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An air conditioning apparatus includes a valve for selec-
tively introducing the coolant discharged from a compressor
to either a ikllv path for a water-coolant heat exchanger or
another (low path to avoid thc heat cxchangcr, a Ihcmlostat
for dctccting thc tcmperaturc of a cooling water ilowulg mto
an mlgulc and a controller for controlling thc valve. When
the temperature of the cooling water is equal to or less than
a predetermined temperature, the contmller controls the
valve so that the coolant dischar ed from the compressor is
introduced to the v;ster-coohmt heat exchanger. When the
tcnlpcliinnc ill thc cooing water ls nlorc than lhc prcdctcl-
nuncd tcmperaturc, thc controller controls the valve so Ihat
the coolant ihsvhurged from tiu: compressor avoids Ihe
mater-coolant heat exchmlger

toslmnal 24



US 7,05i,i90 B2
Page 2

U S. PA'11(N'I'30('UMI!N'I'S I 'Oltl (I(iN PA I I:N'I D(X'I I MEN IS

3.872,682
6.047,770
6.54",53I
6,8100152
6.911,067

o001 00134091
2001 0052238
20000010488
2005'0022983
2005 0103487

A a ."'1975
A * 4 2000
0( ' "2003
BI * 1(r2004
B( a 7"2005
A(* 8 2001
Al 12 2001
A( I r2003
Al "' 2005
A I * 5 2005

Shook ......................... 62 114
Suruki ct al ..... 165:202
('sar e( al ................ 165202
I rcdl ct al ..... 165 202
llesse .......................... 165r43
Burk ct al ..... (65 42
Burk et al
9'atauabc ct a(
Kadle et al ................ 165 202
Aflekt ot al ..... 165:202

.IP

.IP

2002-222919 4 I,r2002

200.-97857 4 4,r2003

O'I'I IER PU131 I( A1 IONS

Oflice Action from European Patent Otflce in connection
(uith I(P 04 000 529 0 and cititm (ierman Patent Application
DE 198 18 649 Al (May 17, 20051.

'" cited by examiner



U.S. Patent Jun. 6,2006 Sheet 1 of 3 US 7,055,590 B2

24



U.S. Patent Jun. 6,2006 Sheet 2 of 3 US 7,055,590 B2



U.S. Patent Jun. 6,2006 Sheet 3 of 3 US 7,055,590 B2



US 7,055,590 B2
1

AIR CONDITIONING APPARATUS FOR
VI(III(:I,V.

IIA(h((1ROUNI) Oli f1 II i INVI',N'I'ION

The present invention relates to an air conditioning appa-
ratus Ibr d vcluclc.

Ii is gmierally known that thc air condiuonmg apparatus
at cooling operates to radiate heat from coolant compressed
by a compressor to the outside through an outdoor heat Io

exchmiger for coolant I Iowever. when a vehicle is at a stop
cvhere the velocity of coolin wind is remarkably small for
the outdoor heat exchanger. the radiation efficiency is dete-
uordtcd remarkably.

llicrcforc. we previously proposed a coolant cycle by
which sufTicient cooling perfonnance could be effected even
if the outdoor heat exchanger is deteriorated in its radiation
efficiency (.Iapanese patent application serial No. 2001-
2122743. According to the coolant cycle. a water-coolant
heat exchan er for exchanging heat of the coolant of high io
It:inpcldtlliC Slid-high prCSsillc Iol Cllgllle CLX1hlig wao:I IS

arrmigcd bc(ween the compressor ond Ihc outdoor heat
exchmiger m order to bung about the similar efTect as the
outdoor heat exchanger being impmved in radiation etfi-
ciency (:onsequently. even if the radiation etTiciency in a
radiator is small. it is possible to assure the coolin perfor-
mance of an evaporator.

Here noted when an engine starts, Ihc Imnpcraturc of
lubricating oil uiside Ihe euguie is relatively low Iogcther
with the temperature of the engine I'hen, friction of sliding io
parts of the engine is increased to reduce the efficiency of the
engine. In the above coolant cycle, nevertheless, since the
heating of cooling water by the coolant of high temperature
allows the friction to be reduced in an early stage. the
admi-up time for Ihc engine can bc shorlened lo improve its ic
fuel consumpttou Corrcspouduigly, since Ihc waIer Iem-
pCrdlilrt: ts dlSO CICVBnXI ill Bll Cdrlv'tage., IhC nlSIalltallLOI IS

effect at heating peuod can be improved
In an air conditioning apparatus employing the above

coolant cycle„however, the heat exchonge between the do

coolant and the engine cooling water ic always carried out in
Ihe w a ter-coo 1 mt 1 heat cxclrdnger. If thc water Icmp era lure of
the engine cooling water is remarkably high, there anses a
possibility that thc water Icmpcrature is further elevated as
,'I I'LSult Of hC'l1-LXChailgulg at tilC lvaICi'-CL1L11'litt hLlt
exchanger. so that the sliding parts of the engine may be
damaged fe.g. burn-Inl because of incuflicient cool-down of
the engine.

SUMMART Oli 'l1 II I INct'I'.NTI(IN o

In such a situation, it is an ob cct of Ihc present invmition
Io prevent an occurrence of defi:cIs duc Io insuflicimit
cool-down of a power source for driving a vehicle in an air
conditionin apparatus for vehicle tvhere a water-coolant 1

heat exchan er for exchanging heat of the coolant of high
tempemonire ond hi+ pressure for engine coolin water is
arrmigcd between a compressor tmd an outdoor heat
cxchtlllgci.

Accordin to the present im ention, the above-nteittioned st!

object is accomplished by an air conditioniitg apparatus for
a vehicle„comprising a txiolant cycle including a compres-
sor for compressing a coolant, an outdoor-side coolan1 heat
exchanger for exchanging heat of thc coolmit compressed by
thc compressor with ambient air, tm expansion unit for Sc

expanding the coolant after heat exchange at the outdoor-
side coolant heat exchanger and an indoor-side coolant heat

cxchangcr for cxclmngmg heat of the coolant expanded by
the expansion unit with air conditioning wind supplied into
a vehicle cabin, a pipina connecting the compressor, the
coolant heat exchangeis, and the expansion unit in conunu-
nication vvith each other: a water-coolant heat exchanger
arran ed between the compressor and the outdoor-side cool-
ant heat exclmngcr Io cxchmigc heat of thc coolant dis-
charged from the compressor with coohng water ol' power
source for driving the vehicle: a flow-path switching unit tiir
selectively introducing the coolant discharged fnim the
cmnpressor to either a flow path for the water-cooLont heat
exchanger or another flow path to avoid the water-coolant
heat exchanger: a detection unit for detecting a temperature
of the cooluig water flowuig into the power source, and a
control unit for conuoiling the flow-path switcluug unit in a
manner that the coolant discharged from the compressor is
introduced to the water-coolant heat exchanger when the
temperature of the coolina water is equal to or less than a
predetermined temperature and that the coolant discharged
from the compressor avoids the w ater-coolant heat
exchanger when Ihe tcmperaturc ol'hc cooling water is
more than thc prcdctermincd Icmperaturc.

With thc above-mcnuoned constituuou of the mr condi-
tioning apparatus, when the cooling water for the power
source is more than the predetermined tempemoture, the
cooling v:ster is not introduced into the water-coolant heat
exchanger. Therefore, as the temperature of the cooling
water is not elevated, it is possible to prevent an occurrence
of damage due to seizure ol'liding parts about thc power
sollrce Iol drlvillg lhc vchichx

In a prcfctrcxf emboduncnt, the air conditioning apparatus
further comprises a first expansion switching unit for selec-
tively introducing the coolant supplied into the outdoor-side
coolant heat exchanger to either a flow path for the expan-
sion unit or another fiocv path to avoid the expansion unit; a
hcauug expansion umt ammgixl bctwixu Ihe water-coolant
heat exchanger and Ihc outdoor-side coolant heat exchanger
to expand Ihe coolant supplied Io the outdoor-sale coolant
heat exchanger; and a second expansion switching unit tiir
selectively introducing the coolant supplied into the out-
door-side coolant heat exchanger to either a flow path for the
heatin expansion unit or another flow path to avoid the
hctltlllg LXpdllSton ulill.

In tlus configurauon. by controlling thc lirst expansion
switclung unit and Ihc second expamion switclung uiut so
that the coolant expands at the heat expansion unit. it is
possible, at heating, to imprm e the heating performance of
the air conditioning apparatus due to increased endothermic
amount from the outdoor-side coohmt heat exchanger.

The air conditioning apparatus may further comprise a
hca1-cxclmngcr switdnng urut for sclcctivcly introducuig
the coolant aflcr heat exchange at the outdoor-side heat
exchanger to either a flow path for thc indoor-side coolant
heat exchanger or another flow path to avoid the indoor-side
coolant heat exchanger.

In this configuration, by controlhng the heat-exchanger
swiIclung unit so Ihat thc coolant avoids the outdoor-sale
coolant heal cxchangcr at the uutial stage of heating, it is
possible to improve the apparatus'uickness in heating
since the air conditioning wind supplied to the vehicle cabin
is not cooled down

Thc air condiuonuig apparatus may further compnsc. an
iutcnml heat exchanger that pcrfonns heat exchange
bctwixn thc coolant ihsvhdrged I'rom thc outdoor-side cool-
ant heat exchanger and the coolant flowing into the com-
pressor.
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hl Ills conf lgiu"dtlon, sulcc Ihc hltcnlal hi Bt exchanger
performs heat exchange benveen the coolant of lugh pres-
sure and the coolant of low pressure, the temperature of the
coolant of high-pressure is lowered at cooling. 'I'heretilre. it
is possible to improve the eiflciency of the cooLlmt cycle

In the air conditioning apparatus, the power source for
dniing thc vchiclc may comprise an mlginc.

lliese and other obtccts and limuircs of thc present
invention ivill become nlore fully apparent from the follow-
ing description and appended claims taken in conjunction Ia

with the accompany drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG I is a schematic structural view of an air condition-
ing appamtus for a velucle. in accordance with the tirst
enlbodiment of the present invention;

FIG. 2 is a dlagrum showulg thc opcmng/closing cond&-
tain ol d vidvc ul rcspcctlvc opcldllonal niodcs ol Ihc dlr
conditioning apparatus of FICi. 1: mid Ic

l1Ci 3 is a schematic stmctural view of an air condition-
ing apparatus for a vehicle, in accordance with the second
embodiment of the present mvention.

DIII'AII Ill) Dli)('RIPI'ION Ol'I'Ill'.
PRJIJII:RRIJD IIMBOI)IMJ'.N'I

Elnbodiments of the present invention will be descnbed
with reference to the accompanying drawings. FICr) I Is a
schematic structural view of ml air condiliolung apparalus
for a 1 chicle, in accordance with the lira( embodiment of the
present invention

The air conditioning appamltus includes a compressor I
for compressin coolant, a gas cooler 2 (ns the outdoor-side
coolant heat exchanger) that exchanges heat ol'oolmit li
comprcsscd by thc compressor 1 for mnbient mr, a prcssure
control valve 3 (as the expansion unit) for adiabatically
expanding the coolant after heat exchange at the gas cooler
2. an evapomtor 4 (as the indoor-side coolant heat
exchanger) that exchan es heat of the coolant expanded at do
the pressure contml valve 3 iilr air conditionin wind
supplied ullo u vchiclc cabul mid an acrumulalor 5 for
sc)tarahng thc coolunt tlowuig out of Ihc evaporator 4 ulto
vapor-phase coolant and liquid-phase coolant. 'I hrough the
internlediary of a coolant piping, these constituents (I, 2, 3,
4 and 5) are connected in communication with each other in
this order, providing a coolant cycle.

llicse consutumits will bc dcscnbed in deuiil, below
Due to a drivin force from an engine or a motor. the

conlpressor I compresses a coolant carbon-dioxide in gas- o

phase stale and ihschargcs thc coolant ol lugh Icmpcraturc
dnd lugh prcssure to thc gas cooler 2. In tlus emboduueut,
without being lunlted lo onc spccdicd compressor, venous
kinds of compressors nlay be employed as the compressor I,
filr example, venable-displacement t)pe compressor that 1

controls both discharge rate and pressure of the cooLlnt on
the basis of the coolant state in the coolant cycle internally,
iariable-displaccmmit type compressor that controls both
dlschalgc mtc aud prcssure of thc coolant on Ihc detection of
thc coolant state ui thc coolant cycle extcmally, compressor ic
having a fiulction to control its mtating speed with constant
discharge rate and pressure, etc

lite gas cooler 2 scrvcs to cool Ihe coolant carbon-dioxide
ol'lugh Imnperaturc Bnd pressure cumprcssed by thc cum-
pressor 1 in heat-cxchmigc for thc ambient mr ctc. In order si
to pronlote the heat-exchaltgtng action or ensure Ilus action
even ivhen a vehicle is at a standstill, the Bas cooler 2 is

cqulppcd with a coolulg Ihn 6. For cxamplc, the gas cooler
2 is arranged on the front side of the vehicle to alklw the
internal coolant carbon-dioxide to nldiate heat to an outdoor
air tenlperature as possible.

The pressure control valve 3 operates to reduce the
pressure of the coolant carbon-dioxide ofhigh pressure since
it passes through a decompression hole. Not only dccom-
prcsslng thc coolant carbon-dioxide, Ihc prcssure control
valve 3 has a function to contml a pressure of the oas cooler
2 on its exit side, so that the coolant carbon-dioxide decom-
pressed by the valve 3 flows into the evaporator 4 m the form
of gas-liquid phases. Unlintitedly in the embodiment, for
example. there is a decompression valve (e.g, valve dis-
closed in Japancsc Patent Applicatiou Laid-open No. 2000-
206780) that controls an opelung-closing duty ratio of thc
decompression hole thmugh electrical signals as the pres-
sure control valve 3

'I'he evaporator 4 serves to cool air to be blown into the
vehicle cabin and is installed in a casing of an in-vehicle air
conditioning unit. Indoor air or outdoor air taken in by a fan
7 ls cooled down since it passes through thc evaporator 4.
Succcssivcly. Ihc so-cooled indoor or outdoor air is blown
out tluough a not-shown nozzle toward a desired area in the
vehicle cabin. I'hat is. the coolant carbon-dioxide in oas-
liquid phases flov, ing, out thmugh the pressure control valve
3 Is cooled down when the coolant evaporates in the
evaporator 4 wiule taking up latent heat of Intake air.

Ou thc downstream side of the evaporator 4 In thc air
conditioning unit, there is a heater core 8 (as thc indoor-side
cooling-water heat exchanger) where the engine cooling,
v ster circulates through a pipe An air-nux door 9 is
rotatably arranged in front of the heater core 8 When
heating the intake air. the air-mix door 9 is rotated in a
direction of arrow. When unheating the intake air. the
air-nux door 9 is rotated in Ihc opposite direction.

Scparatulg Ihc cooldnt cdrbon-ihoxulc pdssulg IhIough
thc cviiporatol 4 ului d cooldnt ul gas-phBsc slate Bnd B

coolant in liquid-phase state, the accunlulator 5 feeds only
the coolant in oas-phase state to the compressor I and also
stores the cooialu in liquid-phase state temporarily.

Belvveen the compressor I and the evaporator 4, a flow
path 10 for lcadul thc coolant discharged from thc com-
pressor 1 Io the prcssure control valve 3 through thc gas
cooler 2 ls liirmed by a coolant pipe. Iu thc flow path 10. a
v ster-cooLlnt heat exchanger 11 is Interposed between the
compressor I and the gas cooler 2 to heat-exchange the
coolant compressed by the compressor I for the engine
cooling ivater.

Thc engine coolmg water clrculutes in the water-coolant
heat exchanger 11 Uuuugh a piping. That Is, through Ihe
piping, thcrc arc succcssuely connected au cngule 12, Ihe
mater-coolant heat exchanger 11. the heater core 8 and a
water plunp 13 in this order, forming the circulation cycle
for the engine cooling water.

Difl'erent from the above arrangement. there is ihrther
provided a system Io supply a radiator 14 with thc cngulc
cooling water. Thus, tluough a pipe, (herc Brc succcsslvcly
connimtcd the engine 12, the radiator 14. a themiostat 15 and
the v ster pump 13 in this order. allowing the engine cooling,
v ster to be returned to the engine 12 after being cooled
down to an appropriate temperature for cooling the engine
12. The thermostat 15 (as the detection unit) has a function
to detect Ihc tcmpernturc OJ cooling water flowing inlo Ihe
engine 12.

Bctwccn Ihc compressor I and the gas cooler 2. a flow
path 16 is arranged to lead the coolant discharged from the
cmnpressor I to the gas cooler 2 while allowing the coolant
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lo avonl thc mater-coolant heat cxcliangcr 11. At a rhver ing
point between the flow path 16 and the flow path 10. a valve
17 (as the flo-path switching unit) is arranged to intniduce
the coolant into either the path 16 or the path 10 selectively.

Between the as cooler 2 and acciunulator 5. a tlow path
18. is arranged to lead the coolant ftom the as cooler 2 to
thc accumulator 5 mlulealloming Ihc coolant lo avoid the
evaporator 4. At a divcrguig pouil bctmccn thc flow path 18
and the flow path 10. a valve 19 (as the heat-exchanger
switching unit) is arranged to introduce the coolant into io

either the path 18 or the path 10 selectively
Between the valve 19 and the evaporator 4. a branch path

20 is arranged to communicate a point Pl in the flow path
10 on thc upstream side of llm prcssure control valve 3 with

point P2 on thc downstrcmn side of thc valve 3. Further,
a valve 21 as a first expansion switching unit is interposed
in the branch path 20 When closing the valve 21, the coolant
supplied into the evaporator 4 passes thniuah the pressure
control valve 3. While, v hen opening the valve 21. the
coolant avoids the pressure control valve 3. Io

Tlic flom path 10 is provided, bclwccn lhc water-coolmit
heal exchmigcr 11 and thc gas cooler 2, with a prcssure
control valve 22 (as the heatuig expansion unit) that allows
adiabatic expansion of the coolant supplied to the gas cooler
2 1'he pressure control valve 22 has the similar structure as
that of the pressure contml valve 3.

The fkiiv path 16 is provided, between its intersections P3
and P4 both intcrsccting with thc flow path 10, with a valve
23 (as Ihc heating cxpnnsion switching uiul). Tlii: ciiolaiil
supplied to the gas cooler 2 passes through the pressure so

control valve 22 when closing the valve 23. While, when
openina the valve 23, the coolant avoids the pressure contml
v'ilvc 22.

Noted that reference numemsl 24 denotes a control unit
(conuollcr) wluch is constructed by a nncrocomputcr and is
takes Huirgc ol'ontrol of thc whole air condiliomng appa-
ratus on the basm of llm pmgram stored ui ROM. Al the
initial stage of air-conditioning and also the normal stage,
the controller 24 controls the valves 17, 19. 21 and 23 in
their opening and closing. as shown in FICi. 2. so

Only when the temperature detected by the thermostat 15
is less than a predetermined value (lcmpcralure), Ihe con-
troller 24 controls thc valve 17 so diat thc coolant discharged
from Ihc compressor I is led lo lhc water-coolanl heal
exchanger 1 l. 'I'he above predetermined value i ~ estabhshed
to be a temperature that if a temperature of the cooling water
exceeds the above value. then insufficient cooling of the
engine might cause any defect, such as bum-in of sliding
parts.

In the above-coustruclcxt mr condiuonuig apparatus for o

3 chicle, since the coolant of lugh temperature and prcssure
discharged from the compressor I at heating radiates heat to
the enaine cooling water through the water-coolant heat
exchanger 11 and is decompressed by the pressure control
valve 22. it is possible for the gas cooler 2 to absorb great ss
quantity of in:al, whcrcby llm hcalin can bc pcrfiirmml with
lngh cflicicncy.

Further. since lhe coolant prcssurixcd by thc compressor
I heats the eimine cooling water, the temperature of the
engine cooling water is elevated. At a vehicle's starting in ro
winter, genemslly. the temperature of the en ine cooling
water is so low as to be a temperature of the ambient air It
requires lo beat thc cnguie coolui malcr up lo approx85'..

causing Ihc fuel oil consumption lo bc incrcasml more
than usual. Neverthclcss, accorduig io thc air conditioning ss
apparatus of the embodinient. since the engine cooling water
is heated by heat absorbed from the ambient air and heat of

power supplied lo the compressor I, the engine cooluig
v ster is elevated in temperature earlier than usual. m:hereby
it is possible to shorten a period to mcrease the fuel oil
consumption of the en ine

If the engine is low in temperature. the tempemsture of
lubricating oil inside the engine is toms so that the friction of
the engine slnling parts gets large lo rcducc thc eflicicncy of
the engine. Howcvcr, accoriling to thc mnboduncnt, Ihc
friction can be reduced in an early stage since the engine
cooling water is heated.

Additionally, since the tempensture of the engine cooling
water is elei ated quickly, the heating capability of the heater
core 8 is improved to allow quick heatin of the vehicle
cabin. Thus, it is possible to unprovc Ihe amenity ui thc
vcluclc cabin and lhc fuel consiunptiou.

At the initial stage ofheatin, since the coolant avoids the
evaporator 4, the air conditioning wind supplied into the
vehicle cabin is not cooled down. so that the temperature in
the vehicle cabin rises quickly. Then. the coolant avoidin
the evaporator 4 is separated into the liquid coolant and the
gas coolant at thc accumulator 5. Mainly, lhe gas coolmil is
sucked ui Ihc compressor 1.

At the nonual stage of beeline. the coolant absorbing heat
at the gas cooler 2 is supplied to the evaporator 4 ivithout
passing through the pressure control valve 3. 1hen, the
coolant absorbing heat at the evaporator 4 is separated into
the hquid coolant and the gas coolant at the acciumdator.
Mamly, thc gas coolant is sucked iu thc compressor 1. 11us
operation mode is so-called "dehumtdtfyutgrhcaltng mode"
v here the air conditioning ivind is dehumidified since the
coolant absorbs heat fmm the air conditioning wind supplied
into the vehicle cabin. Iiurther. it is also possible to differ-
entiate the temperature about a passenger between upper and
lower sides thereof by alloiving the air conditioning wind to
bc cooled domo at thc evaporator 4 (c.g. passcngcrs'ead
i:ool tiiiil passciigcrs iitcl v:aitii).

At the uutial stage of cooling, the coolant compressed by
the compressor I radiates heat to the engine coolmg water at
the water-coolant heat exchanger 11 and also nsdiates heat at
the gas cooler 2 after avoiding the pressure control valve 22.
Thereafter. the coolant is decompressed by the pressure
control valve 3 and succcssivcly flow s uilo thc cvapomlor 4.
In this way, since thc coolant cycle is established so thai thc
coolant on thc high-prcssure side radiates heat at the matcr-
coolant heat exchanger 11, the endotherniic anuiunt at the
evaporator 4 is increased Accordingly, it becomes possible
to lower the temperature of the air conditioning wind
furthermore. allov,in rapid cooling of the interior of the
vchiclc cabin. Then, lhc coolant absorbing heat at Ihc
evaporator 4 is scparalcd mlo the liquid coolant and Ihe as
coolant and mainly, the gas coolmit m sucked into Ihc
cmnpressor 1

At the normal stage of cooling, the coolant compressed by
the compressor 1 flows into the gas cooler 2 while avoiding
the water-coolant heat exchanger 11 and the pressure control
valve 22. Thc subscqumil flom ol'hc coolant is sunilar to
that al thc irulial stage ol cooling.

For instance, the ludgmcnl whether the air conditioiung
apparatus is at the initial stage or the normal stage is carried
out by judging ivhether a ditference between the room
temperature and a preset teniperature is less than a prede-
termined value or not. Regarding the other iudgments. there
may bc a method of Iudging whclhcr thc room lcmpcralurc
is witlun a predetcnnined range or uot, a method of Iudguig
the lcmpcraturc of thc cooling mater is morc than a prede-
termined value, etc Noted that the above-nientioned open-
tion modes are not always fixed only at the mitial or normal
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stages dt heat&ng and coolu&g and thercforc. &t is possible to
select an appropriate operation mode correspnnding to an
actual situat&on in the veh&cle cabin. I&or instance. &f the
discharge tempem&ture of the coolant on the high-pressure
side is n&ore than a predetermined value at cooling. the
apparatus may be controlled m the operation mode for the
im&&al siege in spile ol'udgment of thc normal s&agc, u& order
to coul Ihe coolan&. Allen&ahvcly, &I may bc performed Ilm&

it auto&natically detecting a windshield getting tbgged in
spite of judg&Bent of the in&tial stage at heating or &f a &n

passenger sets up the defrosting mode. the apparatus &s

controlled in the operation mode for the normal stage in
order to dehumidify the vehicle cabin.

Accord&ng Io thc embodimcnh u& &my circumstances,
w'hcn Ihc tcn&pc&BIUIC of thc cngnic cooing v,incr Is nh&rc I

than the predetern&ined value, the position nf the valve 17 &s

switched so as to allow the coolant discharged from the
compressor I to avoid the water-coolant heat exchanger 11.
Then, &vith no elevation of the engine cooling water in
tempem&hire. it is possible to prevent an occurrence of Io
problcnis, s&lch Bs sclzUIC of shdhlg p»rts ul Bn cngnuv

Since Ihc air cond&1&on&ng apparatus of Ihc cmbod&mcn& &s

constructed so as to heat the engine cooling &vater, there can
be obtained the following effects

first. it is pnssible to realize high heating perfi&rmance fi&r

the appam&h&s w&thout making alterations to nn existing
indoor-side air cond&tioning unit. While, if requinng to
improve Ihc hcahng pcrlbm&ance by d&rectly heaIu&g air,
Ihen i& &s mwcssary to prov&dc Ihe apparahis with a sub-
condenser or sub-cooler Ilov:ever, it is noted that the air &o

conditionin apparatus of this embodiment dispenses v ith
such a sub-unit

Secondly, since the temperature of the engine cooling
water is high. in case of using the air conditioning apparatus
as a heal pump Io pump up heat Irom Ihe ambmnt mr. i1 &s &s

poss&blc Io make thc apparatus function as one healer Io
dchosl Ihc hcdt exchange&

Next. the second embodiment of the present invention
will be described l&I(i 3 is a schematic stn&ctural view of
the air conditioning appamtus in accordance with the second do

en&bodiment of the invention.
Note. u& Ibis cmbodimen&, elements sun&lar Io those &n thc

Iirs& cmbodinu:nt arc &nd&calcxi w&&h Ihc same rcfermtcc
numerals respect&vely m&d thcrcforc, iheir overlapping
descriptions are eliminated.

Accordin to the second en&bodiment, the air conditioning
apparatus is provided with an internal heat exchanger 25 tlmt
perfi&rn&s heat exchange behveen the coolant discharged
from the gas cooler 2 and thc cooldn& flowing into the
conlprcssor 1. Thc ulh:nial hcd& exchange& 25 Is &BTBngcd ul
thc flow path 10, bctwccn thc gas cooler 2 and the valve 19.
In operation, thmugh a flow path 26. the cnnlant flowing out
of the accuniulator 5 flows Into the internal heat excl&anger
25 in heat exchange for the coolant discharged from the gas
cooler 2 and thereafter, the coolant flows into the compressor»
1 Ilu.ough a flow path 26.

Owu&g to Ihc heat exchange between Ihc coolan& on thc
lngh-pressure s&de and Ihe coolant on the low -pressure side,
the endothermic antount of the evaporator 4 at cooling &s

increased to improve the cooling efliciency. Noted that, at io
heating. both coolants flowing into the internal heat
exchanger 25 are coolants on the low-pressure side together
and thcrcforc, thc hca& cxchtmgc bctwccn Ihc coolm&ts gc&s

smaller remarkably. Tlnis, a& heating. since Ihe temperature
ol'hc coolant on thc lugh-pressure s&dc does &x&1 drop, Ihcre ss
is no possib&lity that the heatu&g pertormance of the appa-
ratus is detenorated.

In conunon with thc above-mcntionixl embodiments.
altlx&ugh the &cater-COOIBU& heat exclmnger &s constructed so
as to perform heat exchan e betv een the coolant discharged
from the co&npressor and the enfpne cooling water. the heat
exchan er may be adapted so as to perform heat exchange
of the coolant fi&r a cooling water for any "&chicle driving'*

power source besides dn engu&e, for cxamplc, stack ol''ucl
cell.

Noted that if the power source for velucle is such a stack
of fuel ceil, then the temperature of the stack of fuel cell can
be elevated quickly since the cooling water is heated. In
deta&l. it becomes possible for the stack of fuel cell to reach
a temperature zone where a catalyst in the fuel cell is
activahxl, allow &ng d vcluclc Io bc brough& &n&o i&s travclablc
condi&ion in early.

l&inally, it will be understood by those skilled m the art
that the foregoing descriptions are nothing but two embodi-
ments of the disclosed air cnnditioning apparatus fi&r

vehicle. Besides these embodiments. various changes and
modifications may be made to the present invention without
ilcpditulg f&onl Ihc scope ol Ihc a&vent&on.

This appl&cat&on clmms priority from Japanese Patent
Applicatinn 2003-007350. filed .Ian 15, 2003. which is
incorporated herein by reference in its entirety

Wlmt &s cia&med &s.

1 An air conditioning apparatus for a velucle. comprising:
a coolm&l cycle includmg. in order, a compressor lor

compressing a coolant. an outdoor-side coolant heat
exchanger for exchanging heat of the cooL&nt com-
pressed by the conipressor ivith ambient air, an expan-
s&on unit for expanding the coolant after heat exchange
at the outdoor-side cooL&nt heat exchanger. an indoor-
shlc cooldnt heat cxchdngcr liu'xchangnlg hcdi ol Ihc
coolant expanded by thc cxpans&on un&t w&th a&r cun-
ditioning &vind supplied into a vehicle cabm, and a

piping that retunis the cycle to the compressor, &vherein
the coolant heat exchan ers and the expansion unit are
in communication with each other;

a water-coolmit hen& exchanger arrm&gcd be&ween Ihe
cnmpressor and the nutdoor-side coolant heat
exclmnger to exchange heat of the coolant discharged
fron& the compressor with coohng water of a power
source for drivin the vehicle,

a flow-path sw&&clung u&ut for selectively &n&roducing Ihe
cnolant discharged front the contpressor to either a flo&v

path fnr the &&ster-coolant heat exchanger or another
tiow path tn avoid the water-coolant heat exchanger&

a dctcchon unit for dc&cchng a tempera&ure of Ihc coolu&g
water tlow&ng u&&o Ihc power source,

a control unit for controlling the flov -path sw&tching unit
such that the coolant discharged from the compressor
either is introduced to the water-coolant heat exchanger
when the tcmpcra&urc of thc coolu&g water &s &Nual Io
or less than a prcdclcrnuncxI Icmperaturc or avoids Ihe
v &ter-conL&nt heat exchanger when the temperature of
the cooling water is more than the predetermined
temperature:

a hcatu&g cxpm&s&on un&1 arranged bctwccn the waier-
coolBBI hca& cxchtulgct dnd Ihc CUtdoor-sale coolant
heat exchanger to expand the coolant supplied to the
outdoor-side coolant heat exchanger; and

an expansion sv &&elm&g unit lor sclcct&vcly &n&roducu&g

thc coolant supphcd al&o lhc outdoor-s&dc coolan& hidl
cxclmngcr Io ei&hcr a flow path fi&r Ihc hca&ing cxpan-
s&on unit or another flniv path to avoid the heating
expm&sion unit
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2. Thc air condtttolung appamlus for the vclucle of claim
1. funher compnstng.

another expansion sv itching unit for selectively introduc-
ing the coolant supplied into the indoor-side coolant
hcdl cxchangi:1 10 cllhi:1 a liow palh lor lhi: cxptalslon
unit or another flow path to avoid the expansion unit

3 'l'he air conditioning apparatus for the vehicle of clainl
1. further comprising a heat-exchanger switchin unit for

1 I 1sclccui cly inlroduculg Ihc coolant after heal exchange al the
outdoor-side heat exchanger to either a Bow path for the

ultlool-stilt ctitl lant ht:dl cxchtalgcr or dnolhcr liow pdlh 10

avoid the indoor-side coolant heat exchanger
4 The air conditioning appamtus filr the vehicle of claim

1, further comprising an internal heat exchanger that per-
forms heat exchange henveen the coolant discharged from
the outdoor-side cooLant heat exchanger and the coolant
llowing into Ihe compressor.

5 Thc air conduioning apparatus lhr the vcluclc Ol'laun
1, wherein the power source for driving the vehicle com-
pllSCS all Cllgllle.


