air
temperature, there is a case where it may be difficult to draiv
up a sufficient quantity of heat frnm the outside air using the
heat pump, resulting in a problem in that the heating
capacity of thc air conditioner is not sufficient. For example,
thc tcmpcraturc is not increased as desired, or it takes a long
time lo reach a desirmi temperature. Therefore, u is highly
desirable to improve Ihe healing abdily by drawing up heat
from engine waste heat or the like, which has been conven-
tionally discarded, using the heat pump, and effectively
utilizmg this heat in the heating operatinn nf the air
conditioner, to thereby improve thc marketability of the
vehicular air conditioner.

Morcovcr, thc above described defrost operation cxccutcs
a cooling operation under situations where a heanng opera-
tion is requirmi. Therefore, from Ihe viewpoint of providing
a cnmfnrtahle vehicle cabin environment to passengers,
preferably the frequency nf the defrost nperations should be
a minimum and these should bc tcrminatcd within a short
pcnorl of time. Furthcrmorc, when the defrost operation is ao

initiated or tcrminatcd, a four way valve is operated to
change Ihe flow direction of. the refngerant. At this time,
since the high pressure side aml Ihe low pressure side is
changed over, an alinormal sound occurs. The occurrence of
this alinormal sound is undesirable for a vehicular air
conditioner, and it is dcsircd to take measures a ainst such
a problem. Solving such a probleni during the defrost
operation is a kcy issue for improving thc marketability of
the vehicular air conditioner.

I)
SUMMARY Oi'llIL'NVEN l1ON

In view of the above situation, it is an object of the present
invention to improve the heating ability of the vehicular air
conditioner by cff'ective utilization of engine waste heat
during thc heating operation, and to solve thc problcms -"

during the defrost operation, Io thereby provirie a highly
marketable vehicular air conriilioner using a heal pump.

To solve the above descnbed problems, in the present
invention, the follnwing ineans are adopted

ao
A vehicular air conditioner using a heat puinp accnrding

to a first aspect of the present inventinn is a vehicular air
conditioner using a heat pump, with a conipressor unit
cquippcd with a compressor, a throttlin resistance and a
four way valve, connected by a refiugerant path to an indoor as
heal exchanger for elfecting heat exchange between a refrig-
erant anti intake air, and an outdoor heal exchanger installed
in an engine compartment for effecting heat exchange
lietween a refrigerant and outside air, and equipped with a
fan for drawing in outside air, and which executes a cooling „so
operation anil a heating operation by switching a direction of
flow of the refrigerant, wherein dunng the healing operauon,
if Ihe temperature of the engine compartment goes above a
predetermined value, the Ian ior drawing in oulmde air is
reversed so that high temperature air is discharged frnm the
engme cnmpartment tn the outside

In this case, preferably the fan for drawing in outside air
Ls installed in a vchiclc body so as to draw in outside air front
a side face of thc vehicle body.

Morcovcr, when thc fan for drawing in outside air is NI

installed so as lo riraw in outmiie air from a front face of Ihe.

vehicle body, reversing of the fan ior drawing in ouLside air
is only effected while the vehicle is stopped.

With such a vehicular air condiuoner using a heal pump,
when Ihe temperature of Ihe engine compartment is above. a es
predetermined value, the fan fnr draiving in outside air is
reversed, so that the high temperature air in the engine

comparimenl flows Lo outside of the engine compartment
through the outdoor heat exchanger. 'I'herefore, the outdoor
heat exchanger can draiv up heat using the heat pump, from
the air which has become a hi h temperature due to waste
heat from thc drive source such as engine waste heat

If the fan for rlrawing in outsirlc air is installcrl so as to
draw in outside air from a side face of the vehicle body, then
while the vehicle is travelling, reverse operauon of the fan
can be elfected without bemg mfluenced by ram pressure.

A vehicular air conditioner usin a heat pump according
to a fourth aspect of the present invention is a vehicular air
conditioner using a heat pump, ivith a compressor unit
cquippcd with a compressor, a throttling rcsistancc and a
four way valve, connected by a rcfri crant path to an inrloor
heat exchanger for eilecnng heat exchange between a refrig-
erant and intake air, and an outdoor heal exchanger for
effecting heat exchange between a refrigerant and outside
air, and which executes a cooling operation and a heating
operation hy switching a direction of floiv of the refrigerant,
whcrcin when a defrost operation is initiated or tcrminatcrl
durin thc heating operation, thc four way valve is switchcrl
in a conilition wnh Lhe function of the compressor Lempo-
ranly suspended.

In this case, the function of Ihe compressor may be
suspended hy sivitchin off (disconnectin j a clutch pro-
vided hetiveen the drive source and the compressor

With to such a vehicular air conditioner using a heat
pump, since thc function of thc compressor is suspcnrlcd at
the time of switchin the four way valve, so that thcrc is no
pressure dilference, the occurrence of an abnormal sound
can be prevented.

A vehicular air conditioner usmg a heat pump accor&hn ~

to a sixth aspect of the present invention is a vehicular air
conditioner usin a heat pump with a compressor unit
equipped ivith a compressor, a throttling resistance and a
four ivay valve, conncctcd iiy a refrigerant path to an indoor
heat cxchangcr for cffccting heat exchange iictwcen a refrig-
erant and inlale air, and an outiloor heat exchanger ior
effecnng heat exchange between a refngerant anti outside
air, and ivhich executes a cooling operation and a heating
operation hy switching a direction of floiv of the refrigerant,
wherein if the vehicle is parked or stopped after executing
the heating operation, thc rlcfrost operation is cxccutcrl.

With such a vehicular air conditioner usin a heat pump,
since thc defrost operation can be cxecutcrl while thc vehicle
is pari ed or stopped, Ihe frequency and Ihe penod of the
defrost operations while the vehicle is travelling can be
reduced

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a construcuon of
a vehicular air conditioner using a heat pump according to
one embodiment of the present invention

l1G. 2 is a plan view showing an arrangemenl of a hybrid
vehicle niountcrl ivith thc vchicmlar air conrlitioner usin a
heat pump shoivn in FIG. L

FIG. 3 is a time chart showing thc operation of each
conslituenl element dunng a defrosL operation.

FIG. 4 is a schematic flow ihagram showing a schematw.
conslrucuon ol: a vehicular air comhtioner using a heat
pump, being a conventional example.

DESCRIPTION OF THE PREFERRED
LMIK)DIML'NTS

As folloivs is a description of a hybrid vehicle mounted
with a vehicular air conditioner using a heat pump, as one
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emboihment of. the present invennon, with reference lo Ihe.

appended drawings
In l1(i 2, numeral 10 denotes a hybrid vehicle, equipped

with a drive unit 12 in the front part of the vehicle lxidy,
having a motor housed thcrcin for driving front wheels, and
an cnginc 13 in an cn inc compartment in thc rear part of thc
vehicle body, for driving rear wheels. The hybnd vehicle 10
runs as a front-wheel-drive vehicle at the time of. Iow speerl
driving, using the motor 11 as a dnve source, aml runs as a
rear-wheel-rlrive vehicle at the time of high speed driving
exceeding a certain speed, by switching the drive source to
thc cnginc 13. Since thc motor 11 is provided in the front
part of thc vehicle body, the cnginc 13 is arranged in thc rear
part of thc vchiclc body, in consideration of thc frecdoni of
installation space and reduction in air resistance (Cd value).

In addition, there is a case where the engine 13 and Ihe.

motor 11 are activated as the drive source at the same time,
to run as a four-wheel-drive vehicle

In FIG 2, numeral 14 denotes a battery which is a power
source for the motor H, and numeral 15 denote~ a motor o

generator unit for converting the driving force of the engine
13 into electrical poiver and storing the electrical power in
thc battery 14. An electrical power cncration motor (not
shown) is mounted in thc motor generator unit 15, and
electrical power is generated by transmitting Ihe driving
force from Ihe engine 13 lo Ihe eleclncal power generation
motor. Moreover, the motnr generatnr unit 15 has a function
to convert electrical power stored in the battery 14 intn the
driving fnrce, by driving the electrical pniver generation

I)motor with thc clcctrical power.
Numeral 50 denotes an I (I (inter-cnnler) I.'(iR system

provided in the cnginc 13.
Numeral 16 denotes a radiator for cooling the engine 13,

and 17 denotes a radiator for power elements, provided
togcthcr with thc radiator 16 for coolin thc engine 13. Thc
rarhator 17 for the power elements is for cooiing thc driving
motor 11, the motor generator unit 15 and the I,'C EGR
system 50. The raihator 16 for cooling the engine anti the
radiator 17 for the power elements are equipperl with a
radiator cnoling fan 10 which passes outside air drawn in
from the side face ot'he vehicle body through the radiators
for cooling and thereby releases heat to thc air in thc inner
pcnphcry of thc engine compartment (engine room).

Moreover, there is provided a liattery heat exchanger 19
for transfcrnng heat from thc cnginc 13 to thc battery 14.

Next is a description nf an air conditinner mounted in the
hybrid vehicle 10

In 11(ig I and 2, numeral 20 denotes a compressor unit
for compressing a refrigerant, 21 denotes an outdoor heat
cxchangcr, 22 dcnotcs a fan for drawing in outside air, and
23 dcnotcs a module referred to as an HPVM (Heat Pump
Vi:ntilating Module) which is internally provided with a
blower fan 24, an indoor heat exchanger 25 aml a healer core
26.

The outiloor heat exchanger 21 is arranged in the en ine.

compartment disposed in the rear part of. the vehicle body,
that is, on the nght side face in the engine room, for forcibly
exchanging heat with outside air drawn in from an opening
on the side face of the vehicle body by nperation of the fan
22 for drawing in outside air. The HPVM 23 is arran cd in
thc middle of the rear part of the vchicic body, with a front
face connected lo a ilucl 27 exlenriing Io Ihe front of. Ihe
vehicle body along a center of. a lower part of ihe vehicle
hotly The duct 27 is formed in a tubular shape and is es
provided with air outlet sections ZII and 29 in the central
portion and in the front end ot'he duct 27, respectively. In

Ihts case, the air outlet section Zg is for lhe rear seats, and
the air outlet section 29 is for the front seats, but these may
increased or decreased according to need.

The I IPVM 23 is a module for executmg cooling, heating
anil dehumidifying to cffcct air conditioning, by making
outside air rlrawn in from outsirlc thc vehicle body or insirlc
air drawn in from lhe vehicle cabin with the operanon of lhe
blower fan Z4, pass through Ihe inrloor heal exchanger 25
and lhe healer core Z6.

The indoor heat exchanger 25 is connected by a refrig-
erant path 30 to the compressor unit 20 and the nutrlnor heat
exchanger 21 to constitute the air conditioner using a heat
pump. Thc compressor unit 20 comprises a compressor 31,
an accvtmuiator 32, a four way valve 33 and a throttling
resistance 34 such as an expansion valve, and operates the
compressor 31 lo circulate Ihe rei nge rant, lo thereby execute
the heat pump operation

As follows is a description of the air conditioning opera-
tion by means of the air conditioner usin a heat pump,
considererl separately for thc cooling dehumirlifying opera-
tion and for thc heating operation.

First, thc hcatin operation will be dcscribcrl Thc flow of
Ihe refngeranl al this lime is in the clockwise direcnon in
FIG. 1 (shown by the solid line arrow).

The compressor 31 draws in and compresses the low-
temperature and low-pressure gas refngerant and outputs
this to the four ivay valve 33 as a hi h-temperature and
high-pressure gas refrigerant. At this time, since the four
way valve 33 is so sct as to send thc refrigerant to thc inrloor
heat cxchan cr 25, the high-tcmpcrature and high-prcssure
gas refri erant is sent to the indoor heal exchanger 25
through the refri erant path 30, and heal is exchangerl with
indoor air or outdoor air draivn in by the blower fan 24
(hereinafter referred to as intake air) to ivarm the air I'hat is
to say, the heat of the high-temperature and high-pressure
gas rcfri erant is absorbed by the intake air, anil thc high-
tcmpcraturc and hi h-prcssure gas refrigerant is changed to
a condensate and becomes a high-temperature and high-
pressure liquid relngeranl. At the same time, the intake air
passing through the indoor heat exchanger 25 is heated by
this heat and supplied to the vehicle cabin as warm air I'he
indoor heat exchanger 25 in this case functions as a con-
dcnscr.

Thc rcfri crant exiting from thc indoor heat exchanger 25
as the high-tcmperaturc and high-pressure liquid rcfri orant
is decompressed aml expanded by the thronling resistance
34 in the compressor unit ZU lo become a low-temperature
and ioiv-pressure liquid refrigerant, and is then sent to the
outdoor heat exchanger 21 installed along the sirle face of
thc vehicle body. Outside air drawn in by thc fan 22 for
dravving in outside air passes through the outrloor heat
cxchan cr 21, and thc outdoor heat exchanger 21 exchanges
heat with ouxside air to draw up the heat. Thereiore, lhe
low-lemperaiure anil low-pressure liquid refngerant is
wamied by the outside air which has a relatively higher
temperature, and is evaporated and asified to become a
loiv-tcmperaturc and loiv-pressure as rcfri orant. Thc out-
door heat exchanger 21 in this case functions as an evapo-
rator.

The refrigerant which has become the low-temperature
anil low-prcssure as is then sent to the four way valve 33
and directed to the accumulator 33 where lhe liquid com-
ponent is removed, alter which Ihe gas is again drawn into
Ihe compressor Zl aml compressed. Hereafter, the same
refrigeration cycle is repeated to effect heating of the vehicle
cabin
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Next is a description of the cooling operation. The liow of
the relngerant at this time is in the counterclockwise direc-
tion in F(G. 1 (shown by thc broken line arrow).

The cnmpressor 31 draws in and compresses the low-
temperature aml low-pressure gas refngerant aml outputs
this to the fiiur way valve 33 as a high-temperature anil
high-prcssure gas refrigerant. At this tinie, since thc four
way valve 33 is so act as to send thc refrigerant to thr
outdoor heat exchanger 21, the high-temperature and high-
pressure gas refrigerant is sent to the outdoor heat exchanger
21 through the refrigerant path 30, and heat ts exchangetl
with outside air drawn in by the fan 22 for drawing in outside.
air. As a result, thc heat of the high-temperature and high-
pressure gas refrigerant is absorbed by Ihe outside air which
has a relanvelv lower temperature, and Ihe high-temperature

is
and htghpressure gas refngerant is changed to a comlensate
and becomes a high-teinperature and high-pressure liquid
refngerant '1'he outdoor heat exchanger 21 in this case
functions as a condenser.

Hereafter, the high-teinperature and high-pressure liquid
refrigerant is sent to the throttling resistance 34, and decom-
prcsscd and cxpandcd in passin through thc throttling
rcsistancc 34 to bccomc a low-temperature and low-pressure
hqutd refngerant. The low-temperature and low-pressure
hqutd refrigerant is then sent to the indoor heat exchanger 25 zs
and exchanges heat with the in(ale air drawn in by Ihe
blower fan 24, and absorbs heat frnm the intake air to effect
cooling As a result, the ioiv-temperature and loiv-pressure
liquid rcfrigcrant is evaporated and gasified to become a
low-tcmpcraturc and low-pressure gas refrigerant. At the
same time, the intel e air becomes cool air aml is supplier( to
the vehicle cabin. The indoor heat exchanger 25 in ibis case.
functions as an evaporator.

Moreover, the low-temperature and low-pressure gas
refngerant exiting from ihe iniloor heat exchanger 25 is sent
to the accumulator 32 through the fnur way valve 33, and the
liquid component in the refrigerant is removed The low-
temperature loiv-pressure gas refrigerant is then again drawn
into thc compressor 31 from the accumulator 32 and
comprcssctl, after which thr same refrigeration cycle is ao
repeated Io elfect cooling of the vehicle cabin.

Furthcrmorc, thc HPVM 23 shown in FiG. 1 is cquippcd
with a bc ster core 26. Thc heater core 26 has thc function of
introducing high-temperature engine cooling water from Ihe
engine 13 installed in Ihe hybnd vehicle 10, to heat the
passing intake air. That is to say, when the engine cooling
water temperature goes above a predetermined value, the
engme cnoling water can lie used as a supplementary heat
source for heating.

The heater core 26 is not installed in an air cnnditioner
using a heat pump, for an electric vehicle ivhich does not
have an cnginc 13 and hence cannot bc supplied with hot
water.

With thc above described vehicular air conditioner using
a heat pump, when thc temperature of the cnginc rooni goes ..
above a predetermined value ilunng the heanng operation,
this is iletected by a tietection device such as a temperature.
sensor Te installed in an appropriate posinon in the en ine.

room, and the fan 22 for drawing in outside air is reversed
I'hat is tn say, the rotation direction of the fan 22 for draiving
in outsitlc air is rcvcrscd so that the high-tcnipcraturc air in
thc cnginc room is dischar ed to outside of the vehicle body.
At this time, since the fan 22 for drawing in outside air is
installed on the side of. Ihe vehicle hotly, the high-
temperature air in the engine room can be dischargetl as
without tieing intluenced by ram pressure, even during
traveling

The temperature in the engine room, due to waste heat
such as radiant heat from the engine body 13 and heat
radiated from the radiator 16, can be expected to rise to
a(tout 90' in summer when the outside temperature is
hi h, and to 40 to 50'. in winter when thc outsitlc
tcmpcraturc is very low.

When executing Ihe reverse operanon of the fan 22 lor
drawmg in outside air, high-temperature air in the engine
room passes m Ihe reverse direction through the outdoor
heat exchanger 21 which functions as an evaporator, and is
discharged to outside of the vehicle txtdy. Therefore, the
loiv-tcmperaturc and low-pressure liquitl rcfrigcrant fiowing
throu h the outdoor heat cxchangcr 21 can tlraw up heat
from the air having a considerably higher tcmpcraturc than
Ihe ouaside air, under comhtions where the heating operanon
is required due to low outside air temperature Hence,
efficient heat exchange can be performed, thereby improving
the endothermic capacity of the outdoor heat exchanger 21,
anil improving thc heating capacity of the heat pump.

That is to say, a heating operation utilizing thc cnthalpy of
thc air in the cn inc room due to the cnginc ivastc heat
becomes possible. Hence Ihe heanng operation capacity,
particularly when Ihe outside temperature is low, can be
greatly improved.

The above described reverse operation of the fan 22 for
drawing in outside air is stopped and returned to the normal
rotation operation, when it is rlctected that thc tcmpcraturc
in the cn inc room goes liclow thc prcdetcrmined value. A
suitalile tempcraturc dificrcnce may be provided bctwcen
Ihe set temperature for Ierminatmg the reverse operauon and
Ihe set iemperature for initiaiing Ihe reverse operation.

The above descnbed emboihment is so constructed that
the outdoor heat exchanger 21 is installed transversely on
the rear side face of the hybrid vehicle 10, and the fan 22 for
dravving in outside air draivs in outside air from thc side of
thc vehicle liody. in another cmbodimcnt, however, thc
construcnon may be such that Ihe outiloor heat exchanger 21
is installed in an engine compartment providetl in the front
part of. the vehicle body, as with standard vehicles, to draw
in outside air from the front of the vehicle body. 'I'hat is to
say, in the case of the above described hybrid vehicle 10, the
outdoor heat exchanger 21 equipped with thc fan 22 for
drawin in outside air may bc installed in thc engine
compartment in Ihe front part of the vehicle body where the
drive umt 1Z having the motor 11 housed therein is installed
However this gives an increase in Ihe front prolile area and
thus has a disadvantage from the standpmnt of the ('d value
ln such a case, since in general the wind due to traveling
enters thc cnginc compartment from the front gnll so that
thcrc is an infiucncc from the ram prcssure, thc rcvcrsc
operation of the fan 2Z for drawing in outside air is executed
with an AND conihtion such that in addinon to the tem-
perature of the engine iximpartment going above a prede-
termined value, the vehicle must also be stopped.

To detect the stopped state of the vehicle, a signal may be
received from a vehicle speed sensor normally used in
vchiclcs.

Thc above described invention is not limited to the
vehicular air conditioner using a heat pump mounted in a
hybrid vehicle, which is described as the prelerred
embodiment, and may of. course be applied Io vehicles usin ~

an internal combustion en ine as a drive source, anil electric
vehicles using an electric motor as a drive snurce

in the case of an electric vehicle, since the electric motor
or a iiattery becomes the heat source, the engine compart-
ment in this case may be the space ivhere the electric motor
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or battery is installecf. That is, Ihe reverse operauon oi: Ihe.

fan 22 for clrawing in outside air may be executed &vith the
outdoor heat exchanger 21 installed in the motor ronm.

Morcovcr, with thc above described vehicular air condi-
tioner using a heat pump, a defrost operanon is required after
continuous healing operanon. The defrost operanon is an
operation for melhng ancf removing frost attached to Ihe.

outdoor heat exchanger 21 which functions as an evaporator
I'his operation executes a heat pmnp nperation similar to the
cooling operation where thc refri erant flows in the rcvcrsc
direction to thc heating operation, so that thc outdoor heat
exchanger 21 functions as a comlenser.

The above clescril&ed defrost operatinn is automaticafly
switched from the heating operation, &vhen the heating
operation cs continuous and a prcdctermincd defrost condi- is

tion is mct. FIG. 3 shows a timing chart for thc defrost
operation. During thc heating operation, the four way valve
33 is at a healing position, the blower fan 24 ancf the fan 22
for cfrawing in outside mr are in the ON posinon, Ihe
compressnr clutch 36 installed between the compressor 31 o

and the drive snurce 35 is in the connected (ON) state, and
the throtthng resistance 34 is at a normal opening.

Herc a specific cxamplc of thc defrost condition is shown,
thc setting bein such that when an outdoor heat exchanger „"s
fin sensor (hereinafter referred lo as a iin sensor) Tf anached
to Ihe outcfoor heat exchanger 21 detects a low temperature.
below a set temperature (for example, —2'.), and Ihe.

continuous period nf the heating operation reaches a set time
(for example, Sfl minutes or more), the defrost nperation is I)
initiated (under an AND condition). This defrost condition is

'

only a specific cxamplc, and can be changed as appropriate.
When thc defrost condition is mct, and the defrost opera-

tion initiated, the blower fan 24 and the ian 22 for drawing
in outside air are turned off, and the throttling resistance 34
is changed to the fully opened position At the same time, the
compressnr clutch 36 is switched off so that the compressor
31 is temporarily isolated from the drive source 35 and stops
opcratin as a compressor. In this case, stopping the fan 22
for drawing in outside air is cffectivc in reducing thc defrost so
operation pewocf. On the other hand, stopping the blower fan
24 can prevent the ouflel temperature Io the vehicle cabin
from dropping during the defrost operation

Therefore, the is no pressure difference between the
refrigerant paths 30 connected to the four way valve 33
Hcncc by switching thc four way valve 33 from thc heating
position to thc cooling position in this state, the abrupt flow
of thc gaseous rcfri orant flows af&ruptly from thc high
pressure side lo the low pressure side can be prevented. As
a result, Ihe gas flow souncf generated when Ihe gaseous so
refngerant tlows at high speed disappears, enabling a quiet
switching operatinn without any abnnrmal snund After the
switching operation of thc four way valve 33 has been
complctcd, thc compressor clutch 36 is switched on again to
rcsumc thc operation of thc compressor 31.

By resuming the operation of Ihe compressor 31, Ihe.

ref ngeranl flows in the counterclockwise direction as in Ihe.

cooling operation to execute Ihe defrost operation. Hence.
heat is supplied to the outside heat exchanger 21 to melt the
frost attached around the nutside heat exchanger 21. Such a N)

defrost operation tcrminatcs when thc defrost termination
condition is met. As a specific example of the defrost
termination comlition, only one of. Iwo concfitions need be
salisliecf, namely the temperature detected by ihe lin sensor
Tf goes above a sel tempera).ure (for example 10'.), or Ihe ss
continuous perind of the defrost operatinn exceeds a set time
(for example, 9 minutes). ln this case, the reason for having

Ihe OR conclition of. Ihe conunuous periml of the defrost
operation is to prevent the defrost operation from continuing
on if there is a fault in the tin sensor 1'.

When the defrost termination condition is met, the com-
pressor clutch 36 is first switched off to stop the operation of
thc compressor 31. As a result, thcrc is no prcssure diff):r-
ance between thc refrigerant paths 30 connected to thc four
way valve 33. Hence in this conchuon, iT the four way valve
33 ts switched from Ihe coohng position to the heaung
position, no abnormal sound is enerated

Moreover, the blower fan 24 ancf the fan Z2 for drawing
in outside air are s&vitched on shortly after the compressor
clutch 36 has been switched off, and the throttling resistance
34 changed from the fully opcncd position to thc normal
position. Then, by again switching on thc compressor clutch
36, the operanon of. Ihe compressor 31 is resumecl, and the
refwgerant flows in the flow direction for the heating opera-
lion lo imtiale Ihe healing operation.

The above described defrost operation is alsn automati-
cally cxccutccl when thc vchiclc is parkecl or stoppccl. The
defrost operation in this case is of course executed only
when the healing operation has been execulecl during trav-
elin . For example, the defrost operauon is initiated by
Iudging the parkedstopped slate when a key is pulled out
from an engine key operation section 37. The defrost opera-
tion may be terminated according to the above clescrfl&ed
defrost termination condition. However, this may be sct so
as to tcrminatc in a shorter period of time, consiclcring that
frost will not be an.ached in as large an amount as when the
defrost condition during traveling is mel. Moreover, when
Ihe temperature detected by Ihe lin sensor Tf goes above a
predetermined value, or when the continuous period of the
heating operation is not longer than a predetermined value,
it may bc jud cd that thc defrost operation is not rcquirccl,
and thc clcfrost operation may then not bc cxccutecl v.bile
pari ed or slopped.

By executing Ihe defrost operanon while parked or
stopped, the period when the vehicle is not traveling can be
effectively utilized for removing the frost. lienee the fre-
quency and thc period of thc defrost operations cluring
traveling can be reduced. That is, thc defrost operation in
which the coohng operation is executecf under the situauon
where the healing operanon is requirecl, and which is thus
undesirable for passengers in Ihe vehicle cabin, can be kept
to a minimum

As dcscribcd above, &vith thc vehicular air conclitioner
usin a heat punip of the prcscnt invention, since the setting
is such that when the temperature in the engine compartment
goes above a predeterminecl value dunng the heann ~

operanon, the fan for drawing in outside air is reversed, then
highly efflcient heat absorption becomes possible by means
of the heat pmnp by effectively utilitnng the enthalpy of the
air in the engine compartment. Therefore, thc heating opera-
tion capacity can bc in&proved especially when thc outsiclc
temperature is low so thai air concfinoning operation sensi-
tive to requirements can be executecl to provide passengers
with a comfl)rlable environment in the vehicle cabin, thus
effectively improving marketability of the vehicular air
conditioner usin a heat pump

Morcovcr, the gas flow sound of thc refrigerant at thc time
ol. initialing and lerminalmg the defrost operauon can be
prevented. Furthermore, the defrost operanon dunng trav-
elmg can be 1 ept to a minimum, enabling an improvement
in marketability of the vehicular air conditioner using a heat
pump
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What is claimed is:
l. A vehicular air conditinner using a heat pump, ivith a

compressor unit equipped with a compressnr, a throttling
resistance and a four way valve, connected by a refrigerant
path to an indoor heat cxchan er for clfccting heat exchange
bctwccn a refrigerant and intake air, and an outdoor heat
exchanger installerl in an engine compartment for effecting
heat exchange between a rehugerant aml outside air, anil
equipped vvith a fan for drawing in outside air thrnugh the
outdoor heat exchanger, and which executes a cooling io
operation and a heating operation by switching a direction of
flow of sairl rcfngcrant,

wherein dunng said heating operation, if. the temperature
of sairl engine compartment goes above a predeter-
mined value, said fan for drawing in outside air is
reversed so that high temperature air is discharged from
sairl cn inc compartment to an outside.

2. A vehicular air conditioner using a heat punip according
to claim 1, wherein sairl lan for drawing in outsirle air is
installed in a vehicle body so as to draw in outiude air from
a side face of the vehicle body.

3. A vehicular air conditioner using a heat pump according
to claim 1, wherein said fan for drawing in nutside air is
installed in a vchiclc body so as to draw in outside air from
a front face of thc vchiclc body. as

4. A vehicular air conrlitioner using a heat pump, with a
compressor unit equipped with a compressor, a throuling
resistance anil a four way valve, connecterl by a refrigerant

path to an indoor heat exchanger for ellecting heat exchange
bctwcen a refrigerant anil intake air, and an outrloor heat
exchanger lor ellecung heat exchange between a refrigerant
and outside air, and which executes a cooling operation and
a heating operanon by switching the lour way valve to
change a direction of flow of said refrigerant,

wherein when a defrost operation is imtiated or termi-
nated during the heating operation, said four way valve
is switched in a condition with the funcuon of said
compressor temporarily suspended.

5. Avchicular air conditioner using a heat pump according
to claim 4, ivherein said compressor function is suspended
by switching otf a clutch provided bctwccn a rlrivc source
and the compressor.

6. A vehicular air conditioner using a heat pump, ivith a

compressor unit equipped with a compressor, a throttling
resistance and a four way valve, connected by a refrigerant
path to an indoor heat exchanger for ctfccting heat cxchangc
between a rcfrigcrant and intake air, and an outdoor heat
exchanger lor ellecung heat exchange between a refrigerant
and outside air, aml which executev a cooling operauon and
a heating operation by sivitching a direction of flow of said
refrigerant,

whcrcin if thc vehicle is parked or stopped after executing
the he sung operauon, the tiefrost operauon is executed.

e a a e


