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AIR CONDITIO IER

'Hiis application is a contimiation of International Appli-
cation P(fly)F2003/015449. filed Dec. 3, 2003, the contents
of wlfich are incorporated herein by reference.

'I'II('IINICAI. Iiilil.D

The present invention relates to an air conditioner and an
air conditioning method.

BACK(rROUNI & Oli H II i INVI',N'I'ION

In recent years, an electric vehicle has grown in demand
front the viewpoint of global environment protection. Hov-
cvcr, bcca use Ihc cupacity ol a battery of thc electric vehicle
is nor sufiicwnt, a hybud clcctuc vehicle v,luch uses an
engine for driving assist or for power generation. and an
electric vehicle which uses a fuel battery for power genera-
tion have been proposed

The hybrid electric vehicle equipped with the engine for
driving assist runs on a vehicle drive motor during urban
during and on Ihc cuguic if thc battery level is low or during
suburban drivin . On the other Imnd, fiie hybrid electric
vehicle equipped with the engine fiir power generation runs
on a vehicle drive motor and starts an engine to charge the
battery if the battery level becomes low.

All dll ciilidlilollcr lor a prcscili clcclllc vclllch: gclici'allv
ilrli ca a colllprcssoi'opcll lvpc) of B rcfrlgcidlir cycle oil SI

vehicle drive motor On the other hand. an air conditioner for
the above-mentioned hybrid electric vehicle may cool a
vehicle compartment inside by driving a compressor on an
engine cvhen the engine is in a drive condition. It may cool
the vehicle compartment. Chen the engine is sropping, by
during Ihc compressor using ihc velucle drive motor. and,
when a remaining bauery Icvcl is low duung tlm enguie
stopping, by starting the engine to drive the compressor

However. Ovo mechanisms are required: a mechanism for
transmilung Ihc roiauon of an enguie Io Ihe compressor and
a mecharusm for transmitting Ihe rotation ol a velucle dove
motor io the compressor, and also required is a clutch for
switching these drive methods, increasing the system coni-
plexity and the cost.

On the other hand, a conventioiml mr conditioner is
structured so that a vehicle comparuueni uisxlc may be
healed by simply smiduig mr to a hearer core supplied with
engine cooling water during heating operation, therefore
when a temperature of cooling water is low, for example. at
engine start-up„ long tune was required until an air-condi-
tioning temperature in the vehicle compartment inside
rcachcs a target temperature. At a low ambimit temperature
Or IliC Ill C, liCdtlllg CdpiiCII&' BSIOO Sill Ill, IllCl i lore i liglllC
cooluig water was heated with a PTC hosier as an auxihary
heating means Recent engines ofother vehicle as well as the
hybrid electric vehicle have been highly advanced and heat
radiation from the engine has decreased: therefore the
engine cooling water was heated with the PTC hearer as an
dllxillarv'lCdilllg lllcilllS. BCCaiisc Bll CICCIrlC llCtltCr SilC11 ilS

thc PTC heater was used as an auxihary hmituig means,
heaiuig efficicncy was lower Ilrdn Ihai of a heal pump type
heating apparatus

In conventional tecluiology, as chown in FI(i. 10. a heat
pump type rclugerani cycle includes d (sealed type) mutor-
duicn compressor 104. A refu crant-Io-water hear
exchanger 101 was newly attached Io iis rclu eranr circuit
as an auxiliary heating nicene during heating, to drive the
nioror-driven compressor I (34 with a first solenoid valve 102

closed and with a second soleixiid valve 103 opcncd il'n
eagine cooling cvater temperature is not higher than a preset
temperature in the case of heating operation designated
(refer to .Iapanese Patent I aid-Open No 9-66722). 'Ihe
entire disclosure of Japanese Patent Laid-Open No. 9-66722
are incorporated herein by reference in its entirety.

This allows only Ihc rcfugcrant-io-wuier heat exchanger
101 io functron as a condmiser and no refmgcrant Io be
supplied to an evaporator 105. As a result, since no locv-

ia temperature refrigerant fioivs through the evaporator 105,
the blowing air is not cooled 'therefore engine cooling
water additionally heated by the refrigerant-to-v ater heat
exchanger 101 flows through the heater core 106 to heat
blowing air in a duct, so that heating capacity was capable
of being cnhaimid v,iihoui need for a PTC heater cvcn if an
eagine cooling cvater temperature was loiv

Such an air conditioner is additionally provided with the
refrigerant-to-v,ster heat exchanger lffl as a heatuig means
to heat cooiing water. To prevent refrigerant from fiowin

io into the evaporator 105 in heating, solenoid valves 102. 103,
prcssure-reducing valves 108. 109, und au outdoor hear
exchanger 107 ilrc uilaiiilddbly ncccssury. which raises a
pmblem of difficult space savin .

When an engine coolina ivarer teniperature is low at the
time of heating, even if rhe refrigerant-to-water heat
exchanger 101 is used as an auxiliary heating means. long
time was required until a temperature of refrigerant passing
tluough thc rcfugerant-toswatcr heat exchanger 101 rises
high enough Io start up Ihc mr conditioner, therefiire thcrc

so occurred a problem that it tonk long time for an air-
conditioning temperature in a vehicle compartnient to reach
a target temperature, or thar cool air was blown otf fmrn a
heater core to the vehicle compartment inside.

Furthermore. if the evaporator 105 v as frosted. defroctin
ic operation was conducted, wluch causcxf uitcrnuticni opera-

tion, thus degrading clmiatc pleasure.

DISCLOSURE OF THE INVENTION

do In vrccc of Ihc above-mcntionixl problem, ii is mt obleci of
the prcscni invention io provide au air conditioner thai
achieves space saving. shortens the reach time of a target
air-conditioning temperature, and prevents climate comfort
from being degraded during defrostin .

The first aspect of the present invention is an air condi-
tioner comprisin; a refrigerant cycle having an evapomstor
which rs disposed ui a blowuig duct and cools blowuig air
with rcfugcranr evaporation: a compressor of setting Ihc
evaporated refrigerant at high teniperature and high pres-
sure; a refrigerant-ro-water heat exchanger of heatmg cool-
in water by heat transfer from the refngerant discharged
from said compressor; and an expansion device of decom-
pressin the refri emsnt discharged from said heat
cxchimger. and

s a cooling water cycle having: a heater core w:hich is
disposed on the downstreani side of the evaporator on the
basis of a blowing direction in said blowing duct and heats
blowuig air by thc heated coolin water, a radiator ol'oolingthc cooling water, a pump ol'circulating thc cooluig

ro water cooled by said radiator; a power cnginc cooled by Ihe
cooling cvater fed by said pump; and said heat exchanger,
wherein the refrigerant cycle performs cooling the air tiir
dehumidification when said air conditioner Corke as a
heater.

Sc Thc second aspccs ol'hc presmit invention is an air
cmiditioner comprising a refrigerant cycle having an
evaporator cvhich is disposed in a bloiving duct and cools
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blowing mr with refugcrimt evaporation, a compressor of
settin the evaporated refrigerant at high temperature and
higii pre~sure; a refrigemsnt-to-water heat exchanger of heat-
ing cooliim water by heat transfer froin the refrigerant
discharged from said compressor: and an expansion device
of decompressing the refri erant discharged from said heat
CXChilllgCI; dill

a coolulg Aeter cycle having: a hmiter core wluch is
disposed on the downstream side of said evaporator on the
basis of a blowing direction in said blowing duct and heats Ia

blowing air by the heated cooling water: a radiator of
cooling the cooling water: a piunp of circulating the cooling
&later cooled by said msdiator: a power engine cooled by the
cooluig Aster li:d by sa&d pump, a power cngmc ouflet water
Iclllpcl'ilnlli: ilcti:i:I&oil llli:dns of nlciisiulllg &I li:IllpclatU&c of I

the cooling v ster heated by said power engine; a bypass for
connecting an inlet with an outlet for the cooling water of
said power engine and for preventing passing tl&rough said
power engine: a three-v ay valve installed on a branch
portion of said bypass at said inlet of said power engine: a lo
control means ol'oulrolluig an upcnmg dc~co of the
throe A ay valve A itll a v alt&i: ilctcclcd by BB&il powi I ellgllle
outlet ivater tempemsture detection means; and a cooliag
water cycle having said heat exchanger.

1'he third aspect of the present invention is the air con-
ditioner according to the second aspect of the present
invention, wherein said mlntrol means is a control means of
conlrollulg a thrcc-way valve so fliat Ihe coolm v,alar may
bypass saul power engine il'hc power enguic oullc! Aster
tenlpemture is lower than a prescribed threslxild value, and so

so that the cooling water may flow into said poiver engine if
the power engine outlet water tempemsture is higher than a
prescribed tlueshold value

The fourth aspect of the present imention is an air
conditioner composing. a reirigeranl cycle havulg an ls
evaporator which &s disposed in a blowuig duct and cools
Ailh rcfugerant vapor: a compressor of sellulg lhc evapo-
rated refrigerant at high temperature and high pressure; a
first refriaerant-to-water heat exchanger of heating cooliag
&later by heat transfer from the refri erant discharged from do

said conlpressor: a first expansion device of controlling the
dixompression of Ihe rclhgcrmlt dischargnl from said iirsl
heal exchanger, a second relrigeranl-to-waler heal
exchanger of transli:rnng heat bclwccn lhe refu aran& dis-
charged front said first expansion device and the cooling
water; a second expansion device of controlling deconlpres-
sion of the refrigerant discharged from said second heat
exchanger: an evapomstor inlet refri erant temperature
de&&Anon means of mcasuruig a temperature of lhc rcfug-
cranl of wluch decompress&on &s controlled by saul second o

expansion dcvicc, u control means ol conlrollulg said lira&

expansion device and said second expansion device using a
value detected by said evapomstor inlet refrigerant tmnpera-
nire detection means. and

a cooling &later cycle having: a heater core which Is 11

disposed on the downstream s&dc of smd evaporator on thc
bas&s of a blow&ng d&rection ui said blowulg duct and heats
blowing air by thc lmdtcd cooiulg water. a radiator of
cooling the cooling water; a pump of circulating the cooling
water cooled by said radiator: a power engine cooled by the io
cooling water fed by said pump: and said first heat
exchanger and said second heat exchanger.

ilia fifih aspect ol'hc prcscnl invenuon is lhc mr cond&-

tioncr according lo thc fourth aspect of Ihe present invmllion,
Ahcrcui Ihc control meaim is a control mmns ol'pcrfiimung ss
pressure control so that refrigemsnt may be decompressed by
said first expansion device and the second expansion device

may bc opened il'aid ci dporator inlet refugcraut lcmpcm-
ture is lower than such a temperature that fnlst adheres to
said evaporator, and so tlmt said first expansion device &nay

be opened and the refriaerant may be deconipressed by said
second expansion device if said evapontor inlet reibigemsnt
temperature is higher than such a temperature that frost
adheres to said evaporator.

Thc sixth aspcxl ol thc prcscnt uivmition is Ihe air
cmiditioner according to any one of the first, the second or
the fourth aspects of the present invention. wherein said heat
exchanger is a refri erant-to-water heat exchanger which
has flov,in directions of the refrigemsnt and the cooling
water Is re&arse each other.

Thc scvcnth aspect of ihe present uivmiliou is Ihe air
conditioner accorduig lo dny one of Ihc iirsl, the second or
the fourth aspects of the present invention. wherein said heat
exchanger is a refrigemnt-to-water heat exchanger wound
around said compressor

The ei hth aspect of the present invention is the air
conditioner accordin to the sixth aspect of the present
invent&on, whcrcui carbon dioxide &s used as thc refrigerant.

Thc ninth aspect of the present invenuou &s Ihe air
cmiditioner according to any one of the first, the second or
the filurth aspects of the present invention. fi&nher compris-
ing a bypass for connecting an i&&let ivith a&1 outlet for the
cooling water of the heater core and for preventin passing
throu h said heater core; a &turn-way valve installed on a
branch portion of said bypass at said &ale& ol'saul hcalcr core,
a control means of controlling an opeiung dcgrcc of said
three-way valve in accordance with an operatiim mode

'l'he tenth aspect of the present invention is the air
conditioner according to any one of the first, the second or
the fourth aspects of the present invention, wherein said
blov ing duct is a blowing duct for blowing air into a vehicle
i:Olllpilrlll&CI&1 Bllil Salil poA'Cr Cllgl&IC is a pow i:I Cllgll&C lol a
vchiclc.

Thc clcvcnth aspccx ol'hc prcscnt invention is an air
cmiditioning method using said air conditioner according to
the first aspect of the present invention. comprising a
refrigennt cycle step having: an evaporation step of cooling
said blowing air by the evapomstion of the refugerant in said
blowing duct: a compress&on slc1& of kccpuig thc evaporated
rcfugcrdnl al a lugh lempcralurc and al a high pressure. a
rcfugcrdnl-lo-wan:r heal exchange stc1& ol heatulg Ihe coul-
ing v ster by heat tnnsfer from said refrigerant discharged
from said compression step; and a decompression step of
decompressing the refrigemsnt discharged from said heat
exchan e step. and

a coolulg water cycle step havuig. a step of warming Ihe
blowuig air by thc heated coolulg water on thc downstream
side of saul cvapolilllo&1 smp on lllc bBsls of II blowlllg
direction in said bloiving duct. a cooling step of cooling the
cooling water with said msdiator. a step of circulating the
cooling vvater cooled by said radiator. a step of cooling said
power engine using the cooling water discharged by said
pump, and said hest exchange slap, and wluch performs
cooling the iur for dchunnddication by means of said

rc fr&geld&&I cvclc when saul Mr collilltlolli I vvorks Bs d hcdlcm
'l'he tv elfth aspect of the present inventiim is an air

conditioning inethod using said air conditioner according to
the second aspect of the present invention, comprisin: a
refrigerant cycle step having; an evaporation step of cooling
ll&C bli&A Illg Bll bv ll&C ci dpol'ill&oil Of flli: IC f1 lgi &dill ill said
blowuig duct: a compression stc1& of kecpuig the cvaporalcxt
ri:irlgC&dill Bl 11 high ICI&lpi:ldlUIC Bllil Bl B lllgll pli:SSUIC, a
refrigerant-to-&Cater heat exchange step of heating the cool-
ing water by heat transfer from said refrigemsnt discharged
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from smd compression step: and a decompression step of
decompressing the refngerant discharged from said heat
exchange step, and

a contin water cycle step having a step of v soning the
blowing air by the heated cooling water on the downsrream
side of said evapomstion step on the basis of a blov.ing
dlrccuon ul smd blots Ing duct, a coolulg step ol'oolulg the
coolulg water wuh enid radiator: a step ol circulaling the
cooling tvater cooled by said msdiator; a step of cooling the
polver en ine using the cooling lvater discharged by said In

pump: a potver engine outlet lvater temperature detection
step of measuring a temperature of the coolillg water heated
by said power enginel a step of controllin said tluee-way
salve; and said heat exchange step.

lllc lhlrli:i:ulh aspect ol Ihc prcscul ulvi:anon Is Bu alr I

conditionin method using said air conditioner according to
the fourth aspect of the present invention. comprising a
refrigerant cycle step having: an evaporation step of cooling
the blowing air by the evaporation of the refrigeranr in said
blowing duct, a compression step of keeping the evaporated lc
rel'rigcranl al a lugh Imnperaturc rmd al a lngh pressure, a
lirst rclyigcrant-to-water heat cxchrm c SICTI of hcaung the
cooling v ster by beat tmsnsfer fmrn the refrigemsnt dis-
charged front said conlpression step; a first decompression
step of controlling deconlpression of the refrigerant dis-
charged from said tirst heat exchange step: a second refri-
erant-to-ivater heat exchange step of transferring heat
bclwcml thc rclylgcrnnt dlschargtxl from ward lirsl dccom-
prcss lou step mid the coolulg water, a scuond decompression
step of controlling deconlpression of the refrigerant dls- ic
charged by said second heat exchange step: an evaporator
inlet refriaerant temperature detection step of measuring a
tempemsture of the refrigemsnt of which decompression is
controlled by the second decompression step: n step of
controllulg said first decompression stcxt and smd second Is
compression step usulg a value dcltmlcd by smd evaporalor
inlci refngcranl tcmpcralurc dclcclion slcp, and

;I coolhlg. w,'ucr cvclc step havul: a step t1f w'u'ullng
blowing air by the heated cooling water in said heater core
installed on the downstream side of said evaporator on the so
basis of a blowing direction in said blowing duct; a cooling
step of cooling thc cooing water wldl saul radiator, a step
of clrmilating thc cooling water cooled by said radiator. a

stt:p ol ci1i1hug Balll powi:I cugulc Usulg thc coolulg water
discharged by said pump, said first heat exchange step; and
said second heat exchange step.

BRIEF DESCRIPTION OF THE DRAWINGS

I ICi I is a block diagram of an air conditioner tiir vehicle
according to an embodiment I of the present invention:

FIG. 2 is a control flov chart of an air conditioner for
vehicle according to the embodiment I of the present
invention:

FIG. 3 Is a block dlagrmn of an air conditioner Ibr vehicle
according to the enllxidinlent 2 of the present invention:

Fl(i 4 is a control tlow chart of an air conditioner fiir
vehicle according to the embodiment 2 of the present
hlvcutlou:

FI(t. 5 is a block diagram of an air conditioner fiir vehicle ic
according lo thc mubodnuenl 3 ol'hc presmlt mventlon.

Fl(i 6 is a control tlow chart of an air conditioner fiir
vehicle according to the embodiment 3 of the present
hlvcutlou:

FIG. 7 Is a Molhcr diagram of rm air conditioner for ss
vehicle according to the enlbodiment 3 of the present
invention:

FICi 8 ls a Mollier dlagrrun of un air conthtloncr lbr
vehicle according to the embodiment 3 of the present
Invcntli1n;

lll(i 9 is a block diagmm of a compressor and a refrig;
emsnt-to-water heat exchanger according to the embodiment
4 of the present invention: and

FICi 10 ls a block dlagrrun ol' conventional air condi-
tioner for veluclc.

EXPLANATION OF SYMBOLS

1. blowuig duct
2. i:viipoliltor
3'olrlprcssol'

refngerant-to-water heat exchanger
5: expansion device
6: heater core
7. radiator
8. puulp
9. polvcr engine
I 0 tluee-tvay valve
I I bypass circuit
12: conti'ol ulcaus
13: refrigerant cycle
14. coohug wider cvclc

BEST MODE FOR GARRYINCi OUT THE
INVENTION

Embodiments of Ihc present invmltlon arc cxplaincd here-
iual'lcr ln conlunclion wiih tlrassutgs.

EMBODIMENT I

FICi I is a block diagram of an air conditioner for vehicle
according to an embodiment I of the present invention. An
air conditioner fiir vclncle according to thc mnboduncni I

includes a refngcrmu cycle 13, a coohng water cycle 14, and
a blowing duct I tiir feeding temperature-conditioned air
into a vehicle.

The refrigerant cycle 13 includes an evaporator 2 of
pcrfomung air cooling by rclhgcrunt evaporauon ul thc
blowing duct 1. A compressor 3 ls ulstallcd to ulcrease thc
pressure of the refrigerant evaporated by the evaporator 3. A
refrigerant-to-v ster hear exchanger 4 is also installed to heat
cooling v:ster lvith the refrigerant discharged from the
compressor 3. In addition, an expansion device 5 is mounted
to decompress refri erant discharged from the refbigemsnt-
to-watcr heal exchanger 4 bclbre lt la fcd into the evaporator
2.

The cooling lister cycle 14 includes a heater core 6

installed on the downstreanl side of the evaporator 2 on the
basis of the biast direction in the blowing duct I, a radiator
7 of cooling cooling ssrner. a pump 8 of circulatulg coolulg
water cooled by Ihe radiator 7, a power engine 9 of Ihc
vehicle cooled by cooling water, and a refngerant-to-water
heat exchanger 4 of warming refrigemsnt by coolmg lvater
The power engine 9 is a heatin source such as an engine or
a hiel battery.

Thc ullcl side of cooling ts a ter in Ihc rcfngcrant-lo-w alcr
heat exchanger 4 serves as the outlet side of refrigerant. and
the outlet side of cooling tvater serves as the inlet side of
refrigemnt, That is, directions in wluch cooling water and
refrigemnt fiow are opposite to each other.

A tlucc-way valve 10 is utslalltxt betweml ml millet of Ihc
refrigerant-to-ivater heat exchanger 4 and an inlet of a heater
core 6. 'I'here is also provided a bypass circuit ll connected
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w'llh thc Ihl'cc-wdy valve 10 Bs Onc cnd iuxl B sccnon
bet&veen an outlet of the heater core 6 and an inlet of the
radiator 7 as the other end Moreover, a control means 12 is
also provided to control the opening direction of the trtm-
way valve 10 according to an operation mode. Directions in
which cooling water flov throu h the bypass 11 and the
healer core 6 arc tnkcn as A-direclion imd B-direcnon
respectively. Arrows in FIG. 1 uldicatc A-direction and
B-direction respectively. The contml means 12 is provided
to control the three-way valve 10. I it

1'he operation of the air conditioner for vehicle Of the
above conti uration is explained below usil&g B flow: chart as
shown in FICi 2.

It is Iirst detccicd in step 40 whether the opcranon mode
of Ihc mr ciuulitioncr ls B coolhlg nlodc or il hcilung/ I

delnuuidifying mode.
When it is detected as the cooling, inode, processing

advances to step 41 and the three-way valve 10 is controlled
so that high-temperature cooling water may flow through. the
bypass 11. In FICi. I, coohng water flows in A-direction as 10

shown bv'ul Strow
11&e operation ol'hc rcfrigcrant cycle 13 mid the cooling

water cycle 14 in a cooling mode is explained below
At the refri enlnt cycle 13 m the cooling mode, when the

operation Of the air conditioner starts. refrigerant is conl-
pressed by the compressor 3 to become high-Iemperanue
and high-pressure as and is heat-radiated to cooling water
by the refrigerant-to-water lmdt exchimgcr 4. Next. thc
refrigerant heat-radialcd by thc relrigeranl-Io-waler heal
exchanger 4 is decompressed by the expansion device 5 to 10

be changed into a gas-liquid t&vo-plmse state under lov
tenlpemture and low pressure and inta&duced into the evapo-
rator 2. In the evaporator 2. refrigerant is evaporated by heat
absorption from the Interior air to be changed into a gas-
liquid two-phase or a gas slate and compressed by the &s

compressor 3. Tlnis, blowing air flowulg Iluou h ulsidc of
thc blowing duct I is cooled and delninnddied by the
cv'lpoi'Blot'

At a cooling water cycle 14, cooling, water is force-fed to
the power engine 9 by the pump 8 and heated by the power do

engine 9. At the refrigemsnt-to-water heat exchan er 4,
coolulg water is lmdtcd by heat tmnsli:r from refngcraut.
Next. since thc tlucc-way valve 10 is opened in such a
dirccuon that coolulg water flows tluough Ihc bypass 11,
higil-tempenlture cooling water flo&vs through the bypass I l.
'I'herefore, high-tempenlture cooling water does not flov
through the heater core 6. so that blowin. air in the blov. ing
duct I is not heated„and It is finally returned to step 40.

In step 40. when thc heating/dehunndifving mode is
detixtcd. processulg advmlccs to step 42, imd Ihe flucc-way 0

1 Blvc 10 Is controlkxl so thin cooing w dier fk&w s Ihtoilgh Ihc
heater core 6 In I&I(i. I, coolulg water flows in B-direction
indicated by an arrow

The refngerant cycle 13 and a cooling water cycle 14 in
the heating/dehumidifyin mode are explained below.

11&c rcfrigcrant cycle 13 in thc hcatmg/dchumulifying
n&odc Is Ihc sante Bs for Ihc opclduon ul Ihc coolln nu&ilc

dnd an explanauon is omiucd. The refrigerimt cycle 13
operates as a dehunlidifying function for blowing air in the
blowing duct I At the cooling water cycle 14, high-tens- ic
perature cooling water heated by the power el&gine 9 and the
refrigerant-to-water heat exchanger 4 flows tluough the
healer core 6. Hcrcut blow ulg air m thc blowing duct 1 is
w Bnncil up.

By using thc refngermlt cycle 13 for dchumidificauon in ss
the heating nlode as well. use of solenoid valves 102, 103,
pressure-reducing valve 108, and exterior heat exclmnger

107 and so on, whicl was conventionally nccdcd, can bc
elinlinated, thus achieving space saving

In the heating/delnunidifying nlode. defoggulg can be
perfornled for a vehicular windshield when an ambient
temperature is low.

I MIIOI)IMI.N'I'

The basic configuration of an air conditioner for vehicle
according to an embodiment 2 of the present invention is the
same as Ilmt of Ihc embodunmlt I and is cxplmncd wuh a
ficus placed on difli:rmlces between them. Thc same cun-
stuucnt clcments as for the muboduncnt I have thc same
nun&bets 00 thciu

l&I(i 3 is a block dil rant of an air conditioner for vehicle
according to the embodiment 2 of the present invention.

The configuration of the refri emsnt cycle Z6 is the same
as for the embodiment I mid an explanation 1 ~ thus onuued.
Thc cooling cycle 27 is ddli:rent lkom that of thc cmbodi-
mcnt I and does not ulclude Ihc tlucc-way valve 10, thc
bypass I I or the control means 12. A three-way valve 20 is
installed benveen the power engine 9 and the pump 8 'I'here
is pmvided a bypass 22 connected with the three-way valve
20 as one end and a section bet&x een the pow er engine outlet
water Icmpcrdture mc;ms 21 and Ihe rcfngcrant-Io-waler
heal cxclmngcr 4 as thc other cnd.

There is also provided a control means 23 of controllulg
an opening direction of the three-way valve 20 using a value
detected by the power engine outlet water temperature
detection means Zl. Directions in which cooling water flows
throu h the power engine 15 and the bypass 22 are taken as
C-direction mid D-dirccnon respcctivcly Arrows ul FIG. 3
indicate C-direction and D-direction respcctivcly

Thc heater core 24 ol'he embodimmlt 2 ulcludes a
damper 25 unlike the heater core 6 Of the embodiment I .

'I he
damper 25 is so configured Io open and close When the
damper 25 is open, blowing air passes through the heater
core 24 and, when the danlper 25 Is closed, an inflow of
blowulg air into Ihc healer cure 24 m shul down. FIG. 3
indicates an open stale ol'hc damper 25 with a Iwo-dot
china linc and its closed state with a sohd lute.

I'he operation Of the air conditioner fi&r vehicle of the
above configuration is explained below I'he operation in the
cooling mode is first described. At the refrigerant cycle 26,
the same operation as that of the embodiment I is per-
formed, therefore the description of its operation is omitted.

At thc cooling water cycle 27. Ihc three-way valve 20 is
controlled so that cooling water flows into Ihc power cngulc
9 Cooling water ti&rce-fed by the pump 8 is heated by the
power engine 9 and is then further heated by the refrigerant-
to-v ater heat exchanger 4. The cooing w ater flows throu/I
the heater core 24 is heat-radiated hirther by the radiator 7
and is returned to the pump 8. Since the damper 25 of the
hcatcr core 24 is closed. blowing mr ciuulot flow tluou h Ihe
hcatcr core 25. so that it is not wanued.

Next. the operation of the tluee-way valve 20 in the
heating/delnunidifyin nu&de is explained using the flow
chart shown in FIG. 4. At the refrigerant cycle 26, thc same
opcrauon as Ihat of Ihc embodunmlt I is pcrfi&rmcd, Ihere-
fbrc the descnption of its operation is omitted.

At the cooiing v:ster cycle 27, v, hen the operation of the
heating/dehlunidifyin mode start~, a coolin water tem-
pcralurc Tl dctccted by ihe power mlgule outlet waler
tcmpcrature dctccuon menus 21 is compared with a dcstrcxf
scttulg tcmperaturc Txl (cx. 40'd in step 50. 11&e Txl is
a value set so that a blolvin air temperature on interior side
may not impair conlfort at the time of heating/dehumidify-
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ing operation. Iu thc hcaungsdchututdtfying mode. thc
dmnper 25 opens and its opening degree is adjusted accord-
ing to the setting temperature Tx(.

If I'I is snlaller than Txl. this indicates a temperature of
the posver en ine 9 is low: thereliire processing advances to
step 51. The tbree-way valve 20 is controlled so that cooling
water may flow in D direction, there(lire cooluig va(er docs
noi flow into thc power engine 9. but tluough the bypass
circuit 22, and only the cooling ivater heated by the refrig-
emnt-to-water heat exchanger 4 is circuksted in the heater ul

core 24 As a result. the power engine 9 under a kow

temperature can reduce quantity of heat mdiated by the
cooling water. enabling the temperature of the cooliitg water
passuig through the heater core 24 io nsc in a shor(cr time.

lhc blowing air flowcd into thc hca(er core 24 with thc
dmnper 25 opened is warmed by the heated cooling water.
After the completion of this control. processing retunls to
step 50

If TI is at least Tx1 (n step 50. on the other hand. (lus
indicates that the temperature of the power engine 9 (s io
sufliciently high and Ilm (mnpcralure of coolm waler is a
lixixl value or over, Ilmrefiire processuig advances io step
52 'IIie tliree-way valve 20 is controlled so that cooling
water may flow in ('-direction: therefore the cooling water
heated by the refrigensnt-to-water heat exchanger 4 and the
power engine 9 flows into the heater core 24. Consequently,
the tentperature of the coolmg water flowing into the heater
core 24 cmi bc incrcascd without need for uicreasuig thc
operation frequency of (hc compressor 3 for an uicrcasc in
the heating capacitance of the refrigerant-to-ivater heat so

exchanger 4
'(lie blowin air tlowed into the heater core 24 with the

damper 25 opened is warmed by the heated cooling water.
After the completion of this control. processiitg returns to
s(ep 50. is

By con(rolling thc thrcc-way valve 20 at star(-up umnc-
dia(ely afier mi operation ui the heanng/dchunndifying
nlode. the cooling water flows so that the power engine 9
under a loiv temperature may be bypassed until the power
engine 9 is heated to a fixed temperature. As a result, the do

antount of heat radiation can be reduced: therefore the
(ampere(urc ol'w uter flowcd uito thc hen(er core 24 is raiscxt,
wluch cmi unprove quick wamung, tlm( is, comfortableness.

EMBODIMENT 3

lhc basw. conliguration ol'n air conihhoner lbr veluclc
according to an cmboduncnt 3 of Ihc prcsen( inven(ion is thc
same as that of the embodiment 2 and is explained with a
fiicus placed on differences between them 11ie sante con-
stituent elements as for the embodiment 2 have the same
nuntbers on them.

FIG. 5 is a block diagram of an air conditioner for vehicle
according lo Ihc embodimcn( 3 of thc prcscn( mvcntion.

'(lie refrigerant cycle 36 includes the evaporator 2 and the 3

compressor 3 like the embodiment 2. In the embodiment 3,
the first refngerant-to-water heat exchanger 30 and the
second refngcraut-(o-water heat exchanger 32, mid ihe lira(
expansion dcvicc 31 installed bc(ween Ihe Iw o refhgcraul-
to-wd(cr hca( cxchaugers 30, 32 arc utslaflnl m place of the io
refrigerant heat exchanger 4 in the embodiment 2 The
expansion device 12 in the enibodiment 2 is corresponding
to a second expansion device 33 in the embodiment 3.

Be(ween the second cxptmsion device 33 and (hecvapo-
ralor 2, dn cvapora(or inlet rcfrigcrmil Iemperature deleclion Ss

nleans 34 is installed A control means 35 is installed to
control the hrst expansion device 31 and the second expan-

sion device 33 according (o d value of thc cvapomtor uriel
refrigerant temperature detection means 34 'I'he cooling,
v ster cycle 37 does not include the three-way valve 20, the
bypass 22, the power engine outlet water tenipemture detec-
tion means 21 or the control nteans 23 unlike the embodi-
ment 2.

Thc opera(ion of thc mr conditioner lbr vcluclc of Ihe
above conliguration is cxplauied belows

I'he openstion in the cooling mode is first described.
At the refrigerant cycle 36 in the cooling mode, the first

expansion device 31 is controlled to be opened so that
refrigemnt may not be decompressed and the second expan-
sion device 33 is controlled so that refri erant may be
dimomprcssed. As a rcsull. Ihc refngermit sublcclcd to lugh
tcmperaturc and lngh prcssure at (hc compressor 3 is hea(-
nsdiated by transmittina heat to cooling water at the first
refrigerant-to-v,ster heat exchanger 30 and the second
refrigerant-to-v,ster heat exchanger 32 Next. refrigerant is
decompressed by the first expansion device 31, and blowin
a(r in the blowing duct I is cooled/dehumidified by the
evaporator 2.

In thc cooluig water cycle 37, the cooling water force-fcx(
by the pump 8 is heated by the power engine 9, then heated
by the second refrigensnt-to-water heat exchanger 33, and
heated by the first refriaerant-to-water heat exchanger 30
Next. the coolin water flows into the heater core 24. The
damper 25 of the heater core 24 is closed, and blowin air
ncvcr flow s in(o thc banter cure 24. so that blowuig air is not
warmed, and is then hea(-radiated by thc radiator 7 and
returned to the piunp 8

'I'he operations of the hrst expansion device 30 and the
second expansion device 32 in the heating/dehumidifying,
mode are explained below. using a flow chart of FIC(. 6.

At the refrigerant cycle 36, in the heating/dehumidifyin
mode, lira(, a relrigeranl u:mperaturc T2 dc(cctixl by Ihe
cviipordtor title( tcitipcid(urc deice(ioii iiictiiis 34 Is coiii-
pared wi(h a (arge( acting tcmpcraturc Tx2 fcx. O'.) ui slc73

60 'I he 'I'x2 is a tempensture preset so that the evaporator 2

may not be frosted.
If T2 is smaller than Tx2 in step 60„ this indicates the

possibility that the evaporator 2 may be frosted. Processing
advances to slc73 61, ui which thc lirst cxpmi~iou device 31
is conlmllml so Iha( refngcranl muy bc dccomprcssed and
thc second expansion device 33 is con(roflcd to be fully
opened so that refri erant nlay not be decompressed, and
pmcessing returns to step 60.

FICi. 7 is a Moflier diagram of a state of the relbigemnt
cycle 36. The heat radiation amount of the first relbigemnt-
to-water hca( exchanger 30 is denoted as Q1, thc hca(
absorption amoun( of thc sixond rclrigcrant-lo-water heal
exchanger 32 is deno(cd as Q2, mid thc heat absorp(ion
amount of the evaporator 2 is denoted as Q3. In the
embodinlent 3, the firrt refrigerant-to-water heat exchnager
30 acts as a radiator and the second refrigerant heat
exchanger 32 acts as an evaporator, therefore heat exchange
licit(-Iiiiiisfcl drca ac(trig ds Ilic cvtipol'it(or iilcrcascs arid
cvapora(ion Imnpcrd(ure nscs, (luis avoiding frosluig of thc
evaporator 2.

If 'I'2 is I'x2 or higlier, there is loiv possibility of the
evaporator 2 being frosted, and processing advances to step
62. ui which the first expansion device 31 (s controlled so as
to fully open and the second expansion device 33 is con-
trolled so as to ob(ain dixompression, aud proccssuig
advances (o slap 60.

FICi 8 is a Molhcr diagram of a state of thc rcfrigcran(
cycle 36 'I'he heat radiation amount of the first refrigerant-
to-water heat exchanger 30 is denoted as Q4, the heat
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radianon Iunouut ol Ihc second rclugemnt-lo-water heat
exchanger 32 is denoted as Q5, and the heat absorption
amount of the evaporator 2 is denoted as QA In the
embodiment 3. the heat absorption amount of the interior
evaporator 2 is kept maximum, that is. heating operation ls
possible while dehumidifying amount is being kept rnaxi-
nuun.

At the cooling water cycle 37 in the beating~dehumidify-
ing nu&de, the damper 25 of the heater core 24 is kept open,
so (liat blowing mr w warmed by passing tluough thc hmiter Iii

core 24.
By controlhn thc lirst cxpimsion dcvwe 31 mid the

second expansion device 33 in tlm heaung/dchunndlfying
mode. the second refngermlt-to-water heat cxclrulgcr 32 Is
nlade to act as an evaporator to increase evaporation tenl-
perature, thus avoidmg frosting of the evaporator 2 v ithout
degrading comfortableness.

'lllis air conditioner for vehicle configured by combining
the cooling, lvater cycle 27 of the embodiment 2 with the
refrigerant cycle 36 of the embodiment 3 mny be used. In
this case. quicl. warmin, that is. comfortableness can be
improved at start-up unmcdiatcly sfler the operallon In the
heatulg/dehumidifying mode. Morcovcr, lrosling of the
evaporator 2 can bc avonlcd without imy impmmlcnt of the
comtilrtableness

In thc cmbodnueuts 2, 3, a bypass for colulcctulg ml inlet
with an outlet of cooling water to the heater core as
mentioned in the enlbodinlent I may be installed without
installing the heater core 24 pmvided with the damper 25 to
foun such a conti uration that no high-temperature cooling ii)

water passes the heater core at the time of coolin .

EMBODIMENT 4

31
FIG. 9 is a block diagram ol'ml ultcgratcd type ol'structure

of the compressor 3 mid a refngcranl-to-walcr heat
exchanger 4 according to the embodiment 4 of the present
hlvention.

Tile rclbigcrant-to-water heat cxchim cr 4 ul FIG. 9 Is of
dc

a double tube and is configured so tlmt refrigerant flows
through its Inside and water flows thnlugh its outside in a
counterflow manner. The refrigerant-to-lvater heat
exchanger 4 is wound around the compressor 3. An enlarged
1 iew ofA-sccuon indicates an inlcl portion of the rcfrigcra-
tor water heat exchanger 4 for rcfngcranl subjected to lugh
tempcraturc aud lugh prcssure by flle compressor 3. As
illustrated, a refrigerant tube is smaller than a cooling water
tube. and is configured so as to go into the inside of the
cooling ivater tube fmm the outlet side of the refri erant-

1„
to-water heat exchanger 4 for cooling water and to go out
lrom thc inside of the coolulg water lube lrom tlm ullct side
ol'he refugerant-to-water heat cxchmlgcr 4 for coolulg
w ster.

lllc refrigerant-to-water heat exchanger 4 lbnucd out of
double tube is wound around the outcr casing of thc

compressor 3, w luch provides morc space savulg tlxin In thc
case where the compressor 3 and the refrigerant-to-water
heat exchanger 4 are installed individually

In the cooling mode„ the heat radiation of the compressor ii,
can be improved further to restmsin an excessive temperature
rise in the refngerant discllar ed from the compressor 3. thus
dc111evulg hlghcl'chablhtv ol lhc Bu condltloncn

In Ihe heating/dchumnhl'yulg mode, the heal radiation
from thc compressor 3 cml bc used as a heating source for si
cooling water, thus raising the tenlperature ot water tlowing
through the heater cores 4 and 24 in a shorter time

Thc conliguration of Ihc rcfngerant-to-water heal
exchanger of the present invention is not limited to the
double -tube configunstion. and various types of configura-
tions capable of heat transfer betlveen refrigemsnt and cool-
in v ater may be used.

The refri cram-to-lvater heat exchan er of the present
invention uses a countcrflow arraugcmcnt, in wluch thc
flowing dlrimtlolw of coolulg water aud rclbigerant are
opposite to each other. however. nlay use the sslne-direction
Blr;ulgenlenl.

I lowever, in the case of I I('I'('efrigerant or I ll'('efrig-
erant which has been conventionally used. a temperature
change In the refrigerant is seldom found while a gas-liquid
two-phase Is being condcnscd. In thc case that rclhgcrant is
carbon dioxide. Iugh-prcssure side is supercutical cycle.
therefore heat radiation is performed while a tempensture
change is ahvays bein made

Where heat exchange is performed so that refrigerant and
cooling water may have a counterflow manner like a water
refrigerant heat exchan er of the present Invention, a tem-
pcraturc dill'crcnce between rcfrigcrant and water is small
dnd 11 tcnlpci'ilturc I'iidlent ls Ilhnost baldncixl Bs conlpalcx!
to conventional refri emnt. 1herefore, carbon dioxide can
be used as refrigerant. and higher heat exchange efficiency
can be achieved and the operation of an air conditioner can
be perfomled vvith high COP (coeificient of performance of
refrigemnt cycle).

Thc lira( and second expansion dcviccs of the lira( and
second aspects of presmlt immltlons correspond to thc
expansion device 5 in the embodiments I, 2, and the first and
second expansion devices of the fourth aspect of the present
invention correspond to the hrst expansion device 3 I and the
second expansion device 33 in the embodiment 3. In the
embodiments I, 2. 3, the expansion device of the present
invention is fomlcd out of d valve capable ol'dpistm
flow rate. but it is not limited lo this conligurdtion. Marious
types of compressor cnpablc of controllulg fluid prcssure
may be used.

I'he power engine and air conditioner of the present
invention correspond to a power engine and an air condi-
tioner for vehicle in the enlbodiments I. 2. 3 or 4. The
present invmltion ts not linutcd to use for vcluclcs, bul
applicable to venous types of power engines aud air condi-
tloncls uscxl ul plans dnd iilrcldlls.

As can be clearly understood from the foregoulg expla-
nation, the present invention can provide air conditioning,
operation while attaining space saving.

At the time of start-up immediately afler heating/dehu-
nudlfying mode opcrauon, heat radiation mnount can be
miulc small, mlabhng thc tcmpcraturc ol'ater passulg
tluuugh thc hcatcr core lo usc ul a shorter time and unpmv-
ing quick ivlmming or comfilrtableness

In the heating/delnimidi fying mode, evaponstion tempem-
ture can be raised, thus avoiding frosting of an evaporator
without impairing comfortableness.

By adopting such an ultcgrated type of structure thai a
rcfugcrdnt-to-wau:r heat exchanger covers thc mncr casulg
of a compressor, space sdvulg can be aclucved.

By using carbon dioxide as refrigerant. higher heat
exchange etficiency than conventional refrigerant can be
attained to realize air conditionin operation w ith high GOP.

The invention claimed is:
I An air condiuoncr comprisulg
a rcfrigcrant cycle luivulg. an evaporator which Is dls-

posixl in a blowulg duct aud cools by rcfrigcrant
evaporation; a compressor settmg the evaporated
refrigerant at high temperature and high pressure: a first
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rclbigcrant-to-mater heat cxchan cr hcatmg cooling
water by heat transfer from the refrigerant dischaiged
from said compressor; a first expansion device contrnl-
lina the deconlpression of the refrigensnt dischaiged
from said first heat exchanger; a second refrigerant-to-
lvater heat exchan er tmsnsferring heat between the
rcfllgCrallt illsCllargix! frolll Sall lirsl Ci.pBIIS1011 dCvlcc
dnd the cooling water: a secund cxpmlsion device
controlhng decompression of the refrigerant discharged
from said second heat exchanger; an evaporator inlet
refrigerant temperature detection means of measuring a
tempemsture of the refrigerant of ivhich decompression
is controlled by said second expansion device; a control
mc;ms of controlluig smd lirst cxpaimion device and
said second expansion dcvicc using a value dctcctu! by
said evaporator ullet refrigerant temperature detection
nleans, and

a cooling, water cycle having: a heater core v hich is
disposed on the downstream side of said evaporator oil
the basis of a blowing direction in said blow:ing duct
dnd which hcuts blowing air by thc healed cooling
m'dtcl, II radldlor coollllg lllc Coollllg mulct, II plllllp
circulatin the coolmg water cooled by said radiatnr, a
polver en ine cooled by the cooling mater fed by said
pump: and said first heat exchanger and said secnnd
heat exclmnger.

3. The nir conditioner according to claim 1. wherein the
control mcaim performs prcsuirc control so thai relrigcrmll
may bc decomprcssixl by said first expansion device mid thc
second expansion device may be opened if said evaporator
inlet refrigerant temperature is lower than a temperature
where frost adheres to said evaporator. and so that said hrst
expansion device may be opened and the refbigernnt mny be
decompressed by said second expansion device if said
Cvtipordtor 1111Ct rclrlgcralll lclllpCIdlllrC IS lllgllCI thrill SIICll

tcmpcraturc where frost adhcrcs to smd evaporator.
3. Thc mr conditioner according to cldun 1. whereul said

atleast one of said heat exchanges a refrigerant to water heat
exchmlger v here fiowing directions of the refrigerant and
the cooling mater are reverse to each other.

4. The air conditioner according to claim 3. m:herein
carbon dioxide is uscxt as flm relngcrdnt.

5. Thc air conditioner accordui io clauu 1. mhcrcul smd
lied l CXChdllgCI Is 8 rcfrlgci din-li&m Biol lied l cxChallgcr
wound around said conipressor

6 'l'he air conditioner according to claim l. hirther
comprising: a bypass for connectin an inlet with an outlet

IO

ls

8 An air conditiomng method usuig said air conditioner
according to claim 1, conlprisin:

a rclrigcranl cycle step having: an evaporation step cool-
ing the biowing air by the evapomstion of the refbigemsnt
in said blomuig duct; a compression step keeping thc
evapnrated refrigerant at a high temperature and at a
lugh prcssure; 8 lirsl relhgermll-lo-water heal exchange
step heating the cooling water by heat transfer from the
refri erant discharged from said compression step; a
first decompression step controlling decolnpression of
the refrigerant discharged from said first heat exchange
suflfi 8 second rcfngcrmlt-to-wuter heat exchange stcTI

transferring heat bclmccn lhc rcfrigcranl discharged
from xdnl lirst decompression step and the coolulg
v ster: a second decompression step controlling decom-
pression of the refrigensnt discharged by said second
heat exchan e step; an evnpomtor inlet refrigemsnt
temperature detection step measuun 8 temperature of
thc rcfngerant whcrc dccomprcssiou is controlled by
thc second decompression step, a step of conlrollulg
said first decompression step aud said second comprcs-
sinn step using a value detected by said evaporator inlet
refrigerant temperature detectinn step, and

a cooling water cycle step having: a step of warming
blow uig air by the heated cooluig mater ul saul heater
core which Is utstallcsf on thc downstream side of said
evaporator on the basis of a blolving direction in said
bloiving duct; a cooling step cnoling the cooling water
with said radiator; a step of circuLating the coolin
water cooied by said radiator: 8 step of cooling said
power engine using the cooling water discharged by
said pump, saxi first heat exchange step, mid said
second heat cxchdngc sup.

for fllc coollllg watcl'f fllc llcdtcr coro alii fol plcvcllllllg
the cooling water passing tluough said heater core, a three-
way valve uistallcd on a branCh pouion ol'said bypass at said
inlet of said heater core: a control means of controlling an
opening dcgrcc of said tluec-may valve in accordance with
an operation mode

7 The air conihuoncr according to clanu 1, mlmrmn said
fiowing duct is a blowina duct fnr blowing air into a vehicle

I i 1

colllpilrtlllCIll alii Sall porn'Cr CllglllC is 8 porn Cr CllglllC lol 8

vehicle.


