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HEAT EXCHA vGE SYSTEM

CROSS REFERENCE TO RELATED
APPI ICA'I'IONS

1'his application is a 371 Natioiml Stage application of
P('T international application PCT/JP2011,'007120. filed oil
l)ec. 20. 2011, ivhich claims priority to .Iapanese Patent
Application Nos. 2010-234830 filed on Dec. 21, 2010, and
No. 2011-272273 iilcd on Dec. 13, 2011, the disclosures of
which are incorporated herem by reihrence.

TECHNICAI F]EI D

1'lite present disclosure generally relates to a heat
exchange system in winch heat is exchanged among o

plurality of fluids

I3A('K(iROIINI )

('onventionally. as disclosed in .Iapanese patent docu-
ments I and 2. a vehicular air conditioner heats air. i.e., a
blowing air to bc sent into a vchiclc compartment. by
exchanging heat between the air (i.e., a third fluid) and a .;
discharged refmgcrant (i.c.. a lirst flunl) discharged from a

compressor. I'urther. the above documents I, 2 further
disclose a conti urauon that the vclucular mr conditioner
heats thc blowin mr by heat exchange bctv,cen the blowing
air and a heat niediuni that is different fnim the discharged io
refrigerant (i e., a second fluid)

In other ivords, the vehicular air conditioner in the above
documents I, 2 uses a heat exchan e system for exclmnging
heat between a plumlity of fluids (i.e.. a discharged refrig-
erant, a heat medium. and B blow ui sir). More pr mtically, is
thc heat exchmigc system is used as thc one ui v,hich heat
from two types of fluids (i.c., thc tirst/second fluids) is
transferred to the other fluid (i e . the third fluid)

More pmctically, in the patent document I, a heat
exchange system for msdiating heat from the discharged do

refrigerant ond fmm a brine to the blowing air can be
rcahzed ds a combnuxl-type heat exchanger by combining
two heat cxclrdngcrs in onc uiut, that is, by combuung o

hcatuig heat exchanger that heats the blowing mr by thc heat
exchange between the blowing air and the discharged refrig-
erant and a heater core that heats the blowing air by the heat
exchange between the blowing air and the brine that is a heat
medium heated by o combustion-type heater.

Further. in the combined-t)pc heai exchanger ui the patent
document l. a tcmperaturc diflhrcnce bctwcmi flie dis- o

cluirgcd refmgcrant and tlm blowuig air as well as a tem-
perature ditference betiveen the brine and the bloiving air are
secured by positioning, on a doivnstremu side of the heating
heat exchanger in terms of the blowing air tlowing there-
tluough, the heater core throu/) which the brine having i.
lllgllci ICillpCraturc tlldll tile illsChBrgcd rCfllgcriin1 1s CllCil-

lo(Cd.
Further. in thc patent document 2, fist like the disclosure

in the patent document 1. a heat exchange system for
radiatina heat from the discharged refrigerant and from a ii!

coolant to the blowing air can be realized as a combined-
type heat exchanger by combining two heat exchongers in
one unit, that is, by combuung a heating hmit exchanger
similar to Ihc onc in thc patent document I and a heater core
that heats tlm blowing mr by thc heat cxcliangc bctwixn the ss
blowing air and a coolant (i.e, a second fluid) for cooling an
engine

Furtlmr, in Ihc combuicd-type heat exchanger in the patcn1
document 2. a volume reduction for preventing a vohune
incrcasc ol'Bn cntirc body of Ihc hmt cxchangcr is planncxI

by combining a refrigerant tube and a coolant tube on their
flat surfaces, i.c., by combinnig thc rcfugcmnt tube lmvuig
a flat cross-section for passing the coolant through the
heating heat exchanger and the cookmt tube having a flat
cross-section for passing the coolant through the heater core

PRIOR AR'I l)O( UMIIN

I'atc11(

DiicuiucnI

(Potent document I) Japdncsc patent No. 327S415
(Patent docunient 2) .Iapanese patent No 4311115
Howcvcr. ui a hybnd i chicle and ui an idle-stop vcluclc

(i e, an engine-stop function equipped vehicle). teniperature
of on engine coolant is slots to rise in comparison to a
normal vehicle that always operates the engine, due to the
stopping of the internal conibustion engine during the travel
of thc vehicle or at a nme ol'd tmuporary stop of thc vehmlc
for the purpose of improving the fuel milea e.

Thcrcforc. if thc hcdi exclmnge system of the patcn1
document I is installed in the hybud/idle-stop vehicle and an
engine coolant is used as a brute in thc heater core, thc
heatmg heat exchmiger may be able to heat the blowing air,
but the heater core may not be capable of heating the
blowing air when a temperature of the coolant is lower than
temperature of the discharged refrigerant.

In other words, heat will not bc transfi:rrcd ui thc hcatcr
core from the Iow temperature coolant to the bhiv in air that
has already bccn heated in thc heating heat exchmiger.
Instead, there may be a case that the blowing air bavin
alrciuly bccn hcatcd by thc heating heat exchanger dissipates
heat to the coolant, which is an unwanted exchange of heat

Furtlmr. if thc heat cxclrdnge systmu of thc patent docu-
ment 2 is installed in the hybritpidle-stop vehicle, not only
the heater core but also the heating heat exchanger may not
be capable of sufficiently heating the blowing air when a

temperature of the coolant is lower than temperature of the
discharged rcfngcrdnt.

Such a problem arises because the heat exchanger in the
pa(cut document 2 directly combines the coolant tube and
the coolant tube 'I'hat is. in such a direct combination
stnicture. the heat conductivity between the discharged
refrigerant and the coolant is possibly lugher than the heat
conductivity bctwccn thc disclrdrgcd refngerant and thc
blow uig Bir or thc heat conductn ity betw emi the coolant and
the blow ing air.

In case, as described above, that the heat conductivity
between the refrigerant and the coolant is higher than the
heat conductivity between the coolant and the blowing air,
almost all the heat from the discharged refrigerant is trans-
fcrrcd to thc coohmt and the blowing Bir may be not
sllfilciclltlv hcatcil Allen il ilrop ol tile cooldllt tcillpcrdtilic
cmiscs B large Imnpcrdturc difli:rcncc betwemi the dischar c
refrigerant and the coolant, i e., even when the coolant
temperature is higher thmi the blowmg air tempemsture

Therefore. when one of the two types of ihiids (i.e., the
first and second fluids) hos a temperature change. the heat
exchange systems in Ihc pau:nt documents I and 2 will not
bc able to ixlcquatcly dissipate heat from both of thc two
types of fluids to thc other (t.c., third) fluid. That is, an
adequate heat exchan e will not be realized among the
plumsl types of fluids in such a situation.
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SUMlVLARY OF THE INVENTION

In vieiv nf the foregoing. it is an object of the present
disclosure tn provide a heat exchange system that is capable
of exclmnging heat adequately among a plurality of fluids.

For achieving the above object, according to a first aspect
ol'hc present disclosure, a heat exchange sysImn includes
a Iirsi heat cxclrdngcr for rdihoting hea1 from a Iirsi fluid Io
a third fluid by performing heat exchange benveen the hrst
fluid and the third fluid: a second heat exchanger fiir Io

performin heat exchange benveen a second fluid and the
third fluid: and o second-fluid flow amount adjustment unit
for adjusting an inflow amnunt of the second fluid flowing
into ihe second heat cxclmngcr. Thc first fluul passm thc
lirsi heat cxchangcr and thc sixond fluid passuig the second
heat exchanger are conhgmed to be heat-transferable v ith
each other, and teniperature of the first fluid floiving into the
firs heat exchanger has a higher value tlmn temperature of
the tlurd fluid flowing into the first heat exchnn er. The
second-fluid flow amount adjustment unit decreases the zo

inflow amount of ihe second fluid when a temperature of the
second fluid flow rng into the sixond heat exchanger rs equal
to or higher than a predetermined second standard tmnpera-
ture and is equal to or lower than a predetermined hrst
standard temperature, as conipared with the inflow antount
of the second fhud when a temperature of the second fluid
flowing into the second heat exchanger is higher rhon the
lirsi st;mdard Icmperaturc, or os compared with Ihe mflow
amount ol'the second flurd whcn a temperature of thc second
fluid floivin into the second heat exchanger i ~ lower than so

the second standard tempemsture I'urther, the first standard
tenipemture and the second standard tempemsture are resprx-
tively set to be equal to or lower than temperature of the first
fluid flowing into the first heat exchanger and the first
Sinildnid ICillpcratui'C 1S SCI Io hBvc a highCi vrllilc Illall Ss

tcmpcraiurc of tlm ilurd flusl flowuig into thc second heat
cxchrlllgci.

In such conhguration, when a temperature of the secnnd
fluid is higher than the first standard temperature. heat rs
tramferred from the first fluid to the third fluid at the first do

heat exchanger. and heat is transferred from the second Ihiid
Io ihe tlurd flurd ai Ilm second hea1 cxchan er. In other
words. an adcquatc hcnt cxchangc can be reahzed ai Ihe first
dill sccolld lli at cxchBilgcis fol radidilllg hera froin Ihc first
and second tluids to the third fluid

I'urther. since the second-fluid flos amnunt adjustment
unit decreases the inflov amount of the second fluid when a
tempemsture of the second fluid flowing into the second heat
exchanger is equal io or higher thon Ihe second standard
tcmpcraiurc and rs equal io or lower than Ihc Iirs1 standard o

tcmpcraiurc, an adcqunte heat drssrpauon cmi bc pcrformcd
even ivhen a temperature of the second fluid flowing into the
second heat exchanger is equal to or lov;er than the hrst
stanihsrd temperature.

In other words„even when a tempemture difference s.
bciw cmi tcmperaturc of thc Iirst fluid mid temperature of thc
second flunl is increased by ihc decreasui ol temperature of
the second fluid flow uig into thc second heat exchanger to bc
equal to or lower than the first standard tempemsture. an
unwanted heat exchange between the first fluid and the io
second fluid is restricted, so as to efliciently dissipate heat
front the first fluid to the third fluid.

Further. when thc tcmperdturc drflcrence between the
tcmpcraiurc ol'hc Iirst flusl mid Ihc Icmpcraiurc of the
second fluid is I'urthcr increased by the drxrcasrng of Iem- ss
perature of the second thiid flowing into the second heat
exchmiger below the second standard temperature. heat

cxchangc bctwcen Ihc first flurd mid thc second flunl is
facilitated v;ithout decreasing the inflow aniount of the
second fluid. thereby increasing the heat msdiation amount
from the first thiid based on the dissipation of heat from the
first fluid to both of the second and the third fluid.

Therefore. without depending on temperature change in
the second flurd, an adixpiaie ln:di exchange among Ihe
plural type Ihiiih can bc realized by thc heat exchange
system for exchanging hear among the plural type fluids
Iiurther, wording "a decreasing, of an inflow aniount" indi-
cates not only that an amount of flow is decreased. but also
that an amount of flow is reduced to zero. i.e.. the heat
exchanger has no inflow flowing thereinto.

Accordlllg Io a sccoild dspi ci ol Illc pri Belli dist Insure, Ihc
first heat cxchangcr has a plurality of lirsi tubes in wluch thc
first fluid flows, and the second heat exchanger has a
plumslity of second tubes in which the second fluid floivs,
and a third fluid passs e is formed around the plumslity of
first tubes and aroiuid the plurality of second tubes. Furflter,
an outer fin is connected to an outer surface of the first tube
and an outer surface of ihe second lube to facihtoie heat
exchange in both ol'ihe first and second heat cxchangcr and
to enable heat transfer benveen the first fluid flowing in the
first tube and the second fluid flowing in the second tube

In such configuration, since the outer fin rs connected to
an outer surface of the first tube nnd an outer surface of the
second tube, heat transfer between the first fhiid flowing in
thc Iirst lube and thc second fluid flowuig ui thc second tube
is cnablcd cxtremcly easily.

liurther, as the heat tmnsfer benveen the first fluid and the
second tiuid can be pertiinned through the outer fin, heat of
the first fluid is more easily transferred to the third fluid than
to the second fluid in a course of tmsnsfer to the outer fin.
Therefore, when the inflow amount is decreased. a heat
exchange bctwcen thc lirsi fluid and thc Ilurd fluul rs
eflicrcnily perliirmed.

Accorduig to a Ihird aspcxi of the present disclosure. Ihe
heat exchange system may be configured that, at least one of
the plurality of first tubes is pnsrtioned between the plumslity
of second tubes. and at least one of the plumshty of second
tubes is positioned between the plurality of first tubes, and
a space that rs fonncd ai least betwccn thc Iirsi tube and thc
second lube delincs thc third flurd passage.

According to B fourth aspect of thc presmil disclosure, Ihc
heat exchange system may be conhgured that, the first heat
exchanger has a first tank part that collects or distributes the
first fluid flosving in the first tube. and the second heat
exchm er has a second tank part that collects or distributes
the second Ihnd flow rng in thc second tube. and thc plurality
of Iirst tubes Bnd Ihc plurality of second tubes arc fonued os
an upstream side tube ~oup that rs positioned on an
upstream side in a floiv direction of the third fluid and a
downstream side tube roup that is positioned im a down-
stream side in the flow direction of the third fluid.

Further. according to n fifth aspect of the present disclo-
sure, ihc heat exchnngesystem may include. a bypass
ptmsagc tluough which thc second flurd flows while bypass-
ing the second heat exchanger, and Ihc second-flurd flow
amnunt adjustment unit niay decrease the intlow amount of
the second fluid by flowing the second fluid into the bypass
passage.

Further. according to a sixth aspect of the present disclo-
sure. thc heat exclmngc sysimn may uiclude a heat radiation
amount Bdjusimcnt umi for adjusting a heat radiation
amount of heat posscsscd by the Iirst flurd rn thc first heat
exchanger ln such case. the heat radiation amount adjust-
ment unit may decrease rhe heat radiation amount of heat
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possessed by thc lirst fluid in thc lirsi heat exchanger eben
a temperature of the second fluid flowin into the second
heat exchan er is higher than a protection standard tempera-
ture that is set in advance tn be equal tn or higher than the
first standard tempemsture

In such conti uration. when a temperature of the second
fluid flow ing into thc simond heat exchmigcr is higher than
a prnlccuon standard lempcmture, heat dissipalion lrom the
second fluid tn the third fluid is facilitated by decreasing the
heat radiation mnnunt from the first fluid at the first heat In

exchmiger. for the purpose of decreasing temperature nf the
second fluid, Therefore, an adequate heat exchange can be
realized for radiating heat from the first and second fluids to
the tlurd fluid at thc first and siwond heat cxchan er.

For exmnplc, according to scvmith mid eighth aspects of I

the present disclosure. the first fluid may be a discharged
refrigerant discharged front a compressor of a heat pump
cycle. nr may be a heat medium that is heated by heat
possessed by the dischar ed refrigerant that is discharged
front the compressor of the heat pump cycle. zn

Further. according to a ninth aspect ol thc present disclo-
sure. Ihe heat exchange system uicludes: a refbgcrant radia-
tor for radiatin heat front a discharged refrigerant that is
discharged from a compressor of a heat pump cycle, the
radiatin of heat fmm the discharged refrigerant being
caused by heat exchange betv een the discharged refrigerant
and a heat exchange object fluid; a heat medium radiator for
radiating heat from a heat medium. Ihc radialing ol heal
from thc lmdt medium being caused by heat cxchangc
betiveen the heat medium and the heat exchange object fluid, sn

and a heat niedium flow amount adjustment unit fiir adjust-
ing an inflov amount of the heat medium flowing intn the
heat mediuni radiator. Tire discharged refrigemnt passing the
refrigerant radiator and the heat medimn passing the heat
mcdnun radiator are conligured to bc heat-Iransfi:rablc wilb is
each other. and tcmperaturc of Ihe dtschargcxl refn ermit
flou ing uito the rcfngcrant radialor has a lngher value than
temperature of the heat exchange object fluid tlniving into
the refri erant radiator. I'he heat medium flow aninunt
adjustnient unit decreases the inflow amount of the heat ao

medium syhen a tempemture of the heat medimn flowing
inio Ibe heat mcdnun radiator is equal to or lugher than a
prcdcternnncd second standard tcmpcrature mid is equal to
or low CI fllaii B pi'cdctcrllliilcd first standard IcillpcrBIUrc, its

compared ivith the inflow amount of the heat medium when
a temperature of the heat medium tlowing intn the heat
medium radiator is hipter than the first standard tempem-
ture, or as compared with the inliow amount of the heat
mcdnun whmi a tempcraturc ol'he heat medium flowing
into Ihc heat mcdnun radiator is losscr Ihan the second o

standard tempera lure. Further, thc lirst stmidard temperature
and the second standard tempensture are respectively set tn
be equal to or lower than tempensture of the discharged
refrigerant flowing into the reihigemsnt radiator Bnd the lirst
stancasrd temperature is set to have a higher value than ss
Iempcraturc of thc heat exchange oblcct fluid flowm uito
Ibe heal medium raduitor.

In such conliguration. when a Icmperalurc of Ihc heal
medium is equal to or higher than the first standard tens-
perature, an adequate heat exchange can be realized for in
radiating heat from the refrigemsnt to the heat exchange
object fluid at the refri erant msdiator and for radiating heat
from the heat medium to thc heat exchmige obl cut ihiid at the
llCiil inCdiUin rddiatnr.

Further. the heat medium flow amount adlusuncnt unit ss
decreases the inflnw amount of the heat medium when a
temperature of the heat medium flowing intn the heat

medium riuliator is equal to or higher than a prcdcternunod
second standard temperature and is equal tn or lower than a
predetermined first standard temperature 'therefore, even
v hen a temperature of the heat niedium is lower than the
second standard temperanire. an adequate heat exchange can
be performed among the dischar ed refngerant, the heat
mednim, and the heat cxclrangc oblect fluid.

As a result. an adcqudtc boat cxchangc can bc pcrfortncxl
in the heat exchange system mnnim the discharged refrig-
emsnt, the heat medium, and the heat exchange object fluid
without depending on temperature of the heat medium

Spectficafly. it is extremely effective in terms of increas-
ing the refrigeration capacity of the heat pump cycle by
facilitatuig heal exchange between thc dwchargcd rcfn cr-
eat and Ihe heal medium. whicit coables an incrcasc of thc
heat radiation amnunt from the discharged refrigerant

In the heat excltange system according to a tenth aspect of
the present disclnsure. the heat medimn flow amount adjust-
ment unit decreases the inflow amount of the heat medium
v hen a pressure of the refrigemsnt in the refrigemsnt radiator
is equal to or lughcr tlum a predctem»ncd ~Iandard refrig-
cliinl picssiirc.

In such configuration, by setting the standard refrigerant
pressure at a pressure such that a saturation temperature of
the refrigerant beconies higher than a satumstinn temperature
of the heat exchange object fluid floiwing into the refrigemsnt
radiator. temperature of the discharged refrigerant flowing
into Ihc relrigerant radiator is securely kept at a lughcr
tcmperaturc relative tn temperature ol Ihe heat cxchim c
object fluid flowing into the refri erant radiator I'uither,
v hen a temperature of the heat niedium flnwmg into the heat
medium radiator decreases belov the second standard tem-
perature, a tempemsture difference bein een temperature of
the discharged refri erant and tempemsture of the heat
111Cdiiiill 1S kept tn lldVC ii SUfllCicilt lnBrgiii

A heat cxcliangc system according to an elcvcnth aspect
of the present disclosure includes a refngcrmit radiator lor
nsdiating heat fmm a discharged refrigerant that is dis-
char ed from a compressor of a heat pump cycle. the
radiating of heat from the ihscharged refrigerant being
caused by heat exchan e between the discharged refrigemsnt
and a heat exchange nbl ix I fluid, a heat medium radiator lbr
rddiBtiilg hciit Irilill ii hCdl illcdliiiil, IllC radidtiilg Ol hCdl
from the heat medium bcuig caused by heat cxchim c
betwecit the heat mediuni and the heat exchange object fluid;
and a heat medium flow amount adlustment unit for adjust-
in an inflow amount of the heat medium flouing into the
heat medium radiator. The discharged refrigerant passing the
rclrigCidilt I'iidialoi diid IbC lieut 111CdiU111 pBSSiilg IhC hCBI

mednim radiator are cnnligurixl Io bc heat-transfi:ruble with
each other, and Icmpcrdiure nl Ihc disclrargcd rcfrigcrant
flov ing into the refrigemnt radiator has a higher value than
temperature of the heat exchange object fluid flowin into
the refrigerant radiator. The heat medium flow amount
adlustment iuiit decreases the inflo~ amount of the heat
medium when a Icmpcrdture of the heat medium flowuig
into tllC hCBI inCdiiiili Iddiiitni 1S cqiial tn Oi lligllcr IhB11 B

prcdclcrnuncxi tlurd suuidard Imuperaturc Ihat is calculated
by subtracting a predetermined temperature from a satura-
tinn teniperature of the dischar ed refngerant in the refrig;
emsnt radiator and is equal to or lov, er than a predetermined
first standard temperature, as compared with the inflow
amount of thc heat medium when a tempcraturc ol'he heat
mednim flow ing into the heat mcdnun radiator is higher than
the first standard temperature. or compared with the inflow
amount of the heat mediuni ivhen a temperature of the heat
medium flowing into the heat niedium radiator is lower than
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the tlnrd standnrd tempcraturc. Further, flhe first standard
tenipemture and the third standard temperature are resphx-
tively set to be equal to or lower than temperature of the
discharged refugerant flowing into the refrigerant radiator
and the tirst standard temperature is set to have n higher
value than temperature of the heat excltange object tluid
flow hng into thc heat mcdnun mihator.

In such coniigurauon, when a temperature ol Ihc heat
niedium is equal to or higher than the first standard teni-
perature, an adequate heat exchange can be reaflved fihr Io

radiatin heat froni the refrigerant to the heat exchange
object fluid at the refri emsnt radiator and for radiating heat
from the heat medium to the heat exchange object tluid at the
llcdh IIICdhihhlh radiator.

Further. since Ihc heat mcdnun flow mnount adjushmmhh
unit decreases the inflow amount of the heat medium when
a temperature of the heat medium tlowing into the heat
medium radiator can be equal to or higher than the third
standard temperature and is equal to or lower than the tirst
standard temperature. an adequate heat exchange can be Io

performs among Ihc dhschargixl relugcrtmt, Ihc heat
mcdnun, and thc heat exchange obliwt thixl, even when a
temperature of the heat medium flowing into the heat
niedium radiator is equal to or lower than the tirst standard
temperature

Further. since the third standard temperature is set to have
a value that is calculated by subtractin. a predeteunhned
Iempcrahurc from Ihc sahurauon Icmpcrauirc of Ihc dis-
charged refrigerant in thc refrigerant radialor, Ihc !turd
standard temperature can be set according to temperature of ho

the discharged refngerant in the refrigerant radiator In other
words. as temperature of the discharged refrigerant in the
refrigerant radiator decreases, a temperature ran e. i.e., a
tempemsture ditference between the third standard tempem-
tlhrC ahld Itic Ihh'su shdhhddrd ICIhlpCIthiurc, foh dCChighshhhg IIIC hs

inflow amount of thc heat hucdthum hs uicrcascik
llierclbrc, as tmupcrahurc of Ihe dhschargwl refu ermih

decreases v hich makes it harder to heat the heat exchange
object fhiid by using heat that is possessed by the discharged
refrigerant. the temperature difference between the third do

standsard temperature for a decrease of the inflow amount of
the heat medium and thc lirsh suuidard temperature is
increased, thereby enabling an adequate mid eflichcnt heal
exchange bctwcmi thc discharged rcfngerant and the heal
exchange object tluid by further restricting an Iuhwahhtwt heat
exchange between the discharged refrigerant and the heat
medium.

As a result. an adequate heat exchange can be performed
among Ihc plural type fluals such as the refrigerant. flhe heat
mcdnun and thc heat cxchangc obleci flunl v, ihhouh dcpmhd- o

ing on temperature ol'hc heat medium. Further. when a
temperature of the heat medium flowing into the heat
niedium radiator decreases below the third standard teni-
perature, the refrigeration capacity of the heat pump cycle Is
increased. S.

A heat exchmigc system accorduhg Io d twelfth aspimh of
Ihe presmhh disclosure includes. a rcfngerant radiator for
radiating heat from a dhsclrdrgcd relrigeran1 Ihal is dis-
charged from a conipressor of a heat pump cycle. the
radiating of heat fmm the discharged refrigerant being io
caused by heat exchange between the dischar ed refrigerant
and a heat exchange object fluid: a heat medium radiator for
radiaung heat from a heat medium, flhe radiating of heat
from thc heat medium bcuhg cthuscdt by heat exchange
between Ihc lu:at medium and thc heat exchange oblect tluhd, ss
and a heat medium flow aiuount adjustment unit fihr adjust-
ing an intlow aniount of the heat medium flov ing into the

heat medium radiator. Thc dhsclrdrgnl refugermit passing thc
refrigerant radiator and the heat niediuni passing the heat
medium radiator are configured to be heat-transferable ivith
each other, and temperature of the discharged refrigerant
flowing into the refrigerant msdkator has a higher value than
temperature of the heat exchange object fhiid flowing into
the refrigerant radmhor. The heat medium flow amount
adlushmcnt unit decrcascs the intlow amount of Ihc heat
medium ivhen a temperature of the heat nhediiun floiving
into the heat medium msdiator is equal to or lower than a
predetermined first stmidard teniperature. as compared ivith
the inflow amount of the heat medium v hen a temperature
of the heat mediiun flowing into the heat medium radiator is
higher than thc Iirsh standard tempcraturc. nnd increases thc
intlow amount ol'hc hcdh medium as tern pere turc ol'he heat
medium flowing into the heat mediuni radiator decreases
belnw the first standard temperature lhurther, the first stan-
dard temperature is set to be equal to or lower than tem-
perature of the discharged refrigerant flowing into the refri-
emsnt radiator and is set to have a higher value than
tcmpcrature of Ihc hcdh exchmhgc oblcct tluid flowing into
the heat medium radiator.

In such configuration, when a teniperature of the heat
medium is equal to or higher than the hrst standard tem-
perature, an adequate heat exchange can be realized tihr
radiating heat from the refrigerant to the heat exchange
object fluid at the refrigerant radiator and for radiating heat
from Ilm heat medium Io Ihc hcahexchangc oblcct fluid at thc
heat medium radiator.

lhurther, since the heat mediuni tlow anhount adjustment
unit decreases the inflow amount of the heat medium ivhen
a tenipemsture of the heat mediuni flowing mto the heat
medium radiator is equal to or lower than the first standard
temperature. an eflicient heat ihssipathon can be performed
fihr riulha hing heat Ibom Ihe dhscluirgcd refugcrant to the heat
exchange object fluid by rcshrictuig un unwanted heat
exchange bctw can Ihc discharged refugcrant and the heat
medium.

I'hen, as temperature of the heat medium flowing into the
heat medium radiator further decreases. the inflow amount
of the heat medium is increased. thereby enabling a heat
dissipation from Ihc discluhrgcd rclbigcrnnt to both of Ihc
heat medium and the heat cxchangc oblcch tluhd, and uicrcas-
ing Ilm heat rixliathon;miount of the dwchargcd rcfrigcranh.
'I'herefnre, the refrigeration capacity of the heat pump cycle
is increased

As a resuit. an adequate heat exchan e can be performed
among the piural type fluids such as the refrigerant. the heat
mednim and thc heat exchange object fluhd without dcpend-
hhhg Ohh IchhlpCIdturC Of lllc IICdh IIICdhihhlh.

A heat exchange syshmu accorduig to n thhrhccnth aspect
of the present disclosure includes a refrigerant radiator tihr

msdiating heat fmm a discharged refrigerant that is dis-
charged from a compressor of a heat pump cycle. the
radiating of heat from the ihscharged refrigerant being
cmiscd by heat excliangc between the discharged refrigerant
and a heat exchange obl ixh fluid, a heat medium radiator Ibr
rddhathhlg hciht Iriihhl ih hCdl 11th:dhlhhll, IIIC radhdhhhlg Ol IICd1

from the heat medium being, caused by heat exchange
between the heat mediuni and the heat exchange object fluid;
and a heat medium flow amount adlustment unit for adjust-
in an inflow amount of the heat medium flowing into the
heat medium radiator. Thc discharged refugcrant passuhg
tluuugh the rel'rigers oh radiator and Ibc heat medium p as suhg
tluuugh thc heat mcdnun radiator urc contigurcd to be
heat-transferable hvith each other. and temperature of the
discharged refrigerant flowing into the refrigerant radiator
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h&is d hlghcr vdhx: fllall lculpcld&Urc i&I lhc hcBI cxchiingc
object fluid flowing into the refrigerant radiator 'I'he heat
medium flo&v anlount adjustment unit decreases the inflov
amount of ihe heat medium when a temperature of the heat
medium flo&sing into the heat medium radiator is equal to or
hi her than n predetermined third standard temperature tlmt
is calculated by subtract&ng a prcdetcnnmcxi temperature
Iron& B sdlU&at&on Icnlpcrdnuc of flu: dlschBrgcd lcfrlgcrBUI
in the refrigerant radiator and is equal to or lower than a
predetermined hrst standard temperature, as compared v ith &n

the inflov amnunt of the heat mediuin when a temperature
of the heat nledium flowing into the heat medium radiator &s

higher than the first standard tempemsture. or ns compared
with Ihc ulflow amount of the heal medium when a lmn-
pcrdlure of Ihc heat me&hum flow ulg u&lo the heal n&cdnun
radiator is lower than the third standard temperature, and
increases the inflow amount of the heat medium as tempera-
ture of the heat mediun& flowing into the hest n&wf&un&

radiator decreases below the first standard temperature.
Further. the hrst standard temperature and the third standard Ic
tcmpcralurc are set lo bc equal lo or lower limn temperature
oi'hc discharged rcfrigcrm&l flowing into lhc refn erm&l

radiator, and the first standard temperature i ~ set to have a
higher value than temperature of the heat exchange object
fluid flo&ving into the heat medium mdiator.

In such configumst&on. when a temperature of the heat
medium equal to or higher than the first standard tempem-
Iurc, an adequate heat cxchangc can be reahzed for radiating
heal from thc rcfngerant Io thc hcai cxclmnge object fluid al
the refrigerant msdiator and for radiating heat fmm the heat &c

medium to the heat exchange object tluid at the heat n&wf&un&

radiator.
Further. since the heat medium flo&v amounr ndjusunent

unit decreases the inflow amount of the heat medium v.ben
a Imnperalure of Ihc hest medium flowing u&lo thc heal &s

mcdnun radiator &s equal to or higher than Ihe third standard
tcmpcralurc and &s equal lo or lower lhan Ihc Iirsl standard
temperature. an adequate heat exchange can be performed
among the discharged refrigerant, the heat medium, and the
heat exchange object Ih&id. even when n tempemture of the do

heat medium flowing Into the heat medium radiator is equal
Io or lower than thc Iirst standard iemperature.

Further. sulcc thc durd standard tcmpcralure is set to lmvc
& Blue ihal &s calculatixl by subtmcluxg a predelcrmuled

tenlpemture fronl the saturation tempensture of the d&s-

charged refrigerant in the refrigerant nldiator, an adequate
and efficient heat exchan e can be performed between the
discharged refngerant nnd the heat medium by restricting nn
unwanted heat cxchangc between Ihc d&schargcd refn erm&t

and thc heat exchange obiccl flu&ih o

Further. as Imnpcralure of Ihe heal medium flowulg u&lo

the hear medium radiator decreases below the first standard
temperature. the inflow amount of the heat medium &s

increased, thereby enabling a heat dissipation from the
discharged refri emsnt to both of the heat medium nnd the &s

heal exchange oht ix I flu&d, and increasing thc heat radiation
du&Cunt frolu lhc dlsclulrgcd Ichlgcliiun Thixcforc, thc
I ofllgcrdllou capacllv of fllc hcdl pUB&p cvch: Is lucrcascd.

As a result. an adequate heat exchange can be performed
among ihe plural type fluids such as the refrigerant. the heat io
medium and the heat exchange object fluid without depend-
in on temperature of the heat medium.

In Ihc heal exchange system Bccordulg lo a I'Ourlcenlh
aspect of the present dwclosure, lhe rein crmlt radiator lms
a plural&ly of rcfngcmnl tubes fi&r circulating lhc refngcranl, ss
and the heat mediun& msdiator has a plurality of heat nled&unl
tubes in which the heat medium flows, and a heat exchange

obicct tluid passage for passulg thc heat exchange obtect
tluid is formed around ihe plurality of refrigerant tubes and
around the plurality of heat medium tubes, and an outer Iin
is connected to an outer surface of the refrigerant tube and
an outer surface of the heat medium tube to fac&litate heat
exchan e in the both radiators and to enable heat transfer
bclwiwn thc d&schargcd rei'rigerant flow &ng &n thc rcfrigcrmll
tube and the heal medium flow ing in Ihc heal medium tube.

In such conligunltion. since the outer fin &s bimded to the
outer surface of the refrigerant tube, heat is extremely easily
transferable between the discharged refngerant flowing in
the refrigerant radiator and the heat medium flowing in the
heat medium radiator.

Furllmr, since heal transfi:r bctwcml thc discharged rcfrig-
crant m&d Ihe heat medium can be pcrformcd through thc
outer fin, heat fronl the discharned refrigerant is n&ore easily
transferred to the heat exchange nbject fluid than to the heat
medium in the course of transfer through the outer fin
Therefore, when the inflolw annlunt is decreased, an efficient
heat exchange can be performed between the discharged
reibigcrant and thc heal cxchangc obtccl flunl.

Furllmr. Ihc hwil cxchdngc syslmn according lo a Iiftcenlh
aspect of the present disclosure, a bypass passage through
which the beat medium flows while bypassing the heat
medium radiator may be provided, and the heat medium
flov amount adjustment unit nlny be configured 10 decrease
the inflow amount of the heat medium by flowing the heat
medium into thc bypass passage.

A hcBI exch&&age svslcni according 10 B slxtcclilh B spec l 10

a twentieth aspect of ihe present disclosure mcludes: a
refrigerant radiatnr for radiati&m heat from a discharged
refrigerant that is discharged from a compressor of a heat
pump cycle, the radiating of heat from the discharged
refrigerant being caused by heat exchan e betvveen the
d&ache&gad rcihgerant and a Iirst heat medium, B first heal
n&Cd&Bin I&id&i&tot for I'i&did&lug hCBI Iron& fllc I&IS& hCBI

mednim flowulg out Ibom the rcfrigcranl rad&a&or, Ihc radi-
ating heat from the first heat mediunl being caused by heat
exchange between the firs heat medium and a heat exchange
object Ihiid; a second heat medium mad&ator for radiating
heat from a second heat medium. the radiating of heat from
thc second heat mixiium being caused by heal cxclmn c
bclwimn Ihe second heal medium and Ihe heal cxclmn c
obicct tluid, and a second heal medium flow ammml adtusl-
ment un&t for adjustin an intlo&v mnount of the second heat
medium flnwing into the second heat medium radiator 'I he
first heat medium passing tiuough the Iirst heat medium
radiator and the second heat medium passing tluough the
second heat medium radiator arc configured to bc hcal-
transfi:rablc w &lh each other. and tempera lure oi'hc Iirst heal
mednim flowulg ullo Ihc first lu:al me&hum radiator lms a
higher value than temperature nf the heat exchange object
fluid tiowing intn the first heat medium radiator

For example, in the heat exchange system of the sixteenth
aspect of the present disclosure. the second heat medium
flow mnount adiuslment umt may dccrcasc thc ufllow
dluoU&lt of thc second hei&I uiciilUUI whc&l B ten&pc&i&IUD'. of
thc second heat medium flowing Into thc second heat
medium radiator is equal to or higher than a predetermined
fiflh stmldard temperature and is equal to or lower than a
predetermined fourth standard temperature, and the fourth
standard temperature and the fifth standard temperature are
respcclivcly scl to bc equal lo or lower Ihan Imnpcralure of
the first heat n&cxfiun& flowing Into thc Iirst heal medium
radiator, and lhc Iourlh standard tcmpcralure &s sct lo lwve
a higher value than tmnperanire of the heat exchange object
fluid tiowing intn the second heat medium radiator
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In such conliguration, an odcquaie heai exchange can bc
performed, for radiating heat fmm the first heat medium to
the heat exchange obiect fluid at the first heat ntcftuin
radiator and for radiatmg heat from the second heat ntcftrun
to the heat exchange object fluid at the second heat medium
radiator. when o tempemoture of the second hear medimn is
equal lo or lughcr than Ihc iourlh sttmdard lcmperalurc.

Further. since thc second heat mediant flow tlluolllll
adjustment unit decreases the inflow amount of the second
heat medium when a temperature of the second heat nlediunl Io

floivin into the second heat medium radiator is equal to or
higher than the fifth standard tempemoture and is equal ro or
lower than the fourth standard temperature. an adequate heat
exchange can be pcrfilrmcd mnong Ihe tirst. second heal
inCdld rllxl fllc hcdl CSChrlllgC ObICCI flllld, CVCll WhCll 11 I

tenlpemture of the second heat medium is lower than the
fifth standard temperature

'therefore. an adequate heat exchange can be realized in
the heat exchange system for exchanging hear among the
plural type thuds such as the refhigerant, the heat medium lo
and Ihc ical cxchungc obiixl Ihiid wilhoul depending on
tcmpcralurc of thc second heat mcdnun.

gpecificaily. it is extremely etfective in terms of increas-
ing the refri aration capacity of the heat pump cycle by
facilitatin the heat exchange among the heat mediums and
by increasin the heat radiation amount from the first heat
medium, when o tempemoture of the second hear medium
flowmg into the second heal moxttum radialor decreases
below Ihc Iiflh standard lmnpcralure.

In the present disclosure of the heat exchange system in Io
the seventeenth aspect. the second heat medium flov
amount adjustment unit may decrease the intlow amolult of
the second heat medium when a temperature of the first heat
medium flowing into the first heat medimn radiator is equal
to or higher than a prcdclcmlincd first hmt mcdnun standard ls
lcinpcldnllC

In Ihe heal exchange system according lo lhe ci hlcenlh
aspect of the present disclosure, the second heat nlediunl
floiv amount adjustnlent unit may decrease the intlow
anlount of the second heat medium when o temperature of do

the second heat medium flowing into the second heat
medium radiator is equal to or lugher than a predetcrmuled
sixth standard tcmperaturc thar is calculated by subtracting

prcdclennined tmnpcralure Irom tcmperalurc oi lhe first
heat mediunl flowing into the first heat medium radiator and
is equal to or lower than a predetermined tilurth standard
tempemoture In addition. the fourth standard temperature
may be set to be equal to or lower than temperonire of the
Iirst heal medium tlowulg into the Iirsl heal moxfium raduilor
and may bc set to have a lughcr value limn tempcralurc of o

thc heal exchange object fluid flowulg ulto the second heat
nledium radiator

In such conhguration, an adequate heat exchange can be
performed„ for mdiating heat thorn both of the first heat
medium and the second heat medium to the heat exchange ss
obfcox fluid when a tempcraturc oi'le second heal medium
is equal io or higher than llm fourth slandard lemperaturc.

Further. since the second heal mcdnun flow unounl
adjustment unit decreases the inflow amount of the second
heat medium when a temperature of the second heat ntcftrun io
flowing into the second heat medimn radiator is equal to or
hi her than the sixth standard temperature and is equal to or
lower Ihml Ihc fourlh standard tcmperdlurc, an adequate heal
exchange can bc peri'onncd among lhc Iirsn second heal
media and the lmdt exchange obiixl fluid, even when a ss
temperature of the second heat medium is lmver than the
fourth standard tenlperature

Furllmr, since the sixth souldard lmnpcralure is sel as a
value that is calculated by subtracting o predetehnined
tclnpcl it hi le flout lcinpcrdturc of lie first hca I lncdiUill ill lhc
first heat medium mdiator. the tenlperature differenc
bclwixn the srxth slandard lemperaturc and thc I'ourth stan-
dard temperature is increased ivhen it becomes harder to
heat the heat exchange object ihiid by usin heat from the
first heat medium, thereby enabling an adequate and eflicient
heat exchan e between the first heat medium ond the heat
exchange object fluid by rcslrictulg un unwanted heal
exchm e among the heat media.

Ill lhc ical cxchallgc svslcin accordlllg ro fllc llillcicclllh
aspect of the present disclosure. the second heat medium
flow amount adf uslmcnl unit dccrcascs the inflow muounl of
the second heat nledium when a tempenoture of the second
heat medium flowin into the second heat medium radiator
is equal to or low er than the predetermined fburth standard
temperature. and increases the intlow amount of the second
heat medium as lempcralurc of thc second heat mednun
flov ing into the second heat medium mdiator decreases
bclolv thc Ihunh standard tempcraturc. In addition. Ihe
fourth standard temperanire may be set to be equal to or
lower thml temperature of dre first heat nlediluu flowing into
the hrst heat medium radiator and may be set to have a
higher value than a temperature value of the heat exchange
object thrid flolving into the second heat medium radiator.

In suCh configuration. when a temperature of thc sixond
heat medium is oxtual lo or lngher than thefourth stanrtard
temperature, an adequate heat exchange can be performed
for radiating heat from both of the first heat nledium aod the
second heat medium to the heat exchange object fluid.

Further. since the second heat medium flow amount
adfustment unit decreases the inflolv amount of the second
heat medium when a rcmperaturc of the second heat medium
flowing ulto Ihc second heal medium radiator is equal lo or
lower thon the fourth standard temperature, an adcquatc heal
exchange can be performed tilr radiating heat from the first
heat medium to the heat exchange object fluid by restricting
an umvanted heat exchange between the first and second
heat media.

Thon, as Imnpcralure oi Ihc second lmdt moxttum flowulg
into thc second heal moxfium radiator I'urthcr decreases, thc
intlow amount oi'hc soxond heat medium is ulcreosed.
thereby enabling to increase the heat radiation amount of
heat from the first heat medium to both of the second heat
medium and the heat exchange object fhiid As a result, the
refrigeration capacity of the heat pump cycle ls increased.

In lhc heat cxchangc syslmn according to thc twcntielh
aspect of lhe prcscnt disclosure. the sixond heal medium
flow mnount adiustmcnl unit may decrcasc thc inflow
amount of the second heat nledium when a temperature of
the second heat medium tloivin into the second heat
medium radiator is equal to or lugher than the predetehnined
sixth standard temperature that is calcuLated by subtmscting
d prcdctcmliluxl tclnpci'illUlc froin tclnpcralUic oi flrc firsl
heat medium tlow ulg ullo the Iirst hcut medium mdialor and
is equal lo or lower limn Ihc prcdclcrmincd Iburlh stanrtard
temperature, and nmy illcrease the inflow anlount of the
second heat inedium as temperature of the second heat
medium flowing into the second heat medium radiator
decreases below the fourth standard temperature. In addi-
tion, thc fourth staixhird temperature muy be set lo bc equal
to or lower lian tcmpcra lure of Ihc first heat moxtium flowulg
into lhc Iirst heat medium radiator and may be sct lo hove d

higher value than a temperature value of the heat exchange
object fluid flolving into the second heat medium radiator.
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In such coniiguranon. when lhc temperature of thc second

heat niedium is equal to or higher than the fiiurth standard
tenlpemture. an adequate heat exchange can be realized, for
radialinu heat from both of the first heat medium and the
second heat medium to the heat exchange object fluid.

Further. since the inflow amount of the second heat
mcdnun is decreased whm& a lcmpcralurc of lhc second heat
mcdnun flow&ng u&to thc second heat n&cxfiun& rad&slur &s

equal to or higher than the sixth standard tempemsture and &s

equal to or lower than the fourth standard te&nperature. an &o

adequate heat exchange can be performed among the heat
media and the heat exchange object fluid. even when a
temperature of the second heat medium is lower than the
foU&fll SIBnddrd ten&pc&BIU&c

Further. the s&xlh suindard lcn&pcmturc is scl lo have a
vahie that is calculated by subtracting a predeternuned
tenlpemture front temperature of the first heat medium in the
firs heal medimn msd&ator, it restricts an unv anted heat
exchange in each of the heat media and to realize an
adequate heat exchange between the first heat medium and zo

thc heal exchmlgc obiccl fluid.
Further. as tcmperaturc of the second heat mcd&um flow-

ing into the second heat nied&um radiator further decreases,
the inflov amount of the second heat mediu&n is increased,
thereby enabling to increase the heat radiation amount of'eatfrom the first heat medium to both of the second heat
medium and the heat exchan e object fluid. As a result, the
Icfllgcrdl&on capacllv of fllc hcdl pUU&p cvch: Is nlcrcascd.

In lhe heal cxchungc system accurdu&g lo a twenty-first
aspect of lhe present disclosure, an outer tin mav be con- io
nected to an outer surface of the first heat medium tube that
fiirms the first heat n&ediuni radiator and an outer surface of
the second heat medium tube that forms the second heat
medium radiator. In such case. heat transfer is enabled to be
cxtrcmely easy betwixn the first hcalmcihum flowm u& the is
lirst heat nu:d&um rad&a&or m&d lhc second heal mcdn&m
flow&ng &n thc second heat medium radiator.

gpecificaily. heat fmm the first heat medium is nlore
easily transferred to the heat exchange object fluid than to
the second heat medium in a course of heat transfer tluou h do

the outer fin, because heat transfer between the first heat
med&um mid thc second heat &ncxbun& cm& be performed
Ihroi&gh flx: olilcr fhl. Thcrcforcm Bn cflccllvc hi al cxchiingc
can bc performed betw ixn thc lirst heal n&cxhum and thc heal
exchange oblect fiu&d when the inflow amount of the second
heat niedium is decreased

In the present d&sclosure of the heat exchange system in
a twenty-second form„a bypass passage that circulates the
second heat med&um &n a bypassu&g manner that bypasses
thc scco&&ii hcdl nnxhiinl Iddnilor nlay bc plov&dcd Thc
second heat med&um flow mnount adiuslmcnt unit may
decrease the infloiv aniount of the second heat medium by
causin the second heat medium to flow into the bypass
passage.

A heat exchan e system according to twenty-third and ls
lwcnlv-foU&th Bspccm of fllc prcscnl dlsclosU&c h&eh&des

lira& heal cxchm&gcr havu&g a plural&ty oi iirsl tubes lor
radianng heat from a first flu&d to a llurd ihiid by perfi&nning
heat exchange between the first fluid and the third fluid, a
second heat exchanger having a plurality of second tubes for io
perfiirnling heat exchan e benveen n second fluid and the
third fluid: and a second-fluid flow amount adjustment unit
for adlustu&g an &nflow amount of the second flu&d flowing
into lhc second heat exchanger are prov&dcd. The iirst ihnd
pass&ng thc lirst heal cxclrdnger mid flle second fluid passing ss
the second heat exchanger are configured to be heat-trans-
ferable with each other, and at least one of the plurality of

first tubes &s pos&boned between thc plurahty of sixond
tubes, and at least one of the plurality of second tubes is
positioned beaveen the plurality of first tubes, and a space
that is formed at least between the first tube and the second
tube defines a third ihiid passe e for passing a third fluid.
Furthem&ore. temperature of the first ihiid flowing into the
lirst heal exchanger and Icmperdturc of Ihc second fluid
flowing into thc second heat cxcl&anger have luglmr values
than temperature of the third fluid before tlowing into the
first heat exchanger or the second heat excite&&ger

1'he heat exchange systeni according to the tw:coty-third
aspect of the present disclosure may have, for example, the
second-ih&id floiv amount adjustment unit. wh&ch &s config-
urcd lo decrease the &nflow mnount of thc second fluid, when
a tcmpcrdture oi'hc first flunl flowu&g into the first heat
exchanger is equal to or hi her than temperature of the
second ihiid flowing into lhe second heat exchanger and a
temperature difference bet&veen temperature of the first fluid
flowing into the first exchan er and temperature of the
second ih&id flov,in into the second heat exchanger is equal
to ol grciilcr thBU d plcdclcrnnncd slBUQB&d n:nlpcldliilc
illflcrcncc.

In such configuration, in case that a teniperature differ-
ence beaveen temperan&re of the second fluid flowing into
the second heat exchm&ger and temperature of the first fluid
flov ing into the first heat exchanger expands to be equal to
or greater than the predetemiined standard temperature
d&ifi:rcacc when a lcmpcralure of thc lira& flu&d flow&ng mto
thc first heat exchanger &s equal lo or h&ghcr Ihan lcn&pcm-
ture of the second fluid flowing into the second heat
exchanger, the inflow amount of the second fluid is
decreased, thereby enabling an increase of temperature of
the second ih&id by restricting heat exchan e between the
second fluid and the third fluid at the second heat exchan er.
In such miuu&er. thc lmnpcrdture ddli:rance between tcm-
pcraturc of Ihc second fluid flowing into the sixond heal
exchanger and tcmpcraiure oi thc first flu&d flow&ng &nto Ihc
first heat exchanger is decreased. As a result. an adequate
heat exchange can be realized for radiating heat from the
first and second heat media to the third heat med&um at the
first and second heat exchangers.

Thc ical cxchBngc sv'sacn& Bccordnlg to B lwcnlv-ioiu1h
aspect of Ihe prcscnt d&sclosurc may have, lor example, Ihc
second-ihnd flou amount adjustmm&t un&t liat Increases thc
inflow aniount of the second fluid when a ten&perature of the
first fluid flowing into the first heat exchanger is lower than
temperature of the second fluid flowing into the second heat
exchm er and a ten&pemsture difference between tempera-
ture of thc first fluid flow ulg u&to lhe first heat exch mgcr and
tcmpcraturc oi'he scxond flu&d flowing into the second heal
exchanger &s equal lo or greater Ihm& a prcdctcanlncxi
standard te&npemsture difference

In such configuration, in case that a teniperature differ-
ence between temperanire of the second fluid flowing into
the second heat exchanger and temperature of the first fluid
flowulg u&lo Ihc first heal exchanger expands to bc equal lo
or grcatcr than thc predetermined standard tcmperaturc
d&ifi:rcacc when a lcmpcralure of thc lira& flu&d flow&ng mto
the hrst heat exchanger is lower than teniperature of the
second fluid floiving into the second heat exchanger, the
inflow amount of the second fluid is increased, thereby
enabling a decrease of temperature of the second Quid by
fac&lilaling heal d&ss&pelion from the second fluxl to lhe third
flu&d al the second heal cxclrdnger. In such manner,
dixrcaac of lhe tempera lure ddlcrm&cc bclw ccn Icmpcra lure
of the second fluid floivin into the second heat exchanger
and temperature of the first fluid flowing into the first heat
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exchanger is cnablcd. As a result, an adequate heat cxchangc
can be realired fiir mtdiating heat fmin the first and second
heat nlediums to the third heat medium at the tirst and
second heat exchangers

The heat exchanger according to a twenty-fifth aspect of
the present disclosure may include a heat radiation amount
adiustmcnt unit for mliustulg a heat radiation amount ofhcB&

possessed by the lira& fluid ul thc lirst hwit cxchangcr. In such
case. the heat radiation anlount adjustment unit is capable of
decreasina the heat radiation amount of heat possessed by io

the first fhiid In the first heat exchanger when a temperature
of the second fhud flowing into the second heat exchanger
increases above a predetermined protection standard tem-
pci"d&U&c.

In such conliguration, when a tempcralure of thc second
fluid is hiaher than the protection standard temperature, the
heat dissipation at the second heat exchanger front the
second fluid to the third tluid can be facilitated by decreasing
the heat dissipation at the first heat exchanger from the first
fluid, thereby enabling a decrease of temperonire of the Io
second fluid lllerefore, an adequate heat exchange can be
ICIIIIZCd for I'dilldtlllg hCdt frolll ihC IIIS& Bit&1 SCCOU&1 hCB&

nledia to the third heat medium at the first and second heat
exchmigers.

In the heat exchanger according to a nventy-sixth aspect
of the present disclosure. in case that the first fluid Is a
discharged refrigemtnt that is discharged from a compressor
of d heat pump cycle. thc heat radiation amount adjustmmlt
urn& nuiy decrcasc a rcfngcrant dischar c capacity of thc
compressor v hen a temperature of the second thiid flov ing io
into the second heat exchanger is higher than the protection
standard tenlperature In such configumttion. the heat radia-
tion amount of heat fmm the first fluid at the first heat
exchanger is decreased.

Ill thC llctlt CSCllallgcr dCCordlllg 10 a tWClltV-SCVCIlfll 3&

aspect of Ihc prcscnt disclosure, in case that tlm lira& fluid Is
a heat medium that Is heated by heat possessu! by a
discharged refngerant that is dischar ed from the cmupres-
sor of the heat pump cycle, the heat mtdiation anlount
adjustnlent unit may decrease a refbigerant disclmrge capac- do

ity of the compressor when a temperature of the second fluid
1lowmg into thc second heat exchanger Is lughcr than thc
protccuon standard tmnpcrature. In such confi uranon, thc
heat radiation amount I'rom thc lira& fluid at the first heat
exchanger is decreased

A heat exchange system according to a tiventv-eighth
aspect of the present disclosure may be applied to an air
conditioner that cools a blowing air to be blown into on air
conditioning obicct space by pcrfomung heat exchange
between thc blowing air and a rcfngcrant at an evaporator of o

a hcai pump cycle. In tlus case, thc lira& flui&1 Is a heat
nledium that Is heated by heat possessed by a discharged
refrigerant discharged from the compressor Of the heat punlp
cycle, the heat radiation amount adjustment unit moy
decrease a heat load of the heat pump cycle by changing a s.
Iiitlo iii dll IIIStdc Blr Bill Bll Outsidc Blr, ill Oldix to lldvC II

grcdtcr amount ol'hc inside air tlmn thc outsxlc mr to bc
circulao:d or introduced ulto the evdpomtor rcspcctivcly
fmm an inside and an outside of the air conditioning object
space when a temperature of the second fluid flowing into &o

the second heat exchanger is hivpter than the protection
standard temperature.

In simh configurauon. a ratio of thc mside mr Is incrcascd
thtill d Id&to of tile Oilmldc dim to lllirodiicc B glixitcl illlloilllt
ol thc uisidc air that has lower tcmpccdture lhmi thc outside ss
air tiir decreasing a required heat absorption anxiunt at the
evaporator, thereby enabling a decrease of the heat load of
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thc evaporator. As a result, a refrigerant dischaigc capacity
of thc compressor is dccrcascd. thereby mlablulg a decrease
of the heat radiation anlount from the first fluid at the first
heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects. features and advantages of the present
disclosure will beconle nlore apparent front the tiilloiving
detailed description disposed ivith reference to the accom-
pallvlllg dl'iiwlllgs, In V;hlCII:

FICi 1 is a schematic diagrmn showing a total contigu-
ration of a vehicular air conditioner in a first embodiment:

FICi 2 is a perspective vieiv of a heat exchanger structure
in the first einbodinlent;

I I(i 3 is an exploded perspective view showing a part of
thc heat cxchangcr structure in the first mnboduncnt:

FICi 4 is a schcmanc perspective vww ol'a part ol'the heat
exchanger structure for illustrating a flow of a refrigemtnt
and a flow of a coolant in the first embodunent;

lil(i 5(a') is a diagmm of temperature distribution of an
outer fin ivhen coolant temperature has a predetermined
value, and FIG. 5(b) Is an illustration showing a tcmpcraturc
distnbution when bcuig viewed from an X arrow of FIG.
5(a). v hich is a flow direction of an outside air:

FICi 6(a) is a diagram of temperature distribution of an
outer fin ivhen coolant temperature has a predetermined
value, and Fl(i 6(b) is an illustration showing a temperature
distnbution when bcuig viewed from an X arrow of FIG.
6(a). which Is a tlov, direction ol'n outside mr,

FICi 7(a) is a diagram of temperature distribution of an
outer fin when coolant tenlperoture has o predetermined
value, and Fl(i 7(b) is an illustration showing a temperature
distribution when being viewed from an X arrow of I'l(i
7(a). which Is a tlov, direction ol'n outside air,

FICi 8(a) is a diagram of tempcraturc distnbution of an
outer fin when coolant tenlperoture has o predetermined
value, and FIG. 8(b) is on illustration showing a temperature
distribution when being viewed from an X arrow of I'l(i
8(a), which is a floiv direction of an outside air;

FICi 9 is a schematic diagrmn showing a total contigu-
ration of a vehicular air conditioner In a second embodi-
ment:

FICi. 10 is a schematic diagram show in a total configu-
mttion Of a vehicular air conditioner in a third embodiment;

ill(i H is a diagram for explaining an operation of a
coolant pillllp ill B IOUrtll Clllbodllllcllt,

FICi 12 is mi exploded perspixuvc view showuig a part
of the heat exchanger structure in a fiflh embodiment;

FICi 13 is a schenlatic sectional view shov in a header
tank of the heat exchanger structure in a header-tank longi-
tudinal direction accordion to the fifth enibodiment;

FICi 14 Is a flov'chart showing a process Rir controllulg
d dlSCllargC iillloUIlt Of d Coolallt pillllp, whiCh CBB bC
perfomled by a control device, according to a sixth embodi-
ment:

ill(i 15 is a schematic diagram of a total configuration of
a vehicular air conditioner in a seventh embodinient:

ill(i 16 is a schematic diagram of a total configuration of
a vehicular air conditioner. iihich is partially modified
according to the seventh embodiment: and

FICi 17(ii), (b). (c) are cross sections of a lmddcr tank in
the heat exchanger stnicture in a longituduial dirccuon ill
other enibodiinents of the present disclosure.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

A plurality of embodiments respectively enabling the
present disclosure are described in the following with ref-
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crencc to the draw uigs. In each of the embodiments, thc
same part may have tile sante numeml that is used iii a
precedin embndiment, for the brevity of description In
case that a part of the configumtion is described in an
embodiment. the rest of the configuration depends on the
preceding embodunent. The combination of two or more
parts of thc respccuvc embodiments is possible not only
between thc parts that arc cxphcitly desvnbed as comb uiable
but also betiveen the parts unless otherwise indicated. with-
out explicit indication, if such combination of the parts is not in

hindered
(First Emboduuent)
With reference to FI(i. I to FIG. 0(/r), the first embodi-

ment oi'he prcsen«hsclosurc will be desvnbcd. In thc
prcscnt embodiment, a heat cxclrdnge sys1cm oi 1hc presmit
disclosure is implemented to realise a vehicular air cond&-

tioner I used in a hybrid vehicle which derives a driving
power fiir the travel of the vehicle from an internal coni-
bustion en ine (i.e.. an engine) and from an efecuic motor
MG. Fl(i. I is a schematic diagmm of a total conf aration nt
oi'the i chicu far air comb tioncr 1 oi'hc present mnboduncnt.

The hybrid vclucle can perform switclnng between Iwo
travelin states, i e, one traveling state in which the vehicle
travels obtaining the driving force from both of the engine
and the electric motor M(i for tmveling by operatiilg or
stopping the engine according to a traveling load on the
vehicle or the like and the other tmveling state in which the
i chicle udvcls obtau»ng thc drivuig force only from thc
clcctnc motor MG for travcluig by stoppuig the engine.
'I'lnis, the hybrid vehicle can impmve the fuel eflicimicy as ic
compared to a standard vehicle obtaining a driving force for
tmvelinn only from the eilgine

The heat exchange system applied to the vehicular air
conditioner I of the present embodiment includes n heat
pump cycle 10 that is fonucdf as a sleimi compression-type si
rei'rigcration cycle, a coolant circulauon circuit 40 for cir-
culating a coolant tlrdt is used to cool die electric motor MG
for traveling, and the like

1he heat pump cycle 10 is a device that pmvides a
function to cool a blowing air that is blown into n vehicle dn

contpartment that is an obfect air-conditioning space in a
i chicle. The heat pump cycle 10 of dns embodunmit
muploys a normal flon-based rci'ngerant as a relbigcrmit, and
forms a subcnucal rciyigcration cycle whose lu h-prcssure
side refrinerant pressure does not exceed the critical pressure
of the refrigerant. Into the refrigemnt, a refrigerant oil for
lubricating a compressor 11 is mixed, and a part of the
refrigerant oil circulates through the cycle to ether with the
rei'rigcrant.

The compressor 11 is posiuoncd in an enguie room, and n

is configured to suck, compress, and ihsvharge the refngcr-
ant in the heat punip cycle 10 'I'he compressnr is an electric
compressor which drives a fixed displacement compressor
11a having a tixed discharge capacity by using, nn electric
motor Ifh. Specifically, various types of compression s.
mecharusms. such as n scroll type compression mcvhanism,
or d vdilc coltlprcssioii lllccliaiiisiti, call bc clllploy'cil iis tile
ftxnl displacement compressor 11a.

'flic electric motor I I/i is the one whose operation (i e.,
the nuniber of rotations) is controlled by a contnil signal ic
output from a controller to be described later. The motor 11/i
may either be an AC motor or a DC motor. By controlling
thc number of rotauous of thc moior ffb, a refn ermit
discharge capacity oi'he compressor 11 is changed/con-
trolled. Tluis, in thc present cmbodimcnt, Ihc clec1ric mo1or si
ll/i sewes as a discharge capacity change unit of the
compressor 11

A rcfngcrant discluirgc port oi'hc compressor 11 is
coupled to a refrioerant inlet side of a refrigemnt mdiator 12
'I'he refrigerant radiator 12 is installed in the engine adorn,
and exchanges heat benveen the discharged refrigemnt (i.e,
a first fhiid) from the contpressor 11 and nn outside air (i.e.,
a third fluid) blov:n from a blower fan 13 to which heat is
transfi:rrixliradiated for radiating heat from thc discharged
reiyigccdnt to the outside air that serves as a heat exchange
object fluid.

I'he blnwer fan 13 of the present embodiment is an
electnc blower, and an opemtinn rate, i e., the mtation
number of the fan 13 or an amount of blown air. is controlled
according to a control voltage that is output from the
controller. Further, the rcfngcrant radintor 12 oi'hc present
mubodunent is fomicd ui one umt with a radiator 43 diat
exchanges heat between the cnolant (i e, a second fluid)
v hich is a heat medium for cooling the electric niotor M(i
for traveling and an outside air that is blown by the bkiwer
fan 13.

The biov, er fan 13 of the present embodiment serves as an
outer blower for blowing Ihc outside air toward both the
reiyigcrant radiator 12 dnd Ihc radiator 43. Thc deutflcdf
stnictures of a nne unit conibuiation of the refrigerant
madiatnr 12 and the radiator 43 (hereinafter referred to as a
"heat exchanger structure 51V') v ill be described in detail
below.

A receiver 14, which stores a surplus liquid-phase refbig-
crant by separatuig a gas from a hquid refngcrmit diat flows
ou1 fmm Ihc rcfngcrdnt radiator 12, is coupled to a refrig-
erant outlet side of the refrinerant radiator 12. I urther, a
liquid-phase refrigemnt outlet of the receiver 14 is coupled
to an mlet side of a thermo-expansion valve 15, and an outlet
side of the thermo-expansion valve 15 is coupled to n

refrigerant inlet side of a refrigerant evaporator 16.
Thc thcnuo-expansion valve 15 is a decompression uiut,

which has a not-iflustratcdl tmuperaturc sensing pornon 1hal
is disposed in a rcfrigcrant passage on au outlet side oi'he
refrigerant evaporator 16 and v hich niechanically adjusts a
valve npening degree (i e., a floiv aniount of the refrigerant)
based on a detected amount of heat of the refrigerant on the
outlet side of the refrigemnt evaporator 16 which is derived
Irom 1cmpcralurc and pressure of Ihc rcfrigcrmil.

Thc rci'rigerant evaporator 16 is a cooling heat cxclmngcr
for cooling thc blowing mr. which is arranged in a casus 31
of an interior air conditioning unit 30 and exchanges, fiir
cooling of the blowing air by the evaporation of the low
pressure refrigerant, heat betvveen the low-pressure refri-
emnt that is decompressed and expanded by the thermo-
expansion valve 15 dnd a blowuig air that is to be blown into
the vehicle compartment. Thc refngerant outlet sale oi'he
refrigerant evaporator 16 is coupled to a rcfngcrant suction
port nf the compressor 11

I'he interinr air conditionin unit 30 is descnbed below
The interior air conditioning unit 30 is armnged in an inside
of a dashboard (i.e., an instruntent panel) that is positioned
at a Iron(-most part of ihe i chicle compartmenb and
includes. in an inside oi'he casing 31 that scrvcs as an outcr
shell oi thc unit 30, a blower 32, the nbovc-described
refrigerant evapnrator 16, an electric heater 36, and the like

'I'he casing 31 has in its inside an air passage of the
blov ing air that is blown into the vehicle compartment. and
is formed by using a resin matennl that has a certain degree
of elasticity and a strength, such as a polypropylcne or Ihe
like On thc most upstrcmn sale of tlm blowing air in the
casing 31, an insulc/outside air switcluug dcvicc 33 is
disposed for switching air to introduce either an outside air
from outside or an inside air from the vehicle compartment
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lhc insnlc/outside mr switclung device 33 has an inside
air inlet fiir introducing the inside air into the casing 31 and
an outside air inlet for introducing the outside air intn the
casing 31 liurther, inside of the inside/outside air switching
device 33. an inside/outside air switching door is provided,
which changes a ratio of the mside air flow and the outside
mr flow based on thc continuous conirol ol'an opening area
ol both of Ihc inside air inlet and Ihe outside air inlet.

1he biov er 32 for blowing the air that is sucked via the
inside,'outside air switclung device 33 into the vehicle cont- In

partment is disposed on a downstream side nf the air flow of
the inside/outside air switching device 33. The blower 32 is
an electric blower which includes a centrifu al multi-blade
filil (I.c., a sirocco frill) ilrivcii bv all clcctrlc iiiotoi, Bill
whose number of rotauons (i.c.. an amount of mr) is con-
trolled by a control voltage output from the controller

On a downstream side of the air flow from the blower 32,
the refri erant evaporator 16 and the electric heater 36 are
arranged in this order in the flow of the blowing air. In other
words. the refrigerant evaporator 16 is arranged on an Io
upstream side in Ihc air flow rclativc to Ihc clcwIric heater 36.
Thc electric heater 36 is a lmat unit liir healing mr Ihat has
passed thmugh the refrigerant evaporator 16 by having a
Ff('lement (i e, thermistor having, a positive charactens-
tic) that emits heat by receiving a power supply front the
controller.

Further. an air mixture door 34 for adjusting n ratio of air
amount Io bc pussed Iluough thc clecIric heater 36 among
Ihe blowing air thut has passed Ihc refn crmit evaporator 16
is arranged on the downstream side of the air flow from the Io
refrigerant evapomntor 16 and on the upstreain side of the air
floiv to the electric heater 36

Further. a mixture space 35 is arranged on the downstream
side of the air flow from the electric heater 36, which is used
for mixuig Iwo blow airs. i.e, thc onc that has bccn hcatcd Si

tlirough heat exchange with thc refngcrant by Ihc electric
healer 36 and thc other Ihat has nut been heatcxl duc Io
bypassing of the electnc heater 36

An air outlet for blowing the conditioned air mixed in the
mixture space 35 into the velficle compartment that is an so
object of cooling is disposed on the most downstream side
ol the air flow in the casing 31. Morc specilically, a lace mr
outlet for blowing Ihc condiuoncd air ioward mi upper body
of ihe 1 chicle occupant in Ihc comparunent, a fool air oullcl
fiir blowing the conditioned air toivard the foot of the vehicle
occupant, and a defmster outlet fiir blowing the conditinned
air toward an inside of a front windshield of the vehicle are
provided (not illustrated).

llierclbrc, thc air mixture door 34 adjusts Ihc ratio of the
mr mnount passuig Ihrough Ihc clecinc heater 36 Io Ihcrcby o

ailIUstllig ICillpCSBIUrc Ol liiC Colldilioilix! Bll llllXCd iii 111C

niixture space 35. thus contnilling temperature of the con-
ditioned air blown fmm each of the air outlets In other
ivords, the air mixture door 34 serves ns a temperature
adjustnient device for adjusting temperature of the condi- 11

uoned air blown uito thc vclucle compartment. Thc mr
mixture door 34 m dnvcn by B servo motor (not flluslratcxi)
whose operation is control)cxI based on thc control signal
output fmm the controller

I'urther. on an air flow upstream side of the face air outlet, io
the foot air outlet and the defroster air outlet. n face door for
adjusting an opening area of the face air outlet. a foot door
for adjusting mi opm»ng arcs of thc liiot air outic1, and a
delroster door fiir adjusting an openui area of Ihc dcfrostcr
mr outlet are provided, rcspcctively (not illus(ra(cd). si

1he face door, the foot door, and the defnister door
respectively serve as an air outlet mode changing device fiir

changing an air outlet mode. which arc dnven by B servo
motor (not illustrated) whose operation is controlled based
on B control signai output Ibom the controller.

Next, a coolant circulation circuit 40 mill be described
below Thc coolmit circulation circuit 40 is a coolant circu-
lation circuit fnr cooling the electric motor M(i for traveling
by allowing the coolant (e.g.„an ethylene glycol aqueous
solution) as a coolin fluid to circulate tlirough a coolant
passage fomied in the above electric motor MCi for travel-
lllg, wllicii is otic of tiic vclllcle-tnountcxl ih:vices gcllciallllg
heat in operation. The cooknnt circulation circuit 40 is
provided with B coolmit pump 41 and Ihc radiator 43.

I'he coolant pump 41 is an electnc pump m the coolant
circulation circuit 40 for pressurizing Ihe coohmt uito a

coolant passage formed in the electric motor M(i for trav-
elin, and whose number of rotations (i.e . a flow amount) is
cmitrolled by a control signal output fmm the controller

Tluis. accordin to the opemntion of the coolant piunp 41
under control of Ihc controller, thc coolant is ctrcuial cxI I'rom

the coolant pump 41 to the electric motor MCI for trave)htg,
to thc radiator 43, Bnd to the coolunt pump 41 in order.
Therefore. the coolant pump 41 serves as a heat medium
flov aniount adjustment unit (i e. a second-fluid floiv
amount adjustment unit) that adjusts a flow amount of the
coolant that flows into the radiator 43.

The radiator 43 is a heat-dissipation heat exchanger that
is disposed ui an migine room, which exchanges heat
bctw ivn thc coolant (1 c.. a six ond fluid) that flow 1 mi1 I'rom
the coolant passage formed in the electnc motor M(i and the
outside air (i e, a third fluid) bloivn from the blower fan 13,
for msdtating heat fmm the coolant to the outside air.

Therefore. in this coolant circulation circuit 40, when the
controller operates the cooknnt pump 41. the coolant passin
tluough thc clcctnc motor MG for traveling absorbs wasie
heat from the clictnc motor MCi for trav cluig Ibr cooling Ihe
elcctnc motor IVIG for uavcling. Further, thc coolant havuig
high temperature by absorbing, waste heat of the electric
nxitor M(i fnr traveling tlows into the radiator 43 and is
cooled by radiatin heat to the outside air In other words,
the electric motor MG for traveling serves as an external
llcilt SoillCC for llCallllg IiiC Coi1hilit.

With refbrcncc Io FIG. 2 Io FIG. 4, a dctaflcxI configum-
tion of thc heat cxchangcr suucturc 50 m descnbed beluw.
In the follov,ing, lil(i. 2 is a perspective view of the heat
exchanger stnicture 50, and lil(i. 3 is an exploded perspec-
tive view of a part of the heat exchanger structure 50. and
FICi. 4 is a perspective view of a part of the heat exchanger
structure 50 I'or illusuating a flow of the rclbigerant and a
flow of tile coolaiit.

Thc heat exchanger suucturc 50 is u combined-type heat
exchanger combining, the refri emnnt radiator 12 and the
mndiator 43 in one unit 1 he refrigerant radiator 12 and the
radiator 43 are respectively fomied as a so-called tank and
tube type heat exchan er, respectively bavin a p)umnfity of
tubes 1211, 43a liir pnssing the refrigerant/coolant imd a pair
of Innks on both ends of thc plurality ol'ubes for coilectuig
and distnbutuig Ihc rclrigcrant/coolant together with other
parts.

More practically, the refrigerant radiator 12 is a first heat
exchan er. which has a p)umnfity of refrigerant tubes 12a
(i e.. a first tube) for passing the refrigerant which is a first
fluid and a rcfngcrant hcadcr tank part 12b (i.c., a first lank
part) liir collecling and dislributing thc rclrigcrmil passuig
tluough Ihc plurality of tubes 12a ui an extcnduig flinn
extending in a laminating layer direction of the plurality of
tubes 12a, fnr exchanging heat between the refrigerant
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passuig in thc rcfngcrmll tubes 12u and thc air that tlows
around the refri erant tubes 12u (i e . the outside air blov n
by the blower fan 13)

On the other hand, the radiator 43 is a second heat
exchanger. which has a plurality of heat medium tubes 43u
(i.e., a second tube) for passing a coolant which is a second
fluid and a heal medium header tank part 43b (i.e., a second
tank pari) for collecting and ihslnbuling lhc coohmt passing
through the plurahty of heat medium tubes 43ir in an
extendiim form extending in a lmninating layer direction of lit

the phirality of heat medium tubes 43u, for exchanging heat
between the coolant passing in the heat medium ntbes 43u
and air that fklws around the heat medium tubes 43u (i.e.. the
outside air blown by the blower Ihn 13).

Further. the rel'ngcrant tubes 12u and thc heat muftutn
tubes 4lir are respectively fiirmed as a so-called plate tube
that has a center-hollow stnicture by combining a pair of
convex-concave-shape plates to have a hollow therein liur-
ther, the refrigerant tubes 12u and the heat medium ntbes
43u are made of material that has high heat conductivity zo

(e.g., an alununum alloy in the prcscnt embodmicnt)
Further. the rcl'ngerant tubes 12u tmd lhc heat mcdnim

tubes 43u are positioned between the refrigerant header taink
part 12b and the heat ntediuni header tank part 43b as slxlwn
in Iif(i 2 and lfl(i 3. In other words. the refrigerant header
tank part 12b is positioned on one end in a lon itudinal
direction of the refri emtnt tubes 12u and the heat medium
tubes 43u. and thc heat medium header tank part 41b is

pc sit tontxf on thc other end in the lon uniduia1 dircmlion of
the refri erant tubes 12u and the heat medium tubes 43u sc

In an inside of the refngerant tubes 12u„ two refrigerant
passt es extending in a longitudinal direction of the refrig-
erant tubes 12u (i e., a perpendicular direction that is per-
pendicular to a flow direction of the outside air that is blov n
from thc blower Ihn 13) arc arranged ui parallel with each is
other along a tlow linc ol'hc mitside air from thc blower fan
13 w luch is indicated by an arrow X. Thc cross section of the
refrigerant passage has a shape that extends along the tlow
line of the outside air indicated by the arrov X.

Further. as shown in FICI. 3, an end of both of the two so
refrigerant passa es that are arranged in two row:s on a
refrigerant header tank part 12b side has mi opeiun lhal
opens toward ml outside of mi end on lhc refngcranl lube
12u side. In the present cmboihmcnl. such an opeiun cud of
the refrigerant passage is positioned on the refrigerant
header tank part 12b fbr communication between an inner
space of the refrigerant header tank part 12b and both of the
uvo refrigerant passa es.

On thc other hand, an cnd of both of the lwo refn ermll
passages thai arc arrangix! ui two mws on a heal mcdnim O

header iank perl 43b side docs nol ltavc an opening lltal
opens towtmd an outside, and such end of the two passages
is connected with each other by a refrigerant turn part 12C.

In such maiuter, an inner space of the heat medimn header
tank part 43b is not in conununication with the refrigerant ss
tube 12u, and the rcfrigcrant passages in two rows are in
CounnnillCillliul Allh CJCll OlhCr.

llicrcforc. in lhc rcfrigcrmil lube 12u of lhe presmtl
embodiment. the refrigerant flows into one of the tv o
refrigerant passages from the refrigerant header tank part ic
12b as shown by a solid line arrow in FICi. 4. nims its flov
direction at the refrigemtnt turn part 12C to flow into the other
refrigerant passe c, and returns lo lhc rcfngeranl hmidcr lank
part 12b.

lite basic configuration of thc heai medium tube 4311 is ss
similar to the refngerant tube 12u 'I herefore. a heat ntediunt
passaae having a flat cmss section and extending in a

longitudinal direr lion OI lhc heal medium tube 43u is forntcxf
in two roivs in an inside of the heat ntediunt tube 43u, along,
the flow line of the outside air from the blower fan 13 which
is indicated by the arrow X.

Further. the heat medium passa e of the heat medium tube
43u conununicates ivith an inner space of the heat medium
brinier tank part 43b on;m cnd of a heat medium header lank
part 43b side. and tm cnd of both of thc two heat medium
passages on the refrigerant header tank part 12b is connected
with each other by a heat medium turn part 431 that has the
smne stnicture as the refrigerant turn part 12C

Therefore. in the heat medium tube 43u in the present
embodiment. the coolant flows into one of the two heat
lncdnliil passages front lhc heat iliixllllili Itotdcl (silk pail
43b as shown by a broken line arrow ul FICi. 4. turns its flow
direction at the heat medium turn part 43c to tlov: into the
other heat mediunt passage, and returns to the heat medium
header tank part 43b

Further. the refrigerant tube 12u and the heat medium tube
43u are alternatively layered with a predetermined gap
inlcrposixl thercbclv,ccn, with the outcr surfaces ol'ofll
tubes arrangmf in parallel with each other. In other words,
the refrigentnt tube 12u is arranged in between two heat
medium tubes 43u. and the heat medium tube 43u is
arranged in between nvo refrigerant tubes 12u in return

Further. the predetermined gap. or the space between the
refrigemnt tube 12u and the heat medium tube 43u. serves
as an outsulc air passage 50u (i.e., a third fluid passage. a
heat exchange obtcct fluid passage) that allows thc outside
air fmm the blower fan 13 to pass therethrough In other
v ords, the outside air passage 50u fiir passing the outside air
is formed aroiutd the refrigerant tube I2u and the heat
medium tube 43u.

Further. in the outside air passage 50u, an outer fin 50b is
disposed, wluch is connccu:d onto outer surfaces ol'he heal
mednim tube 43u and of lhc rcfngerant tube 12u 01st face
with each other, Ior faciliialing heal cxchangc bctwccn the
coolant and the outside air in the refrigerant radiator 12 and
for facilitating heat exchanae between the coolant and the
outside air in the radiator 43, and for heat transfer between
the refri erant passin through the refri emtnt tube 12u and
thc coolmil passing lluough lhc heat medium tube 43u.

Furllmr, in the prcscnt mnboduncnt, thc refmgcrant header
tank part 12b. thc ical medium hcmlcr tunk part 43b and thc
outer tut 5(lb are ntade of the sante ntetal material as the
refrigerant tube 12u and the heat medimn tube 43u. and are
stntctured to have one unit by brazing. Further, the outer fin
50b is omitted from FIG. 3. for the clarity of illustration.

In thc present cmboduncnt, by adopung thc heal
exchanger stnwturc 50 dcscrtbcxl above, a heat exchange
system for heat cxchangc among plural types of fluids (i.e.,
among the refrigerant, the coolant and the air) can be
realized. More pntctically, the heat exchange system tbr
radiating heat from two fluids (i.e.„ the refri emtnt and the
coolant) to another fluid (i.e.. the air) can be realized.

Now, an clcctnc control uiul (i e., a controller hcreina ftcr)
of thc present mnbodnnmtt is descnbcd below. The control-
ler of the prcscnt embodiment is composed of a well-known
nucrocomputer inchiding a (:VI.J. a ROM, and a RAM, and
peripheral circuits thereof lite controller controls the opera-
tion ofeach of the air conditioning controllers 11. 13. 41. and
the like connected to its output by executing various opera-
tions and processing based on air conditioning control
progralus stored 111 lhc ROM.

Furllmr. a group of various sensors for control ol'ir
cmtditioning is coupled to the input side of the controller
The sensors include mt inside air sensor for detecting a
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Iempcraturc ol Ilm vcluclc compartment, an outside mr
sensor for detecting a temperature of the outside air. a solar
Iadiiiniin sensor Ioi'li tci Iulg iin anlount iif siiiiir railiii11iul iu
the vehicle compartment, and an evaporator temperature
smisor Ihr dctccting a tempcraturc Te of Ihe blowuig mr from
the evaporator 16 (i e. an evaporator temperature) The
various sensors also include a discharged refrigerant tem-
perature sensor for detecting a tempensture of the discharged
refrigerant dischar ed fmm the compressor 11. a discharged

I I I

relrigcrant prcssure sensor for dctecung a pressure of the
discharged refngerant from the compressor 11. which serves
as a discharge prcssure dctcction uiul. a relrigcran1 Icmpcra-
ture sensor for detecting a refrigerant temperature in the
relrigcrant radiator 12, wluch serves ss a rclngerant tem-
perature detection unit, a coolant temperature sensor for
detection a tempemture Tw of the coolant that flows out
fmm the electric motor M(i for traveling, which serves as a
coolant temperature detection unit, and the like.

Further. thc coolant tempcraturc Tw flov,uig out lbom thc zil

electric motor MCi for traveling is a temperanire of the
coolant flowuig Into Ihc radiator 43. Thercforc. such tem-
perature niay be detected in a passage ranging between a
coolmit outlet of the electric motor M(i for traveling and the
coolmit inlet of the radiator 43

Further. an opemtion panel wlfich is positioned in a
proximity of the instniment panel of the Ibont part in the
1 chicle comparuncnt (not Illustrated) is coupled Io mi Input
side of thc controller, Ihr im Input of operation si nels from
various air conditioning operation switches disposed on the so

operation panel Various air conditioning operation switches
on the operation panel may include, for example, an opera-
tion switch of the vehicular air conditioner. temperature
setting switches for setting a vehicle compartment tempem-
turc and thc hke. 31

Further. thc controller has, Into~ared Ihcrcw 1th. a control
device liir controlhng an operation of the elimtric motor 116
of the compressor it and the like In the present embodi-
nient, a configuration, i e . a combination of hardhvare and
software, in the contmfler is adapted for each of the control ao

devices that respectively control the operations of control
oblcms. That is, for example, a control conliguration for
controlluig the opcrauon of thc compressor 11 is adapted as
a ihschargc capacity control unit, and a control conligura lion
fiir controllin the operation of the coolant pump 41 which
serves as a heat medium flow: amount adjusuneot unit is
adapted as a heat medium flow amount control unit.

The opemtion of the above configuration in the present
cmbodimcnt is dcscnbcd ui thc I'ollowing. When the opera-
non switch (not illustrated) of thc vehicular mr conditioner o

on thc operation panel Is put in an ON state (I.c., when the
switch is turned ON) which the vehicle start switch is put in
an ON state (i e. when the switch is tumed ON), the
controller executes a program for the air conditionin con-
trol that is pre-memorized in a memory circuit. When s.
executing Ihc progrum. Ihe controller rwids dctccIion signals
from the group of scimors for thc air conditioning control
and reads Ihc opcrunon sigiml of Ihe opemtion panel.

'lien, the controller calculates a target blow temperature
'I'AO which is a target teniperature of the bloiving air blov n io
into the vehicle compartment based on the values of the
detection signals and the value of the operation signal.
Further, based on thc calculated Iargc1 blow temperature
TAO mid thc dctcction signals of thc sensor group, the
controller dclcnnincs Ihc operauon cundiIions of various mr ss
conditioning contmllers connected to the output side of the
controller.

For cxamplc. thc refrigerant dischurgc capacity, or thc
control signal output to the electric motor of the compressor
I I. is deterinined as fiillows. At first, based on the target
blov temperature 'I'AO. the controller determines a target
evaporator blow tempemture TEO of the refrigerant evapo-
rator 16 with reference to a control map pre-memorized in
Ihc controller.

Then, the control signal output to thc chmtnc motor of Ihe
cmnpressor I I is detemiined based on a deviation between
the target evaporator blow temperature Il IO and the bloiving
air temperature 1'e that is detected by the evaporator tem-
perature sensor in the refrigerant evaporator 16, so that the
air temperature of the blowing air from the refrigemsnt
evaporator 16 approaches Ihc target evaporator blow Icm-
pcraturc TEO by usuig a f:cdback control method.

liurther, regarding the control signal output to a servo-
motor of the air mixture door 34, it is determined based iu1

the tar et bloiv temperature 'I AO and the blowing air tem-
perature from the refrigemnt evapomstor 16 with reference to
a control map pre-memorized in the controller. so that the
tcmpcrature ol'he blow Ing air that is blown into thc vehicle
compartment becomes an occupant-des ircd tempcmturc that
is set by using a compartment temperature settuig switch.

I'hen, the control sig/Ia)s deternimed in the above-de-
scnbed manner together with other signals are output to
various air conditioning controllers. After such output. at
predetermined intervals, a control routine repeats a cycle of
(I) rcaduig of the nbove dctcction/operation signals, (ii)
calmilation of the target blow tcmpcruture TAO. (Iii) detcr-
nunation of operation states of various air conditioiiing,
controllers, and (iv) output of the control voltage aod the
control signal, until a request for stopping of the openstion
of the velucular air conditioner is input from the operation
panel.

Thcrelore. In Ihc heat pump cycle 10, the discharges)
rclbigcrant discharged from thc compressor 11 flow s into Ihe
rclbigcrant riuliator 12 for radiating heat thcrcfrom by the
heat exchange ivith the blowing air that is bkiwn by the
bkower fan 13 Further, according to a study by the im entor
of the present disclosure. it is understood that. in this heat
pump cycle 10. the pressure of the discharged refrigemsnt
nscs to or lugher than a standard rcl'ngerant prcssure PI
(c g., about 1.5 Mpa) at a normal drive tune. and a surface
tcnlpi:Iiitiirc (I.c., a v:all surface Ii:nipcratiiri:) ol Ihc Ii:fi1g-
erant tube I Za in the refriaerant radiator 12 rises to 60 to 65
degrees ('elsius or the like by a high temperature refrigensnt
discharged from the compressor 11

The refrigerant (kissing out from the refrigemnt radiator
12 is separated into Ihc gas and the hquid at Ilm rcceivcr 14.
The hquul phase refrigerant flow ing out of the rcceivcr 14 Is
dimomprcsscd and is cxpandcd in thc thcnno-cxpmision
valve 15 to become a low-pressure refrigerant At such
nxmient, the valve opening of the thernio-expansion valve
15 is controlied so as to control the degree of heating of the
refrigemnt on the outlet side of the refngerant evaporator 16
witlun a prcdctermincd value range.

Thc low-pressure rcfngcrmit that Is decompressed and
cxpandcd in thc thcnno-cxp;msion valve 15 flows uito thc
refrigerant evaporator 16. to evaponste by absorbing heat
from the blowing air that is bloivn by the blower 32 In such
manner, the blov, ing air biovvn into the vehicle compartment
is cooled. The refrigerant flowing out fmm the reibigemnt
evaporator 16 is suckml by thc compressor 11, and Is
compressed again.

On the other lmnd, as I'or the blow uig air (I.e., a cooled

air 

)

cooled by the refrigensnt evaporator 16. a part of the bloiving
air (I.e, a cooled air) ivhich is determined by the opening
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degree of Ihc a&r m&xturc door 34 &s healed by Ihc cleclric
heater 36, and is mixed with the bk&wing air bypassed the
heater 36 in the mixture space 33. for the adjustn&ent of
tenlpemture 'I hen, temperature-adjusted blow air is blov n
into the vehicle compartment throu/& each outlet from the
mixture space 35.

By such blow mr blown into thc vcluclc comps&(a&cnt. a
coo 1u&g of tlm v clue 1c comp arhnent elm be res h Bed when the
inner temperature in the compartment is decreased to be
lower than the outer te&npemture, or a heating of the vehicle Ia

compartment can be realized when the inner temperature in
the compartment &s increased to be higher than the outer
temperature.

11&c operation of the coolm&t pump 41 ol'l&e coolant
circulanon circu&1 40 &s dcscnbed below. As descnbed
abm e. in the hybrid vehicle of the present embodiment. the
controller operates the engme or the electric motor M(i for
travelina. accordmg to the travel load of the vehicle or the
like. Because the electnc motor MCi for tmveling is an
in-vehicle dev&ce that emits heat at the time ofoperation, the lo
tcmpcraturc ol Ihc coolant rises when Ihe controller opcralcs
thc electric motor MG for travelu& .

Further. it is preferable that the temperature of the electric
nlotor M(i for travelmg (i.e, a coolant temperature) is equal
to or hiaher than a lowest pn&tection temperature Tlw (e g.,
60 degrees Celsius in the present embodiment) which is set
for the reduction of the friction loss &vhich is caused by an
increase ol Ihc v&scos&ty of a lubncant u& the clcctnc motor
MG lor &ra&cling and & ~ equal to or lower than a luglu:st
pm&ection temperature I hi (e g., 65 degrees (lelsius &n the io
present embodiment) which is set for the prevention of
overheat of the electnc n&otor M(i for traveling

Therefore. the controller controls the operation of the
coolant pmnp 41 so that the coolant temperature Tw detected
by thc coolant tempcraturc sensor is equal lo or ln her than &i

thc lowest protection Imnpcrature Tlw and &s equal Iu or
lower than the h&ghcst protection tcmperdturc Tlu when the
electric motor M(i for traveling is in operation in the present
ealbodlnlenn

More practically„when the coolant temperature Tw do

decreases belov, the lowest protection tempernn&re Tlv., the
controller decreases flm &ntlow amount of thc coolant flow-
ing u&to Ihc rad&ator 43 by decrcasu& Ihc ihsvharge unount
of Ihc coo 1m&1 pump 41 Io bc a small flow amounl, and w hen
the coolant temperature Tw rises above the highest prot&x-
tion temperature 1'hi. the controller increases the inflov
amount of the coolant flov in into the radiator 43 by
increasing the d&scharge amount of the coolant pump 41 to
be a large flow amount. )n such manner, the coolant tem-
perature Tw &s controlled to be witlun Ihe rm&ge bctwccn the o

lowest protection Imnpcrature Tlw and Ihc lughcst protec-
tion tempemture 'Ihi when the electric motor M(i for trav-
eling is in operation

Further. when the electnc motor MCI for tmveling is in
operation and the coolant temperature Tw decreases below ls
the lowest protect&on tempcraturc Tlw, &t is prefi rablc to slop
Ihe operation of thc coolant pump 41 Io restrict the d&ss&-

panon ol'heat from the coolm&1 u& Ihe rad&a&or 43. However,
if the operation of the coolant pump 41 stops completely, the
coolant temperature sensor cannot adequately detect the io
change of the coolant tempemture Tw of the coohmt tlmt
flows out fmm the coolant passage of the electric motor MCI
iol IIB& Chug.

11&erclhrc, in the present embodiment. when thc d& svherge
amount of the coolm&t pump 41 is controlled Io have a small si
flolv amount. the inflow amo&u&t is controlled to stay at a
level that enables the adequate detection of the change of the
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coolant tcmperaturc Tw ol'the coolant flow&ng out from thc
coolant passage by the coolant temperature sensor, and at a
level that substantially prevents the heat exchange between
the coolant and the omside air in the radiator 43 I'u&ther,
v hen the dischar e ann&unt of the coolant pump 41 is
controlled to have a large fk&w amount. the inflow amount is
controlled Io slay at d le& cl tluit allows a suflicmnt heal
exchange &n Ihc radiator 43 between Ihc coolant and Ihe
outside air or between the coolant and the refrigerant

On the other hand. &vhen the electric motor M(i ti&r

traveling is not in operation, the coolant te&npemture 1'&v

may decrease belo&v the lowest protection temperature Tlw
since the electric motor MCi for travelin does not emit heat.
For cxiunple, thc coolant temperature Tw is far below thc
lowest protection Icmpcrdture Tlw just after thc start of Ihc
vehicle openltion, for example. 'I'herefore, the controller of
the present embodiment controls the discharge amount of
the coolant pump 41 depending on the coolant tempemlture
Tw v hen the coolant temperature Tw is lower than the
lowest protection tempemture Tlw.

More practicafly, when the pressure of the dischargcxj
relbigcldnt Is cx)ual to ol hlghcl than Ihc above-dcscrlbcxj
standard refrigerant pressure Pl, and the coolant tempem-
hire Tw is equal to or higi&er than a predeternl&ned second
standard temperature 'I'2 (i.e, 50 degrees ('elsius) and is
equal to or lower than a predetehnined first standard tem-
perature T1 (i.e.. 60 degrees Celsius), the discharge amount
of the coolant pump 41 is controlled to have a small flow
amount, and, when Ihe coolant Imnpcrature Tw is lower than
the second standard temperature T2, the discharge amount of
the coolant pump 41 is conth&lied to have a large flow
,'In&CUBI.

in the present embodiment„ the first standard temperature
T1 &s set to be equal to the lowest protection temperature
Tlw. However, thc lira& standard tmnperdturc Tl may bc sct
to l&avc a value that is lower than Icmpcralure ol Ihe
d&scha&ged rcfngcrant flowing u&to thc rely&germ&t mdiator
12 (e.g., a value that is lower than a highest possible
temperature of the discharged refrigemnt), and a value that
is h&gher than the temperanire of the outside air flowing into
the radiator 43. Further, the second standard temperature T2
may bc sct to Ihe temperature that &s lower than Ihc iirsl
standard tcmpcraturc Tl.

in Ihc prcscnt cmbodimm&t, accord&ng Io Ihe abovc-
described control of the opemtion of the coolant pump 41 by
the controller, heat exchm&ge in the heat exchanger structure
50 can be performed in the follov,in manner. With refer-
ence to Fifi. 5(a) to FiG, g(b). heat exchange between the
relbigcrant. the coolant and the air (&.c., thc outs&dc air) &s

described in Ihc follow u&g.

Case (A). thc lowest protect&on tmnperaturc Tlw&thc
coolant temperature T&Cathe highest pmtect&on temperature
1 hl

The heat exchange ann&ng the refrigerant. the coolant and
the air (&.e., the outside air) when the coolant temperature Tw
is higher fl&an thc lov, est protect&on Icmpcrature Tlw (i.e.. 60
dcgrccs Cela&us) and &s ixpial to or lower than thc highest
protect&on tempcraturc Tin (65 dcgrccs Cela&us) &s dcscr&bcd
v ith reference to l&l(iS 5(a) and 5(b) and lq(iS. 6(a) and
6(b)

Fifi. 5(a) is a three-dimensional temperature d&stribution
diag un illustratin a simulation result of the temperature
d&stribut&on on thc outcr lin 50b when the surface tcmperd-
IUIC (I e.. Ihc wafl sU&I)ice lcnlpc&BIUIC) ol Ihc hi Bt n&E'dlilnl

tube 43a of thc radiator 43 is 65 degrims Celsius, thc surface
temperature (i e, the &vali surface ten&pemture) of the refrig-
emlnt tube 12a of the refrigemnt radiator 12 is 65 degrees
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Cclsnis. and an outside lmnpcralure is 35 degrees Cclsnis.
Fl(i. 5(b) is an lllustmtlon of the tempemsture distribution on
thc outcr Iin 506 in an X arrow view that is ahgned with a

floiv direction of the outside air on the same temperature
coniilnoll.

Further. 111(iS 6(a) and 6(b) are the diagrams ~inular to
those of FIC)S 5(a) and 5(b) when the surface temperature
of the heat medium tube 43a of the radiator 43 i ~ 60 degrees
('elsius. and the surface temperature of the refri erant rube

I I I

12a of thc rclbl erant radiator 12 is 6S degrees Celsius. In
FIG. 5(b) and FICi. 6(b). the transfer of heat is indicated by

broken line arrow.
As shoivn in I'IGS 5(a) and 5(b), when the surface

tcmpcralurc of thc rclblgerant lube 12a ls salllc Bs flll silrl Icc
tenlpemture of the heat medium tube 43a. heat of the coolant
and heat of the discharged refbigemnt dischar ed from the
compressor 11 are mdiated through the outer tin 506 to the
outside air that flov s in the outside air passage 50a. In the
course of dissipauon (hml radmnon). 50% of thc outcr tin
506 on a heat medium tube 43 a side is used for radiating heat
from lhc coolant to lhc outsulc air. and thc rest, i.c., 50%, of
the amer tin 506 on a refngerant tube 12a side is used fiir
radiatin heat from the discharged refrigensnt to the outside
air

Further. as shown ln FICIS. 6(a) and 6(b). even when the
temperature difierence between the surface temperature of
Ihe heal medium lube 43 a and the surface lcmpera lure of thc
refrigerant lube 12a is 5 degree Celsius, heal of the coolmll
and heat of the discharged refrigerant are radiated to the io
outside air thmugh the outer fin 50b In the course of
dissipation (heat radiation). 65'r'Ir of the outer fin 506 on the
heat medium tube 43a side is used for msdiatiiig heat fmm
the coolant to the outside air, and the rest. i.e.. 35%. of the
outcr fin 50b on a rcfrigcranl tube 12a sale is used for ls
radianng heat from thc discharged rcfrigcranl lo Ihc outside
Bn.

In other ivords, when the temperature difference benveen
the surface tenlperature of the heat medium tube 43rr and the
surface tempemsture of the refri erant tube 12a is equal to or su
lower than a predetermined value (i.e., 5 degree C'elsius in
Ihe present embodiment), lhal is, when lhc roolanl Icmpcra-
lurc Tw is higher thml 60 dcgrims Cclsms mid is equal lo or
lower ihan 65 dcgrixs Celsius, a heal dissipalion arcs of thc
outer fin 506 for radiating heat from the coolant to the
outside air and another heat dissipation area of the outer fin
50b for radiating heat from the refrigerant to the outside air
are controlled according to the tempemsture difference. for
adequately radianng heal Irom Ihe coolmll and Irom the
discharged Iclrlgcrant lo Ihe i)ulsnlc an; o

In other words, heat from thc disclrarged refrigerant is
transferred to the outside air by the refrigerant radiator 12
and heat from the coolant is transferred to the outside air by
the mdiator 43. As a result, a heat exclmnge sysrem which
performs heat exchange adequately mnon. the plural types s.
of fluids can bc rcahzed.

Case (B): the second standard temperature T2uthc coolmll

tempera lure Tw the Iirsl srandard temperature Tl
'lite heat exchange among the refrigerant, the coolant and

the air (i.e, the outside air) when the pressure of the io
discharged refrigerant is equal to or lfigher than the above-
described standard refri emnt pressure Pl, and the coolant
tcmpcralurc Tw is equal to or lugher than fllesccond
standard tmnpersturc T2 (I.e., 50 degrees Celsius) and is
equal to or lower than thc lirst standard tmnpemturc Tl (I.c., ss
60 degrees Celsius) is described with reference to I'l(iS 7(a)
and 7(b).

Furflmr, FIGS. 7(a) mid 7(b) are thc anni)sr diagrams to
lii(iS 5(a) and 5(b). in a situation where the surface
temperature of the heat medium tube 43a of the radiator 43
is 55 degrees ('elsius. and the surtace temperature of the
refrigerant tube IZa of the refrigemnt radiator 12 is 65
de rees C'elsius.

As shown ui FIGS. '7(a) and 7(b), when thc coolant
tcmpcrature Tw is equal lo or higher than the almond
standard temperature 'I'Z (i.e, 50 degrees ('elsius) and is
equal to or lover than the first standard temperature Tl (i e,
60 degrees (.'elsius), the discharge anlount of the refrigerant
pump 41 becomes a small flow amount„such that an the
operation of the coolant pump 41 ls substantially stopped.
Thcrcforc, a very small;miount of heal is Iransfi:rrcd I'rom

thc coolmil to lhe oumidc air. and heal of flm discharged
refrigerant is transferred to the outside air In other words,
alnxist all area (00"rb) of the outer fin 506 is used to dissipate
heat from the dischar ed refrigerant to the outside air

Therefore. even when the coolant temperature Tw
decreases below the first stanihsrd temperature Tl and the
tcmpcrature difi'crcnce bmwecn the tcmperaturc ol'hc dis-
charged rcfngcranl and Ihe Imnpersturc of Ihe coolant
increases, the unwanted heat exchange between the dis-
char ed refrigerant and the coolant is prevented, for etfi-
ciently radiating heat fmm the discharged refrigerant to the
outside air.

In other words. heat dissipation by the refngerant radiator
12 from thc discharged relbigermlt to lhc outside mr can bc
perfomlcd, and heal exchange by thc radiator 43 bctwccn thc
coolant and the outside airidischarged refngerant is
restricted. As a result. a heat exchange system w:hich per-
forms heat excliange adequately among the plural types of
fluids can be realized.

Case (C): the coolant temperature Tw &the second stan-
ilard lcnlpcral Ill c T2

Thc heat cxchangc among the rcl'ngeranl, thc coolant and
the iur (I.c., Ibc outside

air )

when Ibc coolant lmnpera lure Tw
is lower than the second standard temperature 'I'2 (i e, 50
degrees ('.elsius) is described v ith reference to I'l(i SA/B
Further. FICIS. S(a) and 8(b) are the simiLar diagrams as
FICIS. 5(a) and 5(b). showing a situation in which the
surface temperature of ihe heat medium lube 43a of thc
radiator 43 is 4S dcgrccs Celsius, and thc surface lempcra-
turc ol'hc refhgcranl tube 12a of thc rcfngerant radiator 12
is 65 degrees ('elsius

When the second coolant temperature 'Iw is below the
second standard temperature T2 (i.e . 50 degrees Celsius) as
shown in FICIS. 8(a) and 8(b). even though the discharge
amount of Ihc coolant pump 41 becomes a huge fiow
amount, heat will not bc trmisfbrrixl Ibom lhc coolant to Ihe
outside air. That ls, heal from lhc discharged rclhgerant is
transferred to the outside air, and, heat exchange betw:een the
coolant and the discharged refrigerant can be performed by
the radiator 43. In such case. heat is transferable fhom the
discharged refrigerant to the coolant by an amount that is
capable of heating Ihc entire coolant circulation circuit 40.
Thcrcforc, when thc Imnperalurc dlflerencc bctwccn thc
dischaigcd relblgermlt and lhc coolunt is large and thc
temperature of the coolant is low. a very large amount of
heat can be transferred from the discharged refrigerant to the
coolant circuiation circuit 40.

In other words. the entire area of the outer fin 506 is used
to dissipate heal from Ihc discharged rclblgerant lo Ihe
outside air, and thc outcr lin 50b ls also uscdi lo dissipate heal
from thc discharged rcfngcrant to lhc coolant Thcrcforc,
when the coolant temperanire Iw decreases bekiw the
second standard temperature 'I 2 to have an mcreased tem-
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pcrdlure diflbrcnce bclwcen the discltargcd refrigerant and
the coolant, heat exchange between the discharged refnger-
ant and the coolant is facilitated tn dissipate heat from the
discharged refrigemnt tn both of the outside air and the
coolant. thereby increasin the amount of hear exchange
ji.e., a heat radiation amount) on a dischar ed refrigerant
side.

littd is very cflbctive in paniculdr liir Ihe cool down
driving at the time of the start of the vehicle or the like In
other ivnrds, when the heat generation amount of the electric in

niolnr M(i for traveling is small and the temperature of the
coolant is low. the heat pump cycle 10 has to be operared at
the maxinnim coolin power, even though the cooling
cdpacilv ofllic clcclilc itlotor MG Ioi Iravi liiig iii lite ciioldill
circulanon circuit 40 is not rcquircd. Thcrcforc, by radiating
heat fmm the discharged refrigerant by a larger amniuit in
such situation, the efficient air conditioning is achieved

As described above, the present embodiment realizes a
heat exchan e system that adequately exchanges heat among
the plural types of fluids fi.e. among a discharged refnger- in
anl. a coolant, und an mr) regardless of Ihc temperature
cluuigc oi the coolant. Speciiically, when lhc temperature
ditference between the discharged refrigerant and the cool-
ant increases. the heat radiation amount is increased by
facilitatin heat exchange between the discharged refnger-
ant and the coolant. Such a capability of increasing rhe heat
radiation amount at the tune ofhaving a peater rempermue
difli:rmicc bc(ween thc discharged rcl'ngeranl and thc cool-
ditl ls vcrv cflcclivc, iii nxiii of iiicl crt ac iil tlic I elis get a!toit
capacity of the heat punlp cycle 10 Ill

'Ilierefnre. the second standard temperature 'I 2 mav be set
to a value that is lower than the first standard temperature
T1, and to a value that enables the increase of the refrig-
eration capacity of the heat pump cycle 10 by the increase
ol Ihc heal radiation amount of lhc disclmrged refn ermil is
when heat exchange bclwcen thc discharged refrigerant and
IIIC Cooldiil is IaCI)ildlixl.

Further. in the present embodiment, the flow amnunt of
the coolant is decreased when the pressure of the discharged
refrigerant is lfivgher than the standard refrigerant pressure dn

Pl. Therefore. the temperature of the discharged refrigerant
sccurcly rises to 60 lo 65 dcgrccs Celsnis. Thus. thc tcm-
pcrdlure diflbrcnce bclwcen the discltargcd refrigerant and
Ihe coolant is simurcly rcscrvcd when the coolant Icmpcra-
ture qw is lower than the second standard temperature f2
ji e, 50 de rees ('elsius)

Further. in the present embodiment, the refrigermlt radia-
tor 12 and the mdiator 43 are structured as the heat
exchanger structure 50. Thcrcforc. heat Iransler between the
discharged rcfrigcranl and Ihe coolant is made extremely C

casvi
Further. heat tmsnsfer between the discharged refrigerant

and the coolant can be performed through the outer tin 50b.
Therefore. heat from the discharged refri erant is more
easily transferred to the outside air than to the coolant when s.
heal is Iirstly trunsfi rrcd lo thc outcr lin 50b. Thus, when thc
flow amount of thc coo)wit is ihmreased, heal from thc
dtscluugcd rcfngcrant is eflicicntly transfcrrcd to flie outside
'll

I'gecond
I Inlbodinlent) sn

In the present embodiment. as shov:n in FIG. 9, a con-
figuration of the coolant circulation circuit 40 is changed
from thc lirsl embodiment. Morc praclrcallv, lhc coolmil
cirmilation circuit 40 has, ui addition to thc coohmt pump 41
and lhc radiator 43. an ehxtnc-type tlucc-way valve 42 and ss
a bypass passage 44 that bypasses a flo of the cnnlant
around the radiator 43 I'urlher. in I'l(i 9. like parts have like

numbers as Ihc lira( embodiment. Such numbering also
applies tn the other dmwings.

'I'he three-way valve 42 sv itches twn circuits. that is, a
heat medium circuit that connects an inlet side n f the coolant
pump 41 and an outlet side of the radiator 43 to introduce the
coolant flov, in into the radiator 43 and let detour around the
radiator 43, and a heat medium circuit that connects mi uriel
sale of Ihc coolant pump 41 dnd an outlet side of thc bypass
passage 44 to bypass the coolant amund the radiator 43
Iiurther, the operation of the three-way valve 42 is controlled
by a control voltage that is output from the controller.

In other words, in the cookmt circulation circuit 40 of the
present embodiment, a heat nledium circuit from the coolant
pump 41 lo lhc cleclmc motor MG for Iravcluig, to thc
radiator 43, and lo thc coolant pump 41 and a heat mednun
circuit froin the cnolanl pump 41 tn the electric nintnr M(i
for traveling, to the bypass passage 44, and to the coolant
punlp 41 are switched

Further. v:hen the tluee-way valve 42 switches a circuit to
the one that controls the coolant to bypass the radiator 43,
the coolant will nol flow into the radiator 43. In other words,
the inflow iunounl of the coo)mr( flowing utto thc radiator 43
is reduced. 'I'herefiire. the three-ivay valve 42 of the present
embodinient serves as a heat medium flow anlount adjust-
OICflt iiflit.

Further. when the vehicle start switch is tumed on (i.e.,
sv itched ON) in the present embodiment, the controller
operates Ihc coolant pump 41 so Ihat a prcdclcrnunod
discharge amount is discharged from thc pump 41. Further.
v hen the electric motor M(i for traveling is in operation, the
controller controls the operation of the three-way valve 42
sn that the coolant temperature 'I'w is kept tn be equal tn or
hi her than the lowest protection temperature Tlw and to be
equal to or lovver than the highest protection temperature
Thi.

More prdcncally, when Ihc coolant lmnpcralure Tw
dimrcascs below Ihc lowest protection tcmperdturc Tlw, the
cmttroller switches the heat mediunl circuit tn the one that
flov s the coolant to bypass the radiator 43, and, when the
coolant temperature Tw rises above the highest protection
temperature Thi. the controller switches the heat medium
circuit to thc onc Ihal flnws the coolant utto the mdmtor 43.
Further, in Ihc present embodiment, even when thc heat
medium circuit is switclttxl lo Ihc one Ihal flows thc coolanl
tn bypass the radiator 43, the controller does nnt change the
discharge ainount of the cnnlant punip 41. I'heretiire. the
change of the coolant tempemture Tw is securely detected at
such time.

Furllmr. In a case where lhc electric motor MG lor
traveling is nol ui operation. when the prcssure ol Ihe
discharged rcl'ngerant is equal to or lugher than above-
described standard refrigemnt pressure Pl, and, under such
circumstmice, ivhen the coolant temperature Tw is equal to
or higher than the second standard temperature T2 that is
determined in the same manner as the first embodiment and
is equal to or lower flum Ihc Iirst standard Imnperaturc T1
that is dclcrnuncd m Ihc mime manner as Ihe Iirst mubodi-
mcnt, thc controller switches lhc heat medium circuit lo thc
one that flows the coolant tn bypass the radiator 43 In
contrast, v;hen the conffinl temperature 'I'w is below the
second standard temperature T2„ the contmfler switches the
heat medium circuit to the one that flows the coolant into the
radiator 43.

Other coniiguration and operation of lhc prcsmit embodi-
menl is same as the Iirsl embodiment. Therclorc, Ihc heal
exchange system of the present embodiment is controlled
substantially in the same maniler as the heat exchange
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system of the lirst emboihmcni. thereby enabluig an
adequate heat exchange system that exchanges heat among
the plural types of fluids (i e. amono a discharged refnger-
ant, a coolant. and an air), regardless of the temperature
change of the coolant.

(Third Embodunent)
In the presmlt cmbodunent, as shown in FIO. 10, a

conligurauon ol'he heal pump cycle 10 is cluulged from the
second embodiment. 1 he heat pump cycle 10 of the present
embodiment has a switchable refrigenlnt circuit that ls Ic

switchable benveen a heating operation and a cooling opera-
tion. i.e.. the heatin operation for heating a blowing air that
is blown into the velficle compartment (i.e.. "heatin mode")
and Ihc cooling opcrauou for cooling a blowing mr that is
blown into the vehicle comparunent (i.c., '*cooling mode").

More pnlctically, a refrigerant inlet side of an interior
condenser 37 is connected to a refrigerant discharge port of
the conlpressor I I m the present embodiment. I'he interior
condenser 37 is a heater (i e.. a heat exchanger for heatin ),
disposed in the casing 31 of an interior air conditioning unit 10

30 of the ichicular air conditioner 1, for heat exchange
belwcmn a high-lemperauirc lugh-prcssure reihtgcrani flow-
ing therein (i.e., in the casing 31) and a blmving air bkmn
into the vehicle compartment after passing the refrigerant
evaporator 16. Therefore, in the present embodiment, the
electric heater 36 is not used.

A heating fixed throttle 17, which serves as a decompres-
sion uml for lmauug operation Ihal dcprcssuitzcs and
expands the refrigerant which flows out Iyom the intcuor
condenser 37 at the time of heating openltion. is connected lo
to the refrigerant outlet side of the interior condenser 37 As
the heating fixed thmttle 17. an orifice, a capillary tube or the
like nlay be used. A refrigerant inlet side of the refrigerant
radiator 12 is connected to the outlet side ofthe heatiilg fixed
tluoule 17. 31

Further. in Ihc prcsmlt embodiment, thc rclyigerant radia-
tor 12 limctions. ul thc cooling operation, as a heal radiating
heat exchanger for radiating heat from the refrigerant to the
outside air by switching the refrigenlnt circuits of the heat
pump cycle 10„and fiinctions, in the heating operation. as a so
heat absorbing heat exchan er for absorbing heat from the
outside air lo Ihc rcfrigcrani. Therefore, ui the Ihllowing
cxplmialion of Ihc prcscnt cmboduncnl, Ihe '*relngcrmll
radiator 12" is designated as an '*cxlenor heal cxclmnger
12 "

I'urther. a fixed throttle bypass passage 170 for directing
the refrigerant flowing out from the interior condenser 37 to
the exterior heat exchanger 12 side by bypassing the heating
lixixl throttle 17 is connimted to Ihe rcfngerant outlet sale of
thc interior condenser 37. o

lhc lixed tluottlc bypass passage 170 has im opmi-close
valve 17)3 that opens and closes the fixed throttle bypass
passaue 17a. The open-close valve )7)3 is an electromagnetic
valve that contmls its opening and closing operation accord-
ing to the contml volta e output by the controfler. 1.

Further. duc to the reason thai a pressure loss of thc
refrigerant when thc rel'ngcmnt passes tluough tlm open-
closc valic 17(3 is exlrcmcly smaller tlmn a pressure loss
when the refrigerant passes through the fixed throttle 17. the
refrigerant flowing out from the interior condenser 37 tlnws ro
into the exterior heat exchan er 12 tluough a fixed tluottle
bypass passage 170 side when the open-close valve 176 Is
open, and flows into thc cxtcnor heat excluuigcr 12 through
thc hcatuig ftxcxl throttle 17 when thc open-close valve 176
is closed. si

In such manner, the open-close valve 176 can slvitch the
refrigerant passages of the heat pump cycle 10 'lherefore,

thc open-close valve 17(3 of Ihc present mnbodimcnl serves
as a refrigerant passage slvitch unit

liurther, the electric-type three-way valve for switching a
refrigerant circuit that connects an outlet side of the interior
condenser 37 and an inlet side of the heating fixed throttle
17 and a refrigerant circuit that connects an outlet side of the
iulcnor condmlser 37 and an uilct side of thc lixed tluottle
bypass pasaagc 17a may also bc used Bs a rcfrigcranl
passage sv;itch unit

An electric-type three-lvay valve 171 is connected to an
outlet side of the exterior heat exchanger 12 'I'he operation
of the three-way valve 171 is controlled accordin to the
control voltage from the controller. and the tluee-way valve
17c scrvcs as a rcfrigcrmii passage switch unit togcihcr with
thc above-dcscnbcd open-close 1 alve 17b.

More practically, the three-lvay valve 171 switches, in the
heatmg openltion, a refriuerant flow to a refrigenlnt passage
that connects mi outlet side of the exterior heat exchanger 12
and an inlet side of an accumuLator 18 that is described later,
and switches. in the cooling operation. a refri emlnt flow to
a refngcrmll passage lluil connects an outlet side ol'he
exlcnor heat exchanger 12 and an inlet side ol' coolulg
fixed tluottle 19

I'he cooling fixed throttle 19 is a decompression unit for
the cooling operation which expands the refrigerant floiving
out from the exterior heat exchanger 12 in the cooling
operation, and a basic configuration of the fixed throttle 19
is similar to the healing ftxcxI throule 17. Further, a rcfrig-
crant ullct side of Ihc rclhgerant evaporator 16 ls connectod
to an outlet side of the cooling fixed throttle 19. and an inlet
side of the accunndator 18 is connected to a refrigerant
outlet side of the refri emnt evaporator 16

The accumulator 18 serves as a low -pressure side refri-
emlnt gas-liquid separator for separating the refrigemlnt flow-
hlg lhcrcnl into gas and llqilui Bnd for slonng a silrplils
relyigcrant in thc cycle. A suciion sale of llm compressor 11

ls conncclcd 10 11 gBs-phase rclngcralll outlet ol lhc Bccu-
nnilator 18. 1'herefore, the accumulator 18 restricts the
sile tlon of the liquidphase refriuerant by the compressor 11,

and prevents a liquid compression of the compressor 11. The
other confi uration of the present embodunent is similar to
thc onc in the second cmbodinu:nt

Thc operation of lhe prcsmll embodiment ul Ihe above
configuration ls dcscribcd in Ihc following As dcscribod
above, the vehicular air conditioner I of the present embodi-
ment switches the refrigerant circuit of the heat pump cycle
10 to perform either a heating opemltion (i.e., heating mode)
for heating the vehicle compartment or a cooling operation
(i c., cooling mode) for cooling thc vehicle companmcni.

Thc heating opcrauon is dcscnbed first. The hcalulg
operation is started when a noi-illustrated vcluclc start
sv itch is put in an ON state (i e., is turned ON) and the
opemltion switch of the vehicular air conditiimer on the
operation panel is put in an ON state (i e.. is turned ON), and
a selector a~itch on the operation panel is used to select a
hCillulg opCIBI1011 nlodC.

In the healing operauon. the controller cloaca the opcn-
closc valve 176 mid switches die Ihrim-way valve 17c lo thc
refrigerant passage that connects an inlet side of the accu-
mulator )8 to an outlet side of the exterior heat exchanger
12. In such manner, the heat pump cycle 10 is switched to
have the refrigeration passage in wluch the refrigemlnt flows
iu a solid linc arrow direction of FIO 10

In such coniigurauon of the rcfrigcraul passage, Ihe
controller reads thc detimuon signals ol'hc above-descltbcx)
sensor group for the air conditioning control and the open-
tion signal of the operation panel. and then, in the smne
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manner as Ihc lira( embodimcnn calculates Ihc Iarge1 blow
tenipemture IAO to wllich temperature ot the blowing air
blown intn the vehicle contpartment is adjusted based on the
detection signals and the operation signal I'urther, based on
the calculated target blow temperature TAO and the detec-
tion signals of the sensor group, the controller determines
operation condiuons of various air condilioning conlrollcrs
thai are coiuiectcd to au output side of Ihc controller.

1 hen, the coiltroller outputs contml signals to various air
conditioniim cnntrollers so that the determined operation Io

conditions are realized 'I hen, until a request fior stopping the
operation of the velficutnr air conditioner is provided by the
operation panel„ the control routine of the following open-
nons is repas(cd at prcdclcmunixt uuervals. 11iat is. thc
routine rcpcats a cycle ol'(I) thc readm of the dctcmhon/
operation signal, (b) the calculation of the target blov
tenipemture 'I'AO. (Ii) the determination of the operation
condition of the various air conditioning contnollers, and (Iii)
the output of the contml volta e and the control signal.

Then, in the heat pump cycle 10 of the heatiitg operation, Io
a lngh pressure rcfngerant discharged from the compressor
11 flows uuo thc Intenor condenser 37. The refn ermtt
which has flowed into the mterior condenser 37 exchanges
heat ivith the blowing air that is blown froin the blower 32
and has passed through the refrigerant evaporator ltk fiir
radiating heat In such manner. the blowing air to be blown
into the vehicle compartment is heated.

llic tu gh pressure refngermit flow uig out from thc intcuor
condcnscr 37 tlow s utto thc heating lixed tluoule 17 Io bc
depressurired and expanded, because the open-close valve so

170 is clnsed 'lite low-pressure refrigerant that is depres-
surired and expanded by the heating fixed thnottle 17 then
flows into the exterior heat exchanger 12. The low-pressure
refrigerant that has flown intn the exterior heat exchanger 12
absorbs heat lbom thc outsale air Ihat is bloiiui by Ihe blower Is
fon 13 and cvaporatcs.

lite rcfngerant flowing out from Ihe extenor heat
exchmtger 12 flows into the accumulator 18 for the separa-
tion of gas fmm hquid, because the three-way valve 17k is
switched to the refri erant passage that connects an inlet so
side of the accumulator 18 to an outlet side of the exterior
heat cxchangcr 12 Then, a gas-phase refhgerant separated
by the accumulator 18 Is sucked by thc compressor 11, to bc
colupliuscd agaill.

At such moment, in the coolant circulation circuit 4(l. the
operation of the tinea-way valve 42 is controlled just like the
second embodunent„so that the coolant temperature Tv
rises to be equal to or higher than the lowest protection
tcmpcraturc Tlw and Io bc equal to or lower than the lughcst
proicction temperature Tlu. il Ihe clecInc moIor MC for o

travcluig Is in opcralion.
1'heretiire. when the electric motor MCi fiir traveling is in

operation, the low-pressure refrigerant which has tlowed
into the exterior heat exchanger 12 can efficiently absorb
heat front the coolant through the outer fin 50h s.

Further. when thc clcctnc motor MG for traveling is not
in operation and the coolant tcmperaturc Tv, is lower than
Ihe protection Icmperaturc Tlw and Ihc relngcrmtt Icmpcra-
ture in the exterior heat exchanger 12 detected by the
refrigerant temperature sensor is higher than 0 degree Cel- io
sius, the controller contmls the opemstion of the tluee-wny
valve 42 to sivitch the heat medium circuit to the one ttmt
flow s Ihc coolant to bypass thc radiator 43.

llierclbrc, when Ihc coolmu temperature Tv, is lower than
thc lowest protection tcmpemturc Tlw mtd Ihe refn ermu ss
temperature in the extenor heat exchanger 12 detected by
the refrigerant temperatuie sensor is higher than 0 degree

Celsius, heat dissipation from the coolant to thc refrigermit
tlowing in the exterior heat exchan er 12 will not be caused,
aild the heat absnrption bY the coolailt froilt the refrigerant
tlowing in the exterior heat exchan er 12 will not be caused

On the other hand, when the electnc motor MCi for
traveling is not in operation and the coolant temperature Tw
is lovvcr than thc protccuon tcmperaturc Tlw and thc refrig-
erant tcmpcrature ui Ihc extcnor heat exchanger 12 detccied
by the refrigerant temperature sensor is equal to or lower
than 0 degree (.'elsius, the cnntroller controls the operation
of the three-way valve 42 to sivitch the heat ntediiun circuit
to the one that introduces the coolant Into the radiator 43,
since such a low temperature may have caused frost forma-
tion on an outcr surface of thc extcnor heat cxchangcr 12.

In such manner, heat is transferred from Ihc coolant Io thc
exterior heat exchanger 12 tluou h the outer fin 51)b, fiir
defrostmg the extenor heat exchaimer 12

'I'he cooling operation is now described. 1he cooling,
operation is started ivhen the operation sv itch on the opera-
tion panel is put in an ON state (i.e . is turned ON), and n
selector switch on thc operation panel Is usixl to select a
cooling operation mode. At thc time of cooling operation,
the controller opens the open-close valve 171I and sivitches
the three-way valve 17i to the refrigerant passage that
cmtnects an inlet side of the cooling fixed throttle 10 to an
outlet side of the exterior heat exchanger 12.

In such manner, the heat pump cycle 10 is sv itched to
have thc reltigerat ion pasuigc ui w tuch thc refrigerant flow s
iu a broken linc arrow direction. Iu other words, the con-
figuration of the refri erant passage is switched to the one
that is same as the first and second embodiment liurther, at
the time of the cooling operation. the controller controls the
operation of each of the control object devices in the same
manner as the second embodiment.

Therefore. Ihc hant exchange system of the present
embodiment also citables. in flie same manner as the simond
embodiment, an adequate heat exchange system that
exchanges heat among the plural types of fluids (i e, among
a discharged refrigerant, a coolant. and an air) at the time of
cooling operation. regardless of the tempemture change of
the coolant.

(Fourth Emboduucnt)
Thc lirst embodiment describes a sihiation thai Ihe dis-

clliirgc ailloiillt of Illc coolorit pillIlp 41 Is rcduccil, wlicu fllc
pressure of the discharged refngerant is equal to or higher
than the above-described standard refrigerant pressure Pl,
and the coolant temperature Tw is equal to or hi her than the
second standard temperanire T2 and is equal to or lower than
the first standard tcmperaturc T1. Thc present cmboduuent
is about a situation fiat Ihc conuol ol'hc coolant pump 41
is changed ltom Ihc above. Tlm total configuration of Ihe
vehicular air conditioner I is sante as the hrst embodiment,
which is shown in I'l(i t.

In the present embodintent. in case that the electric motor
MCi for traveling is in operation, the controller controls the
operation of Ihc coohmt pump 41, so that thc coolan1
tcmperaturc Tw detcctcxt by thc coolant tcmpemturc semor
is controltcxt Io bc equal Io or lugher than thc lowcs1
pmtection temperanire 'I'liv and tn be equal to or lower than
the highest protection temperature 'I hi, in the same mamter
as the first embodiment.

On the other hand, in case that the electric mntor MCi for
IrilvClillg Is riot ill OpCIatloti, IIIC illscltargC aiiioui11 Ol fllc
coolant pump 41 is controlled to have a small flow amount
when Ihc coolant Icmpcraiure Tw is equal to or higher than
a third standard temperature 1 3 and is equal to or lower than
the hrst standard temperature 1 I (i.e, (I0 degrees ('elsius)
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that is determined in the same nmlulcr as thc tirst embodi-
ment. Further, as the coolant tempenan&re Tw further
decreases below tlm Iirst standard temperature Tl. the dis-
charge amount of the coolant pump 41 is increased.

Further. when the coolant tcmperaturc Tv, is lower than
the third standard tenlperature 'I'3, the discharge anx&unt of
the coolant pump 41 is controlled to have B Large flov
amount. Iiurther. the third standard teinperature 'I'3 is set to
have a value that is calculated by subtracting a predeter-

I i innncd value AT j)0 degrees Cela&us ul thc present lanbodl-
ment) from a saturation temperature of the discharged refrig-
erant in thc rely&gcrant rad&ator 12 wluch is detcrmuled
based on a pressure of the discharged refrigensnt from the
compressor 11 and tmupcraturc ol'hc disci&urged rcfn erm&1

in the refri ensnt radiator 12 respectively detected by a
discharged pressure sensor and a refri erant tempermue

&a&iso&'urther.
in the present embodiment. for the calculation of

Bn acmirate saturat&on Iempcmture of thc discharged refng- li&

erant in the refngerant radiator 12. both of the detected
pressure oi'hc discharged pressure sensor and Ihe delectcd
temperature of the refrigerant temperature sensor are used
for such calculation I iowever, the saturation temperature
nlay be calculated based on icaly one of the values from the
discharged pressure sensor and the refrigerant tempermue
sensor.

Therefore. &n the prescnt embodiment, the opcrauon of thc
coolm&1 pump 41 is conlrollcd in a minuter that &s illustrated
in the dm&vin of l&I(i 11. for an adequate heat exchange &o

among plural types of fluids fi e, among a refrigerant, a
coolant. and an air).

More practically„when the electric motor MCI for travel-
in is in operation, that is, in a slash line hatching area of
FIG. 11, the coolant tmupcrature Tw &s controlled lo be &i

witlun B range be&warn& Ihe lowest prolect&on temperature
Tlw and 0&e lughcst protixuon tcmperaturc Tin. Thcrefi&re,
as already de&cubed in the case (A) "the lowest protection
temperature 'I'lw&the coolant temperature '1&Cathe highest
protection tempemture Tlfi" in the first embodiment, heat is so

adequately transferred from the coolant Bnd the refrigerant
Io Ihc oiimidc Blr.

Further. when thc coolant Iempccmure Tw is equal to or
lnghcr than the flurd standard temperature T3 and is equal to
or lo&ver than the first standard temperature 'I'I, that is. in a
net pattern hatching area of I'I(i I I. the discharge an&Cunt
of the coolant pump 41 is reduced. Thereii&re. as already
described in the case ()3) "the second standard temperature
T2aihe coolant Icmpcrature Tw Ihe Iirsl elm&dard Iempera-
turc TI" ul the lirst embodiment, the outcr Iin 506 is used to o

dissipate heat from thc dlschalgcd rcfrigcrant to thc outside
air. for etficiently radiating heat fn&m the discharged refrig-
emnt to the outside air

In such case. since the third standard temperature T3 is set
to have a value that is calculated by subtracting B predeter- &.

mined value from thc saturation Icmpcraturc of Ihe dis-
charged refrigerant &n Ihc refrigerant radiator 12, the tlurd
standard Icmperaturc T3 &s sct according Io 1&anpcraturc of
the discharged refrigerant that is discharged from the refrig-
erant radiator I 2 so

In other words„ it enables an increase of a temperature
ran e in &vhich the discharge amount of the coolant pump 41
is con&roll&xi to dccrcasc Bccordulg to Ihe decrease of the
tcmpcraturc ol'hc d&schargcd rei'rigerm&1 from Ihe rcihger-
ant radiator 12. That &s, a difli:rance between thc Ilurd si
standard temperature 'I'3 and the first standard temperature
'I'I is increased
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Thcrcforc. as thc tmuperature ol Ihc d&sclrargcxt reirigerm&1

decreases, making it harder to heat the heat exchange object
tluid, the difference between the third standard tempensture
'I'3 and the first staniLlrd temperature 1 I is increased, which
facilitates an adequate and efiicient heat exchange belvveen
the discharged refrigerant and the outside Bir by further
restricting Ihc unwmltcd heat exchmlgc bc&ween the dis-
charged reirigcrant and Ihe coolmlt.

liurther, in the present embodiment, as the first coolant
temperature 'I'v, decreases below the first standard tempem-
ture 'I'I and to&Card a further lower temperature. the inflo&v

amount of the coolant flowing into the mdiator 43 is gradu-
ally increased. Therefore. as already described in the case
(C) "Ihc coolm&1 tcmperaturc Tw &the second standard Icm-
pcraturc T2,** heat is transfi:rrcd from thc ihschargcd refrig-
erant not only to the omside air but also to the coolant,
thereby enabling a gradual increase of the heat radiation
amount ti&r radiating heat fronl the discharged refrigerant

Further. when the coolant tempemture Tw decreases
below the third standard tenlpemture T3, i.e., in a dot
halchulg i&&ca ill FIG. 11, thC ilHChargc an&olin& Ol Ihe
coolant pump 41 is controlhxl to haves large flow amount
again. 11&erefore, as already described in the case f(') "the
coolant teinpensture Tw&the second stan&Lsrd tenlperature
T2" in the first embodiment. by facilitating heat exchange
between the discharged refrigerant Bnd the coolant for
radiating heat from the discharged refri emnt to both of the
oulsulc air and the coohmt, Ihc lmat mdianou Bu&cunt Irom
thc dlschiirgcd left&gcran& ls lluucascd.

As described above. the heat exchange system of the
present embodiment res)i&es an adequate heat exchange
among the plural types of fhiids f& e, among a discharged
refrigerant. a coolant. and an air) regardless of the tempera-
ture change of the coolant. Further. since the third standard
tcmpcrature T3 &s sct according to Ilm tempcraturc of Ihe
dlschalged rcfngcrant from thc refngcraut rad&ator 12, an
adequate heal cxchangc among thc plural types of fluids,
even when the operation condition of the heat pump cycle 10
is changed

Furthermore. amon various controls of the coolant pump
41 in the present embodiment, B control to increase the
dlschaigc amount of Ihc coolant pump 41 when Ihc coolanl
tcmperaturc Tw dccrcascs below Ihc Iirst standard Icu&pcm-
turc TI may bc abolished.

In other v;ords, when the coolant temperature 1 w is equal
to or higher than the third standard ten&perature 1 3 and is
equal to or lo&ver than the first standard temperature TI (i.e.,
60 degrees Celsius) that is determined in the same manner
Bs Ihc filar ca&bi&din&cut. Ihc ilischargc tin&Cia&1 oi lhc coolant
pump 41 may bc controlled Io have a small flow amount,
and, when Ihc coolant Imupera lure Tw ls lower Ihan Ihe third
standard temperature 'I 3. the discharge anlount of the cool-
ant pump 41 may be controlled to have a large flow ainount

Furthermore. amon various controls of the coolant pump
41 the present embodiment. a control to increase the dis-
charge amount oi Ihc coolant pump 41 to have a large flow
amount when the coolant u:mpcraturc Tw decrcascs below
thc third standard Iempcraturc T3 may be abolish&uk

In other v;ords, when the coolant temperature 1 w is equal
to or lower than the firs standard temperature Tl fj.e, 60
de rees Celsius), the discharge amount of the coolant pump
41 may be controlled to have a small flow amount in the first
place, and then increased as thc coolant temperature Tw
Iiirthcr dccreascs below Ihc Iirst standard Icmpcrature Tl.

Furtlmnnorc. thc control of the prcscnt embodiment may
be apphed to the vehicular air conditioner I m the second
and third embodiments. In such case, the three-way valve 42
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of the second and third embodiments may bc abolished. and
a flow amount adjustment valve for adjustin a flow mtio
between an intlow amount flowing uito thc radiator 43 and
a bypass amount flowing into the bypass passage 44 may be
used.

I'hen, by adjusting the operation of the tlow aniount
adjustment valve by using the controller. the intlow amount
of the coolant flowing into the radiator 43 is changed in the
same ntanner as the present embodiment, for aclfieving the

i itsame cfli:i:ts as the present embodiment.
(Fifth Entbodiment)
In the present cmboduncnt, thc cunliguration of the heat

exchmiger structure 51) is modified as shown in a partially-
cxplodcd perspixuvc wcw of the heat exchimgcr structure
51) of I'l(i. 12.

As for the heat medium tube 43ii of the radiator 43 and as
for the refrigerant tube 12a of the refrigerant radiator 12 for
passing the refrigerant in the present embodiment. a flat tube
luiving a flat shape cross section, wluch is taken along a m
perpendicular line perpendicular to a ion itudinal direction
ol'thc tube 12a. is used. Further, thc heat medium tube 43a
and the refngerant tube 12a are respectively formed ui a
nvo-miv armn ement along the flow line of the outside air
fmm the blower fan 13 which is indicated by the arrov X

FIO, 13 is a cross section of the header tank of the heat
exchanger structure 50 in a header-tank Iongtudina) direc-
uon. For the clanty of distinction between thc relngcrmtt
tube 12a and thc heat meihum tube 43a in FIG. 13, thc
refrigerant tube 12a is shown by using a dot hatching and the so

heat niedium tube 43ir is shown by using a net hatching.
As shoivn in lfl(i 13. an upstreain side tube group 5ttr

that is a group of tubes 12a, 43a on an upstream side (i.e.,
on an upwind side) of the outside air flow indicated by an
arrow X has those tubes 12a, 43n alternatu ely layered with ss
a predetcnnined gap uitcrposcd therebctw cmt. with thc outcr
surfaces of both tubes arranged to face wifli each oflier and
arranged in parallel with each other. )iiniksrly. a downstreani
side tube group 5(ld on an downstream side (is., on a
downwind side) of the outside air flow indicated by an arrow so
X has those tubes 12a, 43u alternatively layered with a
pri:ili:tcrllillli:il gap illtciposcil tilt:rcbctwci:li.

lhc space in between thc refrigerant tube 12 sr anil thc heat
medium tube 43a fonna the outsnle air passage 50a (i c.. a
third fluid passage) that passes the outside air blown by the
blower fan 13. In the outside air passage 50rr„ the outer fins
50b are arranged.

The refrigerant header tank part 120 and the heat medium
header tank part 43(s arc dcscribcd ui the I'ollowm . These
tank parts 12b, 43(s have basically fliesame configuration. o

As for the rclbigcrant header tank part IZb, tluce mcmbcrs
are provided 'I hat is. a refrigensnt side fixation plate meni-
ber 121 on ivhich both of the two-row refrigerant tubes 12u
and heat medium tubes 43a are fixed, a refrigerant side
middle plate member IZZ on which the reibigerant side s.
lixation plate member 121 is lixed, anil s refn creat side
tank formation mcmbcr 123 arc provided.

On the rel'rigcrant side muldle plate mcmbcr 122, a
plurality of dent parts IZZti are fortned. ivhich form a
plurality of gap spaces together with the refrigerant side ro
fixation plate member 121 v hen the plate member 122 is
fixed on the plate member 121. and the plurality of gap
spaces allow conununication with thc heat mednim lube
43m Thc gap spaces scrvc as conunuiucation spaces for
commumcauon bctwccn the two heat mednun tubes 43a ss
which are arran ed in two nsws along the flow line of the
outside air indicated by an arnsw X.

Furtlmr, at positions corrcspondin to the rcfrigcrmit tubes
12m the refrigerant side ntiddle plate member 122 has
conumuucation tluough holes 122a that allow comnnmics-
tion betv een mi obverse side and a reverse side of the plate
member 122, tluough winch the refngcrant tubes 12a pass.
ln such manner, the refriaerant tubes 12u enter into a space
that is defined by the refrigemsnt side tank formation member
123

The refrigerant side ta k formation member 123 fonna a
collection space 123a for collecting thermn thc rcfrigcrant
and a distribution space 1235 for distributin the reibigemsnt
by being lixed on the rcfngcrmit side lixation plate member
121 and on the refrigensnt side middle plate member 122
Morc practically, by using a press work, thc rclbigcmnt sale
tank formation member 123 is tiornted to have a two iliotlli-
tain shape (i.e.. in a IV shape) in a viev from one of its
longitudina) ends.

Then, a center part of the nvo mountain shape parts of the
rcfngcrsnt sale tank lhrmanon member 123 is coiuiccted to
the refri erant side middle plate member IZZ for defining
the collection space 123a and the distnbution space 1235.
I'he center part is tivrnted to ht to a shape of the dent part
IZZ(s tlmt is formed on the refrigerant side middle plate
meniber 122, and the collection space 123u and the distri-
bution space 1235 are defined to prevent leal age of the
refrigemnt from connection portions that connect the spaces
123a, 123b with thc relbigerant side lixauon plate member
121 and with the rcfngcrmit side nnddle plate member 122.

liurther, the refrigerant tube 12ri penetrates the refrigerant
side niiddle plate member 122 through the comniunication
through hole 122a to pmtrude into the collection space 123a
or into the distribution space 123(x which allows conunu-
nication between the refrigerant tube IZa positioned on the
upwind side of thc v,ind flow dirccuon X of thc outside air
and thc collection space 123a or wluch allows communica-
tion bctwccn thc rcfngerant tube 12ir on thc downwind sale
of the wind flov, direction X of the outside air aod the
distribution space 123(r

On the other hand, the heat medium header tattk part 435
has. similariy structured to the refrigerant header tank part
12b, a heat medium side lixation plate mcmbcr 431, a heat
medium side nuddlc plate mcmbcr 432 on wluch the heat
medium side fixation plate mmnber 431 w lixed, tmd a heat
medium side tank formation niember 433

liurther, benveen the heat mediuni side fixation plate
member 431 and the heat medium side middle plate member
432. a refrigerant conmtunication space is defined by bavin
a dent part 432(s, I'or the conununication bctwccn thc two
relbigcrant tubes 12n that arc arranged ui two rows along the
flow direction X of thc outsiilc air.

liurther, at positions corresponding to the heat medium
tubes 43a. the heat mediant side middle plate member 432
has conununication through holes 432a that allow commu-
nication betv,een an obverse side and a reverse side of the
plate member 432, tluouJt which the heat medium tubes
43ll pass.

Furtlmr, thc heat medium side tank formation member 433
fonna a collection space 433ir for collecting the coolant and
a distribution space 4335 for distnbuting the coolant by
being fixed on the heat ntedium side fixation plate member
431 md the heat medium side middle plate member 432.
Further, in thc prcscnt mnbodimcnt, thc distubuuon space
433b is positionixl on a upw uid side of the tlow dirccuon X
of thc outsulc mr, and thc collection space 433a is positioncx)
on the dowmvind side of the flow direction X of the outside
alt'
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11&crcforc. &n thc heat cxchangcr structure 50 of thc

present en&bodiment. the refrigerant which has flowed into
thc d&stnbution space 123b of thc rein crm&t beetler tank
part 12b flows into the downwind side tube 12u of the
refrigerant tubes 12u arranged in lwo rows along lhc flow
direction X of the outside air.

Then, the refrigerant flowing out from the downwind side
refrigerant tube 12a flows through the refrigerant con&mu-

nication space that is defined as a space benveen the heat
& I Imcdnun sale Iixauon plate member 431 and thc heat

medium side middle plate member 432 into the upwind side
lube 12a of lhc rcfngerant tubes 12u arranged u& two rows
along the flow direction X of the outside air

Further. Ihc refwgcranl flowing oul Irom lhc upw&nd side
refrigerant tube 12u is collected in the collection space 123n
of the refrigerant header tank part 12b, and then flows out to
an outside In other words, the heat exchanger structure 50
of the present embodiment passes a floiv of the refrigerant
from lhe downwu&d s&dc refngerant lube 12u. &o lhc refbg- lo
erant conununication space in the heat medium header tank
part 43b. and to thc upwind side rcfr&gcranl tube 12a, which
n&ay be designated as a U turn slmpe

Similarly, the stn&cture passes a flow of the coolant front
the upwind side heat medium tube 43a, to a coolant con&-

munication space in the refri erant header mnk part 12b to
the downwind side heat med&um tube 43u. which may also
bc des&gnaled as a U turn slrape. Thercforc, a flow direction
of thc refrigerant tlowu&g &n thc rcfrigcranl lube 12a and a
floiv direction of the coolant flowing in the heat ntwinuu so

tube 43a are opposite to each other in the tubes 12u and the
tubes 43u ivh&ch are arranged next to each other

Further. the refrigerant s&de fixation plate member 121
and the refri emsnt s&de tank formation member 133 are
cmilk&xl m&d lixed w&lh each other in a m&uu&cr Ihal binds Ihe ls
rei'rigcranl s&dc m&ddlc plate member 122 interposed ther-
cbclwccn, and, thc hral mcd&um side tixalion plate member
431 and the heat medium side tank formation member 433
are caulked and fixed with each other in a manner that binds
the heat med&um s&de middle plate member 432 interposed so
therebetween

Further. thc heat cxchangcr structure 50 after the cauiking
is m&lircly put in u heating hearth and &s hcalcd, fi&r melting
a bl'&Iz&ng I&lier nnllcrnll thai ls pu& on a sllriacc of &sich of thc
components and for cooling to the bmvina filler material to
fix the conlponents 'lhe refngerant radiator 12 and the
radiator 43 are unified in such manner.

The conti uration and the opemstion of the heat pmnp
cycle 10 are sun&lar to the other cmbod&m&a&ts descnbcd
abole. Thcrelorc, thc heal exchange syslcm of lhc present o

cmbodimcnt rcul&xcs, s&m&lar to Ihe onc in other &anbud&-

n&ents. an adequate heat exchange that exchanges heat
among the plumsl types of fluids (i e . a refrigerant, a coolant,
and an air) regardless of the temperature change of the
coolant. a.

(So th Embod&ment)
In Ihe present embod&men&, a contml of lhc coolant pump

41 by the controller &s changed I'rom thc od&er embodunent,
with a focus of the embodiment put on a difficulty of
enabling an adequate heat exchange among the fluids (& e., Io
a refrigerant. a coolant, and an air) ivhen an increase of a
tempemsture difference ATT beivveen a temperature TTI of
thc d&schargcd refngerm&t flowu&g into Ihc heal cxcluingcr
structure 50 und a tcmpcralurc TT2 of thc cooim&1 &s

obscls ixl. Further, thc total coniigurat&on ol'he vclucular mr ss
conditioner I of the present embodi&nent is same as the one
in the tirst embodiment in l1(i. I

In thc present embod&ment, thc dwchargc &m&cunt of thc
coolant pump 41 is changed according to the temperature
d&ITcrm&cc ATT betv:ecn thc lmnpcrature TT1 ol'he d&s-

charged refrigensnt and the temperature 'I'T2 of the coolant
FICi 14 &s a flowcharl of a process for contmlhng thc

discharge amount of the coolant pump 41 which can be
perfom&ed by the controller in the present embodiment. The
control routine shown in I'ICi 14 can be performed when the
operation sivitch of the velucular air conditioner I on the
opera)&on panel &s put u& an ON slate.

As shown in FI(b 14. the controller reads various si naia
such as thc detect&on s&eral of the dischargixl refrigerant
temperature sensor and the detect&on signai of the coolant
tcmpcrature sensor (S100). Then. thc controller calculates
the temperature difl'erence ATI (i.e, an absolute value)
between the temperature TT1 of the d&scharged refrigerant
and the temperature 'I'I'2 of the coolant based on the
detect&on si nal of the discha&g&ed refrigerant temperature
sensor and the delccuon s&gnal ol'hc coolant tcmperaturc
sensor which are read in step S100 (S110).

Then, thc process delcnnines whether thc lcmpcralurc
ditTerence A1'T bet&veen the tempemture I"I'I of the dis-
charged rclhgerant and lhc temperature TT2 of thc coolant
is equal to or greater thm& a predetermined standard tem-
pcraturc diflbrcnce ATTth (S120). The standard lcmpcralurc
ditTerence ffl I'th (f120) nlay be set to. for example, the
temperature difference shown in the first embodiment (i.e.,
10 degrees ('elsius) or the like, which &s a difference
between the first standard tempemsture Tl and the second
standard tcmpcralurc T2.

When. as a result of the determination in step S120, it is
dclcrnuncd that Ihc tmnperalure d&ITi:rm&ce ATT between Ihc
temperature 1'Tl of the discharged refrigerant and the tem-
pcraturc TT2 of Ihc coolant is smullcr than thc prcdetcr-
nuned standard temperature difference AT'I'th (5120:NO),
the process controls the coolant pump 41 to have a medium
tlow amount CI2, and dissipates heat from both of the
discharged refrigerant and the coolant to the outside air
(5130).

On the other hand, when, as a result of the determination
in step S120, il is detcrmu&ed that the tempcraturc d&fli:rance
ATT bctwccn the temperature TTI ol'hc Ihschargcd refrig-
erant and the temperature 1 I'2 of the coolant is equal to or
greater than the predetermined standard temperature differ-
ence ATT&h (S120:YES), the process fi&rther determines
v hether the tempemsture TTI of the discharged refri emsnt is
equal to or higher than lhc lcmperuture TT2 of thc coolant
(5140).

Wlmn, as a result of the detcrm&nation &n s&cp S130. &I &s

determined tl&at the temperanire 'I"I I of the discharged
refrigerant is equal to or higher than the temperature 'I'1'2 of
the coolant (S140:YES), the process controls the coolant
pump 41 to have a small flow amount Cil (S150). In such
m&uu&cr, the heal cxchm&gc bclwccn lhe coolant u& thc
rad&ator 43 and thc outside air &s rcstriclcd, thcrcby cnablu&g
an u&crcasc ol'he lcmpcraiure ol'hc coolm&l. Further. Ihc
small flow amount Cil is set to be an amount that is smaller
than the mediun& flow amount (i2 ((il &(I2)

On the other hand, when, as a result of the determination
in step S130. it is detenuined that the tempemture TT1 of the
d&scha&ged rcl'rigcranl &s lower than the tcmperaturc TT2 of
the coolant (S140:NO). the process controls thc coolant
pump 41 to have a large flow amount G3 (S160). In such
manner the heat dissipation from the coolant flowing into the
mdiator 43 to the outside air is facilitated. to decrease the
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tempera&urc of thc coolan&. Further. Ihc large flow unoun&
Ci3 is set to be an amount that is greater than the ntwf&un&

floiv amount Cr2 (CIZ(CI3)
In the present embodiment described above, when the

tempemlture TTI of the dischar ed refrigerant rises above
the temperature TTZ of the coolant and the temperature
d&fli:rm&ce ATT bctwccn the tcmperaturc TT1 ol'hc d&s-

cluirgcd rcfrigcran& and thc Iempcmuire TT2 ol'hc coolm&t
becomes equal to or greater than the predetermined standard
temperature d&fference AT I'th. the coolant pump 41 is con- &a

trolled to have the small fiov: amount (il for restricting the
heat exclmnge between the coolant and the outside air in the
radiator 43. thereby enabling an increase of the coolant
tempera&urc. In such mrnu&cr. Ihc decreased of the Icmpcra-
Iurc d&fli:rcnce ATT bctwccn the temperature TT2 of thc
coolant flowing into the radiator 43 and the temperature 'I f I

of the discharged refrigemlnt flowing into the refrigerant
radiator 12 is enabled As a result. an adequate heat
exchange for rad&sting heat to the outside air from the
discharged refrigerant and from the coolant can be realized zo

at thc refngerant radia&or 12 m&d the radiator 43.
Further. u& the prcsm&t mnbod&mcn&, when Ihc temperature

'I"I I of the discharged refngerant decreases below the tenl-
perature 1 I 2 of the coolant and the temperature difierence
ffl I'benveen the ten&perature TI'I of the discharged refrig-
erant and the temperature TTZ of the cooLmt becomes equal
to or greater than the predetermined standard rempermue
d&fli:rm&cc ATTth. the coolm&1 pump 41 is controlled Io l&avc

the large flow amount (33. Ihcrcby enablmg a decrease of thc
coolant tenlperature by facihtating the heat dissipatimi fran»o
the coolant to the outside air at the radiator 43 In such
manner, the decreased of the temperature difference ffl"I
between the temperature TT2 of the coolant flowing into the
radiator 43 and the tempemlture TTI of the discharged
rel'rigcran&flowing&ntothcrcfrigcrantradiator12&scnablcsf. &s

As a result, an adcquatc heat exchange fiir radiaung hca& lo
thc ou&sale air from Ilm d&schargrxl rcfngerant and from the
coolm&t can be realized at the refrigerant radiator 12 and the
radiator 43

As described above, the heat exchange system in the so
present embod&ment realizes, in the same manner as the
sys&em in the other embodiments, an adcxtuate heal
exchange among thc plural type fluuls (i.e., a refrigerant, a
coolm&L and an mr) w&thou& regards Io Ihe Iempcraturc
change of the coolant

I'urther. &n the present embodiment, when the temperature
difl'erence &3TT betv een the temperature TT1 of the d&s-

charged refri emsnt and the temperature TT2 of the coolant
becomes equal Io or greater tl&an the predctcmuncsl sumdard
tcmpcra&urc difli:rance ATT&h, thc discharge amoun& of the o

coolan& pump 41 &s con&rolled to have c&&her Ihc small tlow
amount Ci1 or the large flow amount CI3 depending on the
temperature relationship between the temperature 'I "I I of the
discharged refrigemsnt and the temperature TT2 of the cool-
ant. However. such control of the coolant pump 41 may be ls
clranged.

For example, the ihschargc rm&ount of thc coolant pump
41 may be changed only when the Icmpcra&ure d&flbrm&cc
EI'T bei&veen the tenlperature 'I'Tl of the discharged refrig-
erant and the temperature T I'2 of the coolant becomes equal to
to or greater than the predetemtined standard temperature
difl'erence ATTth and the temperature TT1 of the discharged
relrigcran& rises equal to or lughcr than thc Icmperalurc TT2
oi Ihe cool&el&.

To thc contrary. the d&scharge amount of thc coolant pump ss
41 may be changed only when the tempemlture difference
ffl I'benveen the ten&perature TI'I of the discharged refrig-

cruet m&d the tempcrauirc TT2 of thc coolant becomes equal
to or greater than the predetermined standard temperature
d&lfcrm&cc ATTth and thc tcmpcra&urc TT1 of thc discharged
refrigerant decreases below the temperature TI'2 of the
coolan&.

(Seventh I imbodiment)
The present embodiment is, as in configumtion of the heat

exchange system shown in I&I(i 15, a n&edification of the
first embodiment. The heat exchange system of the present
embodiment includes. in ailili&ion to thc heat pump cycle 10
and the coolant circuLation circuit 40 in the first embodi-
ment, a first coolant circula&ion c&rcu&t 60 for circulating a

refrigerant coolant that cools the refrigerant passing through
the refrigerant rad&ator 12 of thc heat pump cycle 10.
I urther, tor exanlple, tor the illustration purposes, the cool-
ant for cooling the electric motor MCi for traveling is
des&Snared as a motor coolant. and a circuit that c&rculates
the motor cooiant is designated as a second coolant circu-
lat&on circin& 40. the coolant pump d&sposed &n Ilm siwond
coolant circulation circuit 40 is designated as a second
coolant pump 41, and the heat mednun tube of thc mdia&or
43 &s designated as a second heat medium tube 43m and the
like

At first. the heat pmnp cycle 10 of the present embodi-
ment is described. The refrigemlnt radiator 12 of the heat
pump cycle 10 is formed separately to have a different body
from Ihe radiator 43 u& Ihc scwond coolan& c&rcula&ion circu&1

40. Morc pract&cally, the refrigerant rad&ator 12 oi'hc
present embodiment is fornled as a water-cooling type heat
mldiating heat exchanger that performs heat exchange
between the discharged refriaerant d&scharged from the
compressor 11 and the refrigerant coolant that &s flowing in
the hrst cooiant circulation circuit 60. for msdiatin heat from
the disci&urged rcfngcrm&i to Ihc rcfngi:rant coolan&. There-
fi&rc, in thc present cmboiluncnt, thc blower fm& 13 &s

abol&shed.
I'he first coolant circulation circuit 60 is a circuLstion

c&rcuit that circulates the refrigerant coolant fi&r cooling the
refrigemnt that flows tlm&ugh the refrigerant radiator 12, i.e.,
by flowin in a coolant passage of the refrigerant radiator 12
thc rcfngcrant coolant Iha& serves as a first hca& medium such
as, for cxamplc, a water solu&ion of cthylm&e-glycol, wluch
may also bc dcs&gua&ed as a Iirs& heat mcdnun circulat&on
cue&&rt.

In first coolant circulation circuit 60. a first cooLlnt pump
61 that serves as a squeeze pump for press-flowing the
refrigerant coolant into the coolant passage of the refbigerant
radiator 12. Thc first coolan& pump 61 is an electric-type
wa&er pump, and Ihc number of rota(&ons (&.e, a flow
amount) of Ihc pump 61 is controlled by a control s&goal
output by the controller

l&urther, in first coolant circulat&on circu&t 60, a first
coolant radiator 63 for cooling the first coolant is disposed
on the outlet side of the coolant passage that is formed inside
of Ihc rcfngcrant raiha&or 12. Thc Iirst coolan& rad&ator 63 is
a heat riuhatu&g hca& cxclnmgcr tluit pcrfi&nns heat cxchrm c
bc&w iwn thc rclbigcran& coolant (i e., a fire& flu&d) flow ing out
from the refrigerant radiator 12 and the outside air (i e, a
tlurd fhiid) blown by a bio&ver fan 64 that is described later,
for rad&sting heat fron& the refrigemsnt coolant to the outside
a&r.

Herc. thc blower f;m 64 &s an clcctnc fan tl&at has an
opera&&on rate, i.e., thc number oi'rotauons (& e., a blown air
amount) controlled accordu&g to a control voltage output by
the contmller l&urther, a refrigerant coolant temperature
sensor 65 for detecting the temperature of the refrigerant
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coolmil flow ing into thc Iirst coolant radiator 63 is disposed
on the inlet part of the first coolant radiator 63.

When the controller operates thc Iirsl coolanl pump 61,
the first coolant circulation circuit 60 having the above
coniigurauon lrds Ihc rcfrigcranl coolant circulalctl lhcrcin
fmm the hrst cnolant punip 61, to the first coolant radiator
63. nnd to the first coolant pumps 61, ns indicated by a white
arrow in lri(i. 15

The first coolant mdiator 63 of the present embodiment is
1 I 1

formtxt in one unit together wilh lhe rdihalor 43 of the
second cooLant circulation circuit 40. to constitute the heat
exchanger structure 50 by such one uiui structure of thc
radiator 43 and the first coolant msdiator 63 lrurther, the
blower fan 64 of thc present cmbodunmit scrvcs as an
exterior bi olver unit to blow the outside air to both of the h rat

coolant radiator 63 and the radiator 43.
1'he heat exchanger stnicture 50 of the present embodi-

ment may be realized by replaciitg a component of the
refrigerant raihator 12 of thc heat exchmigcr structure 50 in
each of the above-described embodiments with n component
oi'he Iirst coolant raduitor 63.

More practically, the iefngerant tube 12rr and the refrig-
emnt header tank part 12)r of the refrigerant radiator 12 in
each of the above-described embodiments may be changed
to the first heat medium tube 63a and the first heat medium
header tank patt (not illustrated) of the first coolant radiator
63 I'or cirmilaung thc rcfrigcranl coolant. For cxmnple. thc
Iirsl heal medium tube 63a of thc first coolmil radmtor 63
and the second heat niedium tube 43a of the radiator 43 may io
be alternatively layered with a predetermined gap interposed
therebetlveen. fiir defining the outside air passage 50a for
passing the outside nir that is blown by the blower fan 64 in
a space between the tubes 63a. 43a. Further. the outer fins
50(r may bc disposed in thc outside air passage 50a for is
conntwluig the outer surfaces of thc uibcs 63a, 43a.

Herc. ui the prcscnt cmbodunent, lhe tirsl refu ermit
coolmit serves as the tirst heat medium (i e.. a first fluid), and
the first coolant msdiator 63 serves as a first heat niediuni
radiator, and the motor coolant serves as the second heat do

medium (i.e., n second fluid), and the radiator 43 serves as
sixonii heat medium radiator. Further, flie second coolmil

pump 41 of the present mnboduuenl serves as a second heal
medium flow amount adlusuncnt unit.

'Hie operatinn of the present embodiment having the
abm e contiauration is descnbed in the tiillowing When the
operation switch of the vehicular air conditioner is put in nn
ON state lvhile the operation switch of the operation panel
is pul in dn ON staler thc controller conlrols lhe operation of
each of thc control oblect dcviccs. o

Morc practically, the contmller controls lhe operanon of
each of the contml object devices of the heat pump cycle 10
in the same nianner as the first embodiment. 'I1ius. the
refrigerant of the heat pump cycle 10 flows in a solid line
arrolv direction ln FICi 15. a.

Further. Ihc controller conlrols lhe opcrauon of the tirsl
coolmil pump 61 lo have a prcdclemiintxl discharge unounl
disduirgcd thcrcibom, for press-flow ing thc refrigerant cool-
ant to the refrigerant msdiator 12 in the first coolant circu-
lation circuit 6(l 'I'hus, the refrigerant coolant tlows in a ro
white arrols direction in FIG 15.

Therefore. when the refrigemsnt coolant passes the refrig-
erant radiator 12 in lhc Iirst coolant circulation circuit 60, the
rei'rigcranl coolant absorbs heat Ibom thc reibigerant passuig
tluough lhc rcfngi:rant radiator 12 Ior cooluig such rcfng- ss
emnt passing therethrough Irurther. the refrigerant coolant
which has absorbed heat from the refrigemsnt to have a

tcmperaturc nsc is then cooled by flowuig uilo lhe first
coolant radiatnr 63 for radiatiim heat to the outside air

lrurther. regarding the second coolant circulation circuit
40, the controller controls the operation of the second
coolant pump 41 to have a predetermined discliar e amount
discharged therefrom. according to the tempemsture of the
motor coolant tlov uig uilo lhc radiator 43.

More practically, in thc present cmboduncnt, when lhe
electnc motnr M(i for traveliim is in operation, the inflolv
amount of the motor coolant flov ing into the radiator 43 is
decreased bycnntiollin thedischargeaniountof thecoolant
pump 41 to have the small tkilv amount in case that the
temperature Tw of the motor coolant decreases below the
lowest protection tcmpernturc Tlw, which is similar to thc
first cmbodimcnt and thc intlow amount oi'he motor
coolant flowing into the radiator 43 is increased by control-
ling the discharge mnount of the coolant punip 41 to have the
large flow amount in case that the temperature 1w of the
motor coolant rises above the lughest protection temperature
Thi.

Furflmr. when Ihc electric motor MG for travcluig is nol
in operation, thc discharge mnounl of the siwond coolant
ptunp 41 is decreased to have the small flow amount in case
that the detection value of the refrigerant coolant tempem-
ture sensor 65 (i e . the tenipemture of the refrigerant coolant
tlov ing into the first coolant radiator 63) rises equal to or
higher than a predetermined first heat medium standard
tcmperaturc Ta (c.g.. 60 to 65 degrees Celsius) tmd thc
tcmperaturc of Ihc motor coolant is equal to or lughcr thun
a predetermined fifth standard temperature 15 (e o . 50
degrees Celsius) and is equal to or lower than a predeter-
nuned fourth standard tempemture T4 (e g, 60 degrees
Celsius).

In such manner, even when the tempemsture of the motor
coolant decrcascs lo be equal to or lower flrdn Ihc fourth
standard tcmperaturc T4 anti thc tcmperaturc ddlbrcnce
bclwiwn lhe tcmpcralure oi ihe refugcrant coolmil and Ihe
temperature of the motor coolant increases. an umvanted
heat exchange benveen the refri erant coolant and the motor
coolant is restricted for efficiently radiating heat from the
refrigemnt cooiant to the outside air.

Furflmr, when thc iempcrature of thc motor coolant is

equal to or lower lian the life standard tempcraturc T5, thc
discharge amount of thc second coolmit pump 41 is con-
trolled to have the lar e flov amount In such nianner, ivhen
the tenlperature of the monir coolant decreases to be equal
to or lov,er than the fifth standard tempemsture T5 and the
temperature diflerence between the temperature of the
reibigcrant coolant and lhc Icmperdturc oi'hc motor coolant
incrcascs by a large mnounl. heat exchange bctwccn lhe
reibigcrant coolant and thc motor coolant m facihlatcd Ior
msdiating heat from the refri erant coolant to both of the
outside air and motor coolant.

In the present embodiment, the fourth standard tempera-
ture T4 ls determined as n simiLar value as the first standard
tcmperaturc T1 of thc Iirsl embodiment, and lhe Iii'th stan-
dard lcmpcraturc T5 is dctcmumxl as a sunilar value as thc
second standard temperature T2 of thc Iirsl cmboduuenl.
1rurther, as for the fourth standard temperature 1'4. it may be
deternnned as a value that is lolver than the tempemsture of
the refrigerant coolant flowing into the first coolant radiator
63 (i e.. the maximum value in a tempemsture range for. for
1:xilillplC, 111C it'IllgCidlit Cooldiil) tlilil ls irido lowi:1 fllall lllC

tcmpcrature of the oulsiiic air flowing into thc radiator 43.
Further, thc Iifth standard lempcraturc T5 may be sel to lhe
temperature that is lower than the fiiurth standard tempem-
ture 'I'4.
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As descnbed above, the coniiguranon of the presmit
embodiment that dissipates heat fmin the discharged refrig-
erant from the contpressor 11 tinough the first coolant
circulation circuit 60 has substantially the same operation
efl'ects as the heat exchange system of the first embodunent.
In other words. the heat exchange system of the present
Clllbodinli:lit rcilllzCS dn BilisflIBIC hCBI CXChBllgi: Binoll IEC

plural type fluids (I.c., a reliigermtt cuolant, a motor coolant,
and an air) regardless of the temperature clmnge of the ntotor
COOIBIII I it

Further. the heat exchange system of the present embodi-
ment may be modified in the followiitg manner.

In the present embodiment, the tempenanire of the refri-
crant coolant flowing into thc Iirst coolmit radiator 63 is
dcicmted by the coolant Imnpcrature sensor 65. However, thc
confi unstion of the system is not limited to such fiinn 'I he
tenipemture of the refrigensnt coolant flowing into the hrst
coolant radiator 63 may be estimated froin the pressure
anc/or tempemsture of the dischar ed refrigerant of the
compressor 11. since the temperature of the refrigerant zo

coolant flowing into thc iirst coolant radiator 63 nscs by
absorbing heat from thc rcfngcrani passing tluough the
refrigerant radiator 12.

Further. in tile present enibodiment. the operation of the
controller is described to control a situation. in which. the
discharge amount of the second coolant pump 41 is
decreased to have the small flow mnount in case that the
ih:ICCII011 vdlili: Ol thC ri:lllgCIdln CoiiIBBI IClllpCrBIUli: Si:BSor

65 nses equal to or higher limn thc lirs1 hmit muhutn
standard temperature 'I'a and the tempensture of the ntotor sc
coolant is equal to or higher than the fifth standard tempera-
ture 1 5 (e.g, 50 degrees Oelsius) aod is equal to or lower
than the fourth standard tempemsture T4. However. the
operation of the controller is not limited to such form

For example, as shown in thc fourth cmboduncnt, thc 31

discharge amount of thc second coolant pump 41 may be
controlled to have the small flow amount when the tempera-
ture of Ihe motor coolant is equal to or higher than a sixth
standard temperature 1 6 and is equal to or lower than the
fourth standard temperature T4, and the discharge mnount of do

the second coolant pump 41 may be increased as the
Iempcraturc of thc motor coolant funhcr decrcascs below thc
fourth siandard tmnpcraturc T4. Funher, Ihe sixth standard
Iempcraturc T6 is set to have a value that is calculated by
subtracting, a predetermined value (i e., 10 degrees Oelsius
in the present embodinient) fmm the temperature of the
refrigerant coolant flowing into the first coolant radiator 63.

In such manner, when the motor coolant temperanue is
equal to or higher than thc sixth standard temperature T6 and
is equal to or lower Ilrdn Ihc fourth stmidardtcmpcraturc T4, o

thc discharge amount of Ihc simond coolmtt pump 41 is
decreased I herefiire, the outer fin 50/3 is used to dissipate
heat front the refrigerant coolant to the outside air. for an
efficient heat dissipation from the refrigerant coolant to the
outside air. s.

In suCh case, since thc sixth standard temperature T6 is sct
Io have a 1 slue that ts calculated by subtractm a predeter-
mined U:mpcraturc AT I'rom thc IcmpcraIurc ol'hc refng-
erant coolant flowing into the first coolant radiator 63, the
sixth standard temperature I'6 is set according to the tent- ic
perature of the refrigerant coolant flowing into the Iirst
coolant raihator 63.

In such manner, as Ihc Iempcmuire of the rcfn ermit
coolant dccrcascs, maiung it harder tu hcd1 Ihc outsnle atr by
using ihe heat from thc rcfngccdnt coolmtt. Ihe temperature ss
di tference between the sixth standard temperature 'I'6 and the
fourth standard teniperature 'I'4 is increased, thereby
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mtabling Ihe heat excluuigc bctwccn Ilm rclhgcrant coolan1
and the outside air in a more efl'ective and adequate mamter
by restricting the unwanted heat exchange between the
refrigerant coolant and the motor coolant

Further. as the motor coolant temperature decreases below
the fourth standard tentperature T4, the discharge amount of
thc sccolld coohult pUmp 41 Is hicri:dsixl. Tilt:ri:Iolm ical is
transfi:rrixl lorn Ihc refrigerant coolant not only Io Ihc
outside air, but also to Ihe motor coolant. for a gradual
increase of the heat radiation amount front the refrigerant
C001Bfrt

Therefore. regardless of the temperature change of the
motor coolant. the heat exchange system can be realized to
pcrfomi an iulcquatc heat exchange among Ihc plural type
fluids (i.c.. a rcliigcrmtt coolmit, a motor coolant, and an air).

liurther, mnong the controls of the second coolant pump
41 m the present embodiment. a contml fiir increasing the
discharge amount of the coolant pump 41 may preferably be
perfomied as the motor coolant temperature decreases below
the fourth standard temperature T4. However. such a control
may be abohshcsI.

Furtlmr. mnong Ihe controls of Ilm second coolant pump
41, a contml fiir controlling the discharge antount of the
coolant puinp 41 to have the large flow amount may pref-
emsbly be performed as Ihe motor coolant teniperature
decreases below the sixth standard temperature T6. How-
ever, such a control may be abolished.

Furtlmr, ut thc prcscnt embodimcnn the disclrdrgc iunount
of the simond coolant pump 41 may bc changed, just like thc
sixth embodiment, according Io the tempensture of the
refrigerant coolant flowiim inni the liest exchanger strucnire
50, the temperature ofthe motor coolant and the tempensture
difl'erence between each of the coolants. Even in such
manner, the heat exchange system can be realized to perfomi
an adcquatc heat cxchangc mnong the plural type fluids (I.e.,
d rCfrlgCldllt Cooldnt, a Inotol i:Oolalln and dll Bll) rCgaldlcSS
Uf Ihc Icmpcrature clmngc of Ihc motor coolant.

liurther, the second coolant circulation circuit 41)

described in the present embodiment may be changed to the
coolant circulation circuit 40 of the second embodiment.
More practicaily, as shown in a total configumstion in FIO.
16, thc second coolant circulation circuit 40 may have an
clcctnc-type three-way valve 42 and a bypass passage 44 lbr
allowing thc sccoiui coolant to bypass thc raihator 43. In
such case, the three-way valve 42 serves as a second heat
medium flow amount adjusunent unit

Further. the heat puntp cycle 10 of the present embodi-
ment may be chan ed to the heat pump cycle 10 described
in the third emboduncnt which has thc sw itchablc rcfrigcrant
clrcilits

(Other Embodiments)
I'he present disclosure is not limited to the above-de-

scnbed embodiments. and may be changed and modified in
various manners within the scope of the present disclosure.

(I) In the above-described embodiment. a description of
thc heat exchange system is based on Ihc following. Ihat is.
thc rcfngcrmtt ol Ihe heal pump cycle 10 is used as a Iirs1

fluid, and thc coolant of thc elcctnc motor MO for Iraveluig
is used as a second fluid. and Ihe outside air (i.e, an air) is
used as a third fluid. I loivever, the first to third fluids are not
limited to the above. The present disclosure may effectively
be apphcable to a heat exclmnge among the plumsl type fluids
when thc lirst fluid lies a lughcr tcmpcraturc than thc third
fluid and thesecond fluid lrds a rclauvcly large Icmpcraturc
cllilngc.

lior example, the coolant for cooling an engine of a
vehicle may be used as a first tluid. I 'urther, when the vehicle



47
US 9,925,845 B2

48
Is cqU&ppcd v&1th Bu cxhdUst gBs IccllcUlallou svstcul (I c., Bn
I:(iR system) for NOx reduction, a high tempenlture coolant
flo&vinn out from an l&(iR cooler for cooling, the circulated
exhaust gas may be used as the first tluid Iiurther. when the
vehicle is equipped with a superclmrger (i.e.. a turbo-
charger), a lugh temperamre coolant flowin out from an
intcrcooler for cool&ng thc compressed air that ls compressed
by lhe supercharger may also be used as thc first fluld.

Further. a coolant of the engine. a coolant of an inverter,
a coolant of a high-pressure battery. a lo&v-temperature &B

coolmlt flov ing into the Ii(iR cooler, a lo&v-temperature
coolant fklwing into the intercooler and the like may all be
used as the second fhud. In such case. the first and the fourth
standard temperatures TI, T4 arc set io be equal to or lower
Ihan thc tcmperaturc of a tluld flowing inlo thc heat
exchanger stnicture 5(l

I'urther. for example, when the low-temperature coolant
flo&vinn into the Ii(iR cooler Is used as the second coolant,
the first and the fourth standard tempemltures T1. T4 may be
set to have a value that is equal to or lower thon the lo
nliixuuuul tcnlpcrB&i&re Ul B tcnlpcratillc Idngc of thc ci&UIBU&

(I.e.. about 300 dcgrccs Cclsnis or lower than). Further,
when the low-tenlpenlture coolant flowing into the inter-
cooler is used as the second coolant, the first and the tilurth
standard tenlperatures 'I'I, 1 4 may be set to have a value that
is equal to or lower than the maximum tempermue In a
temperature range of the coolant (i.e.. about 150 de rees
Cclsnls OI li&wc& than).

(2) In thc above-dcscnbixl cmbodnuenb thc clcctnc motor
M(i filr traveling Is used as an exteriml heat source for lo
heating the coolant that serves as the second tluid I lov ever,
the external heat source is not limited to such device. I&or

example. when the heat pump cycle 10 is applied ro the
vehicular air conditioner 1. an el&gine and/or an electric
device such as an invcrter for supplying cleclncny fi&r the li
c)ccxnc motor MG for traveling nmy be used as the cxtenml
hciu soUrcc

Further. v hen the engine is used as the external heat
source. beat not only front the engine coolant but also front
the engine exhaust as may be used as the external heat do

source. Further„when the heat pump cycle 10 is applied to
suitionary B&r conditioner, a cooling/heaung storage

ih:vlcc. &l coolhlg/hi a&fig ilcvlcc hl d vcndnlg u&Bchnlc ol thc
hke. an engine, an climtnc motor and/or other electric
apparatuses for operating a compressor of the heat pump
cycle 10 nlay be used as the exteriml heat source.

(3) In the above-descnbed first and second embodiments,
it is described that the electric heater 36 is used as a heating
unit for heating tlm blowing B&r ul the mterior air condition-
ing umt 30. How cvcr, thc heating ulut is not lmuted to the o

c)ccsnc heater 36. /ks shown ul the tlurd embodmlcnt. a
high-pressure refrigerant of the heat pump cycle nlay be
used as the heating unit for heating the blowing air, or a
heating heat exchanger (i.e.. a heater core) that has orher
heat medium circulated therem may be used as the hearing &1

Unlk

(4) Thc lirst mnboduncnt describes d situation, in wluch,
when the clectnc motor MG for traveling is not m operation
and the coolant temperature I'w decreases bein&v the lowest
pmtection iempenlture 'I'Iw, the inflow amount of the coolant io
flowing into the radiator 43 is decreased by decreasin the
discharge amount of the coolant pump 41. However, regard-
less of thc opcraUon/non-opera&&on of lhc eleclmc molor
MG, thc inflow amount of thc coolant flowing into the
radiator 43 may bc dimrcascd according to thc coolmlt si
temperature I'&v Such control is equally applicable to the
other embodiments

(5) In thc above-descnbcd cmbodunent, thc refrigerant
tube 12a of the refrigerant radiator 12, the heat medium tube
43U of the radiator 43 and the outer fin 5tth are made of
alunlinum (i e, nletal) and those parts are brazed by brazing
However. the outer fin 50h may be made of the other highly
heat-conductive material, such as a carbon nanotube or the
hkc. and thc lin 50h may bc connect&xi by using a glue or the
like

(6) In the above-described hrst and the fifth embodiinents,
the heat exchanger stmcture 50 havmg alternatively-layered
refrigerant tubes 12U and ihe heat nlediunl tubes 43a is
described. However, the layered arran ement of the reibig-
erant tubes 12a and the heat medium tubes 43U is not limited
to such fi&nn.

FI(i 17(a), 17(h), I'7(c) dre sect&onal views ol'hc header
tank seen from one of the longitudinal ends In the heat
exchanger structure 5(l In I'l(i. 17(&i), 17(hi), 17(c), the dot
hatching is used to represent the refngerant tube 12U and the
net hatchin is used to represent the heat medium tube 43ii,
for the clarity of illustration.

For cxamplc. the laycrcd arrangcmcnt of thc rcfrigcrant
tubes 12i& and thc heat nuxfium tubes 43a may bc fonued as
a successive layering of plunll refngerant tubes 12U which
is followed by a successive layenng of plural heat medium
nibes 43a More practically, as shown in ill(i 17(a), the two
successive layers of the refrigerant tubes 12a may altema-
tively be layered with the two successive layers of the heat
medium tubes 43a. Thc number of successive layers may bc
same for both ol'hc rclbigerant tube 12U and the heat
medium tube 43U. or may be different filr the refrigerant tube
12U and the heat medium nlbe 43U

liurther, as shown in IIKi 17(h), the upstreanl side tube
group 50C may have an alternate arrangement of the refri-
emlnt tube 12a and the heat medium tube 43a, and the
downstream s&dc tube group 50d may also have an altcrnaie
arrangemcnt of the relrlgermlt lube 12U Bnd thc heat medium
tube 43i&, with two al&gncd tubes Signed &n thc flow direc-
tion X of the outside air being di tfered front each other. 'Illat
is, the refrigenlnt tubes 12U and the heat nledium tubes 43a
may be arranged in a staggered manner.

Further. as shown in FIG. 17(c). the upstream side tube
group 50c may have only the heat mml&um tubes 43a layered
thcrcin, and the downstream side tube group 50d may have
an altcnmtive arrangcmmlt of the rcfngcrant tubes 12a and
the heat medi&un tubes 43i&

Such layered arrangemeni of the refrigenlnt tubes 12U and
the heat medium tubes 43U may be applicable to the heat
exch m er structure that has the first heat medium tube 63U
and the second heat medium tube 43i& dcscnbed ul the
scvcnth cmbodimcnt.

(7) In thc above-descnbcd embodnuent, the rcfngcrauon
capacity of the heat pump cycle 10 may be improved by
em&trolling the discharge amount of the coolant pump 41
(including the second coolant pump) by the controller.

For example, for a predetenuined period after starting the
heat pump cycle 10, the d&schargc amount ol'hc coolant
pump 41 may bc increased. In such manner, thc heat
rad&ation mnount from thc dischargixl rclrigcrmlt is
increased in the hear exchanger stnictuie 50, thereby
increasing the refrigenliion capacity of the heat pump cycle
10 at the time of starting the heat pump cycle 10.

(0) In each of the above-described embodiment~, it is
exemplarily dcscnbml tluii the discharge amount of the
coolant pump 41 (ulcludulg tlm second coolant pump) ls
controlled by Ihe controller according to thc tcmpcrature of
each of the ihiids flo&ving into the heat exchanger stnicture
5(l or the like I lowever, the heat radiation anlolult of the
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refrigerant or thc tirst coolant may bc addiuoimlly controlled
in the heat exchanger stmcture 30

I'or exanlple. in the tirst to sixth embodiments, when the
tenlpemture of the coolant flowing into the radiator 43 rises
above the protection standard temperature Tj) that is a value
hi her than the predetermined first standard tempemnire TI,
thc heal radiauon amount from Ihe retiigcranl ui Ihe heat
exchanger suucturc 50 may bc decreased.

In such manner by decreasing the temperature of the
discharged refrigerant. heat of the coolant is transferred to lo

the outside air Therefore. the increase of the temperature
difl'erence between the temperature of the discharged refri-
erant and the temperature of the coolant is restricted, rhereby
miabling heat lhssipathon to the outside air thorn both of thc
dhsduirgcd rcfngcrant nnd thc coolant. Further, lbr example,
the protection standard temperature Tjl may be set to the
big)lest protection teniperature Thi

A concrete example for decreasing, the heat dissipation
front the refugerant in the heat exchanger stuicture 50 may
be realized„ for instance. by decreasing the romtion iuunber zo

ol Ihe compressor 11 lor decreasing the reffigeranl di svherge
capacity of the compressor 11. In such case, Ihc electric
nlotor 11th for contmlhng the number of rotations of the
compressor 11 serves as a heat radiation ainount adjustnient
all it

Further. for example, a ratio of the inside air circulated in
the vehicle and the outside air mtroduced thorn an outside of
Ihe vehicle may bc controlled by usui Ihe uisiilc/outsule mr
su itclnng device 33 ui the ultcnor air conilitionulg unit 30,
filr introducing an increased amount ofthe inside air into the lo
vehicle compartment. which is the air conditioning object
space In such case, by introducing by an increased ratio of
the ihhside air having the lower temperature tlmn the outside
air. a heat absorption amount by the refri erant tliar ls
required Ibr Ihc evaporator 16 ol'hc hest pump cycle 10 is ls
decreased. thereby decreasing the heat load ol lhc hca! pump
cycle 10. As a result, the decrcasc of thc heal radiation
amount fmm the refrigerant in the heat exchanger structure
50 can be realized In such case. the inside,'outside air
switcher 33 serves as a heat radiation amount adjustment so
unit.

Further. chen ui the heat exchmige system ol'lm scvmlth
muboilimcnt. thc dccrcasc ol'he heat radiation mnount from
Ihe rclrigerant coolant in Ihc heat cxchangcr stulcture 50 is
enabled. because the temperature of the refrigerant coolant
decreases according to the decrease of the number of rota-
tions of the compressor 11 and/or the decrease of the
tempemsture of the discharged retbigerant by the increase of
thc rauo of the introduced uisidc air.

As dcscnbixl above, by thc decrease of Ihe temperature of o

thc refrigerant coolant, heat is translcrrcd from thc motor
coolmit to the outside air In such manner, the increase of the
temperature difference between the tempensture of the
refrigerant coolant and the tempemsture of the motor coolant
is restricted„ thereby enabling heat dissipation ro the ourside 11

mr from both of Ihe refhgerant coolhmt and Ihe motor
coolanu

tq) In ctmh of tlm above-dcscubcd embodiments, it is
described that the heat exchanger stnicture 50 is formed by
combinin tivo heating heat exchangers (i e . the refrigerant ro
radiator 12 is combined with the msdiator 43. or the tirst
coolant radiator 63 is combined with the radiator 43).
However. the contigurauou is not hnuted Io such combuia-
uon. The heat exchanger structure 50 may be lbmied by
combuling tlucc heat cxclmngcrs. ss

t10) In the above-descubed embodiment„an example of
using a normal chlorofluorocarbon type refrigerant as a
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rcfngcrsnt is desvubed. How cs cr, thc type of refrigerant is
not limited tn the chlorofluomcarlxm 'that is, a natunsl
refrigerant such as a carbon dioxide or a hydmcarbon type
refrigerant may also be used.

What is ciaimed is:
I A heat exchan e system comprising
a rcfngcrant radiator pcrfonning a heat radiation ui wluch

a disvharged rcfngcrsnt that w dwchargcd from a
cnmpressor of a heat pump cycle radiates heat, the heat
nsdiation fmm the discharged refrigerant being caused
by heat exchange benveen the discharged refrigerant
and a first heat medium;

a first heat medium radiator having a plurahty of first heat
medium tubes in which thc first heat medium flowulg
from Ihe relrigerant radiator tlows, the tirst heal
medium radiator perfornling heat radiation in which the
first heat medium radiates heat. the heat radiation being
caused by heat exchange betiveen the first heat medium
and a heat exchange object fluid flowing in a heat
exchange object fluid passage:

a second heat medium radiator havuig a plurality of
second heat medium tubes ui wluch a second heat
medium flov,s, the second heat medium mdiator per-
fomling heat radiation in which the second heat
medium radiates heat, the heat radiation being caused
by heat exchange between the second heat medium and
the heat exchange object fluid,

a second-heat-mclhum flow amount ad) ustmcnt urul
which ad)usta mi mflow amount ol Ihe second heal
medium flowing into the second heat medium radiator;
'ital

an outer fin that is connected to an outer surface of the
plurality of first heat ntedium tubes and an outer surface
of the pluraiity of second heat medium tubes to facili-
talc heat cxchsngc in both of the lirst heat medium
radiator and Ihc second heat medium radiator mxl Io
mlable heat trahhsfer between Ihc lirst heat medium
tlowing in the plurality of hrst heat medium tubes and
the second heat nledium flowing in the plurality of
second heat medium tubes. ivherein

the plurality of first heat medium tubes include one tirst
heat medium tube tluit is positioned bctwccn Iwo
ad)scent tubes of the plurality ol'econd heat mednun
tubes,

the plurality of second heat medium tubes include one
second heat medium tube that is positioned between
two adjaceiu tubes of the plumsllty of first heat medium
tubes. and

the heat cxchangc object tluid passage is detincd by a

space that hs provided at least bctwccn thc oue lira l heat
medium tube and thc one second heat mcihum lube,

a temperature of the first heat medium tlowing into the
first heat mediunl radiator is higher than a temperature
of the heat exchan e object fluid flowing into the tirst
heat medium radiator,

a tirst standard Icmpcrsiure is set to bc equal to or lower
than the tempcrauirc ol'he Iirst heat medium, midis set
Io bc lughcr tluin a Icmperaturc of Ihe heat cxchtm c
object fluid, and

the second-heat-medium tloiv anlount adjustment unit
controls a heat exchange amon the first heat medium,

the second heat ntedium, and the heat exchange
object fluid by clrangulg thc ultlow mnount of Ihe
almond heat mcdnim.

dccrcascs thc uitlow amount of the second heat medium
when a temperature of the second heat medium
flnwing into the second heat niediuni radiator is



US 9,925,845 B2

equal lo or lugher than a second standard Icmpcra-
ture that is calculated by subtracting a predeternuned
temperature fron& the temperature of the tirst heat
medium and is equal to or lower than the hrst
standard tempemture. as compared to an inflov
amount of the second heat medium on a condition
ll&st the tempcraturc ol'he second heat mednun &s

lngher than thc iirsl standard tcmpcraturc or lower
than the second standard temperature, and

increases the inflow amount of the second heat nted&unl &0

as the temperature of the second heat nted&unl
decreases below the first standard temperature and
causes the first heat medium to mdiate heat to the
second heat mcdnun.

2. ya lied& cxclta&tgc sy'alen& contp&tsn&g. I

a first heat exchanger having a plurality of tirst tubes and
perfonnin heat radiation in &vhich a first tluid radiates
heat to a third flu&d flowing in a third fluid passage by
performing heat exchange between the first fluid and
the third fluid; 20

d sci'oni! 1&i at cxcl&B&&ger hBv&ng a plurality of second
tubes and exchang&ng heat between a second flu&d and
the third tluid;

a second-fluid flow-an&ount adjust&nent unit which adjusts
an inflow amount of the second fluid flov ina into the
second heat exchanger; and

an outer fin that is connected to an outer surface of the
plurality of first tubes and an outcr surface of thc
plurahty ol second tubes 10 idcihlalc hcBI cxcltd&tgc nt
both of the first heat exchanger and the second heat 10

exchanger. and to enable heat transfer betv een the hrst
tluid flowing &n the plmality of first tubes and the
second fluid flov in m the plurality of second tubes,
&vherein

ihe plurality of first tubes include onc lira& lube thai &s &s

pos&lion&xi bc&ween two adjacent tubes of Ihe plural&ly
of second tubes.

the plurality of second tubes include one second tube that
is positioned bet&veen nvo adjacent tubes of the plural-
ity of first tubes. do

the third fluid passage is defined by a space that &s

provided at least bctwccn thc onc first lube and lhc onc
second tube,

a lempcralurc of Ihc lirsl fluid flowing inlo Ihe lirsl heal
exchanger and a temperature of the second tluid flow-
ing into the second heat exchanger are higher than a
temperature of the third fluid before flow:ing into the
first heat exchan er and the second heat exchanger.

ihesccond-flu&d flow-ammu&l adluslmenl umt promotes a
heal transfi:r iyom thc lirsl fluid imd the second flu&d to 0

Ihe llurd flu&d wlulc mau&lauting 0 lcmpcralurc of the
second fluid w&thin a specified temperature mange,

the second-th&id flow-amount adjust&nent unit decreases
the inliow amount of the second fluid when the tem-
perature of the first fluid is equal to or hi/ter thun a 11

tcmpcraturc of thc second flu&d and when 0 tcmpcraturc
d&fli:rcnce between the tempera iurc ol'Ihc lira& fluid and
thc Ic&upecdturc of the second fluid &s equal Io or grwiter
than a predetern&ined standard temperature diiference,

the outer tin has an effective heat transfer area connected 00

to the tirst heat exchanger, the eflbctive heat transfer
area provides where the first fluid mdiates heat to the
third fluid, and

the sixond-flu&d flow -mnount adlustmenl uml mcreases or
ilccrcdscs lhc cifix'nvc lied& niutsfb& BrcB coul&nuousli's
to account for 50 percent to 99 percent of a surface area
of the outer tin and adlusts the heat exchange anlount
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belw ixn the lira t flu&d and tlu: second fluul. by cl&angu&g
the inflow amount of the second th&id depending on the
temperature difference.

3 I he heat excl&ange systen& of claim 2. wherein
the second-lh&id flow-anu&unt adjustment unit increases

the inflo&v amount of the second fluid when the tem-
pcraturc ol'thc lira& fluid &s lower than thc Icmpcralure
of the second flu&d m&d the temperature diflbrcncc &s

equal to or grea&er than the predetermined standard
temperature difl'erence.

4 'I'he heat exchange systen& of claim 2, funher compris-
ing

a heat-radiation-antount adjustment unit adiustmg a heat
radiation mnount of heat possessed by the first flu&d in
thc lirst heal exchanger. and

the heat-radiation-mnount adjustment un&t decreases the
heat radiation amount of heat when the tempemture of
the second fluid is hiaher than a predetern&ined protec-
tion standard tentperature.

5 The heat exchange system of cLaim 4. wherein
the first fluxl is a d&schargcxl rcfngcranl thai &s dischargcxj

from a compressor ol' heat pump cycle, and
the heat-radiation-an&ount adjustment unit decreases a

refrigerant discharge capac&ty of the compressor when
the temperature of ihe second flu&d is higher than the
predetemtined protection standard tempemture.

6 The heat exchange system of claim 4. wherein
thc iirst ihiid is n heal nuxlium that &s heated by heat

possessed by a d&scharged rcl'n emu& that &s discharged
from a compressor of a heat punlp cycle, and

the heat-radiation-amount adjustment unit decreases a
refrigerant discharge capacity of the compressor &vhen

the temperature of the second lh&id is higher than the
predetermined protection standard temperature.

7 Thc heal cxchnnge system of claun 4, whcrcin
the heal exchange system is usable for an a&r conditioner

that cools blov,u&g air thai is blown utto an air condi-
tioning object space by performing heat exchange
between the bio&vin air and a refrigensnt &n an evapo-
rator of a heat pump cycle.

the first fluid is a heat medium that is heated by heat
possessed by a d&scharged rcl'n emu& that &s discharged
flu&t& B co&t&picsso& oi lite 1&eal pn&t&p cy'clc ol lhc
discharged rcfngcrm&i Ihdl is d&scharged iyom the com-
pressor, and

the heat-radiation-an&ount adjustment unit including an
inside/outside air switchin device decreases a heat
load of the heat pump cycle by chan in a ratio of an
u&side air and m& outs&de a&r. &n order to have a grcaier
mnount of the n&side mr flu&n an amount of thc oulsule
air flowu&g u&lo the evaporator wlmn the temperature of
the second fluid is higher than the predetermmed pro-
tection standard temperature

8 6 heat exchange systent compris&ng:
a first heat exchanger having a plurality of first tubes and

perfi&nmng 0 heal radiauon in wh&ch a iirst fluid
radiates heat Io a liard fluid flow&ng u& a tlurd fluid
passage by perfl&rmu&g heat cxchangc between lhe lirsl
ihiid m&d the third fluid;

a second heat exchanger bavin a plurality of second
tubes and exchanging heat betv, een a second fluid and
the third fluid;

a second-fluul flow-amount adlusnnm&t u&ut which adjusts
Bn n&tlow B&tlounl of fl&c second flu&d flowuig h&lo lhc
second heat cxchdngcr, and

an outer fin that is connected to an outer surface of the
plumiity of first tubes and an outer surface of the
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plurality ol second tubes 10 iacllllalc ical cxchallgi: ln
both of the first heat exchanger and the second heat
exchanger and to ermblc heat transfer betwcmn the lirst
tluid flowing in the plmality of first tubes and the
second fluid tlowulg ul thc plurality of scmond tubes,
wherein

the plurality of tirst tubes include one first tube that is
positioned between two adjacent nibes of the plurality
of second tubes.

111
ihe plurality ol second tubes include onc second tube Ilmt

is positioned between two adjacent tubes of the plural-
iiy oi'irst tubes,

the third fluid passage is defined by a space that is
provided at least between Ihc one tirst tube and Ihc otic
second tube,

a tenlperature of the first fluid flowing into the tirst heat
exchanger and a temperature of the second tluid flov-
ing into the second heat exchanger are higher than a
Iempcraturc ol'he third Quid before flowing ultu the
lirst heat cxchangcr mid the almond heat exchanger.

the second-fluid flow-amount adjustment unit
pmmotes a heat transfer fnlm the first fluid and the

second tluid to the third fluid while maintaining the
temperature of the second fluid within a specified,,
temperature mnge,

adtusts a heat cxchangc amouni between tlm lirst fluid
and thc flurd Quid by changing thc inflow mnount of
the second fiuid depending on a temperature differ-
ence between the temperature of the tirst fluid and
the temperature of the second fluid, and

decreases the inflov amount of the second fluid v.ben
the tempemture of the first fluid is equal ro or higher
Ihml thc tcmperaturc of the second fluid and when
Ihc tcmpcraturc difl( lcncc ls ixplal 10 ilr grcillcr lian 3(
a predeternlmed standard temperature ditference,

the outer fin has an efFective heat transfer area coiulected
to the hrst heat exchanger, the etfective heat transfer
area provides where the first fluid radiates heat to the
third fluid. and

Ihc scmond-fluid tlow-amount adt ustment uml mcreascs or
dcmrcascs thc cflimtive heal Iransfi:r area contimiously
to account for 50 percent to 99 percent of a surface area
of the outer hn and adjusts the heat exchange anlnunt
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bc( w imn the lira t flui d and tlu: second tlunl. by c1mngulg
thc inflow amount of thesecond fluid depending on Ihe
temperature diflerence.

9 The heat exchange system of cLaim 8. wherein
the second-fluid flow-amount adjustment unit increases

the inflolv amount of the second fluid when the tem-
pcraturc ol'thc lirst fluid is lower than thc tcmpcrature
uf thc second fluid mid the temperature diifcrcnce is
equal to or greater than the predetermined standard
temperature diflerence.

i(l 'I'he heat exchange system of claim 8. wherein
the second-fluid flolv-amount adjustnlent unit changes the

heat cxchangc amount bctwccn thc first flunl mid thc
tlurd Quid inthrectly by changulg the ulflow mnount of
the second fluid on a conchtion that the first fiuid and
thc scmond Quid arc flowing in thc iirst heat cxclmngcr
mid the second heat cxchangcr rcspcctively.

ll. I'he heat exchange system of clainl 2, wherein
the first tiuid is a refrigerant circulating in a heat pump

cycle, and
the second fluid is a cooling (later circulating in a coolant

circuit.
12. The heal exchange system of claim 11, whcrcul
the heat pump cycle cools an air, wluch is blown ulto a

vcluclc comparnnmlt of a vchiclc. by performing a heat
exclmnge between the air and the refrigerant in an
evaporator disposed in the heat pump cycle, and

the coolant circuit cools a motor by perfomling a heat
exchan e bet(veen the cooling ~ster and an outside air
drawn from an outside of the vehicle.

13. Thc heat cxchangc system of claim 8. whcrcin
Ihc lirst Quid is a refrigerant circulating in a heat pump

cycle, and
the second fluid is 'I cooling v ster circulating in a coolant

circuit.
14. The heat exchange system of claim 13, wherein
the heat pump cycle cools an air, wluch is blown ulto a

vcluclc comparnnmlt of a vchiclc. by performing a heat
cxclmngc bctv imn ihe mr and thc rcfrigcrant in an
evaporator disposed in the heat pump cycle, and

the coolant circuit cools a motor by perfomling a heat
exchan e bet(veen the cooling ~ster and an outside air
drawn from an outside of the vehicle.
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