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(57) ABSTRACT

15 Claims, 12 Drawing Sheets

In a radiator assen&bly of a svater coolcrl cnginc cloven
vehicle, heating is performetl by a compartment heat
exchanger. As long as the temperature of the coohng water
&s low, it does not sulhce to sulficiently heat by compartment
heat exchanger shortly after en ine start and an auxiliary
heating equipment is used The auxiliary heating equipment
includes a heat cxchangcr at thc heating sirlc, a heat
cxchan er at the endothermic sirlc anil a Pclticr clement Thc
Peltier element leads to high energy elhciency because it
prov&des a quantity of heat which &6 more than the quanuty
of. energy charged into the Peltier element, since &t tran&ters
Joule heat generated by the charge energy to the heat
exchanger and further transfers a quantity of heat to heat
cxchan cr as absorbed in a heat exchanger at the cnrlothcr-
mic side from an cndothcrmic surface of thc Pclticr clcmcnt
bv a Peluer eilect to the exothermic side.

Heel exchanger
Indoor heat exchanger

on the side of heatin

Radialor of vehicle, Cooling water mrcuit
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RADIATOR FOR A VEHICLE

13ACKGROUNI) OI'HL INVL'N I)ON

l. I'ield of the Invention
Thc prcscnt invention relates to a radiator assembly nf the

vehicle, particularly of a vehicle using the cooling water of
a water coolcrl cnginc as a heat source for heating.

In a water cooled engine driven vehicle a radiatnr assem-
bly is providerl fnr heating purposes by supplying cooling
water frnm the engine to a heat exchanger and heating
passing air in thc heat exchanger, and supplying thc heated
air into thc compartment of thr vchiclc. Thc en inr cooling
water is used for heating because normally the heat capacity
of the cooling water is very large and it normally is possible.
to obtain the needed and sufficient quantity of heat ivhen the
engine is operating. Ilnwever, as the cnoling ivater tempera-
ture remains Iniv fnr a while particularly after starting the
cnginc in a colrl season, it then is not effcctive tn usr thr
coolin water of thc rn inc for heating. In addition, in
recently developerl engines having high combustion elli-
ciency the quanuty of. available heat outsxie the engine
generally is relatively small With such engines the tempera-
ture of the cnoling water is hard to rise particularly after the
engme start It then is nnt suitable to use cooling ivater as a
sole heat source for hcatin for a while after engine start.
Conventionally thc ability of heating in thr warm-up phase
aller an engine start can be achieved by heating Lhe cool
cooling water in order to intentionally accelerate ihe tem-
perature rise I'his is carried out with the help of auxiliary
heating equipment. I'IG. 11 illustrates a cooling water circuit
of a conventional radiator assembly of a vehicle. FIG. 12
shows thc variations of thr temperature of thr convcntinnal
rarhator assembly. An engine 101 having circulating pump
102 is connected with an inlet port of a thermal changeover
valve 103. Said valve lU3 has two outlet ports, one con-
necterl to an inlet of. an engine radiator 1U4, another con-
nected to a by-pass duct 105 by-passing the engine radiator
104 A)unction part between the outlet of the engine radiator
104 and by-pass duct 105 is connected to an inlet port of the
cnginc 101 ('irculating pump 102 further is cnnncctcd with
an inlet of a three-ways 106, one outlet port of sairl valve 1U6
is connected via a by-pass duct 1U7 with the inlet port of
engine 101. Another outlet port of valve 1U6 is connecterl to
an inlet pnrt of an auxiliary heat exchanger 108 ivhich is
provided with an auxiliary heater 109 The nutlet of auxil-
iary heat exchanger 108 is connected to an inlet of a
compartment heat cxchan rr 110, thc nutlct of which is
connected to the inlet port of. the engine 101. An example of.

such an auxiliary heating equipment having the auxiluiry
heat exchanger 108 and the auxiliary heater 109 is discloserl
in .IP patent apphcation llei 6-92I34 (application number
Hei 04-246294). The auxiliary heater used is a so-called
shear cxothcrmic cquipmcnt in which in shear forces act on
a viscosity Iiutd by using the rotating power of thc rn inc.
The cooling water is heateil by heat thus generated. Cooling
water absorbs heat in engine 101 and is dischargerl by
circulating pump IU2 into thermal changeover valve 103.
I'he respective passage is switched by said valve 103
according to water temperature If the temperature is lower
than a fixed tcmpcraturc, valve 103 directs thc Liow into
by-pass duct 105 and directly back into the engine 101. If thr
temperature is higher than sairl lixed temperature, valve 1U3
directs the liow into raihator 104, where the cooling water
radiates heat anil from where it returns into the engine 1U1.
Another part of the cnoiing water from engine 101 reaches
three-ways valve 106 nperating according to the quantity of

the heat neeiled by the compartment heat exchan er 101 and
stabilising said quanhty for the auxihary heat exchanger 1US

by directing the flow to the auxiliary heat cxchangcr 108 in
case of high heating rlcmanrl or by directing it to by-pass
duct 107 in case of low heat demand. In auxiliary heat
exchanger 108 the cooling ivater exchanges heat with air
introduced Irom the ou(side of the vehicle or with air
circulaung in Lhe vehicle via said compartment heat
cxchan cr 110. Thc tcmpcrature then drops and thc cooling
water rctums into thc engine 101. When heating is nccded

1 it
and the temperature of the cnnling water reachin compart-
ment heat exchan er 110 is low, said auxiliary heater 109 is
operated to heat Lhe cooling water llowing into auxiliary heat
exchanger 1US. From there heated cooling water is supplied
into said compartment heat cxchangcr 110. Thc tcmpcraturc
of the coolin vvatcr Raving engine 101 and cntcring aux-
iliary heat exchanger IUS is Tl. The temperature nf cooling
ivater leaving auxiliary heat exchan er 108 towarrls com-
partment heat exchan er 110 is '12. The temperature down-
stream compartment heat exchanger 11U and in the return

cn duct Lo engine 1U1 is 13. In the FIG. IZ the horizontal axis
indicates the time aSer the en ine start. 'I'he vertical axis
indicates the temperature variations l)urin cruising with
heating without nperatin auxiliary heater 109 the tempera-
ture of coolin water front engine 101 through auxiliary heat

"s cxchan cr 108 into compartment heat cxchangcr 110 varies
with curve 1Z1, it nses gradually. The temperature Tl at Lhe

inlet of. auxiliary heat exchanger 108 corresponils Lo tem-
perature TZ (Girl') at the inlet of compartment heat
exchanger 110 The outlet temperature T3 (Ol I') after heat
exchanging cnmpartment heat exchanger 110 varies with
curve 122. Thc diffcrcncc lictwccn curves 121 anil 122
rcprcscnts thc ability of hcatin available by compartment
heat exchan er 110 without the assistance of auxiliary heater
109. The ability of heating is poor after engine start By

as using auxiliary heater 109 the cnoling ivater is heated in
auxiliary heat exchanger 108 'I'he temperature rises from 'I'I

to 'I'2 (ON) and varies ivith curve 123 Lven though heating
cooling water ivith tcmpcrature TZ (ON) cxchangcs heat in
compartment heat cxchangcr 110, tempcraturc 13 (ON) at

sn the outlet will vary with curve 1Z4. Therelore, the difference
between curves 123 aml 1Z4 represent the heating abilny of
compartment heat exchanger 110 ivhen the auxiliary heater
109 is operating. A shnrtage in the heating ability after
engine start is supplemented. I'urther, the significant diff'er-

as ence bctwccn curves 121 and 123 is cffectcd by thc opera-
tion of auxiliary hcatcr 109. Howcvcr, thc effictcncy of thc
ililxiliarv lleater ls poor:

Another cxaniplc of an auxiliary heating equipment is
discloses in OE-A-19752613. Thc auxiliary heating equip-
ment of an automobile air comhiioning system compnses an
electnc heater. Saiil electric heater consists of a NiCr-wire
element provided within a sectinn of the cooling water
circuit The efffciency of the electric heater is poor

OI3IL'('TS ANI) SUMMARY Ol TIIL'NVEN

31ON

It is an oltject of the present invention tn prnvide a highly
cihcicnt radiator assembly of a vchiclc cquippcrl with an
auxiliary heating equipmcnt.

ae Said nbject is achieved, accordin tn the present
invention, by a radiator assembly usin cooling water of a
vvatcr coolcrl en ine ivith a heat source. Said radiator assem-
bly is characterised by a heat exchanging means lor heaung
purposes in the vehicle carrying out a heat exchange

as between coolin ~ water and air, and by provirling at least one
exothermic means heating cnolin ivater by heat generated
by Peltier effect



In Ihe raihator assembly Ihe heal exchanging means for
heating is nnt able to heat sufliciently tvhen the temperature
of the cnoling water is ton low shortly after engine start. To
compensate for this shortage the cnnied cooling water is
hcatcd by said exothermic means. The heated cooling water
then is supplied to thc heat exchanging nieans for hcatin .

The exothermic means generates heal for heaung by the
Peltter eifecl. It thus is possible Io obtain the needed quantiiy
of heat generated by the Pettier effect by adding a quantity
of heat absorbed from charged energy to a quantity nf heat
generated by the charged energy Therefore, the exnthermic
means allows to cnrrate a higher quantity of heat and niore
than at least a quantity of thc charged cncrgy and constitutes
a highly efficienl auxiluiry healing equipmenl.

Said cxothcrmic means may include a Pclticr element and
a heat cxchangcr adhcrcd to thc exothermic side of said
Peltter element in or&ter to transmit heal generated by Ihe
Peltter element into the cooling water flowing to Ihe heat
exchanging means.

Sairi exothermic means may include a heat exchanging
means sulhered to an enilothermic suriace of the Pelner
element serving tn absnrb heat from the cooling &cater ivhen
leaving the heat exchanging means for heating

As long as Ihe temperature of Ihe coohng water is low
shortly after engine start the cnoling ivater supplied to the
compartment heat exchanger is heated by bnth.lnule heat of
thc Pclticr clcmcnt 10 and heat transferred from an endot-
hermic surface to an exothermic surface of thc same Pcltier
element. In thus is possible lo arid more thermal energy for
heaung purposes to the cooling water flowing Io Ihe heal
exchanger at the exothermic sale than electric energy is
charged intn the Peltier element, and tn rapidly increase the
heating ability of the compartment heat exchanger

IIRILI'&L&S('.RIPI1ON Ol'HI.'RAWIN(lS
L&mbndiments nt'he invention will be described ivith the

help of the drawings In the drawing is:
I'l(l I a block diagram schematicaily depicting a cooling

water circuit relating tn a radiatnr assembly according tn the
invention,

I'IG. 2 a diagram of temperature variations,
FIG. 3 a schematic perspective view of. an auxiliary

healing equipment,
FIG. 4 a blocl diagram of a second embodiment of. a

raihator assembly according to the invention,
FIG. 5 a block dia ram of thc second embodiment in an

operatton stale shortly aller engine start,
FIG. 6 a diagram of temperature variatinns,
I'IG. 7 a block diagram of a third embndiment of a

rarhator assembly according to the invention,
I'l(l 8 a binck diagram of said third embodiment in at a

condition shortly after rn inc start,
I'IG. 9 a block diagram nt' fnurth embodiment of a

radiator assembly according to the inventinn, in a cnndition
shortly after cnginc start,

I'l(l 10 a block diagram of the cooling water circuit of the
fourth embodiment,

I'IG. 11 a block diagram of a cooling water circuit
comprising a conventional radiator assembly, and

FIG. 12 a iliagram of temperature vanalion for ihe con-
ventinnal radiatnr assembly.

DESCRIPTION OF THE PREFERRED
EMBODIMILN I'

A right-half nt'G. I represents the cooling &cater circuit
I A left-half nf FI(l I represents a radiator assembly of the

vehicle using ihe engine cooling water as a heat source A
circulating pmnp 2 of engine I compulsively exhausts
cnnling water into a ivater jacket nf engine I An outlet port
of circulating pump 2 is connected lo an mlet port of a
thermal changcovcr valve 3 which has two outlet ports, onc
of ivhich conncctcd to an inlet of an engine radiator 4, thc
other connected io a by-pass iluct 5 by-passing engine
radiator 4. A toming part between radiator 4 anil by-pass
duct 5 leads to an inlet port nf engine I

('irculating pmnp 2 further is connected to an inlet port of
a throttle valve 6, the outlet pnrt of which is cnnnected tn an
inlet port of a heat cxchangcr 7 at thc heating sirlc of thc
assembly. An outlet port of heat cxchan cr 7 is connected to
an inlet port of a compartment heat exchanger 8, the outlet
port of which is connected to a heat exchanger 9 prov&&led at
Ihe emlothermic side. Between heat exchanger 7 aml heat
exchanger 9 at the endothermic side a Peltier element 10 is
adhered Said components cnnstitute an auxiliary heating
cquipmcnt. Thc outlet of heat exchanger 9 is connected via

ao a return rluct to the inlet port of thc engine l.
Instead of throttle valve 6 a three-ways valve and thc

by-pass duct may be useil. At an arbitrary location within a
closed circuit including engine I, heal exchanger 7, com-
partment heal exchanger 8 and heat exchanger 9 a pump
might be installed

Iieat originating from en ine I is absorbed by the cooling
water. If thc tcmpcrature is lower than a fixcrl temperature,
in thermal changcovcr valve 3 downstream circulating pump
2 thc cooling ivater is directly rcturncrl through by-pass rluct

lr)
5 io engine 1. If Ihe temperature is higher than sa&d lixed
temperature, heat from ihe cooling water is radiated in
engine radiator 4 from ivhich the cnnling ivater returns to
engine 1.

The heating radiator assembly includes a clnsed circuit
where a part of thc cooling water exhausted from circulating
pump 2 circulatcs from throttle valve 6 through heat
exchanger 7, compartment heaL exchanger 8, heaL exchanger
9 ui the inlet port ol. engine 1. If. the quantity of heal in Lhe

cooling water is high enough, the degree of opening of
throttle valve 6 is adjusted cnrresponding to the ability of
heating needed for cnmpartment heat exchanger 8

The temperature of the cooling ivater leaving engine I to
heat exchanger 7 is Tl The temperature downstream heat

js exchanger 7 for compartment heat exchanger 8 is I'2 The
tcmpcraturc downstrcani compartment heat exchanger 8 for
heat cxchangcr 9 is T3. The tempcraturc heat exchanger 9 is
T4.

In FIG. 2 a horizontal axis shows time cxpirin after
8& engine start. Thc vertical axis shows the tcmpcraturc varia-

lions in Ihe cooling waier. The Lemperalure of Ihe moira ~

water ai Ihe engine starling ume X'.
Driving with heating without using thc auxiliary heating

equipmenu
After engine start tcmpcrature radually nscs from X'

and Ihe temperature between heat exchanger 7 anil compart-
ment heal exchanger 8 changes with curve 21. Temperature
TI al the mlet of heaL exchanger 7 is the same as temperature
T2 (OI7) at the inlet of compartment heat exchan er 8 The
cooling water exchanges heat in compartment heat
cxchan cr 8 anil the tcniperaturc at thc heat exchanger 9

gradually rises from X', and follows curve 22. Then
temperature T3 (OFF) al ihe outlet of compartment heaL
exchanger 8 is Ihe same as temperature T4 (OFF) at ihe

ss outlet of. heat exchanger 9. Therefore, the dilference between
curves 21 and 22 represent the ability nf heatin of com-
partment heat exchanger 8 withnut using the auxiliary
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heanng equipmenl. The ability of heating is poor shortly
after engme start.

Drivin with heating using thc auxiliary heating cquip-
mcnt:

The temperature rises lo the influence of. heat exchanger
7 from Tl to 'I'2 (ON) and varies with curve 23. Since the
cooling water nf temperature T2 (ON) exchanges heat in the
compartment heat cxchangcr 8, temperature T3 (ON) varies
with curve 24. Since thc coolin water of temperature T3
(ON) also exchanges heat at heat cxchan er 9, temperature
T4 (ON) al Ihe outlet varies with curve 25. That means,
cooling water returns lo engine 1 when Ihe temperature is
lower than the temperature at the engine start due to the
influence of heat exchanger 9 at the endothermic side, i e
curve 25 is starting from a temperature lower than X'.
Thcrcforc, thc diflcrcncc between curves 23 and 24 rcprc-
scnt thc incrcascd ability of heating of thc compartment heat
exchanger 8 when using Ihe auxiliary healing equipment a
state where the shortage of. the healing ability shortly after
engme start is supplemented

The Veltier element 10 uses the Veltier efl'ect allo&sing by
flowing electric current to absorb heat from the endnthermic
side whcrc thc tcmpcraturc of a surface fails and to transfer
thc heat to thc cxothcrmic side where the temperature of the
surface rises. Even thought the heat transfer quantity
changes clepencling on Ihe initial comhtions, almost 50c(, of
electric power can elfeclively be used in Ihe Peluer element
10. This results in a coeflicient ot'bout 0 5 I lowever, even
if the resulting coelflcient is 05 ivhen using the Veltier
clcmcnt 10 in a rcfrigcratin equipmcnt, calorific power at
thc cxothcrmic side of thc Pclticr element can bc exprcsscd
by Ihe sum of the quantity of. heat absorbed al ihe encfoi-
hermm side and Joule heal generated by Ihe electric current
flowing through the Peltier element 10 when using it as an
auxiliary heating component As a result, the resulting
coeflicient can l&e as high as abnut I.S In a conventional
clcctric hcatcr, the resulting cocfflcicnt is at niost 1,0. In a
comparison, thc resulting cocfflcicnt of 1.5 of the Pcltier
clcmcnt 10 is much better.

Supplementing the eflecl of Ihe Pellier element 10, Ihe.

quantity of heal transferred from the emlolhermic side to Ihe.

exothermic side by the Veltier element 10 can be expressed
by the value (IW (13 (ON)—T4 (ON)) That means that the
temperature difFerence between inlet and nutlet of heat
cxchangcr 9 at thc endothemiic side is multiplied by thc
quantity of thc cooling water. If thc quantity of heat origi-
nattng from Joule heat generalecf by the electric power
charged into the Pelner element 10 is expressed by PW,
temperature T2 at the inlet (the curve 23) of compartment
heat exchanger 9 is the sum ot'he temperature I'I at the inlet
(curve 21) ot'eat exchanger 7, of the quantity of heat VW
gcncratcd by thc Pclticr clement 10 itself, and of the
transfcrrcd quantity of heat GW (T3) (ON)—T4 (ON)).

Thc Pclticr clcmcnt 10 of the auxiliary heating cquipmcnt
of FIG. 3 is situated between heat exchanger 7 al the side of
heanng and heal exchanger 9 at the encfothermic side. Both
heat exchangers 7, 9 are prnvided ivith inlet pnrts and outlet
ports 7n, Sa; 7b, Sb Inlet port 7a and outlet port 7f& are
conncctcd to cnginc l. Inlet port 8a and outlet port 8b arc
conncctcd to compartment heat exchanger S.

At Pclticr clcmcnt 10 thc cndothcrmic surface and thc
exothermic surface can be inverted depemhng on ihe flow
direction of Ihe eleclnc current. The polanty of. a leacf v:ire
is chosen so that Ihe exothermic surface is on the side of. Ihe
heat exchanger 7 while the endnthennic surface is at the side
of heat exchanger 9. I'he lead ivire extends via an electric

current controller 11 and a battery IZ. An input of electnc
current controller 11 is connected to an output of a controller
13 ('ontroller 11 controls the auxiliary heating operating of
the Veltier element 10 by controllin the value of the electric
current. If auxiliary heating is nccclcd aftn cnginc start
controller adjust thc ekctric current to 100%. As soon as thc
temperature of the cooling water has increased enough and
Ihe temperature rise has reached a saturated slate aux&fary is
no longer necessarv 'I'hen the electric current is adjusted to

io 0%. Control methods of the electric current controller 11

may be an analo ue control, and oniofF control, a pulse
width modulation control, or thc like.

In the second embodiment of the radiator assembly of
FIG. 4 a pump 31 anil four-ways valve 32 are located
between engine I and heat exchan er 7 I our-ways valve 32
also is located between compartment heat exchanger 8 and
heat cxchan cr 9 at the endothermic siclc.

A valve (not shown) for controlling the quantity of tlow
or Ihe flow rate may be provided between pump 31 and

o four-ways valve 32. Instead the flow rate may be controlled
by adjusting the degree of rotation or adjustment of the
four-ways valve 32

Cooing water from engine 1 flows through four-ways
valve 3Z and pump 31 into heat exchanger 7, is heated by"s
heat exchan er 7 aml flows into compartment heat
exchanger 8, where it exchanges heat with the air mside the
vehicle, and finally flows through four-ways valve 32 into
heat exchanger 9. After heat is absorbed herc the cooling

... water returns to engine 1. It is possible to exccutc thc same
auxiliary healing operanon as in FIG. 1.

I'IG. 5 is a block diagram representing the state after
engine start for the second embodiment. Ify four-ways valve
32 it is possible to scparatc thc circuit for thc flow to heat
cxchangcr 7 and compartment heat exchanger 8 from
another circuit in &vhich the cooling watn returns to cnginc
1. In other words, lirst circuit is formed in which the n&olin ~

water from engme 1 returns via four-ways valve 32 ancf heat
exchanger 9 to engine l. Independently, a seconcl closed
circuit is formed in &vhich the cooling &vater returns from the
four-&vays valve 32 through pump 31, heat exchanger 7 ancl

compartment heat cxchan cr 8 f&ack to four-ways valve 32.
Thc Joule hcatcd eneratcd by Pclticr clement 10 and thc
quannly of heat absorbed Irom the cooling water of engine
1 are supphed into the close circuit of compartment heat
exchanger S.

The load of compartment heat cxchan cr 8 is decidccl by
thc quantity of the air flow (quantity of wincl) passing
compartment heat exchanger 8 ancf the air temperature. As

so long as the load of compartment heat exchanger is small the
quannly ol: heat exchanged by compartment heat exchanger
8 is smaller than the quantity heated by heat exchan er 7 In
this case, a phenomen occurs The temperature at the outlet
of compartment heat exchanger 8 bccomcs higher than
tempcraturc Tl at thc inlet of heat cxchangcr 7. In the
conliguranon ol: FIG. 4 high temperature cooling water
leaving compartment heat exchanger 8 is cx&cled by heat
exchanger 9 so that the cooing water for the engine &s heated
further Caloric power of the cooling water in the engine I
generally is large Therefore, even if the cooling water for
thc cnginc is hcatcd by thc high tempcraturc cooling water
rcturnin from conipartmcnt heat cxchangcr 8 tcmperaturc
TJ at the outlet of engme 1 to heal exchanger 7 will not nse
suddenly. This means that the temperature of the cooling

as water entenng compartment heat exchanger 8 nses slowly,
since the cooling water entering heat exchanger 7 is heated
at io&v temperature only



If the temperature al lhe ouflet of compartment heal
exchanger 8 is higher than the temperature at the outlet of
the engine I, i.e, then the temperature at the inlet of heat
exchanger 7, (H(i. 5), it is possible to transfer the entire
quantity of heat supplied by heat exchanger 7 to compart-
ment heat exchanger 8 by correspondingly sivitching thr
four-ways valve 32 anil forming a close circuit with Ihe
radiator assembly separated from the cooling water circuit of.

the engine
FIG. 6 illustrates temperature variations in said closed

rarhator circuit. After engine start four-ways valve 32 is
switched as in FIG. 5 to form smd closed circuit. The
temperature of Ihe cooling water in said circuit is al Ihe
engine stile after engine start almost the same as in FIG. 2.
'I'emperature varies with curve 41. Temperature at heat
exchanger 7 first is the same as the temperature at the engine
(X'.). Ti:mpcraturc T2 at compartnient heat cxchan cr 8
vancs with curve 42 because thc cooiing ivatcr is heated by
heal exchanger 7 The calorilic power or capacity of. Ihe.

closeil circuit is smaller than Ihe calonfic power al Ihe.

engine stile. As a consequence, temperature T2 al lhe inlet of
compartment heat exchanger 8 rises comparatively sharply
Since the quantity nf heat exchanged by compartment heat
cxchangcr 8 is small (the load of thc conipartmcnt heat
cxchangcr 8 is small) temperature, T5 at thc outlet of heat
exchanger 8 nses signilicanlly and temperature T5 varies
with curve 43. The dilference between curves 42 anil 43
represent the increased heating ability.

On the other hand, in the other circuit on the engine side
thc cooling water from cn inr 1 flows through four-ways
valve 32 into heat cxchangcr 9 at thc cndothcrmic side where
heal is absorberl. Therefore, temperature T4 al the ouflet of.

heal exchanger 9 varies with curve 34.
If the temperature of the cooling water in Ihe circuit at Ihe

radiator side rises sharply, the cooling water is separated
soon. Tn the contrary, the temperature nf the cooling water
at thc cn inc side only rises gradualiy. If thc tcmpcraturc at
cnginc I is higher than the temperature TS at thc outlet of
compartment heat exchanger 8, four-ways valve 32 is
switched to form a circuit of FIG. 4. The timing for
switching valve 32 depemls on the load of compartment heal
exchanger 8. Valve 32 is switched early if the lnad is small,
and is switched late if the lnad is large

In the third embodiment of FIG 7 a pump 51 is inserted
bctwccn thc outlet port of en inr I and four-ways valve 32.
A check valve 52 is provided between thc outlet port of
engine I and thermal changeover valve 3. Said check valve
52 allows a flow from engine I to thermal changeover valve
3 Thermal changeover valve 3 may be structurally com-
bined vvith check valve 52.

As soon as the temperature of the cooling ivater of engine
I is high enough, it is discharged by circulatin pump 2 via
check valve 52 into a circuit of thc rn inc radiator 4. Further
cooling water is directed through pump 51, four-ways valve
32, pump 31 aml heal exchanger 7 to compartment heal
exchanger 8 After heal exchange with air for the compart-
ment of the vehicle the cooling water returns via four-ivays
valve 32, heat exchanger 9 and to engine I

It is experlient to implemeiit this coiifiguration into a
vchiclc having an cnginc intended for iow fuel consumption,
c.g. a vehicle ivith an idling stopping mechanism, or a hybrid
drive vehicle thai uses an electro-motor and a water cooleri
engine The idling slopping mechamsm stops engine I as
soon as speeil of engine I drops lo xfling speed, when
stopping temporarily at a crossing, a railroad crossing, and
the like. Circulating pump 2 ot'ngine I also stops when

engme I is stopped. In the hybnd drive vehicle a power
source is switched from lhe engine I to the electromotor
when thc power capacity is high enough and thc loarl of the
en inc is small. As the engine I stops its circulation pump
2 wifl stop and it then is impossible to supply cnoling water
from engine I to compartment heat exchan er 8. In this case
it is possible to heat lo use the remaining heat of the cooling
water of engine 1 successively by operating pump 31 instead
of circulating pump 2 and to supply cooling water from

Ill
en one 1 lo compartment heat exchanger 8. When pump 31
sucks cooling water from engine 1, the pressure at the outlet
of engme I becomes negative anil pump 31 temls to suck
cooling water cooled in engine radaiator 4. Ilnivever, cool-
ing water from engine radiator 4 cannot flow backsvards via

is check valve 52 provided lietween thc outlet port of the
engine 1 anil thermal changcovcr valve 3. As consequence,
only cooling water healed in the engine is supplied to
compartment heal exchanger 8 aml is used lor heaung
Above-mentioned pump 31 might not be neerlerl in this
heating equipment.

FIG. 8 represents the engine start phase of lhe third
embodiment After engine start it is possible that the tem-
perature of cooling water at the outlet of compartment heat
exchanger 8 is higher than at the outlet of engine 1. In this

,,- case (FIG. 8) four-ways valve 32 is switchcrl such that thc
close circuit for cooling ivater flowing into heat exchanger
7 and compartment heat exchanger 8 is formed. This means
that a circuit with small calorific capacity is formeil inrle-
pendent form the en ine circuit The engine circuit would
have large calorific capacity. Irlow of coohng ivater then is
the same as in I'l(l 5 In this smail capacity circuit the
tcmpcraturc of thc cooling ivater heated by heat cxchan cr
7 can bc raised quickly such that the interior of thc vchiclc
can be heated early after the engine start. As in this case
cooling water from engme 1 is supplierl thorugh four-ways
valve 32 to heat exchanger 9 by circulating pump 2 there is
an endothermic effect by heat exchan er 9 at the endother-
mic side Ilowever, cooling water in heat exchanger 9 does
not flow out if cn inc 1 stops. Therefore, the cooling v ster

so would be refrigerated immcrliatcly because the capacity of
Ihe coolin ~ water in heat exchanger 9 is small aml the
endothermic el(act also becomes small.

If cn inc I stops while cooling water supplied to com-
partment heal exchanger 8 is healed by Pelner element 1(l

after engine start, pump 51 is tlnven instead of circulauon
pump 2, and cooling water is compulsively circulated
through heat exchan er 9 Pump 51 does not need to be
inserted between the outlet port of engine I and four-ways
valve 32. It may instcarl lic installed lictwccn four-v ays

„I valve 32 and heat exchanger 9 or lietween heat cxchangcr 9
and Ihe ouflel port of Ihe engine 1.

FIG. 9 represents thc state shortly after thc cnginc start of
a fourth cmborlimcnt of a radiator assembly of the vehick.
A Ihree-ways valve 61 and a pump 62 are inserteil between
an outlet port of the engine 1 and heat exchanger 7. Another
outlet port of three-ways valve 61 is connected via a
four-ways valve 63 to an inlet port of heat exchanger 9. I'he
outlet port of compartment heat cxchan cr 8 is connected to
four-ways valve 63. An outlet of a passage of thc valve 63

so is connected via a check valve 64 to a duct extending
between three-ways valve 61 and pump 62. Said outlet is
also connected via another check valve 65 lo the inlet of
engine I Check valves 64, 65 afloiv flow from four-ways
valve 63 to pump 62 and en ine l.

as The flow of cooling water is Ihe same as in FIGS. 5 and
8 A close circuit can be formed when the cnnling water
discharged by pump 62 flows to heat exchanger 7, is heated
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therein, tlows further to compartment heat exchanger 8 to
exchange heat with the air for the vehicle compartment, and
finally returns thrnugh four-ways valve 63 and check valve
64 tn pump 62. Cooling water frnm the engine I flo&vs

through three-ways valve 61 and four-ways vaive 63 into
heat cxchangcr 9, whcrc heat is absorbed, and returns to
engine I The same auxiliary heanng operation is possible as
described in connection with FIGS. 5 anti 8.

In this fourth embodiinent a close circuit at the side of
compartment heat exchanger 8 thc four-ways valve 63 is
switched when load for compartment heat cxchangcr 8 is
small and the temperature al the outlet of compartment heat
exchanger is lower than the temperature al ihe outlet of.

engine 1. This is shown in FIG. M.
In FIG. 10 thc flow is as in FIGS. I, 4 and 7. Cooling

water discharged from cn inc 1 flows through three-ways
valve 61 aml pump 62 into heat exchanger 7, is heated there,
flows to compartment heal exchanger 8 and exchanges heat
with the air It then flows further through four-ways valve 63
into heat exchanger 9 where heat is absorbed and returns to
the engine l. In additinn, if the load of compartment heat
exchanger 8 is small, the quantity or floiv rate of the cooling
water supplied to pump 62 can l&c limited by three-ways
valve 61, so that a big cr amount of cooiing water returns
through four-ways valve 63 and checl valve 65 lo engine 1.

The quantity of cooling water flowing through pup 62 is
stabihsed by a by-pass function as mentioned above

What is claimed is:
l. A radiator assembly of a vehicle comprising
a heat source incluriing a cooling water engine radiator, an

inlet port and an outlet port,
a cnmpartment heat exchanging means having an inlet

port and an outlet port;
an exothermic means for heating Ihe cooling water by

heal generateil by Ihe Pellier eilect, wherein Ihe exo-
thermic means includes al least one current supplieri
pettier element having an exothermic surface at an
exothermic side and an endnthermic surface at an
cnrlothcrmic side;

a first heat exchanging means adhered to the exothermic
surface upstream of the compartment heal exchanging
means, wherein the first heat exchanging means
includes an inlet port and an outlet port;

a second heat cxchan in means adhered to the endot-
hermic surface at the enriothermic rude of ihe al least
one Pellier element, wherein Ihe second heal exchang-
ing means includes an inlet port and an outlet port;

at least one pump for circulating cnoling water; and
wherein the second heat exchanging means nutlet port is

connecterl by a return duct to the engine radiatnr inlet
port, thc second heat exchanging nieans inlet port is
conncctcd to thc compartment heat exchanging nicans
outlet port anti absorbs heat in the second heal exchang-
ing means from cooling water, the absorberi heat being
transferred irom Ihe emlolhermic inde of ihe at least one.
current supplied peltier element to the exothermic side
and into cnoiing ivater passing thrnugh the first heat
exchanging means.

2. A radiator assembly according to ciaini I, further
composing:

a four-way valve that switches between a lirsl switching
position and a second switching pox&non,

wherein in the lirst switching position the compartment
heat exchanging means nutlet port is connected to the
first heat exchanging means inlet port, and the engine

rruhalor outlet port is connected lo the second heat
exchanging means inlet port; and

wherein in thc second switchin position the compartment
heat exchanging nicans outlet port is conncctcd to thc
second heat exchanging means inlet port anti the engine
rruhator outlet port is connecteil to the first heat
exchanging means inlet port.

3. A radiator assembly according to claim I, wherein the
pmnp circulates cooling water through the first heat

'" exchan in means.
4. A radiator assembly according to claim 2, whcrcin thc

four-way valve is switched mto the lirst switching posiuon
when the temperature of. Ihe cooing water at the compart-
ment heat exchan nn ~ means outlet port is higher than lhe
temperature of the cooling water at the engine radiatnr outlet
port, and is s&vitched into the second switching position
when thc tcmpcrature of the cooling water at thc cnginc
radiator outlet port is higher than thc tcmpcraturc of thc
cooling water at the compartment heat exchanging means
outlet port.

5. A rruhalor assembly accorihng to claim 2, wherein a

check valve between the engine radiator outlet port and the
engine radiator, allows a tlow of cooling water in a direction
from thc cnginc radiator outlet port to the cnginc radiator.

6. A radiator assembly according to claim 2, whcrcin thc
pump compulsorily circulales cooling water through lhe
second heat exchanging means and the engine raihator in lhe
lirsl swilchin ~ position of. Ihe four-way valve.

7. A radiator assembly according to claim I, further
comprising

a three-way valve including an inlet port, a first outlet port
aml a second outlet port, wherem lhe valve inlet port is
connected to the engme raihalor outlet port, the valve
tirst and second outlet ports branch the flow of cooling
&vater, the valve first outlet port is connected to the first
heat exchanging means inlet port, the valve second
outlet port is connected by a by-pass duct to a return
duct to the engine radiator inlet port, thc by-pass rluct
cont&ms a first check valve allowing the flow towards

sc Ihe lirst heat exchanging means inlet port;
wherein a second check valve in the return duct between

the by-pass duct and the engine radiator inlet port,
allows flow towards the en ine radiator inlet port only;

wherein a four-&vay valve between the compartment heat
cxchan~vn means outlet port anil thc return rluct and
bctwcen the scconrl heat exchanging means inlet port
aml the second outlet port of the three-way valve is
switched into a lirst switching position and a second
switching posinon,

&vherein in the first switching position the compartment
heat exchanging means outlet port is connected by the
check valve to thc first heat exchanging means inlet
port anil thc cnginc radiator inlet port, and the second
outlet port of thc thrcc-ivay valve is conncctcd to thc
second heal exchangmg means inlet port thereby deiin-
in ~ a lirsl closed circuit between lhe second outlet port
and the engine radiator inlet port, and

wherein in the second s&vitching position the compartment
heat exchanging means outlet port is connected to the
scconrl heat cxchan in means inlet port, thcrrfl&y

definin a scconrl closcrl circuit bctwccn thc compart-
ment heal exchanging means and the engine radiator
mlet port.

as 8. A raduitor assembly accoriling to claim 7, wherein an
additional pump compulsorily circulates cooling water
through the hrst heat exchanging means and is provided



between the lirst outlet of. the three-way valve and ihe lirsl
heat exchanging means inlet port.

9. A radiator assemlily accnrding tn claim 7, ivherein the
four-way valve is switched intn the first switching position
when thc tcmpcraturc of thc cooiing water at thc compart-
ment heat exchanging means outict port is hi her than thc
temperature ol. Ihe cooling water al the engine radiator outlet
port, aml is switcherf into the second switching position
when the temperature ot'he cooling water at the engine
radiator outlet is higher than the temperature nf the cooling
water at the compartment heat exchanging means nutlet
port.

10. A radiator assembly according to claim 1,

wherein the lirsl heal exchanging means and Ihe seconrf
heat exchanging means are heat evchangers that are
each adhered tn the endnthermic surface and the exo-
thermic surfaces of the at least one Pclticr element
locatctl bctwccn both of the heat exchangers, thc heat
exchangers defining the lirsl heal exchanging means
being connected by Ihe lirst heal exchanging means
inlet port lo Ihe engine raihator outlet port and by Ihe.

first heat exchanging means outlet port to the cnmpart-
ment heat exchanging means inlet pnrt, the heat
cxchangcrs defining thc second heat exchanging means
being connected by thc second heat cxchan in means
inlet port lo Ihe compartment heat exchanging means
outlet port and by the second heat exchanging means
outlet port to the engine radiator inlet port.

11 A radiator assembly nf a vehicle comprising
a heat source including a cooling water cnginc radiator, an

inlet port and an outlet port;
a compartment heat exchanging means having an inlet

port and an outlet pnrt;
an cxothcrmic means for heating the cooling vvater by

heat gcncratctl by the Pelticr ctfcct, wherein the exo-
thermic means includes al least one current supphed
Peltier element having an exothermic surface al an
exothermic side and an endothermic surface at an
endothermic side;

a first heat exchanging means adhered to the exothermic
surface upstream of. the compartment heal exchanging
means, wherem Ihe lirsl heal exchanging means
includes an inlet porl aml an oullel port;

a second heat exchanging means adhered to thc endot-
hermic surface at thc endothermic side of the at least
onc Pclticr clement, wherein thc second heat cxchan-
ing means includes an inlet porl aml an outlet port;

12
al leasL one pump lor circulating cooling water;
whcrcin thc secontl heat exchangin means outlet port is

connected by a return duct to the engine radialnr inlet
port, thc second heat cxchan in means inlet port is
connecied lo Ihe compartment heal exchanging means
outlet port and alisorbs heat in thc sccontl heat cxchang-
in ~ means Irom cooling water, Ihe absorbed heaL bein ~

transferred from the endothermic side of the at least one
current supphed Peltier element Lo the exothermic side
and into cooling ivater passin through the first heat
cxchan in means;

a four-way valve that sivitches between a first switching
position anil a secoml switching posiuon;

whcrcin in thc first switching position thc compartment
heal exchanging means outlet port is ixtnnected to lhe
tirst heat exchanging means inlet port, and the engine
radiator outlet port is connected lo the secontl heaL

exchanging means inlet port; and
o

wherem in the second switching position Lhe compartment
heat exchanging means outlet port is connected to thc
second heat exchanging means inlet port anil the engine
radiator outlet port is connected to the first heat

as exchanging means inlet port.
12 A radiator assembly according to claim 11, wherein

the pump circulates cooling water through the first heat
exchanging means

13. A radiator asscmlily according to claim ll, wherein
Ihe four-way valve is switched into Ihe lirst switchin ~

position vvhcn thc tcmperaturc of the cooling water at thc
compartment heat exchanging means outlet port is higher
than the tcmpcraturc of thc cooling water at thc cnginc
radiator outlet port, anil is swilcheil into the seconil switch-
mg posiuon when Lhe temperature of the cooling water at the
engine radiator outlet port is higher than the temperature of
the cooling ivater at the compartment heat exchanging
means outlet port.

14. A radiator assembly accortling to claim ll, whcrcin a
ao check valve bctivccn the cn inc radiator outlet port and thc

en one radialor allows a fiow of. cooling water in a direction
from ihe en nne radiator outlet port lo the engine radiator.

15 A radiator assembly according to claim 11, wherein
the pump compulsorily circulates coolin ivater thrnugh the

"s second heat exchanging means and thc cnginc rarliator in thc
first switching position of thc four-way valve.
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