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(57) ABSTRACT

In an air conditioning apparatus for a vehicku an amount of
hot water flowing from an cnginc into a heater core is
adjusted by a liow con(rol valve so iha( tempera(ure of air
blown from ihe heater core is adjus(ed A water pump dnven
by the engine is disposed in a water circuit so that hot water
circulates between the engine and the heater core. The flow
control valve includes a bypass passa c throu h which hot
water bypasses thc heater core and a prcssure rcsponsc valve
for adjustin an opening degree of thc bypass passage. An
opening degree of the flow con(rol valve is controlled by a

control unit so that the amount of hot water flowing into the
heater core is adjusted. In the air conditioning apparatus, the
opening degree of the tlow control valve is corrected by the
control unit to reduce variation in thc amount of hot water
flowing into thc hcatcr core duc to variation in a rotation
speed of the en ine. Thus, variation m temperature of air
blown from the heater mire due to the vanauon in (he
rotation speed of lhe engine can be reduced.

2 Claims, 10 Drawing Sheets
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VEHICLE AIR CONDITIONING APPARATUS
WITH HOT WATER FLOW CONTROL

('.ROSS-RL'I L'RL'N('Li I'0 REI.AIL'I)
APPI.I(IA'IION

This application is related to aml claims prionty from
Japanese Patent Applications No Ilei 10-2g2799 filed on
Oct. S, 19911 and No. Ilei 11-222682 filed on Aug. 5 1999
thc contents of which arc hereby incorporated by refcrcncc.

BACKGROUND OF THE INVENTION

l. I'ield of the Invention
Thc present invention relates to an air conditioning appa-

ratus which aiijusts temperature of air blown into a passen-
ger compartment by ruljusung an amount oi. hoL water
flowing into a heating heat exchanger, while restricting a
variatinn in temperature nf blown-air due to a variation in a
rotation spccd of an engine. The air conditioning apparatus
is suitable for a onc-box type recreational vehicle (RV), for
example

2. Descnption of Related Art:

In a vehicle air conditioning apparatus having a rear
air-conditioning unit for controliing tenipcraturr of air
blown towarii a rear seal side of a passenger compartment,
temperature of air blown inlo the passenger compartment is
controlleii by a flow control valve ior adjusting an amount
of hnt water fiowing into a heating heat exchanger sn that a
sixe nf the rear air-conditioning unit is reduced In the air
conditiomng apparatus, a water pump driven by an engine of
thc vchiclc is disposed in a water circuit of thr engine, and
hot water heated by the engine is supplied into Ihe heating
heal exchanger by Ihe water pump. Therefore, when a
rotation speeii of Ihe engine is increased, the amount of. hot
water flowing into the heating heat exchanger is increased so
that the temperature of air blown into the passenger com-
partment is also incrcascd, cvcn when an openin dcgrce of
thc flow control valve is sct to br equal.

SUMMARY OF THE INVENTION

In view of the foregoing problems, it is an oblecl of. Ihe.

present invention to provide an air comhuoning apparatus
for a vehicle, which can decrease a variation in temperature
of air from a heating heat exchanger, due tn a variation in a
rotation spccd of an engine.

According to thc present invention, an air conditioning
apparatus includes a heating heat exchanger for hratin air
by periorming heat exchange between water in a water
circuit and air passing therethrough, and a flow control valve
whtch ruijusls a flow amount of water flowing into the
heating heat exchanger to adjust temperature of air blown
from the heating heat exchanger. The tlow cnntrnl valve
includes a water bypass passu e throu h which water
bypasses thc heating heat exchanger, and a pressure-
response valve for adjusung an opening degree oi. Ihe water
bypass passage in accoriiance with pressure of. water sup-
plied from Ihe engine by a water pump which is dnven by
the engine. In the air conditinning apparatus, an opening
degree of the flow cnntroi valve is cnntrniled hy a control
unit to bccomc a target opcnin de rec so that thr flow
amount of water fiowing into thc heating heat exchanger is
controlled, anti the target opening degree of. the flow control
valve is corrected by a control unit in a iiirecuon for
reducing vanation in the flow amount of. water flou ing inio
the heating heat exchanger due tn variation in a rotation
speed of the engine. Thus, variation in temperature nf air

blown from the heating heal exchanger due lo the vamauon
in the rotation speed of the en ine can be reduced, and
air-conditioning feeling for a passenger in a passenger
compartment of the vehicle can be improved

Prcfcrably, thc control unit corrects the target opcnin
de rcc of the flow control valve to alisorb the variation in thc
flow amount of water flowing into lhe heating heal
exchanger due lo Ihe variauon in lhe rotation speed of lhe
en une, when the lar et opening degree of the flow control
valve is larger than a predetermined degree. 'I'herefore, even
when an adjustment of water passing throu h the water
bypass passage duc to thc prcssure-rcsponsc valve is insuf-
ficien when the flow control valve is opened with a high
opening dc rcc, the variation in the amount of water flowing
mlo the heating heat exchanger can be sufiiciently adsorbed
bv correcting the target opening degree.

More preferably, the control unit corrects the tar et open-
ing degree of the flow control valve to increase the target
opening degree of the tlow control valve by a predetermined

—. de rcc from a set target value when thc rotation spec(i of thc
cn inc is lower than a first prcrlctermincd value approxi-
mately corresponding lo a rotation apse&I during an engine-
idling, and the control unit further corrects lhe tar et open-
in ~ degree so that Ihe large( opemng degree is reset to the sel
target value ivhen the rotation speed of the engine is
increased to he hi her than the first predetermined value
Therefore, even when thc engine is opcratcrl with a rotation
spccd approximately corresponding to thc rotation speed
dunng Ihe engine idling, it can eilectively prevent tempera-
ture of air blown from Ihe healing heat exchanger from bein ~

decreased.
On the other hand, the control unit corrects the target

opening degree of the tlow control valve to decrease the
target opening dcgrcc of the flow control valve by a prcdc-
tcrmined dcgrce from a sct tar ct value when thc rotation
speed of thc cnginc is incrcascd to bc higher than a scconrl
predetermined value which is greatly larger than the Iirsl
predetermined value, and Ihe control umt iurlher corrects lhe
target opening de ree so that the target opening degree is

sc reset to the set target value ivhen the rotation speed of the
engine is decreased to he lower than the second predeter-
mined value. Thcrcforc, it can eflcctivciy prcvcnt tcmpcra-
turc of air blown from thc heating heat cxchan cr from being
extremely increased due lo an increased water amount when

as
Ihe engine is operated with a high rotation speed.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present inven-
tion sviil bc niore readily apparent from thc following

so detailed description of prcfcrred embodiments when taken
lo ether with the accompanying tlrawings, in which.

FIG. I is a schemauc view showing an enure construcuon
of a vehicle air comhuomng apparatus according lo a Iirsl
preferred embodiment of the present invention;

FIG. 2 is a schematic vertical secuonal view showing a
rear air-condiuoning unit accoriling lo lhe Iirsl embodiment,

FIG. 3 is a graph for explainmg the relationship between
an engine roiauon speed aml a vanalion in temperature of
blown-air, ivhen an openin de ree of a tlmv cnntrol valve
is 30', according to the first embodiment;

FIG. 4 is a graph for explaining the relationship between
the engine rotation speed and the variation in temperature of
hloivn-air, when the openin degree of the tloiv control valve

as is g0', according to thc first cmliorliment;
I'IG. 5 is a graph showin the relationship lietiveen the

opening degree of the flow control valve and the variation in



the temperature of blown-air during a face mode, according
to the hrst emliodiment;

FIG. 6 is a graph showing thc relationship bctwccn the
opening dc rcc of the flow control valve and the variation in
the temperature of. blown-air dunng a foot mode, according
to the lirst embodiment,

I'lti 7 is a flow diagram showing a control program of a
control unit of thc air conditionin apparatus accordin to
first cmbodimcnt;

FIG. 8 is a flow iliagram showing in detain a part of.

control in FIG 7;
FIG. 9 is a flow diagram showing in detain a part of

control in FIG. 8;
FIG. 10 is a view i or explmning a control of an opening

degree correction of the flow control valve according to the
first embodiment;

I'IG. 11 is a graph for explaining the efFect of the opening
dcgrcc correction of thc flow control valve when the opening
dcgrcc of thc flow control valve is 80', according to thc first
cmborhmcnt,

FIG. 12 is a graph showing the relationship between the
opening degree of the flow control valve anti the vanation in
the temperature of blown-mr dunng a bi-level mode, accord-
ing to the first embodiment; and

I'lti 13 is a schematic view showing an entire construc-
tion of a vchiclc air conditioning apparatus accordin to a
second prcfcrrcd cmbodimcnt of the present invention.

DETAILED DESCRIPTION OF THE
PRESEN lq Y PREI'ERREL) EMHODIMEN'IS

The preierred emboihments of. Lhe present invention wdl
lie descnbed hereinafter with reference to the accompanying
drawings

A firs preferred embodiment of the present invention will
bc now dcscmbcd with reference to FIGS. I—12. In thc first
cmborhmcnt, thc present invention is typically applied to a
one-box recreational vehicle (RV). As shown in FIG. 1, an
air conditioning apparatus includes a front air-conditioning
unit 10 for adjusting temperature of air bloivn toward a front
seat side in a passenger compartlnent, a rear-air coliditioning
unit 15 for adiusting temperature ot'ir blown toward a rear
scat in thc passen cr compartment, and a control unit 35
(ECU)

Thc front air-conditionin unit 10 is disposed within an
instrument panel on a most front sale of ihe passenger
compartment. The front air-conditioning unit IU includes a
heater core 11 (i.e, heating heat exchanger) which heats air
liy using hot water (engine-cooling water) flowing from an
cnginc 12 as a heating source. A water pump 14 driven by
thc cn inc 12 is disposed in a water circuit 13 so that hot
water hcatcd by heat enrratcd from thc engine 12 is
circulated in the water circuit 13 by the water pump 14. The
front atr-i:omhuoning unit 1U further includes a blower unit
for blovving air toward the heater core 11, an evaporator
(cooling heat exchanger) of a refrigerant cycle for cooling
air, and thc like. The blower unit and thc evaporator are
disposed on an upstream air side of the heater core 11.

The rear air-conditioning unit 15 is disposed on the rear
scat side (c.g., thc second or third scat side from thc front
scat) of thc passenger compartment, so that the temperature
of air blown toward the rear seat side in the passenger
compartment can be adtusted. As shown in FIG. 1, in the rear
air-i:onditioning unit 15, there are provideri with a heater
core 17 (heating heat exchanger) for heating air by using hot
water circulating in the water circuit 13 as a heating source,

and a flow control valve 16 for adtusting an amount of hot
ivater floiving into the heater core 17.

I'urther, as shown in I IG. 2, the rear air-conditionin unit
15 includes a blower unit 18 for blowing air and a heat-
cxchan in unit 19 in which a cooln portion and a hcatcr
portion arc intcgratcrl. In thc first cmliorliment, thc blovvr
unit 18 is disposed at a front stile of.-the vehicle, and Lhe

heat-exchanging unit 19 is disposed at a rear side of Lhe

blower unit 18 m a vehicle front-rear direcuon.
The bloiver unit 18 includes a centrifugal fan (e g., sirocco

fan) 20, a blower motor 21 for driving the fan 20, and a scroll
casing 22 for accommodatin the centrifugal fan 20. I'he
centrifu al fan 20 sucks air from two air suction ports
formed at both sirlcs in an axial rlircction of thc ccntrifu al
fan ZU, and air sucl ed from the air suction ports is blown
toward the heat-exchanging umt 19 as shown by arrow A in
I'l(l 2.

The heat-exchanging unit 19 of the rear air-conditioning
unit 15 is disposed in a case 19a at a downstream air side of

o thc blower unit 18. Thc heat-exchanging unit 19 includes a
rear evaporator 23 branched front the refrignant cyck of thc
front air-conditioning unit 10. The evaporator 23 is rhsposcrl
approximately honzontally in Lhe case 19rt on a lower side
of the vehicle soi that air blown by the blower unit 18 is
introduced into a loiver space of the evaporator 23, as shown
in lrlG. 2 In the refrigerant cycle, the evapnrator 23 is
conncctcd to thc front evaporator (not shown) of the front
air-conditioning unit 10 in parallel. The rcfrigcrant cycle
includes a compressor rlrivcn by the engine 12, a conrlcnser

lr)
for comlensing relngerant, a receiver for separating refrig-
erant into liquid refrigerant and gas refngerant, a front
pressure reducing unit, a rear pressure reducing unit, the
front evaporator and the rear evaporator 23 Refrigerant
flowing through thc evaporator 23 is evaporated by absorb-
in heat from air passing thcrcthrough.

The evaporator 23 is fornied approximately into a
rectangular, and is thin in an up-down direction of Lhe

vehicle. In the first embodiment, for reaihly discharging
conilensed waier enerateil from the evaporator 23, ihe
evaporator 23 is slightly inclined from a horizontal direction
by a small angle That is, a downstream air end of the
evaporator 23 is inclined toward a low side of thc vchick

Thc heater core 17 is rlisposcd approximately horizontally
„s on the upper side of the evaporator 23, at a downstream air

side of Lhe evaporator Z3. As shown in FIG. I, Lhe heater
core 17 includes an mlet tank 17n and an outlet tank 176
disposed to form a predetermined distance therebetiveen,
and a core portion 17c disposed between the inlet tank 17a
and the outlet tank 176. The core portion 17c has plural flat
tubes disposed in parallel with each other, anil plural cor-
ru atcd fins each of which is rlisposed bctwccn adlaccnt flat
tubes. In the heater core 17, hot water from Lhe inlet tank 17rt
flows in one way toward the outlet tank 176 through Lhe

whole flat tubes
The flow control valve 16 is disposed outside the case 19u

on an oblique upper side of the heater more 17, adjacent to
the heater core 17. A hot ivater inlet pipe 17d connected to
the inlet tank 17n and a hot water outlet pipe 17e connected

ati to thc outlet tank 17h are rcspcctively conncctcd to thc flow
control valve 16, as shown in FIG. 1. The flow control valve
16 adlusLs Lhe amount of hot water flowing into the heater
core 17 to control an air-heatin amount in the heater tore
17, so that the temperature of air bloivn into the passenger

as compartment is adjusterl.
As shown in I'IG I, hot water from the engine 12 is

supplied to the heater core 17 through the tlow control valve



16 by the water pump 14. The flow control valve 16 includes
a case 16a marie of resin, and a cylindrical valve body (i.e.,
rotor) 16b rotatably held in thc case 16a. A control passage
16c for controllin a flow rate of hot water is formed in thc
valve body 168 The control passage 16c is throttled in tivo
steps at a hot ivater inlet side and a hot water nutlet side
thereof Each throttle amount at the hol water inlet side anti
the hol water outlet side of. Lhe control passage 16c is
arljustcd by thc rotation amount of the valve l&ody 16b to
control thc flow rate of hot water. A first hot water inlet 16d
for introducing hot water from the engine 12 is formed in the
case 16a, and hot water introduced from the hot ivater inlet
16d is supplieil to the heater core 17 from a hot water outlet
(not shown) connected to the hot water inlet pipe 17d,
through thc control passe c 16c.

I'urther, a bypass passage 16e is formed within the case
16a, aml hot water from a position between iwo step
throttles of the control passage 16c of. Lhe valve body 16(i
flows through the bypass pass& e 16e to bypass thc heater
core 17. A prcssure-response valve (i.c., bypass valve) 16f is
disposed in the bypass passage 16e The pressure-response
valve 16f increase an npening area (i e, opening degree) of
the bypass passage 16e according lo a pressure increase of.

hot water supplied from lhe engine 12. A spring force of a
coil spnng 168 is applied to thc prcssure-response valve 16f
in a direction for closing thc prcssure-response valve 16f. A
secnnd hot water inlet 16h through which hot water having
passed through the heater cnre 17 is introduced into the flow
control valve 16 from the hot water outlet pipe 17e is formed
in the case 16a. Hot water having passed through ihe heaLer
core 17 and hot water tiowin through thc bypass passage
16e arc j nine rl at a downstream side of thc pressure-response
valve 16f, and the joined hnt water returns to the engine 12
from a hot water nutlet 16i formed in the case 16a

Accordin to the liow control valve 16 shown in FIG. I,
each throttle amount of the two-step throttlcs of the control
passage 16c is adjusted by the rotation amount of the valve
body 16b to adiust the flow rate of hnt water flniving into the
healer core 17, anil the pressure-response valve 16 sup-
presses lhe variation in flow rale of. hol water supplying lo
thc hcatcr core 17 due to thc variation in an cnginc rotational
spccd. Thcrcforc, variation in the temperature of air blown
from the heater core 17 can be suppressed, and the tempera-
ture nf air bloivn from the rear air-conditioning unit 15 can
be accurately conlrolleil.

As shown in I'lf& 2, on an upperportion of the heater core
17 in the case 19a, there are formed a face opening portion
24 for blowing air toward the head portion of. a passenger
seated on the rear seal in lhe passenger compartment, and a
foot opemng portion 25 for blov:ing air towarrl lhe fool
portion of the passenger seated on the rear seat in the
passenger compartment. The face npening portion 24 and
thc foot opcnin portion 25 are provided at an upper side (a
downstream air side) of thc heater core 17 to be opposite to
thc hcatcr core 17. As shown in FIG. 2, thc face opening
poruon 24 anil the fool opening portion 25 are prov&ried
horizontally ailjacenl lo each other in the front-rear direction
of the vehicle. Thus, the face opening portion 24 and the foot
opening portion 25 can be provided within the dimension
range of thc evaporator 23 and thc heater core 17 in the
wirlth rlircction of thc vehicle.

On end nf a face duct 26 is connected to the face opening
portion 24, and thc other end of thc face duct 26 extends
upwardly to a ccilin portion of thc vehicle. A ceiling duct
extemhng in a wirlth direction of. the vehicle is formed in lhe
ceiling portion, anil plural face air outlets for blowing air
towarrl the heail portion of lhe passenger seated on ihe rear
seat in the passenger compartment are fern&ed in the ceiling
duct.

Further, one eml of. a fooL duct is connected to the foot
opening portion 25, and the other end thereof is connected
to a tloor duct disposed on a floor hoard (not shown) of the
vehicle to protrude from the floor i&nard Plural foot air
outlets for blowing air toivarrl the foot portion of thc
passen cr scaterl on thc rear scat in the passcngcr compart-
ment are lormed in the floor tluct.

A mode sivitching door 28 for opening and closing the
face opening portion 24 and the foot opening portion 25 is

'" disposed at an upstream air side (lower side) of the face anil
foot opening portions 24, 25. Thc motte switching door 28
slides between the milid line position and the chain line
position in FIG. I along the opemng surfaces of the lace and
fool openmg poruons 24, Z5. That is, the mode switching
door 28 reciprocates along the horizontal direction to open
and close the face and foot opening portions 24, 25

A rack (not shown) is provirlcd on a lower surface of thc
mode switching door Zg, and a connecuon gear 29 engaged
with lhe reel is connected to an output shafi 30a of an

o electrical driving unit 30 including a servomotnr, throu h a
link unit 30b (i.e, link mechanism) and the like. Therefore,
the mode sivitch ing door 28 is moved by rotation force of the
clcctrical rlriving unit 30 bctwcen thc solid linc position and
the chain linc position in FIG. 2 alon the opening surfaces
of. the face aml fool opening portions Z4, Z5.

I'urther, a cool air bypass passage 31 through which cool
air bypasses the heater core 17 is provided in the case 19a
at a sirlc position of the bc ster core 17 to be proximate to the

... face opcnin portion 34, and a cool air bypass door 32 is
disposed in the case 19a to open anil close the cool air it
bvpass passage 31. The cool air bypass door 32 is a

plate-hke door rotating around a rotauon shalL 32a between
the solid line position and the chain line position in I'IG 2
The rotation shaft 32a of the cool air bypass door 32 is
connected to thc output shaft 30a of the clcctrical driving
unit 30 through thc link unit 30b and thc like. Thus, both thc
cool air bypass door 3Z and the motle switching door 28 are
driven by lhe single electrical dnving unit 30 to be opera-
lively linked from each other.

Next, the control of the floiv control valve 16 will bc now
describcrl. Thc valve body 16b of the flow control valve 16
has a rotation shaft (not shown) cxtcnding in a face-back
direction in FIG. 1. The rotation shaft of ihe valve body 16b
proirudes to an oui&tile of. Lhe case 16a, anil a protrusion
portion of the rotation shaft of the valve body 16b is
connected to an output shaft of an electrical drivin unit 33
A rotation position sensor 34 for detecting a rotation position
of thc valve hotly 16b is conncctcd to thc rotation shaft of the

„& valve body 16b of thc flow control valve 16, and the dctccted
rolaiion position signal is input into Lhe control device 35.

A rear control panel 36 is disposed on the rear seat side in
the passenger compartment, and is provided with a rear
tempcraturc settin unit 37, a rear air outlet mode setting
unit 38 and a rear air amount setting unit 39 which are
manually operated by a passenger on the rear seat of the
passenger comparlmenL. Temperature (Teel) on the rear seal
side within ihe passenger compartment is set by the tem-
perature setting unit 37 I'urther, signals from the tempera-

ao ture setting unit 37, the air outlet mode setting unit 38, and
thc air amount scttin unit 39 arc input into thc control unit
35. On thc other hand, rlctcctcrl signals from a sensor group
are also input mio the control unit 35. The sensor group
inchides an engine rotation speed sensor Ne for detecung ihe

as rotation number Ne of the engine IZ, an inside air tempera-
ture sensor 41 for detecting temperature 'I'r of inside air (i e,
air inside the passenger compartment), an outside air tem-



peralure sensor 42 for detecting temperature Tam of. outside.
air (t.e, air outside the passenger compartment), a sunlight
sensor 43 for detcctin a sunli ht amount Ts cntcrin the
passcngcr compartment, a water tcmpcrature sensor 44 for
detecting temperature 'l(v of hot water tlowing into the
heater core 17, and an evaporator temperature sensor 45 for
detechng temperature Te of air blown out from the evapo-
rator 23

In the first embodiment of the present invention, the
control unit 35 is an electronic control unit (BCU) composed
of a microcomputer and circuits around the microcomputer.
For example, the control unit 35 controls operauon of
components such as thc rlectricai driving devices 30, 33 and
thc blower motor 21.

Next, operation of Ihe air comhtioning apparatus accord-
ing to the first embochment of. the present invention will be
now descnbecl

Here the operation of the rear air conditioning unu 15 wdl
be mainly descnbecl. When the cenlmfugal fan 20 operates,
inside air of a rear seat side space of the passenger com-
partment is sucked intn the scroll casing 22, and is binivn
toward thc heat-exchanging unit 19. In thr heat-exchanging
unit 19, air blown by thc blower unit 18 passes throu h thr
evaporator 23 to be coolecl, ancf then passes ihrough the
healer core 17 on Ihe upper side of. the evaporator 23 to be
healeci. The amount of. hot water flowing into the heater core
17 is continuously adjusted by adjusting the opening degree
of the two step throttfes nf the control passage 16c, so that
thc tcmpcraturc of air blown into the passen er compartment
ts adiustcd. Further, thc opening degree of the control
passage 16c is adjuslecf by the rotauon poiuhon of. Ihe valve.
body 16b of the flow control valve 16.

Thc face opening portion 24 and thr foot openin portion
25 are opened and closed by the reciprocate slicfing move-
ment of the mode switching door 28. When ihe mode
switching cloor 28 is operated to the solid line pnsition in
I l(i. 2, the face opening portion 24 is opened and the foot
opening portion 25 is closed, so that a rear face mode is set
in thc rear air-conditioning unit 15. During thc rear face
mode, air is only blown into the passcngcr compartment
from Ihe face air outlets through the face opemng poruon 24
anil Ihe lace cfuct 26.

When thc mode switching door 28 is niovcd to thc solid
hne position in FIG. 2 during the rear face mode, the cool air
bypass door 32 is operated together with the movemenl of.

the mode switching door 28 to open the cool air bypass
passage 31. I'herefore, air flnw resistance (pressure loss)
within the case 19u can be reduced during the face mode
Thus, when maximum cooling operation is sct durin the
face mode, thc air amount blown into the passenger coni-
partment can be increased, aml cooling capacity ior Ihe.

passenger compartment can be improvecf.
When thc mode switching door 28 is operated to thr chain

hne position in FIG. 2 to open the fool opemng poruon 25
and to close the face opening poruon, a rear foot mode is set.
During the rear foot mode, conditioned air is bfnwn into the
passenger compartment from the font air outlets on the floor
board through thc foot opening portion 25 and thc foot duct
27.

When the mnde switching door 28 is operated to an
approximate middle position between thc solid linc position
ancl thc chain linc position in FIG. 2 to open both the face
and foot opening portions 24, 25, a rear bi-level mode is set.
Dunng Ihe rear bi-level mode, concfilioned air is simulta-
neously blown from Ihe face ancf fool air outlets through Ihe
face and font opemng portinns 24, 25 and the face and foot
air ducts 26, 27, respectively

W'hen ihe rear fool mode is set in the winter, temperature
of air blown into the passenger compartment is increased by
the operation of thc rear air-conclitioning unit 15, so that
heatin operation for heating thc passenger compartment is
performed Therefore, the valve body 16b of the flow control
valve 16 is operated with a large opening degree, a pressure
diflerence between both sides of the pressure-response valve
16f is reduced, and the floiv amount of hot water bypassing
the heater core 17 through the pressure response valve 16f
becomes smaller. As a result, when the rotation speed (i e,
rotation numiicr) of the engine 12 is changed in a wide range
from thc engine-idling rotation speecl of 650 rpm to a high
rolaiion speecl of. 6000 rpm, Ihe variation in Ihe amount of
hol water flowing into the healer mire 17 due to ihe vanauon
in the engine rotation speed cannot be sufhcienlly restricted
by adjusting the flow amount of hot ivater hypassin the
heater core 17, and the temperature of air blown into the
passen cr compartment is greatly changccl with thc variation
in thc cnginc rotation speecl.

FIGS. 5, 6 show thc relationship between thc opening
dcgrce of thc valve body 16b of the flow control valve 16
and thc variation in tcniperaturc of air blown from thc heater
core 17. In FIGS. 5, 6, ihe fiow control valve 16 is set in such
a manner thai Ihe opening degree (rotation angle) of the
valve body 16/i becomes maximum when opening de ree of
the valve body 16b is I l(f'. That is, when the opening degree
of thc valve body 16b of thc flow control valve 16 is 110',
thc maxiniuni heating is set. FIG. 3 shows thc variation in
tcmpcraturc of air blown from thc hcatcr core 17 duc to thc
variation in engine rotation speed when the opening degree
of the valve body 16b is 30'. Further, FIG. 4 show~ ihe
variation in temperature of air blown from the heater core 17
due to the variation in engine rotation speed when the
opening dc ree of thc valve body 16b is 80'. In FIGS. 3, 4,
Twl inclicatcs thc teniperaturc of hot water on an inlet of thc
hcatcr core 17, Tw2 indicates thc tcmpcrature of hot v ster
on an outlet of the healer core 17, Tal inclicates the tem-
perature of air before suclong into Ihe healer core 17, anti
Ta2 indicates the temperature of air immediately after being
bloivn out from the heater core 17. I'urther, the shutting
pressure in FIGS. 3, 4 is a prcssure diifcrcncc iietween thc
pressure of hot water on thc inlet of thc heater core 17 and
thc prcssure of hot water on the outlet of thc heater core 17
when ihe flow of the hol water flowing into the heater core
17 is shut oil. The shulung pressure is increased, as ihe
rotation speed of the engine 12 increases

Because ihe heater core 17 of the rear air-conditionin ~

unit 15 is coupled lo Ihe engine 12 by a long hot water pipe,
the water-flow resistance is greatly decreased ivhen hot
ivater is supplied from the engine to the heater core 17 of the
rear air-conclitionin unit 15, as compared with a case in thc
heater core 11 of thc front air-conditionin unit 10.
Thcrcforc, ivhcn thc rotation speed of the cnginc 12 is
chan ed Irom 650 rpm of the engine-idling to 6000 rpm, ihe
shuuing pressure in ihe heater core 11 of the front air-
conditioning unit 10 is chan ed in a range of 5— ISO KPa, but
the shutting pressure in the heater core 17 nf the rear
air-conditioning unit 15 is changed in a range of I—72 Kpa
Specificall, durin the engine-idling, thc shutting prcssure

so in the heater core 17 of the rear air-conclitioning unit 15 is
greatly decreased.

As shown in FIG. 3, when thc opening dcgrcc of thc valve
body 16b of. Ihe flow control valve 16 is 30', ihe temperature
of air blown from Ihe heater core 17 is changeci in a range

ss of 15'.—17.5'. relauve to the change of the engine
rotation speed in the range of 650 rpm—6(IOO rpm In this
case, the temperature of air blown from the heater core 17
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&s changed by a temperature dilTerence of. 2.5'. When Ihe.

valve body 166 is operated with a smafl opening degree of
30', the pressure difference between both sides of the
pressure-response valve 16f is increased, and the amount of
hot water bypassing thc hcatcr core 17 throu h thc prcssurc-
rcsponsc valve 16f is increased. Therefore, thc variation in
the flow amount of hot water flow&ng into the heater core 17
due to Ihe variation in the eng&ne rotation speed can be
etfectively absorbed by adjusting the amount of hot water
flowing through the pressure-respnnse valve 16f

On thc other hand, as shown in FIG. 4, when the opening
degree of Ihe valve body 166 is 80', Ihe temperature of air
blown from the heater core 17 &s changed &n a range of 50'

—65' relative to Ihe change of the eng&ne rotanon speecl
&n the range nf (i50 rpm—60(X) rpm In this case, the tem-
perature difl'erence nf air blown from the heater core 17 is
incrcascd to IS'. That is, even when thc opening dcgrce
of thc valve body 166 is sct to be equal, thc temperature of
air blown from Ihe healer core 17 can be changed by IS'.
When the valve bocly 166 is operated w&lh a large open&ng
degree of 80', the pressure dilTerence between both sides of
the pressure-response valve 16f is decreased, and the amount
of hot water bypassing the heater core 17 through the
prcssure-rcsponsc valve 16f is dccrcascd. Thus, in this case,
only a small amount of hot water can bc adjusted by thc
pressure-response valve 160 and Ihe varianon &n ihe amount
of hot water flow&ng into Ihe heater core 17 due lo Ihe
vanation &n Ihe engine rotanon speed cannot be sufflc&ently
absorbed by the pressure-response valve 16f Specificafly, in
the engine-idhng, the shutting pressure of hot water in the
hcstcr core 17 is greatly decreased, the an&ount of hot water
flowing into thc heater core 17 is greatly rcduccd, and the
tcmpcraturc of air blown from thc heater core is greatly
decreased

On the other hand, when the coil spring 168 nf the
pressure-response valve 16f is set to have a small spring
constant to increase thc absorption effcct of thc variation in
thc hot water amount due to thc variation in thc engine
rota&&on speecl, Ihe pressure-response valve 16fis opened in
a low pressure clitTerence such as &n the engine &cling, and
maximum heating capacity is greatly decreased

In FIGS 5, 6, thc chain linc indicates thc variation in the
tcmpcraturc of air blown from thc heater core 17 when the
opentng degree of the valve body 166 is changed between0'Max&mumCooling) aml 110'Max&mum Heal&ng) w&thou&

the control of Ihe present &nvennon, and the so!&d hne.
indicates the variat&on in the temperature of air blncvn from
the heater core 17 when the opening degree of the valve
body 166 is changed between 0'Maxin&un& «ooling) and
110'Maximum Hcatin ) when the controi of thc prcscnt
&nventton &s performecl.

As shocvn in I'IG. 5, during the face mnde, the maximum
&s variatinn in the temperature nf air blocvn from the heater
core 17 &s S'. even when the control of the present
invention is not pcrformcd. Further, bccausc thc tcmpcraturc
of air blown into thc passenger compartment is low during
the lace mocle, the open&ng clegree of the flow control valve
16 is generally set lo be lower-than 75'hen the open&ng
degree of the flow control valve 16 is set to be le&ver than75'uringthe face mode, the temperature nf air blocvn from the
heater core 17 is changed in a range of 2 5''ven when
thc control of thc prcscnt invention is not pcrformcd.

However, when the control of Ihe present invennon &s not
performed dunng the foot mode as shown by Ihe cha&n hne
&n I'IG. 6, the vanation in the temperature of air blown from
the heater cnre 17 is quickly increased when the opening

xiv=1(TAO-Tcl&IT -Tc)J I&0("I (7)

Because the open&ng degree of Ihe flow control valve 16
is 110'n the fully opened position, the opening degree

co calculated in the fern&ula (2) is indicated by a rotation angle
()

Next, at step S160, it is dctcrminecl whcthcr or not a
correct&on of the lar et opemng degree Sw calculate&I at step
S150 is necessary. The delerm&nation at step S160 is per-

e& formed m detail by steps S1601—S1611 &n FIG. 8. That is, as
shown in 11G 8, it is determined whether or not the a&r outlet
mode is the foot mode at step S1601. When the air outlet

degree of the valve body 16b &s equal lo or larger than 70'pecifically,cvhen the opening degree of the valve body 166
is around 80', the variation in the temperature of blown-air
becomes maximum (e g., 14'' When Ihe openin degree
of thc valve bocly 166 is larger than 80', thc tcmpcraturc of
air blocvn from thc heater core 17 is not incrcasccl as thc
amount of hot water flowing into the heater core 17
increases, from Ihe heat radiation characlensncs of the
heater core 17 Therefore, in this case, the variation in the
temperature of air blown from the heater core 17 is gradually
decreased

Thus, &n the Iirst embodiment of. the present &nvenuon,
when the open&ng degree of &he valve body 166 is larger than
a predetermined degree during the foot mode, the opening
degree of the valve l&ody lfib is corrected so that the
variation in the temperature of air blocvn from the heater
core 17 duc to thc engine rotation spcccl is rcstncted.

Next, Ihe control of Ihe flow control valve 16 w&ll be now
described w&th-reference to FIGS. 7—9. Alter an igniuon

o scvitch of the engine 12 is turned on and electrical power &s

supplied to the control unit 35 (LCU), when the air amount
setting unit 39 on the rear control panel 36 is set to an
auton&atic position, thc control routine shown in FIG. 7
starts,

as
Firstly, at step S100, an imualization such as a flag and a

timer is performed Next, at step S110, the temperature 'I'set

set by the temperature setting unit 37 of the rear control
panel 36 and each clctcctccl signal(c.g., Ne, Tr, Tam, Ts, Tw,

... Tc) detcctcd by thc sensor group 40—45 are input into thc
control urn& 35. At step S1ZU, a target temperature TAO of
a&r blown into the passenger compartment is calculated
based on the follow&ng fi&rmula (I).

OCO=K. I Tc &.&K I —I« ice—K &c+C ('I

Herc, Ksct, Kr, Kam and Ks are gains, ancl C is a
correchon constant. The target temperature TAO is an air
temperature for main&&ming the Lemperature ol. the passen-
ger compartment at the set temperature Tact.

Next, at step S130, the air amount blown by the centrifu-
gal fan 20 is dcterminccl basccl on the calculated target
tcmpcraturc TAO. That is, when the TAO is in a high
tcmpcraturc area (maximum heating side) or a low tempera-
ture area (maximum n&cling side), the air amount blown
from the centrifugal fan ZU is made larger. On the other hand,
when the 'I&AO is in a middle temperature area, the amount
of air blocvn from the centrifugal fan 20 is made smaller
Further, at step S140, an air outlet mode is determined in
accordance cvith the calculated TAO. That is, as thc TAO

s,& increases from a low tcmpcrature to a hi h tempcraturc, thc
face mode, the bi-level mode aml the foot mode are selected
m Ih&s order.

Next, at step S150, a target openin degree SWof the flow
control valve 16 is calculated based on the following for-
mula (2).



mode is not the foot mode at step S16UI, the correcuon of
the target opening degree SW is not necessary, and step S180
!n HG. 7 !s performed. On the nther hand, when the air
outlet mode is the font mode, it is determined whether of!!ot
thc target opening dcgrcc SW is equal to or larger than a
prcdctcrmincd degree (e.g., 70') at step S1602. When thr
target opening !legree SW ts smaller than the prerleterminerl
degree, slap S180 in FIG. 7 is perlormed.

When the target npening degree SW is equal to or larger
than the predetermined degree (e g., 70') at step S1602, the
engme rntatinn speed Ne (n— I) before nne time (n-I) of the
present time (n), dctcctcd at regular intervals (c.g., at
4-scconrl intervals), is changed to the preceding engine
rotation spec!i Ne (n-2) at step S16U3, aml the present en ine.

rotation speed Ne(n) is input at step S16U4. By setung the.

Ne(n-2) to &em m the initialization at step SIOO, Ne(n-2)
liecomes zero (i e, Ne(n-2) =0) Next, at step S1605, it is
determined whether or not the present engine rotation speed
Nc(n) is lar cr than the preceding engine rotation speed
Nc(n-I). When thc present engine rotation speed Ne(n) is
larger than Ihe preceiling engine rotation speed Ne (n-I) at
step S1605, that is, when the present engine rolauon &peer(
!s increased as cnmpared ivith the preceding engine rotation
speed, flag!s set to I (i.e, I!I.AG = I) at step 51606. I urther,
at step S1607, an output engine rotation speed Ne(nut) is set
to thc prcscnt cnginc rotation speed Ne(n) (i.r., Nc(out)
=N(n)).

On Ihe other hami, when the present engine rotation speed
Ne(n) is not larger than the preceding engine rotation speed
Ne (n-I) at step S1605, that is, when the present engine
rotat!on speed is decreased as compared with the preceding
engine rotation speed, the flag is set tn 2 (i.e, I'I.AG =2) at
step S1608. Further, at step S1609, an output engine rotation
spccd Nc(out) is calculated by the following formula (3).

That is, Ihe output engine rotalion speed Ne(oul) is
calculated by the average of 4 times

Next, at step S1610, it is determined whether or not the
output cnginc rotation speed Ne(out) satisfies a first condi-
tion That is, in thc first condition, thc Ne(out) is larger than
a lira) prerleterminerl spear) (e.g., Ne(out)&10(KI rpm) while.
Ne(n-I) is smaller than Ihe lira) predetermined rotation
&peer( (i.e., Ne(n-1)&1000 rpm), or Ihe Ne(oul) is smaller
than the tirst predetermined speed (e g., Ne(nut)& I(K)0 rpm)
while Ne(n-I) is larger than the first predetermined rotation
spccd (im., Nc(n-1)&1(K)0 rpm). In thc first embodiment, thr
first prcdctcrmined speed is about the engine-idling rota-
tional spec!i.

When Ihe output engine rotation speed Ne(out) does not
satisfy the Iirst condition at step S1610, il is rleterminerl
whether or not the nutput engine rotation speed Ne(out)
sat!shes a second conditinn I'hat is, in the second condition,
thc Nc(out) is larger than a second predetermined speed
(c.g., Nc(out)&2500 rpm) greatly larger than thc first prede-
termined speed while Ne(n-I) is smaller than Ihe second
predetermined rotation speed (i.e., Ne(n-1)&2500 rpm), or
the Ne(out) is smaller than Ihe second predetermined speed
(e g., Ne(out)&25(K) rpm) while Ne(n-I) is larger than the
secnnd predetermined rotation speed (i.e, Ne(n-1)&2500
rpm) For cxamplc, thc second predetermined speed is a
middle rotation spccd of the engine 12 between the rnginc-
irlhng rotation speed aml the maximum rotation speed of. Ihe
engine IZ. When Ihe output engine rotation speed Ne(oui)
sat)alias the second condition al step S1611, next step S170
!s performed On the other hand, when the output engine
rotation speed Ne(out) does not satisfy both the first cnndi-
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lion and Ihe secoml comhtion, il is iletermined that Ihe target
opening degree SW is not necessary to be corrected, and the
operation of step SI80 is performed

When the output en ine rotation speed Ne(out) satisfies
any one of thc first condition and the second condition, thc
target opcnin dcgrce SW is corrcctcrl at step S170. Thc
correction of the lar et opening degree SW at step S170 will
be now descwbeil m detail as shown in FIG. 9. Firstly, at step
SI 701, it is detemiined )vhether or not the flag is equal to I

When it is determined that the flag is equal tn I so that the
rotation speed of the engine 12 is increased to be larger than
the first predctcrminerl rotation speed or thc second prcde-
termincd rotation spccd, the target opening dcgrcc SW is
corrected lo (SW-5') al step S170Z (i e., SW=SW—5'). On
Ihe other hand, when the flag is not equal lo I, that is, when
the flag is equal to 2 so that the rotation speed of the engme
12 is decreased to be smaller than the first predeterm!ned
rotation speed or the second predetermined rotation speed,
thc target opcnin dcgric SW is corrcctcrl to (SW+5') at step

co S1703 (i.c., SW=SW+5'). The correction at step S1702 or
step S1703 is performed, until il is iletermined that the next
opening degree correcuon is necessary at step S161U or step
SI 611

Next, at step S180 in I!I(h 7, control signals for control-
zs ling each actuator such as the blower motor 21 and the

clcctrical drivin units 30, 33 arc output, so that thc opera-
tion state determined at steps S130, S140, S150 and S170
can be obtained.

FIG. 10 is a view lor explaining the correcuon of the
.!o target opening degree SW of the hrst embndiment I or

example, when the target opening degree SW is equal to80'uringthe foot mode, the tar et opening degree SW is
corrected to (80'+5') when thc engine rotation speed is
lower than the first predetermined speed Nel (c g., [000

)3 rpm), and the target opening degree SW is reset to (80')
when Ihe engine rotation speed i& increased to be larger than
Ihe lira) predetermined speed Nel. On Ihe other hami, when
the target opening degree SW is equal to 80'urin the foot
mode, the target opening degree SW is corrected to (80' 5')

ao when thc cnginc rotation spccrl is larger than thc second
prcdctcrmincd speed Ne2 (c.g., 2500 rpm), anil thc target
opening de ree SW ts reset to (80') when Ihe engine rotauon
speed is decreased Io be smaller than Ihe second predeter-
mined speed NeZ.

as As a result, during the en ine-idling, the amount of hot
)vater tlo)ving into the heater wore 17 can l)e increased by
increasing thc target opening dcgrcc SW, and thc tempcra-
turc of air blown from the heater core 17 can be incrcascrl
as shown by arrow "a" in FIG. 11. Converse[y, when Ihe

so en une rotauon speed is higher than 2500 rpm, the amount
of hot water flowing mto )he heater core 17 can be decreased
by decreasing the target rotation speed SW, anil the tem-
perature of air blown from the heater core 17 can be
decreased as shown by arroiv "b*'n FIG 11. Thus, when thc
correction of the target opening degree SW is performed
dunng the foot mode, the variauon in Ihe temperature of
blown-air due Io Ihe variauon in Ihe engine rotauon speed
can be approximately reslncleil to O', as shown by the
solid line in FIG 6.

0) In the above-described control of the tlow control valve
16, the correction of thc tar ct opening rlcgrce SW is
perfomicrl only when thc target opcnin rlc rcc SW of thc
flow control valve 16 is equal to or more than 70'. However,
Ihe correcuon of the target opening degree SW'ay be

as performed, even when the target opening degree SW is
smaller than 70''or example, the solid line in I'IG 6

indicates a case )vhere the correction of the tar et opening
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degree SW is performed when the target opening degree SW
is in a range of 40' ll 0'. 13ecause the variation in tempera-
ture of bloivn-air due to the variatinn in the engine rotation
speed is smail when the target npening degree SW is smaller
than 70', thc correction amount of thc target opening dc rcc
is sct to thc half value ( 250') as conipared with the case
where the target opening degree SW ts equal lo or larger than

70'hen
the amount of hot ivater flowing intn the heater core

17 is decreaserl with the decrease of the engine rotation
speed, the temperature of air liinwn from the heater core 17
ts not dccrcascd immediately from heat-radiating character-
istics of thc hcatcr core 17. Therefore, in the first
emboihment, as descnbeil al step S1609 in FIG. 5, when Ihe.

engine rotation speerf is decreased (i.e., flag=2), Ihe output
engine rntation speed Ne(nut) is calculated by the time mean
value in the abnve-described fnrmula (3) I'herefnre, the
correctinn of the target opening degree SW is not performed
when thc cnginc rotation spccd is teniporarily decreased. As
a result, frcqucnt operation of thc clectricai driving unit 33
of the valve body 166 of Ihe flow control valve 16 can be
prevented, anil durability of the electrical driving unit 33 can
be improved.

On the other hand, when the engine rotatinn speed
increases, the temperature of air blown frnm the heater core
17 is incrcascd with thc increase of the aniount of hot water
flowing into thc heater core 17. Thcrcforc, as dcscribcd at
step S16U7 in FIG. 5, Ihe output engine rotation speed
Ne(oul) is sel lo the present engine rolanon speed Ne(n).
I'hus, the correction of the target npening degree SW can be
immediately performed in accordance with the increase of
the engine rotation speed

In thc above-dcscribcd control of thc flow control valve
16, thc correction of thc target npening dcgrce SW is
performed during the foot mode. However, the target open-
ing degree SW may be corrected dunng the face mode, as
shown by the solul line in FIG. 5. Further, Ihe target opening
degree SW may lie corrected during the bi-level mode, as
shown in I'l(3. 12. Iiuring the bi-level mnde, by performing
thc correction control of thc target opening de rec SW, both
variations in thc tcmpcrature of air blown frnm thc face air
outlet aml in Ihe temperature of air blown from the foot air
outlet can be decreased.

Duwng the face moile shown in FIG. 6 or ihe bi-level
mode shown in I'IG 12, the correction amnunt of the target
opening degree SW is set to 5'hen the target npening
dcgrcc of thc flow control valve 16 is equal to or larger than
70', anti thc correction amount of the tar et opening dc rcc
SW ts set lo 2.5 when Ihe target opening degree of Lhe flow
control valve 16 is smaller than 70'

second preferreil emboiliment of. Ihe present invention
will lie now described with reference tn HG 13 In the
above-described tirst embodiment, the target opening degree
SW of thc flow control valve 16 is calcuiatcd by the formula
(2) based on thc calculated target air tcmpcrature TAO, and
the temperature of. air blov:n into the passenger compartment
is automatically controllerf. However, in Ihe second embodi-
ment of Ihe present invennon, Ihe target opening degree SW
of the tlow control valve 16 can be directly determined based
on manual operation of a passenger in the passenger com-
partment That is, in thc second embodiment, thc prcscnt
invention is applied to a vehicle in which thc tcmpcraturc of
air blown into Ihe passenger compartmenl is manually
controlled.

That is, in the second embodiment, the larget opening
degree SW is directly determined based on an electrical
signal (e g, electrical resistance) of the temperature setting
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unit 37 of. the rear operauon panel, while Lhe sensor group
41—45 of the hrst emliodiment is omitted as shown in I IG
13 I fere, the control unit 35 mntrnls the electrical driving
unit 33 so that the openin de ree detected by the npening
de rcc sensor 34 becomes to bc equal to the target opening
de rcc SW dctcrmincd by thc tcmpcraturc setting unit 37.
Further, Ihe air outlet mode and Ihe air-blowing amount are
respectively determined by manual operauon positions of
the setting units 38, 39, respectively.

io Hven in the manual operatinn nf the rear air-cnnditioning
unit 15, the variation in temperature nf air blnwn frnm the
hcatcr mre 17 duc to thc variation in the cnginc rotation
spccd can be dccrcased by performing thc correction of thc
target opening degree SW based on the detecleil signal from
Ihe engine rotanon speed sensor 4U in the control umt 35.

Although the present inventinn has been fully described in
cnnnection ivith the preferred embodiments thereof with
reference to the accompanying drawings, it is to be noted
that various changes and morlifications will become appar-

oo cnt to those skilled in the art.
For example, in the above-described lirst anil second

embodiments of the present invenuon, the opening degree is
correction of the flow mntrnl valve 16 fnr adjusting the
amount of hnt ivater flnivin into the heater core 17 of the

as rear air-cnnditioning unit 15 is described Ilnwever, when
the temperature of air blown into the passengn compartment
is controlled by adjustin a flow amount of hot water flowing
mto a front heater core of the front air-comhtioning unit Hl,
Ihe present invenuon may be applied to the front air-

.io cnnditioning unit 10
I'urther, in the above-described first and second

embodiments, air passing throu h the heater core 17 is
heated by usin hot water for cooling the cnginc as a heating
source. However, a fluid for coolin a driving unit for

is drivin ~ the vehicle and the hke may be used as the heaung
source for heann ~ air. In Ibis case, the target opening degree
of the flow control valve 16 may be ixirrected in accorriance
with an operation state of the driving unit so that the
variation in the amount of tluid tlnwing into the heat core 17

so duc to variation in the operation state of the drivin unit can
bc fcstfictcrl.

Such changes aml modifications are to be understood as
being within Lhe scope of Lhe present invention as delined by
Ihe appeniled claims.

as What is claimed is.

l. An air mnditionin apparatus for a vehicle having an
cn inc, said air conditioning apparatus comprising

a water circuit through which water heated by the engine
circiilaLcs;

a water pump driven by the engine, said water pump being
disposed in said water circuit to circulate water in said
water circuit;

a heatmg heat exchanger, disposed in said water circuit,
for heating air by perfnmiing heat exchange betiveen
ivater in said water circuit and air passing therethrough;

a flow control valve which adjusts a flow amount of water
flowing into said heaung heat exchanger to adlust
temperature of air blown from said heating heat
exchanger, said flow cnntrnl valve includin a water
bypass passage through which water bypasses said
heating heat exchanger, and a pressure-response valve
for adjusting an opening degree of said water bypass
passage in accordance with prcssure of water supplied
from the engine by saiil water pump, aml

a control unit fnr controlling an openin degree of said
flow control valve tn becnme a target open in degree so
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that the flow amount of water flowing into said heaung
heat exchanger is controfled,

whcrcin said control unit corrects thc tar et opening
dcgrcc of said flow control valve in a direction for
reducing variauon in the flow amount of hot water
flowing into sairl heaung heat exchanger due to vana-
tton in a rotahon speed ol. the engine,

said control unit includes correction drterniining nicans
for dctcrmining whether or not a correction of the
opcnin dcgrce of said flow control vaive is necessary;
and

said control unit performs the correction of the target
npening degree nf said flnw control valve based on the
mean rotation speed of thc en inr rclativc to a prede-

16
termined time, when the rotation speed of the engine
decrcascs when thc correction determining means
determines that the correcnon of the opening degree of
said flow control valve is necessary

Z. The air comhnoning apparatus according to claim f,
wherein

said control unit immediately performs the correcuon of
the target opening degree of said floiv control valve,
when the rotation speed of the engine increases when
the correcuon determming-means determines that the
correcuon of the opening tlegree of saitl flow control
valve is necessary


