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(s7) ABSTRACT

In a vchiclc air conditioner where air lilown into a passenger
compartment is heatctl in a heater core using cooling v ster
for coolin ~ a fuel cell sysiem as a healing source, a tlow
amount of cooling water llowing into the heat core is
controlled by a control valve based on a surplus heat
quantity of the fuel cell system and a necessary heat quantity
of the passenger compartment. I'urther, when the surplus
heat quantity of thc fuel ceil system is smaller than thc
necessary heat quantity, an insutiicient heat quantity is
supplemented by a supplementary heater.
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FIG. 3A
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VEHICLE AIR CONDITIONER WITH
HEATING CAPACITY CONTROL OF

COOLING WATER CIRCUIT

('.ROSS-RL'I L'RL'N('Li I'0 REI.AI L'D

APPI.I(lA'11ON

Thts application is relalerl to Japanese Patent Applications
No 2000-56974 lileil on Mar. 2, 2000, and No. 2000-319313
filed on Oct 19, 2000, the contents ot'vhich are hereby

Ill
incorporated by reference

13ACK(i ROUND OF 111E INVLiNTION

1. Fiekl of Ihe Invention
The present invention relates to a vehicle air conditioner

with a heating capacity control in a cooling ivater circuit
having a hcatin heat exchanger for heating air. In the
cooling water circuit, cooling water heated by an cquipmcnt
that needs a temperature control circulates in Ihe healing
heal exchanger. o

2 Description ot'elated riot

In a vchiclc air conditioner, heating of a passen er com-
partment is performed using cooling water from an equip-
ment that needs a temperature control, such as a waier-
cooled engine, as a heating source. When the heating of the
passenger compartment is perfomied using cooling water of
thc water-coolcrl cnginc, a suflicicnt heating effcct cannot be
obtaincrl when tcmpcraturc of cooling ivater is loiv.

To overcome this problem, in a vehicle air conditioner
described in JP-A-11-208250, an elecincal healer is dis-
posed in a cooling water circuit, and cooling ivater heated
only by the electrical heater is supplied to a heater core in a
closed water circuit without using heat front the engine until
thc tcmpcraturc of cooling water in the cnginc becomes
sulhciently high. On the other hand, when the temperature of
cooling water in Ihe engine is sufficiently high so that a
sulhcient heating el(act can be obtained utung cooling water
from the engine, cooling ivater from the engine is supplied
to the heater core, and the electrical heater is turned off
Howcvcr, in this vehicle air conditioner, even ivhen thc
tcmpcraturc of cooling water in the engine incrcascs and
surplus heal is generated from the engine, when Ihe tem-
perature ol. cooling water in Ihe engine ts nol increased lo a
temperature for obtaining the sulhcieni heaung elfect in Ihe
heater core, the heating of the passenger compartment is
performed using the heat from the electrical heater in the
closed water circuit. Accordingly, in this case, unnecessary
hest dischargcrl from thc cnginc is not cfi'cctiveiy used.

SUMMARY Of 11 ILi INVL'N'llON so

In view of the foregoing problem~, it is an object of the
prcscnt invention to provide a vehicle air conditioner which
heats air using cooling water for a temperature control of an
cquipmcnt as a heating source, in which a predetermined ss
stable heating capacuy of a passenger compartment can be.

obtained el(actively uiung a surplus heat Lhachargerl from Ihe.

equipment even when temperature of cooling ivater in the
equipment is not sufficientl increased and a sufficient
heating capacity is not obtained oniy using thc heat of „ti
cooling water from thc cquipmcnt.

According to thc prcscnt invention, in an air conditioner
for a vehicle having an equipmenl that needs a temperature
control, a healing heat exchanger for healing air io be blown
into a passenger compartment using cooling water as a ss
heating source is disposed in a cooling water circuit, a
supplementary heater for heating air is used for supplement-

mg a heat quanuty relative Lo the heaung heal exchanger, a
necessary heat quantity necessary for a heatin of air bloivn
into the passenger compartment is calculated based on a

target air temperature, and a ffow control unit cnntrols a flow
of cooling ivater in the cooling water circuit in such a
manner that: cooling ivater from thc equipment flows into
Ihe healing heaL exchanger aller temperature of Lhe equip-
menl increases io a predetermined temperature, anil Ihe tlow
of cooling water from the equipment to the heating heat
exchanger is interrupted until the temperature of the equip-
ment increases to the predetermined temperature In the
vchiclc air conditioner, a heat quantity gencratcd by thc
supplcmcntary hcatcr is used for supplementing an insuifi-
cient heal quanhiy when Lhe heal quantity lor heating air in
Ihe heaung heat exchanger is smaller than the necessary heat
quantity, after the temperature of the equipment increases to
the predetermined temperature. Accordmgly, when the tem-
perature of the equipment increases the predetermined
tcmpcraturc, a surplus heat quantity unnecessary for thc
tcmpcraturc control of thc cquipmcnt is supplicrl to thc
heaung heal exchanger. Therefore, even when the surplus
heal quaniily is a hlile, il can be effectively used for healing
air I'urther, ivhen the surplus heat is insufiicient for obtain-
ing the necessary heat quantity in the heatmg heat
exchanger, the insufficient heat quantity is supplemented by
the supplementary heater. As a result, a predetermined
hcatin capacity can bc obtaincrl.

On thc other hand, until the tempnaturc of thc cquipmcnt
mcreases Lo ihe predetermined temperature for a normal
operauon of. the equipment, that is, when there is not the
surplus heat discharged from the equipment, the ffow of
cooling water tloiving into the heating heat exchanger is
intcrruptcd. Thcrcforc, in this case, thc tempcraturc of thc
cquipmcnt can be rapirlly incrcascd, anil it can prevent thc
tcmpcraturc of thc equipment from being lowcrcrl duc to
heat radiation from the heating heat exchanger. Even in this
case, a heal-generahng amount of Ihe supplementary heater
is controlled, so that the predetermined heating capacity can
be obtained

13RILI'LSCRIPTION Oli 'I'IIL'RAWINGS

Additional objects anil arlvantages of thc present invcn-
lion will be more readily apparent from Ihe lollowin ~

deimled description of. preferred embodiments when taken
together ivith the accompanying drawings, in which:

11G. I is a schematic diagram shmvmg a vehicle air
conditioner with a cooling water circuit, according to a first
prefcrrcd cmborlimcnt of the present invention;

FIGS. 2A anil 2B arc cnlargcd views showing a control
valve used in thc cooling water circuit according to thc first
embodiment,

FIG. 3A is a sche mane dui gram showing a fiow of cooling
water bypassin ~ a heater core m Ihe cooling water circuit,
and

FIG. 3B ts a schematic diagram showing a fiow of coolin ~

water fiowing into Ihe healer core in Ihe cooling water
circuit, according to the first embodiment;

FIG. 4 is a flow diagram showing a heaung capacity
control of an A ('ontrol unit and a vehicle control unit,
according to the first embodiment;

FIG. 5 is a schematic ihagram showing a vehicle air
conditioner ivith a coolin ivater circuit, according to a
second preferred embodiment of the present invention;

FIG. 6 is a schematic diagram showing a vehicle air
conditioner with a cooling water circuit, according to a third
preferred embodiment of the present invention;



FIG. 7 is a schematic duigram showing a vehicle air
conditioner ivith a cooling ivater circuit, according to a
fourth preferred embndiment of the present invention;

FIG. 8 is a view for explaining a valve operation mecha-
nism according to the fourth embodiment;

I'l(IS. 9A and 9B are views for explaining operation of a
thermo-work actuatnr 171 according to the fourth emiuidi-
mcnt;

FIG. 10 is a tlow diagram showing a heating capaciiy
control of an A/C control umt according to the fourih
embodiment,

FIG. 11 is a schematic diagram shoiving a vehicle air
conditioner with a cooling water circuit, according to a fifth
prcfcrrcd cmborliment of thc present invention;

I'IG. 12 is a schematic diagram showing a vehicle air
conditioner with a cooling water circuit, according to a sixth
preferred embodiment of the present invention;

FIG. 13 is a schematic diagrani shoivin a niain part of a
cooling water circuit in a vehicle air conditioner, according ao

to a mortificatio of the present invention; and
FIG. 14 is a schematic riiagram showing a main part of a

cooling water circuit in a vehicle air condiuoner, according
to an another moriiiication of the present invenuon.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Prcfcrrcrl cmbodimcnts of thc present invention will be
dcscribcd hcrcinaftcr with reference to the acconipanying

li)
drawings.

Aiirst preferred embodiment of the present invennon will
be now descnbed with reference to FIGS. I—4. In the Iirst
embodiment, the present invention is typically applied to an
air cnnditioner for a fuel-cefl poivered vehicle As shoivn in
FIG. I, a fuel cell system (FiC) 6 that is an cquipmcnt
nccdcd to perform a temperature control is connected to a
cooling water circuit 3U. The tuel cell system 6 has therein
a water pump (not shown) so that cooling water for cooling
the tuel cell system 6 is circulaied in the cooling waier
circuit 30

A radiator 32, for radiating a surplus heat of encl ing water
to an outside of a passenger compartment, is disposed in the
cooling water circuit 30. Thc coolin water circuit 30 has a
first cooling water passage 34 through which cooling water „s
bypasses the radiator 32 when it is unnecessary to radiate.
heat of cooling water to the outside of. the passenger com-
partment A three-way valve 31 for distributing cooling
water from the fuel cell system 6 is disposed at an upstream
liranch point of lieth a cnniing ivater passage toward the
rarhator 32 and thc first cooling water passa c 34. An
clcctrical fan 33 is disposed so that outside air outside thc
passenger compartment is blown toward the raduuor 32. By
adt using an air amount passing through the radiator 32 from
the electrical fan 33, a heat quantity radiated from the
radiator 32 can lie adjusted

A control valve 40 is disposed in the first cooling water
passage 34 at a downstream side of the three-way valve 31
in a water flow direction. The control valve 40 is a flow
control unit for controlling a ratio bctwccn a flow amount of Ni
cooling water flowing into a heater core 13 and a flov,
amount of cooling water bypassing the heater core 13.

A temperature sensor 36 for detecting temperature, of.

cooling water tlowing into the fuel cell system 6 is disposeil
in the cooling water circuit 3U at an upstream inde of. the fuel ss
cell system 6 in the water floiv directinn An output signal
from the temperature sensnr 36 and an operation signal from

the fuel cell system 6 anil the like are input into a vehicle
control unit 8 The vehicle control unit 8 perfnrms a prede-
termined calculation based on the signals from the tempera-
ture sensor 36 and the fuel cell system 6, and outputs control
si nals for controlling operations of thc three-way valve 31
anil thc control valve 40. The vchiclc control unit 8 outputs
information regarding the heat quanuty of coolin ~ water to
an air conilitiomng control unit (hereinafter, referreil to as
"A ('ontrol unit**) 7

On the other hand, an air duct 20 defining an air passe e

through which air flows into the passenger cnmpartment is
provided. An evaporator 12 for coolin air is disposed in the
air rluct 20 to fully close an entire air passage so that all air
passing throu h the air passa c flows through the evaporator
IZ, aml a blower (not shown) is thsposed at an upstream air
side of. the evaporator 12 in the air duct ZU. The heater mre
13 for heating air using cooling water as a heating source is
disposed at a downstream air side of the evaporator 12 to
close a part of thc air passage, and an electrical heater (e.g.,
PCT heater) 14 used as a supplcmcntary hcatcr is rhsposcrl
at a downstream air sirlc of thc heater core 13 in thc air duct
20. Therefore, air passes through the heater core 13 anti the
electncal heater 14 afler passing through the evaporator 12.

An air mixing damper ZI is disposed at an upstream air
side of the heater core 13 to adjust an air amount ratio
passing through the heater core 13 so that air bloivn into the
passen er compartment is adjusted.

At a most doivnstream air sirlc of thc air duct 20, plural
air outlets arc provided so that conditioncrl air is iilown into
the passenger compartmeni through the plural air outlets
The plural air outleas inclutle a defroster air outlet through
ivhich air is blown toivard an inner surface of a front
ivindshield, a face air outlet throu h ivhich air is bloivn
toward thc upper siCh of a passcngcr in thc passen cr
compartment, a foot air outlet throu h which air is blown
toward thc foot area of thc passen cr in thc passen cr
compartment. The plural mr outlets are opened and closed
by an air outlet mode switching door so that each air amount
blown from the plural air outlets is adiusted

At an upstream air side of the hloiver, an inside air ioutside
air sivitching damper (not shoivn) for sivitching an intro-
duction ratio between insirlc air anil outsirlc air is rhsposcrl

Sensor signals from a sensor group arc input into thc AiC
control unit 7. The sensor group includes an interior tem-
perature sensor 1 fiir detecting temperature within the pas-
sen er compartment, an outsitle air temperature sensor 2 for
detecting temperature of outside air outside the passenger
compartment, and a sunlight sensor 4 for detecting a sunhght
amount entering into the passenger compartment. I urther, a
tcmpcraturc setting unit 10 for scttin a target tcmperaturc
ivithin thc passen er compartment is provided in an opera-
tion panel 1UU. A signal I rom the temperature acting unit 10
is also input inio the A/C control unit 7.

The A/C control unit 7 calculates a necessary air comh-
tioning capacity (e.g, target air temperature) based on the
signals from the sensors I, 2, 4 and the temperature setting
unit 10 in accordance with a prcdetcrmincd control program
and a predetermined control map. The A C control unit 7
outputs information regarrling a necessary heat quantity
necessary in the heater core IZ to the vehicle control unit 8

Next, a structure of thc control valve 40 will be now
described wuh reference to FIGS. 2A and 2B. As shown in
FIGS. ZA and 2B, the control valve 40 has a lirst inlet 41
from which cooling water from the fuel cell system 6 flows
into the control valve 40, a tirst outlet 42 thrnugh ivhich
cooling water flowing from the hrst inlet 41 flows out toward



the heater core 13, a seconcl inlet 43 from which cooling
water from the heater core 13 flnws into the cnntrni valve 40,
and a secnnd outlet 44 through which cnoling tvater flotvs
out toward the fuel cell system 6.

Within the control valve 40, a valve member 45 having a
iirst valve body 45a anci a second valve bociy 45b is cttsposed
to be movable in an up-down direction in FIGS. 2A, 2B.
lieth the first and secnnd valve bodies 45n, 45b are provided
at both upper and lnwer end sides ot'he valve member 45
Thc control valve 40 also has thcrcin a first seat 46 on vvhich '"
thc hrst valve body 45a tightiy contacts, and a second seat
47 on which the seconcl valve body 45b ughtly mnlacls. As
shown in FIG. 2A, when Ihe valve member 45 is positionecl
at Ihe most bottom position in a movable range of the valve
memlier 45, the first valve bodv 45n is separated from the
first seat 46, and the second valve body 45b tightly contacts
thc second scat 47. on the other hand, as shown in FIG. 2B,
when thc valve member 45 is positioned at the most top
positton in the movable range of the valve member 45, Ihe.

iirst valve body 45n tightly contacts the lirsl seal 46, aml Ihe.

seconci valve body 45b is separated from the seconcl seal 47.

The valve memlier 45 is dispnsed in the cnntrni valve 40
so that plural passages can bc define within the control
valve 40. That is, thc plural passages within thc control valve
40 are a first passage SU through which cooling water from
the iirst inlet 41 tlows oul from the seconci outlet 44, a
secnnd passage 51 through which cooling tvater from the
secnnd inlet 43 tloivs out from the second outlet 44, and a
third passage 52 through which cooling tvater frnm the first
inlet 41 flows out from thc first outlet 42. The first inlet 41 '

ancl thc second outlet 44 arc provided at a side of thc fuel ceil
system 6, and the iirst outlet 42 aml the second inlet 43 are
provicled at a sale of. the heater core 13. The lirst passage 50
is opened and closed by the first valve body 45a, the second
passage 51 is opened and closed by the second valve body
45b, and the third passage 52 is always opened.

When cooling water flowing into the lirst cooling water
passage 34 through Ihe three-way valve 31 flows toward Ihe
fuel cell system 6 while bypassing Ihe heater core 13, Ihe
valve member 45 is placed at the most bottom position in the
movable range of the valve member 45, as shotvn in FIG
3A On thc other hand, when cooling water flowing into the
first cooling water passage 34 through thc three-way valve
31 flows into the heater core 13, the valve member 45 is (s
placeci at the most top position in the movable range of. Ihe.

valve member 45, as shown in FIG. 3B.
A controller 48 made of an electric snienoid is provided

in thc control valve 40, so that thc vaivc menibcr 45 is
moved in thc vertical direction (up-down direction) in FIGS.
2A, 2B by electric magnenc iorce. The control of the valve.
body due to the controller 48 can be periormed by a duty
ratio control. I'or example, in the first embndiment, the
controller 48 controLs a time perind fnr which cooling seater
passes through the first passage 50 and a time period for
which cooling water passes through thc second passage 51,
so that a ratio between a flow amount of cooiing water
bypassing the healer core 13 and a flow amount of cooling
water passing through Ihe heater core 13 is adjusted.

I'IG. 4 is a flow diagram showing a heating capacity sc
control of the AIC control unit 7 and thc vehicle control unit
8 As shown in FIG. 4, at step Slfll, various si naia from thc
sensors I, 2, 4 and Ihe temperature setting unit 10 are input
into Ihe A,'C control unit 7. Next, at slap SIU2, a target air
temperature TAO lo be blown into the passenger compart- ss
ment is calculated liased nn the input signals in accordance
with the follnwing formula (I)

la(1=xxx I ilsIII — avl IH—Itnlr Iaar—xs tswr: ('I

wherein, TSET is a sel temperature sel by the temperature
setting umt 1U, TR is the temperature of the passenger
compartment dctccted by thc interior tcmpcraturc sensor I,
TAM is the outside air tempcraturc detcctecl by thc outsiclc
air temperature sensor 2, TS is the sunlight amount detected
by the sunlight amount sensor 4 I urther, KSLT, KR, KAM
and KS are coetfictenls, and C is a correction constant.

Next, al step S103, a heal quantity Ql which is unnec-
essary heat for maintaining a stable operation state of thc
fuel cell system 6 is calculated. That is, at step S103, a
surplus heat quantity radiated from the fuel cell system 6 is
estimated from a state (e g., electncal power generating
slate, elfecl) of the fuel cell system 6 aml a detecuon value
of the water temperature sensor 36. I'he stable operation
state of the fuel cell system 6 means a temperature range
(e.g, 76WU'', for example, in which a suitable electrical-
powcr generating efl'cct of thc fuel cell system 6 can bc
maintained stably.

Next, at slap SIU3, lhe A/C control unit 7 calculates
necessary heat quantity QZ necessary for periorming an air
conditioning operation, by usin Ihe target air temperature
TAO calculated at step S102, and the necessary heat quantity
Q2 is output to the vehicle control unit 8.

Next, at step S105, thc vchiclc control unit 8 clctcrmincs
an opening clc rcc of thc control valve 40 basccl on the heat
quanuly QI and the heat quantity Q2 so that a possible
quanuly in Ihe heal quannty QI is supphed to lhe heater mre
13 in a range of the heat quantity Q2 At this time, the
vehicle control unit 8 outputs a mntrol signal to the three-
tvay valve 31 so that cooling water from the fuel cell system
6 flows toward the control valve 40 in the first cooling water
passage 34.

Next, at step S1U6, il is delerminecl whether or not lhe
surplus heat quantity QI is smaller than Ihe necessary heal
quanuly QZ. When the heal quantity QI is smaller than lhe
heat quantity Q2, the vehicle mntrol unit 8 sends the
information of the heat quantity Ql to the AI('ntrol unit
7.

At step S107, thc AIC control unit 7 controls e(cctrical
power of the eleclncal heater 14 so that insuflicient heat
quanuly is supplemented by the electncal healer 14 to obtain
Ihe necessary heat quanuty Q2. That is, lhe control at step
S107 is heat quantity controlling means of the first embodi-
ment

Next, at step S108, thc vehicle control unit 8 controls thc
control valve 40 in accordance with thc ncccssary opening
de ree calcuhited al step S1US. For example, when it is
determined that lhe heat quantity QI is smaller than the heal
quanuly Q2, the valve member 45 of. Ihe control valve 4U is
placed at the most top position in the movable ran e as
shown in 11G 3l3 so that all cooling water from the hrst inlet
41 flovvs into thc heater core 13.

In thc control of the electrical hcatcr 14, clcctrical power
supplied lo lhe electrical heater 14 can be onto(1 controlled
so chal temperature of air blown l rom the electncal healer 14
becomes a predetermined temperature. Alternauvely, elec-
trical power supplied to the electrical heater 14 can be
linearly controlled using an inverter or the like. I'urther, the
electrical power supplied to thc clcctrical hcatcr 14 can bc
controlled so that teniperaturc of air blown into the passen-
ger compartment becomes the target air temperature TAO
using Ihe characlensncs of. Ihe heater core 13 and lhe
eleclncal healer 14.

When the surplus heat quantity Ql is not smaller than the
necessary heat quantity Q2 at step S106, the vehicle control



unit 0 controls the control valve 4U in accordance with Ihe.

necessary opening degree nf the control valve 40 calculated
at step 5105 When the heat quantity Ql is equal to the heat
quantity Q2, the valve member 45 of the cnntrni valve 40 is
placed at thc most top position in thr movable range as
shown in FiG. 3B so that ali cooiing water from the first inlet
41 flows into Ihe heater core 13.

When Ihe surplus heal quantity Ql is larger than Ihe
necessary heat quantity Q2, the position ot'he valve mem-
ber 45 of the control valve 40 is suitably adjusted in the
movable range. Further, when the heat quantity Ql is larger
than thc heat quantity Q2, thr non-radiated heat increases the
tcmpcraturc of thc fuel cell system 6. Accordin ly, when the
detection value of Ihe water temperature sensor 36 is at Ihe.

upper limit value-of Ihe temperature control range ol. Ihe fuel
cell system 6, the vehicle control unit 0 controls the three-
way valve 31 sn that cooling water from the fuel cell system
6 temporarily flnws into the radiator 32 and surplus heat
quantity in thc cooling water cycle 30 is dischar ed to thr
outside of thc passcngcr compartment. That is, when thr ao

surplus heat quantity Qf is larger than Ihe necessary heat
quannty Q2, a part of Ihe surplus heat quantity Ql, equal io
the necessary heat quantity Q2, is supplied to the heater core
13 among the surplus heat quantity Q1, and the other part
(Ql —Q2) nf the surplus heat quantity Ql is supplied to the as
radiator 32. in thc first embodiment, when the heat quantity
Ql is not smaller than thc heat quantity Q2, thc electrical
heater 14 is not turned on.

As descnberi above, when a suitable heanng capacity is
not nbtained only using heat of the cooling ivater from the
fuel control system 6, such as when the temperature of
cooling water flowing froin the fuel cell system 6 is Ioiv in
a long time or when thc tcnipcraturc of cooling water
flowing from thc fuel cell system 6 is frequently low, thr
electncal heater 14 can be user( as the supplementary heating is
source. Accordingly, exhaust heat from the fuel cell system
6 can be el(actively used in maximum, aml a stable heating
capacity can be nbtained.

1'urther, the temperature of cnniing water flowing intn the
fuel cell system 6 can bc controilcd to the suitable tempera- zn

turc control range using thc heat radiation from thr heater
core 13 and the raihator 32. Accordingly, operanon elfect of
the fuel cell system 6 can be maintained at a high level.

in Ihe lira( embodiment, cooling water from Ihe control
valve 40 flows into the heater cnre 13 through a second zs
cooling water passage 35, as shown in ltlG 1 The control
valve 40 and thc heater core 13 arc connected in thc cooling
water circuit 30 through thr second coolin water passage
35. Accorihngly, a valve (not shown) for opening and
closing the secoml cooling water passage 35 can be provirierl sn

in the seconri cooling water passage 35. in this case, when
the temperature of the fuel cell system 6 is not increased to
the suitalile temperature range for the suitable operation
state of thc fuel cell system 6, a ciosed water passage can be
formed in thc second coolin water passage 35 usin the ..
control valve 40 and the vale provided in Ihe secoml cooling
water passage 35. Accordingly, in Ibis case, it can prevent
heat from being rat(is(ed from Ihe healer core 13, and Ihe.

suitable operation state nf the fuel cell system 6 can be
obtained. i I)

A scconrl prcfcrred embodiment of the present invention
will bc now dcscribcd with rrfcrcncc to FiG. 5, in thr
above-described lira( embodiment, an insulficient heat qu an-
tity which is not supplied by the heater core 13, among Ihe
necessary heat quantny for Ihe air-conditioning operanon of. as
the passenger compartment, is supplied by the electrical
heater 14 disposed at a downstream air side of the heater

core 13 in the air duct 20. However, in the second
embodiment, as shown in I IG 5, an electncal heater 60 is
disposed in the second cooling water passage 35 through
ivhich cooling ivater circulates to be supplied to the heater
core 13. That is, cooling ivater to be supplierl to thc hcatcr
core 13 is hcaterl usin thc electrical hcatn 60 so that thc
insufhcient heat quantity is supplemented from the electncal
heater 60.

in the second embndiment, components similar to those
of the abnve-described tirst embodiment are indicated with
the same reference numbers, and the explanation thereof is
omitted. As shown in FiG. 5, an electrical valve 63 is
disposed in the second cooling water passage 35 through
which the control valve 40 and the heater ixtre 13 commu-
nicate with each other, at a downstream side of the control
valve 40 in the ivater floiv directinn. lrurther, the electrical
heater 60 used as a supplementary heater for heating cooling
ivater flowing through the second cooling water passage 35
is disposed in the second cooling water passa c 35 at a
downstream side of thc clcctromagnct valve 63 in thc water
flow direchon. A water pump 61 is disposed in the second
cooling water passage 35 at a downstream side of Ihe
electrical heater 60, and a temperature sensor 65 for detect-
ing temperature of cooling water flowing intn the heater core
13 is disposed in the second conling water passage 35 at a
downstrcani side of thc water pump 61, in thc water flow
clifcctioil.

A downstream side of. the heater core 13 in the second
cooling water passage 35 is connected to an upstream side
of the heater core 13 in the second cooling water passage 35
at a position between the electrnmagnetic valve 63 and the
electrical heater 60, by a passage 62, so that a clnserl water
passage is fomierl. An elcctroniagnetic valve 64 is rhsposcrl
in thc passa e 62 to open and close the passa c 62.

According to Ihe second emboiliment, when the heat
quannty radiated from the tuel cell system 6 is smaller than
Ihe necessary heal quantity QZ necessary lor the air-
conditioning operation, the Ai(: control unit 7 controls the
electrical heater 60 so that the insuflicient heat quantity is
supplcmcnted front thc electrical hcatcr 60. At this time,
similarly to the above-described first cmiiorliment, the
vehicle control unit 8 controls the rxintrol valve 40, so that
Ihe valve member 45 of Ihe control valve 40 is placed at the
most Iop position in Ihe movable range as shown in FiG. 3B,
and all cooling ivater from the first inlet 41 floivs into the
heater core 13. in this case, the electromagnetic valve 63 is
openerl and thc clectromagnctic valve 64 is closed.

When thc electrical-power generating eifi:ct (operation
state) of Ihe fuel cell system 6 is not in the suitable operation
state and Ihe heat quantity Qf dischargeil from the fuel cell
system 6 is zero, Ihe vehicle control unit 0 controls Ihe
control valve 40 so that the valve member 45 is placed at the
most bottom position in the movable range, Ihe electromag-
netic valve 63 is closed and thc elcctromagnctic valve 64 is
opcncd. in this case, all cooling ivater from thc fuel cell
system 6 returns Io Ihe fuel cell system 6 through Ihe first
passage 5U in the control valve 4U while bypassing Ihe heater
core 13. Accorihn ly, Ihe secoml cooling water passage 35
formes a closed ivater circuit, and the closed water circuit
does not communicate with the fuel ceil system 6 I lere, the
water pump 61 in the second coolin water passage 35 is
operated so that cooling ivater in thc close(i second cooling
water passage 35 flows through Ihe water pump 61, Ihe
heater core 13, the passage 62 anil the electncal heater 60 in
Ibis order, so that Ihe necessary heat quannty necessary for
the heating operation of the passenger compartment can be
supplied to the heater core 13 At this time, the AiG control



unit 7 controls operation of the electncal heater 6U based on
a signal frnm the temperature sensor 65

Similarly tn the above-described first embodiment, &vhen

the suitable heating capacity used fnr the air-cnnditioning
operation of thc passcngcr compartment is insufflcient only
using thc heat of cooling water from thc fuel ccfl ay&ten& 6,
such as when the temperature of cooling water flov;ing from
the fuel cell system 6 is low in a long time or when the
temperature of cooling ivater tlowing from the fuel cell
system 6 is frequently low, the electrical heater 60 can he
used as the supplementary heating source Accnrdingiy,
exhaust heat from thc fuel ceil system 6 can be cfi'ectivcly
uscrl in maximum, and a stal&ic hcatin capacity can be
obtained.

Further, when the surplus heat quantity discharged from
the fuel cell system 6 is zero, the necessary heat quantity ()2
is supplied to the heater core 13 in the closed second cooling
water passage 35. Accordingly, even when the surplus heat
from thc fuel cell system 6 is not gcneratcd, a stal&lc heating
capacity can bc rapidly obtained. n

A third preferred embodiment of the present invention
will be now riescribed with reference to FIG. 6. In Lhe thirri
embodiment, the structure of the control valve 40 described
in the first embodiment is changed, and the other parts are
similar to those ot'he above-described first embodiment In as
thc third cmbodimcnt, components simiiar to those of the
above-described first cmbodimcnt are indicated with the
same reference numbenu anil the explanation thereof. Ls

omitted.
In the third embodiment, as shown in i&if l 6, a control .ic

valve 80 is userl instead of the abnve-described cnntrnl valve
40. The control valve 80 has therein a first inlet 81 from
which cooling water from thc fuel ccfl system 6 flows into
thc control valve 80, a second inlet 83 from which cooling
water from the heater core 13 flows into the control valve 8U, is
and an outlet 84 from which cooling water in the control
valve 8U flows toward the fuel cell system 6. A valve body
85 is rotatably rtisposed in the control valve 80, so that a first
passage 90 from the first inlet 81 to the outlet 84, and a
second passage 91 from the second inlet 83 to the outlet 84 an

arc dchncrl in the control valve 80.
The control valve 80 has a controller 88 macle of a

servomotor. The valve body 85 is controlled by the mntrol-
ler 88 to be rotated by a predetermineri rotation angle. By
adjusting a rotation angle nf the valve bndy 85, an opening Js
area ratin between the tirst passage 90 and the second
passage 91 can be adjusted, so that a ratio bet&veen the flow
amount of cooling water bypassin thc heater core 13 and
the flow amount of cooling water passing through the heater
core 13 is adjusted. sn

Stmilarly to the above-ilescnbed lira& embodiment, when
the necessary heating capacity used for the air-conditinning
operation nf the passenger compartment is insufficient only
using thc heat of cooling water from the fuel ceil system 6,
such as when thc tcmpcrature of cooling water flowing front ..
the fuel cell system 6 is low in a long time or when the.

temperature of cooling water flowing from the fuel cell
system 6 is frequently low, the electncal heater 14 can be.

used as the supplementary heating source Accordingly,
exhaust heat from the fuel cell system 6 can be effectively s&

used in maximum, and a stable heating capacity can bc
obtained.

A fourth preferred embodiment of. the present invention
will be now descnberi v:ith reierence to FIGS. 7— 1U. In the
fourth embodiment, similarly to the above-descnbed seconri as
embodiment, the electrical heater 60 fnr heating cooling
water flowing into the heater core 13 is used as a supple-
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mentary heater. However, a cooling water passage structure
is different from that of the above-descnbed second embodi-
ment In the fourth embodiment, rnmponents similar to
those of the above-described first and second embodiments
arc indicated with thc same rcfcrencc numbers, anti thc
explanation thcrcot's omitted.

In the fiairth embodiment, the fuel cell system 6

connected to the cooling water circuit 30 as shown in FIG.
7 'I'he cooling &vater circuit 30 has a first cooling water
passage 34 through which cooling water circulates at a left
side circuit of the fuel cell system 6 in I'IG 7, and a second
cooling water passage 35 throu h which coolin v ster
circulates at a right siCh circuit of thc fuel ccfl system 6 in
FIG. 7, including Lhe heater rx&re 13. A water pump (not
shown) is provided withm Lhe fuel cell system 6 so that
cooling &vater circulates in the cooling water circuit 30 By
cooling water circulating in the coohng water circuit 30,
temperature of the fuel cell system 6 is cnntrnflerl (cooled)
in a suitable tcmperaturc ran c (c.g., 7Z—80'.) where thc
electrical-power cncrating eflcct of the fuel ccfl system 6
can be made suitable. Generally, the fuel cell system 6

operates normally m the suitable temperature range (e.g.,
7& —gtl'1)

The radiator 32 is disposed so that both upstream and
do&vnstream sides of the radiator 31 are cnnnected to the first
cooling water passage 34. A thermo-control valve 131 is
disposed at an upstream connection point of thc radiator 32
with the lirst cooing water passage 32 to be opened when
temperature ol. cooling water flowing through the iirsL cool-
ing &vater passage 34 becomes equal to or higher than a
predetenuined temperature (e g., LLO'1) Accordingly, when
the temperature of cooling water flo&ving through the first
cooling water passage 34 bccomcs equal to or higher than
80'., heat of cooling water in the cooling water cycle 30
is dischar ed to Lhe oucside of the vehicle from the radiator
3Z so that Lhe suitable electncal-power generanng eifect of
the fuel cell system 6 can be mamtained.

I'urther, as sho&vn in I l(i. 7, between the fuel cell system
6 and the heater core 13 in the secnnd coohng water passe e

35, the &vatcr pump 61, thc clcctrical hcatcr 60 used as thc
supplcmcntary heater, anti the tempcraturc sensor 65 detcct-
mg temperature flowing mto the heater core 13 are disposed

Similarly Lo the above-described second embodiment, a
downstream side pornon of the heater core 13 in the second
cooling &vater passage 35 and an upstream side portion of the
&vater pump 61 are connected hy the passage 62 for forming
a closed water circuit, anil a three-way valve 170 is rhsposcrl
at a connection point bctwcen thc passage 62 anil thc
downstream stile position of the heater core 13 in the second
cooling water passa e 35. Thereiore, a tlow of cooling water
from the heater core 13 to the tuel cefl system 6 anil a tlow
of cooling water from the heater core 13 to the passage 62
for fomiing the closed water circuit are s&vitched hy the
three-&vay valve 170.

A thermo-work actuator 171, which is driven when the
temperature of cooing water flowing from the tuel cell
system 6 is equal to or higher than a predeterminerl tem-
perature (e.g., 76'.), is disposed at an upstream side (the
side of the fuel ceil system 6) nf a branch point between the
tirst cooling water passage 34 and the second cooling water
passage 35. Thc thermo-ivork actuator 171 is a mechanical
actuator in which a driving force is convcrtcrl from a
temperature change without using an electrical form.

The three-way valve 17U and the thermo-work actuator
171 are connected by a link mechanism 172 su& that Lhe

three-&vay valve 170 is operated by the driving force of the
thermo-work actuator 171. In the fourth emhndiment, flow



switching means is constructed by Ihe three-way valve 17U,
the thermn-work actuator 171 and the link mechanism 172

Nevt, an operatinn mechanism of the floiv sivitching
means accordmg to the fnurth embndiment will be noiv
dcscribccl. As shown in FIG. 8, when a shaft 181 of thc
thermo-work actuator 171 is driven in thc up-down direction
in FIG 8, the shaft 181 moves around a support point 1726
of a transmission shaft 1726 of Ihe lint mechanism 17Z.
Accordingly, the link mechanism 172 rotates a rotation shaft
170a nf the three-way valve 170 so that a valve body (not
shown) disposed ivithin the three-way valve 170 is operated

As shown in FIG. 9A, a thermal sensitive housing 182 of
thc thermo-work actuator 171 is inserted into a hoic of a pipe
block 31U detimng a part ot: the cooling water circuit 30 to
be screweri therein. An 0-ring 183 is disposed between Ihe.

thermal housing 182 and the pipe block 310. A seal member
184 made nf a rubber member is formed intn a cylindrical
shape having a bnttom surface. The shaft 181 is disposed in
thc scat mcmbcr 184. A volume expansion wax 185, that
bccomcs soli(i under tcmpcraturc lovvcr than 76', and zo

becomes liquiri uniler temperature equal to or higher than
76'., is lilted between the thermal sentulive housing 182
and the seal member 184. Accordingly, when the tempera-
ture of cooling water flowing in the pipe block 310 frnm the
fuel cell system 6 is inwer than 7Ci', the shaft 181 is zs
placed at thc position in FIG. 9A. On thc other hand, when
thc tcmpcraturc of cooling water flowing in thc pipe block
31U trom the fuel cell system 6 is equal lo or higher than76',

Ihe wax 185 is melted anil becomes liquid so ihal lhe.

volume nf the wav 185 expands. Therefore, as shnivn in I IG .io

90, the wav 185 presses the outer peripheral surface nf the
seal member 184 to push the shaft 181 upivardly. Then,
when tcmpcraturc of cooling water tlowin in the pipe block
310 from thc fuel cell system 6 is lower than 76'., the wax
185 solidifies and the volume thereot: is reducerl. At Ibis is
time, by spnng torce of a spnng 186 disposed arounri Ihe
shall 181, the shaft 181 returns lo the point ion shown in FIG.
9A

Thus, the shaft 181 is driven in accordance with the
tcmpcraturc of cooling water flowing in thc pipe block 310, to
That is, when thc temperature of thc coolin water is equal
to or higher than 76'., Ihe transmission shaft 1726 is
movnl al Ihe soliri line potulion in FIG. 8 so ihal cooling
water from the heater core 13 llows toward lhe fuel cell
system 6 through the three-way valve 170 On the other as
hand, when the temperature of the cooling ivater is lower
than 76'., thc transmission shaft 172a is moved at thc
chain linc position in FIG. 8 so that cooling vvater from thc
healer core 13 llows through Ihe passage 62 through Ihe
three-way valve 170. 50

Accordingly, when the temperature of the cooling water is
equal to or higher than 7Ci''., cooling water frnm the fuel
cell system 6 floivs into both the flrst cooling water passage
34 anil thc second coolin water passage 35. On the other
hand, when thc temperature of thc cooiing water is lower ..
than 76'., because cooling water circulates in a closed
water circuit formed by Ihe second cooling water passage 35
anil the passage 62, cooling water does not circulales in Ihe.

first cooing vvater passage 34
Because the temperature range of 7&1WBU' is the suitable

tcmpcraturc range in which thc suitable electrical-power
generating ctfcct of thc fuci cell system 6 can be stably
matntaineri, Ihe operation state of the fuel cell system 6

umler the temperature range of 76—80'C. is the stable
operatton state ot: the fuel cell system 6. 65

Similarly to the abnve-described first and second
embodiments, plural signals from the interior temperature
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sensor 1, lhe outside air temperature sensor 2, the sunlight
sensor 4, the temperature sensor 65 and the temperature
setting unit 10 are input into the Ai('ontrol unit 7

The A'C control unit 7 calculates a necessary air-
conditioning capacity based on the input signals from thc
sensors I, 2, 4 and the tempcraturc setting unit 10 in
accordance with Ihe a predetermined control program anil a
predetermined control map, anil outputs control signals to
each actuator I'urther, the A'C control unit 7 controls the
electrical heater 60 based on the signal from the temperature
sensor 65 and the calculated necessary heating capacity, and
controls the water punip 61 tiascd on a signal from an A1C
svvitch.

Next, operation ot: the fiiurlh embodiment will be now
described with reterence to FIGS. 7 anil 10 As shown in
I'l(i 10, at step S201, various signals from the sensors I, 2,
4 and temperature setting unit 10 are input into the Ai('ontrolunit 7. Next, at step S202, the tar et air temperature
TAO to bc blown into thc passcngcr compartment is calcu-
lated based on thc input signals in accordance with thc
abi1ve-ill:scribi:il lorrilula (I).

Nexl, al step S203, a large( temperature TWO of cooling
water tlowing into the heater core 13, necessary for obtain-
ing the target air temperature TAO, is calculated. That is, at
step S203, the necessary heat quantity, necessary for heating
air to be bloivn into thc passen cr compartment to thc target
air tcnipcraturc TAO, is calculate(i. In the fourth
embodiment, step SZU3 constructs heanng amount calcula-
lion means.

Next, at step S204, it is determined ivhether or not the
ivater temperature TW detected by the temperature sensor 65
is smaller than the calculated tar et temperature 'IWO of
cooling water. When it is determined that thc water tcm-
peraturc TW flovving into thc heater core 13 is smaller than
Ihe target temperature TWO at step SZ04, lhe A,'C control
unit 7 controls eleclncal power to be supplied to the elec-
Incal healer 6U al step SZ05, so that lhe necessary air-
conditioning heat quantity can be supplemented. Then, the
control routine returns.

On thc other hand, when thc watn tempcraturc TW
detected by the tempcraturc sensor 65 is not smaller than thc
target temperature TWO at step SZ04, the control rouune
returns without performing the operation of step S2tl5

As shown in FIG. 1U, in the fiiurth embodiment, when the
temperature of contin water from the fuel cell system 6 is
lower than the target temperature needed to heat air by the
heater core 13, thc insuthcicnt heat quantity is supplcmentcrl
by the electrical heater 60 so that a stable heating capacity
can be obtaineil in the passenger ixtmpartment. In the fourth
embodiment, when Ihe AiC switch is turnetl on, the A1C
control unit 7 controLs the water pump 61 to be operated.

When the necessary heating capacity is nol obtained only
using heat of the cooling ivater from the fuel cell system 6,
such as when thc temperature of coolin watn tiowing from
the fuel ccfl system 6 is low in a long time or when the
temperature of cooing water tlowing from Ihe tuel cell
system 6 is frequently low, Ihe electrical heater 6tl can be
used as the supplementary heaung source. Accorilin ly, even
ivhen surplus heat quantity unnecessary in the fuel cell unit
6 is a little, exhaust heat from the fuel cell system 6 can be
ctfcctivcty used in niaximum, anil a prcrlctnmincd stable
heatin capacity can be obtained.

When the heat quantity ihscharged from the tuel cell
system 6 is zero, ihal is, when Ihe surplus heal quantity is nol
generated from the tuel cell system 6, all the necessary heal
quantity is supplied from the electncal heater 60 to the
cooling water, and the coolin ivater heated in the electrical
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healer 60 circulates in the closed secoml cooling water
circuit 35 including the heater core 13 Accordingly, even
when the surplus heat from the fuel cell system 6 is riot
generated, the necessary heating capacity can be rapidly
obtained usin heat from thc electrical heater 60.

Further, thc tcmpcraturc of cooling water flowing into thc
fuel cell system 6 can be controlled by radiating heal from
the heater core 13 and the radiator 32. Therefore, Ihe
operation efFect of the fuel cell system 6 can be maintained
at a high level Ill

In addition, the clnsed ivater circuit is formed by the
thermo-work actuator 17 that is a mechanical actuator
without using thc force duc to the electrical pnwcr, and the
three-way valve 170 operaleri by the thermo-worl actuator
171. Therel ore, the cooling water circuit 30 can be provided
in low cost.

A fifth preferred embodiment of the present invention will
lie now described with reference to 11G. 11. In the above-
dcscribcrl fourth embodiment, the thrcc-ivay valve 170 is
opcratcd by thc thermo-work actuator 171 that is a mcchani- ao

cal actuator. However, in Ihe lifth embodiment, Ihe three-
way valve 170 is operated by a servomotor 75 thai is an
electrical actuator. In the fifth embodiment, compnnents
similar tn thnse nf the above-described fourth embodiment
are indicated with the same reference numbers, and the as
explanation thereof is omitted. As shnwn in FIG. 11, a
tcmpcraturc sensor 174 for detecting temperature of cooling
water flowing lrom the fuel cell system 6 is disposed al an
upstream side of. a branch point between the lira( cooling
water passage 34 and the second cooling ivater passage 35
in the cooling water circuit 30. A signal from the temperature
sensor 174 is nutput tn the A/('ontrol unit 7. The A/C
control unit 7 outputs a controi signal to the servomotor 175
based on thc signal from the temperature sensor 174. Thc
servomotor 175 is an eleclncal actuator disposed in Ihe is
passenger compartment, and ts connected to the ihree.-way
valve 17U through the link mechanism 176. Accordin ly,
when the servomotor 175 nperates, the three-way valve 170
operates. In the fifth embndiment, the three-ivay valve 170,
thc tcmpcraturc sensor 174, thc servomotor 175 and the link sn
mechanism 176 construct water passage switching means.

Next, operation according to the Iiflb embodiment will be.

now riescribml. When Ihe temperature of. cooling water
detected by the temperature sensor 174 is equal to or higher
than 7(i', the servomotor 175 operates the three-way zs
valve 170 based nn the signal frnm the A/C cnntrni unit 7 so
that cooling water from the heater cnre 13 flows into thc fuel
cell system 6. On thc other hand, when thc temperature of
cooling water iletected by Ihe temperature sensor 174 is
lower than 76', the servomotor 175 operates the Ihree- sn

way valve 170 based on Ihe signal from the A,'C control unit
7 so that cooling water frnm the heater cnre 13 floivs into the
passage 62 forming the closed water passage.

Accordin ly, when thc tcmpcraturc of thc cooling water
from thc fuel cell system 6 is equal to nr higher than 76',
cooling water from Ihe fuel cell system 6 flows into both Ihe.

iirsl cooling water passage 34 and Ihe second cooling water
passage 35. On the other hand, when the temperature of. Ihe.

cooling water from the fuel cell system 6 is lniver than76',

because cooling water circulates in the closed ivater an

circuit formcrl by thc second cooling ivater passage 35 and
thc passage 62, cooling water docs nnt circulatcs in the first
cooling water passage 34.

In the lifth embodiment, when Ihe temperature of cooling
water from Ihe fuel cell system 6, detected by the tempera- as
ture sensnr 174, is equal to or higher than 7Ci', and when
the temperature nf cnniing water flnwing into the heater core
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13, detected by the temperature sensor 65, is lower than the
target temperature TWO, the AiC control umt 7 controls
clcctrical power supplied to thc electrical hcatcr 60 so that
thc tcmpcraturc of cooling water flowing into the bc ster core
13 becomes the target temperature I WO. That is, the
electrical poiver supplied to the electrical heater 60 is
controlled soi that the necesmry air-condilionin ~ heaung
capacity can be obtained.

When thc temperature of coolin water flowing from thc
fuel cell system 6, detected by thc temperature sensor 174,
is smaller than 7Ci'., it is determined that there is not a
surplus heat discharged from the fuel cell system 6 for
heaung air. Thus, in this case, the AiC control unit 7 operates
Ihe water pump 61 so that cooing water in the second
cooling ivater passage 35 circulatcs in the closed v ster
circuit by the svvitchin operation of the three-way valve
170. In this case, conling water tlnivs through the water
pump 61, the electrical heater 60, the heater core 13, the
passage 62 in Ibis oriler, so that Ihe necessary heat quanuty
necessary in the healing operation can be supplied to the
heater core 13. At this time, the A'C control unit 7 controls
operation of Ihe eleclncal heater 60 based on a si nal from
Ihe lemperature sensor 65.

Accnrding to the fifth embndiment, even when the heat
quantity discharged from the fuel cell system 6 is insufficient
for obtaining the necessary heating capacity, the predeter-
mined statile hcatin capacity can tie cflcctivcly obtaincrl
Further, ivhcn thc heat quantity rarliated from the fuel cell
system 6 is zero, the necemary air-conriilioning heaun ~

capacity can be supphed to Ihe heater core 13 in the closed
second cooling water passage 35. Acmrdmgly, even when
the surplus heat frnm the fuel cell system 6 is nnt generated,
a stable heating capacity can be rapidly nbtained using heat
from thc electrical heater 60.

A sixth prcfcrrcd enibodinicnt of thc prcscnt invention
will be now descnbed with reference to FIG. 12 In the
above-described fourth embodiment, the insuflicient heat
quanuly is supplemented usmg the electncal heater 6tl
dispnsed in the second cooling water passage 35 at the
upstream side of the heater core 13 in the water flow
direction. Hoivcvcr, in thc sixth cmbodimcnt, similarly to
the above-described first embodiment, thc insufflcicnt heat
quanuty is supplemented using heat lrom the electncal
heater 14 ihsposed at the downstream side of the heater mre
13. In Ihe sixth embodiment, the components similar to
thnse of the above-described first and fourth embodiments
are indicated ivith the same reference numbers, and the
explanation thcrcot's omitted.

As shoivn in FIG. 12, similarly to thc above-rlcscwbcrl
lira( embodiment, Ihe electrical heater 14 (e.g., PCT heaLer)
as a supplemental heater is disposed in the air duct 2U at a

downstream air side of. the heater core 13. Accordingly, in
the sixth embodiment, the electrical heater 60, the water
pump 61, the passage 62 and the three-way valve 170
dcscriticd in thc above-described fourth cmbodimcnt arc not
provided.

In the sixth embodiment, an opening,'closing valve 178
for opening and closing the semind cooling water passage 35
is disposed in the second cooling water passage 35 at a

downstream side (the side of the heater cnre 13) from the
branch point betiveen the first cnnling water passa e 34 and
thc second coolin water passage 35. Further, similarly to
thc above-described fourth embodiment, thc thermo-work
actuator 171 which is dnven when the temperature of
cooling water from the fuel cell system 6 is higher than a
predetermined temperature 76'.) is disposed at the
upstream side of the branch point between the first cooling
water passage 34 and the semnd mnling ivater passage 35
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The openingtclosing valve 178 anti the thermo-worl

actuator 171 are connected by a link mechanism 179 so that
the opemng/closing valve 178 is operated by the driving
force of the thermo-work actuatnr 171. I'hat is, ivhen the
tcmpcraturc of cooling water from the furl cell system 6 is
equal to or higher than 76'., thc second cooling water
passage 35 is opened. On the other hanri, when the tem-
perature ol. cooling water from the tuel cell system is lower
than 76''., the second cnoling water passage 35 is closed

Next, operatinn according to the sixth embodiment will be
now described. When the temperature nf cooling ivater from
thc fuel cell system 6 is equal to or higher than 76'., the
opening/closing valve 178 opens the secnnd cooling water
passage 35 so that cooling water lrom the fuel cell system 6

flows into both the first cooling water passage 34 and Ihe.

secnnd cnoling water passage 35 On the other hand, ivhen
the temperature of cooling water from the fuel cell system is
lower than 7(i'., the opening,'closing valve 178 closes the
second cooling water passage 35 sn that cooling water from
thc fuel cell system 6 only flows into the first coolin water zo

passage 34 aml does nol flow into the second cooling water
passage 35

According tn the sixth embodiment, when the temperature
of cooing water from the fuel cell system 6 is equal to or
higher than 7(i''., and when the temperature of cooling zs
water flowing into thc heater cnre 13, detected by the
tcmpcraturc sensor 65, is lower than thc target temperature
TWO, Ihe A/C control unit 7 controls eleclncal power
supplied to the electrical heater 14 so that Ihe necessary
air-conditioning heating capacity can be obtained

When the temperature nf conling water tloiving from the
fuel cell system 6 is smaller than 76', it is determined that
thcrc is not a surplus heat discharged from the fuel cell
system 6 for heating air. Thus, in this case, the ArC control
unit 7 controls Ihe electncal power supplied to Ihe electncal is
healer 14, so that Ihe air temperature blown into lhe pas-
senger compartment becomes the target air temperature
'I'AO

According to the sixth embodiment, even ivhen the heat
quantity discharged from thc furl cell system 6 is insuificicnt ac
for obtaimng thc necessary air-conditioning hcatin
capactty, Ihe predetermined stable healing capacity can be.

elfectively obtained. Further, when Ihe heal quantity radi-
ated from Ihe fuel cell system 6 is zero, lhe flow of cooling
water flovving into the heater core 13 is interrupted so that as
the heat of cooling water does not radiate from the heater
core 13. On thc other hand, when thc surplus heat quantity
is discharged from thc fuei cell system 6, coolin water from
the fuel cell system 6 is supplied lo the heater core 13.

Although the present invention has been fully riescribed in so

connection with Ihe prelerred embodiments ihereof. v:iih
reference to the accompanying drawings, it is to be noted
that various changes and modifications will become appar-
ent to those skilled in thc art.

In thc above-dcscribcd embodiments, the air temperature ..
blown into the passenger compartment ts controlled using an
air-mixing method; however, may be controlled using a
re-healing method.

In the above-described first through third embodiments,
the three-way valve 31 is disposed at the upstream branch
point bctwccn the cooling water passage of thc radiator 32
anti thc first cooling water passage 34. However, any a valve
for adjusting the flow amount of cooling water in each
cooling water passage may be provided.

In the above-descmbed lirsl, secoml aml third es
embodiments, the surplus heat quantity Q1 possible to be
discharged from the fuel cell system 6 is estimated based on
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Ihe operation stale of Ihe tuel cell system 6 aml the detecuon
value of. Ihe water temperature sensor 36. However, a water
tempcraturc sensor may be also rlisposcd at a cooling v ster
outlet side of thc fuel cell system 6 so that thc surplus heat
quantity QI may tie estimated based on a temperature
difference betiveen conling water at the outlet side of the fuel
cell system 6 anil cooing water at the inlet side of the fuel
cell system 6.

In thc above-rlcscribcrl second cmliorliment, in thc control
calve 40, thc position of thc valve mcmbcr 45 is duty-
controlled so that a ratio between the time perind fnr which
cooling ivater passes through the first passage 50 and the
lime period for which cooling water passes through the
second passage 52 is changed lo adlust the flow amount
ratio. Howcvcr, the second cmliodiment, thc control valve
describcrl in thc third cnibodinicnt may bc use(i.

In the above-described secnnd, fourth and fifth
embodiments, the electrical heater 60 for heatin cooling
water flowing into the heater core 13 is useil. However,
mstead of the electrical heater 60, the other heater such as a
combustion heater can be uscrl.

The water pump 61 is disposetl at the downstream side of
Ihe electrical heater 60 in secontl the cooling water passage
35 in the above-described second embodiment, and is dis-
posed at the upstream side of the electrical heater 60 in
second the coolin water passage 35 in the above-described
fourth and fifth embodiments. However, thc water pump 61
can be disposed at the other position in thc second cooling
water passage 35 construcung the closed water circun

In the above-descnbed fourth emboihmenl, the AtC con-
trol unit 7 controls the ivater pmnp 61 to be operated when
the Ai('ivitch is turned on I loivever, the ivater pump 61

may be operated only when the three-way valve 70 is
operated to form thc closed vvater circuit.

In thc above-describerl fourth embodiment, thc thrcc-v ay
valve 170 ts disposed al Ihe connecuon point between Ihe
second cooling water passage 35 anil the passage 62 for Ihe
closed water circuit. However, as shown in FIGS. 13 and 14,
instead of the three-ivay valve 170, openin /closing valves
191, 192 may be disposed In this case, when the surplus
heat quantity Ql is discharge(i from thc fuel cell system 6,
the opening closin valve 191 is opcncrl and thc opening
closing valve 192 is closeil. On the other hand, when the
temperature of. coolin ~ waier lrom Ihe fuel cell system 6 is
lower than a predetermined lemperalure so that there is nol
the surplus heat quantity to be used for the air-conditioning
operation, the opening'closing valve 191 is closed and the
opening tclosin valve 192 is opencrl. Further, thc opening
closin valves 191, 192 can be operatively hnkcd with thc
Ihermo-worl actuator 171 through a link mechanism 193, as
shown m FIG. 13. Alternatively, as shown in FIG. 14, Ihe
opening/closing valve 191 can be linketl to Ihe thermo-work
actuator 171n through a link mechanism 194, and the
openingtclosing valve 192 can be linked to the thermo-work
actuator 1716 through a link mechanism 195. Similarly, in
the above-described fifth cmliodiment, thc opening/closing
valves 191, 192 can be usetl instead of the three-way valve
170.

In Ihe above-described sixth embodiment, the three-way
valve 170 described in the tifth embodiment can lie used
instead of the opening closing valve 178.

Such changes anti modifications arc to bc understood as
bein within thc scope of thc present invention as dctined by
Ihe appended claima

What is claimed is.
1. An air comhnoner for a vehicle having a passenger

compartment and an equiplnent that needs a temperature
control, the air conditioner comprising
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a cooling water circuit in which cooling water for cooling

the equipment circulates;
a heating heat exchanger, disposed in the cooling seater

circuit, for heating air to be blown into the passenger
compartment using cooling water as a heating source;

a supplcmcntary hcatcr for heating air, which supplements
a heat quantity relative to thc heating heat cxchan cr;

heat quantity calculating means for calcuiating a neces-
sary heat quantny necessary for a heanng of. air blown

1(i
into the passenger compartment, based on a target air
temperature;

a flow control unit which controls a flow of cooling water
in the cooling water circuit in such a manner that:
cooling ivatcr from thc cquipmcnt flows into thc hest- ia
ing heat cxchangcr after teniperaturc of thc cquipmcnt
increases to a predetermined temperature, and ihe flov,
of cooling water from the equipment to the heaung heat
exchanger is interrupted unnl the temperature of. Ihe.

equipment increases to the predetemiiiied telnperaiure;
and

hcatcr control means for controlling a heat quantity gcn-
cratcd by thc suppicmentary heater when a heat quan-
tity for hcatin air in thc heating heat exchanger is
smaller than the necessary heat quantity calculated by
the heat quanhly calculahng means sfler ihe tempera-
ture of the equipment increases to the predetermined
temperature;

wherein the equipment is a fuel cell system
2. Thc air conditioner according to ciaini 1, further

comprising
surplus heat calculatin means for calculating a surplus

heal quantity of the equipment after lhe temperature of
the equipmenl mcreases to the predetermined
temperature, based on an operation state of the equip- ss
ment and the temperature ot'ooling water,

wherein the flow control unit operates so that all the
surplus heat quantity of the equipnient is supplied to thc
heating heat cxchangcr when thc necessary heat quan-
tity is larger than thc surplus heat quantity.

gs An air conditioner for a vehicle having a passenger
compartment anti an equipment that needs a temperature
control, the air conditioner comprising

a cooling water circuit in which cooling water for cooling
the equipment circulates;

a hcatin heat cxchangcr, disposed in thc coolin water
circuit, for heating air to bc blown into thc passenger
compartment using coolin water as a heating source;

a supplementary heater for heaung air, which supplements
a heat quantity relative to the healing heat exchanger;

heat quantity calculating means for calculanng a neces-
sary heat quantity necessary for a heating of air hioivn
into the passenger co(npartment, based on a target air
temperature;

a flow control unit which controls a flow of cooling water
in the cooling water circuit in such a manner that:
cooling ivatcr from thc cquipmcnt flows into thc heat-
ing heat cxchangcr after teniperaturc of thc cquipmcnt
incrcascs to a prcdetcrmincd tcmpcrature, and thc flow a(i

of cooling water from the equipment to the heaung heat
exchanger is interrupted unnl the temperature of. Ihe.

equipment increases to the predetemiiiied telnperaiure;
and

heater control means for controlling a heal quannty gen- as
crated hy the supplementary heater when a heat quan-
tity for heating air in the heating heat exchanger is

smaller than lhe necessary heal quantity calculated by
the heat quantity calculatin means after the tempera-
ture of the equipment increases to the predetermined
temperature;

surplus heat calculating means for calculating a surplus
heat quantity of the cquipmcnt after thc tcmpcraturc of
the equipment increases to the predetermmed
temperature, based on an operation slate of the equip-
ment and the temperature of cooling water, anil

a radiator disposed in the contin water circuit, for
radiating heat of cooling water (n the conling water
circuit to an outside of the passenger compartment;
ivhcrcin:
thc flow control unit opcratcs so that all the surplus heat

quanuty of. the equipment is supplied to the heaun ~

heat exchanger when Ihe necessary heat quantity is
larger than the surplus heat quantity, and

the flow control unit operates so that, when the surplus
heat quantity of the equipment is lar er than the
necessary heat quantity, a part of the surplus heat
quantity, equal to the necessary heat quantity, is
supplied from the equipment to the heanng heal
exchanger, and the other part of the surplus heal
quantity is supphed from the equipment to lhe radia-
Iol'.

4. An air conditioner for a vehicle bavin a passenger
compartment and an equipment that nccrls a tcmpcraturc
control, thc air conditioner comprising

a coolin water circuit in ivhich coolin water for cooling
Ihe equipment circu isles;

a healing heal exchanger, disposetl in the cooling water
circuit, for heahng air to be blown into the passenger
compartment using cooling ivater as a heating source;

a supplementary heater for heating air, which supplemenas
a heat quantity relative to the heating heat exchanger;

heal quanhly calculating means for calculahng a neces-
sary heat quantity necessary for a heaung of air blown
into the passenger compartment, based on a tar et air
temperature;

a flow control

urn(

which controls a flow of cooling water
in the cooling water circuit in such a manner that:
cooling ivater from the equipment tlows into the heat-
in heat cxchan cr after tcniperaturc of the cquipmcnt
incrcascs to a prcdctcrmincd tcmpcrature, and thc flow
of coolin water from the equipmcnt to thc heating heat
exchanger is interrupted unnl lhe temperature of the
equipmenl increases to the pretleterminetl temperature,
and

heater control means for controlling a heat quannty gen-
erated by the supplementary heater when a heat quan-
tity for heating air in the heatin heat exchanger is
smaller than the necessary heat quantity calculated hy
thc heat quantity calculating means after thc tcmpcra-
turc of thc cquipmcnt increases to thc predetermined
temperature, wherein.
Ihe cooling water circuit has a bypass passage through

which (x(cling water from lhe equipment flows into
the equipment ivhile hypassin the heating heat
exchanger;

the flow control unit is rlisposcd to control a ratio
bctivccn a flow aniount of cooling water passing
through Ihe heahng heat exchanger anil a flow
amount of cooling water passing through the bypass
passage, m accordance with a heat quantity of cool-
in ivater for heatin air in the heating heat
exchanger in a range of the necessary heat quantity
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5. The air conditioner accorriing to clmm 4, wherein Ihc.

supplementary heater is disposed to directly heat air to be
lilown into the passenger compartment

6. The air conditioner according to claim 4, wherein the
supplcmcntary heater is disposed in thc cooling water circuit
to heat cooling water flowing into thc heating heat
exchanger.

7. The air conditioner accorriing Io claim 6, further
composing:

closed circuit formin means for forming a closed water '"
circuit through which cooling water circuits while
bypassing Ihe equipment in Ihe cooling water circuit;
anil

a water pump for circulating cooling water within the
closed water circuit, wherein: is

thc hcatin heat exchanger and the supplenientary
hcatcr arc disposed in thc closed water circuit; and

when the temperature of Ihe equipment is lower than
Ihe prerietermined temperature, Ihe closed circuit
forming means defines the closed water circuit, and o

the water pump operates so that cooling ivater cir-
cuiates in the closed water circuit

8. Thc air conrlitioncr according to claim 4, ivhrrcin the
flow control unit is disposed to control a ratio between a time
pemotl fiir which cooling water passes through the bypass
passage and a time periori for which cooling water passes
through the heatmg heat exchanger

9. The air conditioner according to claim 4, wherein
thc flow control unit has therein a first passage for fomiing

the bypass passage anti a second passage through which
cooling water from the cooing heat exchanger flows
toward the equipment, and

thc flow control unit is disposed to control a ratio between
an area of thc first passu e and an area of thr second
passage.

IU. An air conihuoner for a vehicle having a passenger
compartment and an equipment that needs a temperature.
control, the air conditioner comprising

a cooling water circuit in which cooiing water for cooling ao

thc cquipmcnt circulatcs;
a heating heat exchanger, disposed in the cooling water

circuit, for heating air to be bloivn into the passenger
compartment using cooling water as a heating source;

a supplcmcntary hcatcr for heating air, which supplements as

a heat quantity relative to the healing heat exchanger;
heat quantity calculating means for calculating a neces-

sary heat quantity necessary for a heating of air bioivn
into thc passcngcr compartment, based on a target air „,
tcmpcrature;

a flow control unit which controls a flow of cooling water
in the cooling water circuit in such a manner that:
cooling water from the equipment flows into the heat-
ing heat exchanger after temperature of the equipment
incrcascs to a prcdrtemiined temperature, and the flow
of cooling water from thc equipment to the heating heat
exchanger is interrupted until Ihe temperature of Ihe
equipment increases to the predetermined temperature;
and

heater control means for controlhng a heat quantity gen-
erated by the supplementary heater when a heat quan-
tity for heating air in thc heating heat exchanger is
smaflcr than the necessary heat quantity calculated by
the heat quantity calculating means after the tempera-
ture of the equipment increases to the predetermined
temperature, wherein.
Ihe supplementary heater is dispose&i in the otohn ~

water circuit to heat cooling water flowing into thc
heating heat exchanger,

Ihe flow control unit is flow switching means for
forming a closed water circuit through which cooling
water circuits while bypassing the equipment in the
cool iflg ivaIcr I:Ircuit; aiirl

thc closed water circuit has thcrcin a water pump for
circulating cooling water within thc closed v ster
Cli'i:Uit,

Ihe heating heat exchanger and the supplementary
heater are disposed in the closed water circuit, aml

when the temperature of the equipment is lower than
the predetermined temperature, the flow switching
means forms thc closed ivater circuit, and the water
pump opcratcs so that cooling water circulatcs in thc
closed water circuit.

11. The eur conilitioner accordmg to claim 10, wherein the
flow switching means includes a mechanical actuator dmven
in accordance ivith temperature of cooling water, and a valve
operated by the driving force of the mechanical actuator

12. Thc air conrlitioncr according to claim ll, whcrcin the
mechanical actuator is a thermo-work actuator which drives
Ihe valve under a temperature by a melting or a soh&iiTyin ~

ol a wax.
13. The air comhhoner accoriling Io claim 10, wherein the

flow switching means includes an electrical actuator dis-
posed in the passenger compartment and driven in accor-
dance with temperature of coolin water, and a valve opcr-
atcd by thc driving force of thc electrical actuator.

14. The air condiuoner acrxirdmg Io claim 1, wherein.
thc supplcnicntary heater is disposed to heat air blown

into thc passenger compartment; and
thc flow control unit is flow interrupting means which

interrupts a flow of cooling water into thc heating heat
cxchan er when the teniperaturc of thc cquipmcnt is
lower than Ihe predetermine&i temperature.

15. The air comhuoner according to claim 14, wherein the
floiv interrupting means includes a mechanical actuator
driven in accordance with temperature of coohng water, and
a valve operated by the driving force of the mechanical
actuator.

16. Thc air conrlitioner according to claim 14, whcrcin thc
flow interrupting means includes an electrical actuator dis-
posed in the passenger compartment aml driven in accor-
dance with temperature of cooling water, and a valve oper-
ated by the drivin force of the electrical actuator

17 'l'he air conditioner according to claim 15, wherein the
mechanical actuator is a thermo-work actuator which rlrivcs
thc valve under a tenipcraturc iiy a melting or a solidifying
ol a wax.


