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VEHICLE AIR CONDITIONER WITH FLOW
AREA ADJUSTMENT OF FLUID IN

HL'ATIN('* HL'AT EXCHANGER

CROSS-REFERENCE TO RELATED
APPLICA11ON

This application is rclatcd to and claims priority from
Japanese Patent Applications No. 2001-277055 fileif on Sep. lu
12, 2001, No. 2002-174149 liled on Jun. 14, 2002, anil No.
2002-203985 filed on Jul. 12, 2002, the contents of. which
are hereliy incorporated by reference

BACKGROUND OF THE INVENTION
is

1. Field of thc Invention
The present invention relates to a vehicle air cnnditioner

for adjusting an air temperature blown intn a passenger
compartment by changing a ratin of a fluid flnwing area to
a non-fluid flowing area in a heating heat exchanger. Here, —.

a fluid such as hot water, used as a hcatin source, flows in
the flu)if tlowing area in the heaung heat exchanger, and no
fluul flows in the non-flu)if flowing area in the heating heat
exchanger.

2. Dcscnption of Rclatcd Art
Conventionafly, an air mixing system aml a hot-water

mljusting system are I nown as an air-temperature adfusting
system of a vehicle air conditioner. In the air mixing system,
an air temperature to be lifown ilito a passeliger cnmpart-
ment is adjusted using an air mixing dnor, by adjusting a
flowing amount ratio between hot air passing through a
heating heat cxchan cr and cool air bypassing thc heating
heat exchanger In the hot-water adfusung system, the air
temperature blown into the passenger compartment is
adjusted by adjusting a flowing amnunt or a temperature of
hot water to be supplied to the heating heat exchanger

In the air mixing system, an operational space of the air
mixing door or a mixing space for niixing cool air and hot
air is rcquircrl in addition to a mounting space of thc heating so
hest cxchangcr, thereby enlarging thc size of thc air condi-
tioner On the other hanrf, in the hot-water arfiusting system,
the mixing space anil the operation space of the air mixing
door in the air mixing system are not required. flnivever,
since the heat capacity of the heating heat exchanger is large,
thc air tcmpcraturc cannot fast respond to a change of thc
flowing amount or thc tcmperaturc of hot water flowing into
thc heating heat exchanger. Further, in a floiving-amount
adtusting system of the hot-water adjusting system, the
heating heat exchanger has the foflowing heat radiation so
characteristics That is, after a hot water valve is opened, as
the flowing amount of hot water floiving into the heating
hest cxchangcr incrcascs in a smali floiving amount range,
thc air tcmpcraturc from the heating heat exchanger is
rapidly incrcascd. Thcrcaftcr, as the flowing amount of hot ss
water tncreases, the air temperature from the heaung heat
exchanger is slowly tncreased. Therefore, it is difficult to
continuously adiust the temperature of air blown into the
passenger compartment from a low temperature range to a
high tcmpcraturc ran c. l l)

In order to solve thc problem, a hot ivater valve is required
to accurately adjust a flowing amount of hot ivater in
response to an operation strol e of. the hot water valve in a
small flowing amount range. However, in this case, prolfuc-
tion cost of the hot water valve is increased. Further, in the es
flowing-amount adjusting system, since hot ivater is sup-
plied to the heating heat exchanger using a hot water pump

driven by a vehicle engine, the air temperature temls to be
changed due to a rotational speed variation of the en ine
l'urther, the air temperature bloivn into the passenger com-
partment tern(s to be changed due to a flowing amount
variation of air passing through thc hcatin heat cxchangcr.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problem, and its object is to provide a vehicle air conditioner
ivhich can adjust temperature of air bloivn into a passenger
compartment by using an air mixing function while having
a rcduccd size.

Accorlhng to the present invenuon, in a vehicle air
conditioner, a heating heat exchan er for heatmg air using a
fluid flowing therein as a heatin source is disposerl in an air
conditioning case, anil a flow control member is rhsposcrl
ivithin thc hcatin heat cxchan cr to divirlc thc heating heat
exchanger into a lirst area where the fluid flows aml a second
area where the fluid does not flow. In addiuon, a rauo
between the first area and the second area is changed by the
floiv control member Accordingly, air is heated by the fluid
in the hrst area of the heating heat exchanger to become hot
air, and air passes through thc scconrl arcs of thc heating heat
cxchan er without being hcatcrl in thc second area. That is,
air flowing from the second area of the heaung heat
exchanger is cool air. Thus, by changing the rauo between
the lirst area and the second area in the heaung heat
exchanger usin the floiv control member, a flow ratio
betiveen a hot air amount and a cool air amount can be
arljustcd so that the tempcraturc of air blown into thc
passen cr conipartmcnt can be suitaf)ly arljustcd. Further,
because the flow control member is disposed in the heaung
heat exchange to control the fluid flowing area in the heaung
heat exchan er, an operauon space of an air mixing door in
a general air mixing system is unnecessary outside the
heating heat exchanger, and the size of the vehicle air
conditioner can bc rcatly rerluccd.

Preferably, thc heating heat cxchangcr has a plurality of
tuf)cs throu h which thc fluirl flows to heat air. Further, thc
flow control member is disposed to change a ratio between
a lira( number of. the tubes in which the fluid flows, an&i a
second number of the tubes in which the tluid does not floiv
Accordingly, the floiv ratio of the hot air amount and the cool
air amount can be readily changed usmg the flow control
mcmficr.

Prcfcrably, thc heating heat exchanger includes a core
portion having thc tubes, and a tank member for distnbuting
the fluid into and R)r collecting the fluid from the tubes, and
the flow control member is disposed in the tank member to
be movable in the tank member so that an inner space of the
tank member is partitioned in a tube arrangement direction
where thc tubes are arranged. Further, thc flow control
menibcr is nioved linearly in thc tube arrangemcnt direction
to change thc ratio f)ctwcen thc first numbm of thc tubes in
which the fluid flows, and the second number of the tubes in
which the fluid does not flow. Therefore, the flow control
member can be readily disposed in the tank member of the
heating heat exchanger while having the air mixing function

Specihcally, in this case, a screw rotation shaft extending
in thc tank member in thc tube arrangement rlircction is
disposed in the tank mcniber, and thc flow control member
is lined with an inner surf:ace of the tank member to form a
lilted state which prevents the llew control member from
being rotated relauve to the tanl member, while being
slidable on the inner surface of the tank member in the tube
arrangement direction. In addition, the tloiv control member
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is screw-connected lo the screw rotation shafi., to be linearly
moved in the tank member by a rolanon oi. Ihe screw rotation
shaft while thc fitted state is maintained. Preferably, thc tank
mcmbcr has a non-round sectionai shape, and the flow
control member has a shape corresponding to the non-round
sectional shape of the tank memlier More preferably, the
flow control member includes a valve member marie of. an
elastic malarial, anti a valve seat mrule of. a rigithty materutl
for fixing thc valve mcmbcr. In this case, thc valve niembcr
is disposed to press-contact the inner surface of Ihe tanl

16
member, and Ihe valve seat is screw-connected with Ihe
screw rotation shaft lo be separated from the inner surface of.

the tank member by a predetermined clearance
Alternatively, the fiow control member ts disposed in Ihe.

tank member to be rotatable amund a rntatinn axis that is
parallel to the tuiie arrangement direction ivhere the tubes
are arrangerl, and the floiv cnntrni member is rotated in the
tank mcmbcr to change thc ratio bctwccn thc first number of
thc tubes in which thc fiuid flows, and thc second number of
the tubes in which the fluid does not flow. Even in ibis case,
the air mixing iunction can be obtaineri by Ihe flow control
memiier disposed in the tank member of the heating heat
exchanger Specificall, in this case, the flow contrnl mem-
ber has a hollow-shaped portion opened at one end in the
axial direction, anil thc holiow-shaped portion is provided,,-
with an outcr pcnphcry facing to one-side top ends of the
tubes Further, the outer penphery of. the hollow-shaped
portion has a seal surface for closing Ihe one-side lop antis
of the tubes, and a recess portinn for opening the one-side
top ends of the tubes In addition, the recess portion is
provided in the hnilow-shaped portion to have a spiral shape
from onc cnd toward thc other cnd in the axial direction.
Prcfi:rably, thc heating heat exchanger further includes a seal
member disposed between Ihe seal surface of. the hollow-
shaped portion anti the one-side lop ends of the tubes, and
the seal member is disposed to press-contact the seal surface

Further, a dove shaft is disposeri al the other end of Ihe.

flow control member in the axial direction to protrude to an
outside of the tank member, and an operation member is
connected to the drive shaft at the outside of the tank
mcmbcr, for drivin thc drive shaft.

Preferably, the tank member includes an inlet tank for
distributing the tluid into the tubes and an outlet tank for
collcctin thc fluirl from thc tubes, and thc flow control
mcmbcr is rhsposcd in at least onr of thc inlet tank and the 66

outlet tank. Morc prrfi:rably, the heating heat cxchan cr is
one-way flow type in which Ihe fluid flows through the tubes
in one way from the inlet tanl lo the outlet tank.
Alternatively, the inlet tank and the outlet tank are disposed
at one end side of the core portinn to be arranged adjacently
in an air flowing direction, and thc heating heat exchanger
has a connection tank at the other end side of the core
portion, opposite to arrangemrnt positions of the inlet tank
and the outlet tank. In addition, the inlet tank and Ihe outlet
tank are thsposeri to communicate with the connecuon tanl
through the tubes, such that the fluid from the inlet tank
flows into the connectinn tank through the tubes, and flows
from thc connection tank into the outlet tank through the
tubes after bein U-turned in thc connection tank. Further,
thc connection tank has therein a plurality of spaces parti- so
tioned from each other ior each of the tubes arranged in Ihe.

tube arrangemenl iiireclion. Even in this case, the tempera-
ture of air blown intn the passenger compartment can be
suitably controlled using the tlow cnntrni member disposed
in at least onc of thc inlet tank and thr outlet tank. 65

Preferably, a pressure-inss increasing portinn is provided
in the air conditinning case to increase an air pressure loss

around a one lube among all the tubes, in which the fluid
tirstly tloivs Therefore, it can prevent the temperature of air
bloivn into the passenger compartment from heing rapidly
increased when an opening degree of the tloiv control
mcmbcr, for opening thc tuiics, is set at a vny small degrcc
from zero. Accordingly, tcmpcraturc control performance of
Ihe vehicle mr conilitioner can be efl'ecuvely improved.
Alternatively, amon ~ all the tubes, one lube into which lhe
fluid firstly tlows is disposed at an outermost side in the core
portion Even in this case, the same advantages can be
obtained

Preferably, the heating heal exchanger is disposeri in lhe
air conditioning case lo form a bypass passage in lhe air
conilitiomng case at least al one side of. Ihe healing heal
exchanger such that air tloivs through the bypass passa e
while bypassing the heating heat exchanger, and a bypass
door is disposed in thc air conditioning case for opcnin and
closing thc iiypass passage.

Preferably, a partiuon member is disposed in the air
conditioning case to partition the air passage at a down-
stream air side of the heating heat exchanger into a front
passage and a rear passage. I'urther, the floiv control member
includes a front control part disposcrl to independently
control thc tcmperaturc of air fioivin into the front passa c,
and a secoml control part disposed lo imiepenriently control
Ihe iemperalure of. air flowing into the rear passage
Therefore, the air temperature to lie blown into a front seat
area in the passenger compartment and the air temperature
to lie bloivn into a rear seat area in the passenger compart-
ment can lie independently controilcrl.

Preferably, a plurality of. ribs are disposed at a down-
stream mr side of lhe heaung heat exchanger in lhe air
conditioning case, for disturbing an air flow from the heating
heat exchanger Therefore, air mixing performance can be
improvcrl, anil a tcniperaturc dificrcnce in air blown into thc
passen cr compartment can be reducerl. Altcrnativcly, a
guide member is disposed al a tlownstream air side oi'he
heaung heat exchanger in the air comiiuoning case, for
guiihng one of air from the lirst area anti air from the second
area to a side of the other one. Even in this case, the air
Inixing perforlnance can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects anil advantages of. the present inven-
tion will be more readily apparent from the following
detailed description of preferred embodiments ivhen taken
together ivith the accompanying drawings, in which

FIG. 1 is a side view shoiving an air conditioning unit of
a vehicle air conditioner, in a comiiuon where a side case
part of an air condiuomng case is removed, accorihng lo a
lirsl embodiment of the present invention,

FIG. 2 is a front view showing a heater core of thc vchiclc
air conditioner accordin to thc first embodiment;

FIG. 3 is a control charactenstic graph showing a rela-
tionship between an air temperature lo be blown into a

passenger compartment and an open degree of an air mixing
door in a comparison example, and a relationship lietween
thc air tcmpcrature anil a displacement stroke of a flow
control member accordin to thc first embodiment;

FIG. 4 is a side view showing an air conditioning unit in
a condition where a side case part of an air conililioning case
is removed, according to a secomi embodiment of lhe
present invention;

I'IG. 5 is a front vieiv.showing a heater core according to
a third embodiment of the present invention;



US 6.679,434 B2

FIG. 6A is a front view showing a heater core according
to a fourth embodiment of the present invention, lflG 613 is
a side view showing the heater core in HG 6A, and FIG. 6C
is a plan vieiv showing the heater core in ILIG 6A;

I'l(i 7 is a side view showing an air conditioning unit in
a condition ivhere a side case part of an air conditioning case
ts rcmovcd, according to a fifth embodiment of the present
invention;

I'IG. 8 is a front view showing a heater core according to
thc tifth cmbodimcnt; 1 it

I'l(i 9A is a front view showing a heater core according
to a sixth embodiment of the present invention, and I'l(i 913

ts a sitlc view showin thr heater core in FIG. 9A;
I'IG. 10 is a side view showing an air conditioning unit in

a condition where a side case part of an air conditioning case 16

is rcmovcd, according to a seventh embodiment of thr
prcscnt invention,

FIG. 11 is a side view showing an air conditioning unit in
a condition whcrc a side case part of an air conditionin case

o
ts rcmovctl, according to an eighth embodiment of the
present invention,

FIG. 12 is a front view showing a heater core according
to the eighth embodiment;

FIG. 13Ais a front view showing a hcatcr core according as
to a ninth cmbodimcnt of the present invention, and FIG.
13B is a side view showing lhe heater core in FIG. 13A,

FIG. 14 is a side view showing an air conditionin unit in
a condition where a side case part of an air conditioning case
is removerl, according to a tenth embodiment of the present
inventton;

FIG. 15 is a schematic thagram showing an arrangement
of nbs in a heater core, according lo lhe tenth embodimeni;

FIG. 16 is a graph for explaining an advantage according
to the tenth embodiment, 36

FIG. 17 is a schematic sectional viciv shoiving an air
conditiomn unit in a comparison example of thc tenth
emboihment,

FIG. 18 is a side view showing an air conditionin unit in
a condition where a side case part of an air conditioning case
is removerl, according to an eleventh embodiment of lhe
present invention,

FIG. 19 is a graph for explaining a problem to be solved
in a twelfth embodiment of the present invenuon,

FIG. 20 is a partial front view showing a part of a hcatcr 66

core, for explaining the problem lo be solved in twelfih
embodiment,

FIG. 21 is a schematic diagrani showing a temperature
distnbution of. air blown lrom the heater core, for exphiining

60
the problem to be solved in twelfth embodiment,

FIG. 22 is a peru el sectional view showing a pressure-loss
increasing portion in an air conditioning unit accordin ~ Lo

the twelfth emboihment,
FIG. 23 is a sectional view showing a main part of. a

pressure-loss increasing portion al a center of. a heater core.
according to a thirteenth emboihment of. Lhe present inven-
tion;

FIG. 24 is a front view showing a part of a heater imre
according to a fourteenth emliodiment of the present inven-
tion,

FIG. 25 is a partial sectional view showing a combinauon
structure of a pressure-loss increasing portion and a heater
core in an air conditioning unit according to a fifteenth
cmbothmcnt of thc present invention; 66

I'l(i 26 is a front view shoiving a heater core according
to a sixteenth embodiment of the present invention;

FIG. 27 is a perspective view showing a flow control
member (rotatin valve mechanism) accordin to the six-
teenth embodiment;

FIG. 28 is a front view shoivin a hcatcr core according
lo a seventeenth embodiment of the present invention,

I'IG. 29 is a front view showing a heater core according
to an eighteenth embodiment of the present invention;

I'IG. 30 is a side view shoiving an air conditioning unit in
a condition where a sirlc case part of an air conrlitioning case
is removctl, according to a ninctecnth embodiment of the
present invention,

FIG. 31A is a schematic diagram showing an arrangement
of. a hotsur dividing door and a cool-air dividing door
according to the nineteenth embodiment, lrl(i. 3133 is a
schematic diagram shoivin an operation position of the
cool-air dividing door, and I'l(i 31C is a schematic diagram
showing an operation position of thc hot-air tlivirling rloor;

FIG. 32 is a side viciv showing an air conrlitioning unit in
a condition where a side case part of an air contlitioning case
is removed, according to a Lwenueth embodiment of Lhe

present invenuon,
I'IG. 33 is a sectional view shoivin a main part of a heater

core according to a twenty-first embodiment of the present
invention;

FIG. 34 is a sectional view taken alon linc XXXIV
XXXIV in FIG. 33;

FIG. 35 is an enlarged sectional view showing a main part
of. a shaft support part in FIG. 33, and

FIG. 36 is an enlarged perspecuve view showing Lhe shalt
support member shown in FIG. 35.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Prcfcrrcd embodiments of the prcscnt invention will bc
describctl hcrcinaftcr with rcfi:rcnce to thc accompanyin
drawmgs.

(First Embodiment)
In the lirst embodiment, an air contlitiomng unit I of a

vehicle air condiuoner is disposed inside a dashboard
approximately at a center in a vehicle nght-left direction
Further, the air conditioning unit I is disposed to be posi-
tioned as shown in FIG. I in a vehicle up-down dircchon and
a vehicle front-rear direction. The air conditioning unit I
includes a resinous air conditioning case la rlcfining an air
passage through which air flows into a passenger compart-
ment. In the lirst embothment, the air comhtioning case la
is partitioned to two portions in the vehicle right-left direc-
tion I'l(i I shoivs an attachment surface of a ri ht case
mcmbcr of the air conditioning case la after a left case
mcmbcr is rcmovcd.

An air inflow space 2 is provided in the air conditioning
case la at thc most front sitlc, and air is bloivn into thc air
infloiv spam 2 by a blower unit (not shown) tlisposcd inside
lhe dashboard olfset from the air conditioning unit I Lo a side
of. a lronl passenger seat. Here, Lhe blower umt blows air that
is selectively introduced lrom an outside air introducuon
port for introducing outside air, and an inside air introduc-
tion port for introducin inside air An evaporator 3 and a
heater core 4 arc dispose(I in the air conrlitioning case la
from its upstream air side to a doivnstream air side in this
order. Further, Lhe evaporator 3 arul the heater core 4 are
disposed in parallel to each other m the vehicle up-down
direction while being separated from each other by a small
clearance C of approximate 30 mm Since each of the
evaporator 3 and the heater core 4 is disposed to cover an
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entire cross section of the air passage in the air conrlitioning
case la, all air flowing intn the air inflnw space 2 passes
thrnugh both the evaporator 3 and the heater core 4

Thc evaporator 3 of a refrigerant cycle is used as a cooling
heal exchanger for cooling mr in the air conditioning case.
ln. In the refngerant cycle, refngerant is evaporaterl in the.

evaporator 3 by absorbing heat passing through the air
conditiomng case la, sn that air is cooled in the evaporator
3 On the other hand, the heater core 4 is used as a heating
heat exchanger for heating air in thc air conditioning case
fa. Thc heater core 4 heats air using hot water (rnginc-
cooling water) as a heating source.

Plural air outlet npenings 5—7 are provided in the air
conditiomng case ln at a downstream air side nf the heater
core 4 (i.c., at thc vchiclc rear side). Thc air outlet openings is

5 —7 include a dcfrostcr opening 5, a face opening 6 and a
foot opening 7. Thc defroster opening 5 is located at an
upper portion in the air conditioning case fa, aml is con-
necterl to a defroster duct (not shown). Conditioned air is
blown from a downstream end of the defroster duct toward o

an inside surface of a windshield. I'he face opening 6 is
located at the upper portion in the air conditioning case la
on thc vchiclc rear siCh, and is connected to a face duct (not
shown). Conditioned air is blown from a downstrcani end of
the face duct toward the upper half body of. a passenger in
the passenger compartment. The foot opening 7 is located on
the right and left side surfaces of the air conditioning case la
at the vehicle rear side. Conditioned air is blown toward the
foot area of a passenger on the front seat through the foot

I)opl;iilti'.
The rlefroster opening 5 anil the face opening 6 are opened

anil closeil by a common mr outlet mode door (not shown,
DLI'/IACL'ode donr) In the first embodiment, the DLI
Itg(:L'nde door is constructed by a resinnus film door,
thereby reducing thc size of thc air conditioning case la,
cspccially, thc size in the vchiclc front-rear direction. Thr
foot opening 7 is openeil and closerl by a foot mode door (not
shown) separated from the DEFiFACE motte door. For
example, the foot mode door can be consiructed by a plaie
door The DL'I'/I'ACL'ode door and the foot mode dnnr are
operatively linked to an actuator including a serviiliiotor
through a link mechanism (not shown), and the plural air
outlet openings 5—7 arc opened and closed by the actuator
through the air outlet motte doors. as

In the first embodiment, as shown in I'IG 2, the heater
core 4 includes a hot-water inlet tank 41 at one end side in
the vehicle right-left directinn, and a hot-water outlet tank 42
at thc other cnd side in the vehicle right-left direction. Both
of thc tanks 41, 42 arc disposed to extend in thc vehicle
up-down direction (vertical direction), anil a heat-exchange.
core portion 43 is disposed between both the tanks 41, 42.
In the heat-exchange core pnrtion 43, tlat tubes 44 each
having a flat cross-section are disposed to extend in the
horizontal direction. One end ot'each flat tube 44 is made to
communicate with thc inlet tank 41, and thc other end of
each flat tube 44 is made to communicate with thc outlet
tank 42 The flat tubes 44 are disposerl in parallel with each
other, aml the corrugate lins 45 are disposed between adta-
cent two flat tubes 44. Both ends of each flat tube 44 are
integrated tn bnth tanks 41, 42, and each flat tube 44 is
integrated to each corrugate tin 45, by brazing

Awater inlet 46 is provideil in the inlet tank 41 at a lower
end, anil a water outlet 47 is provided in the outlet tank 42
at an upper anil. Therefore, hot water flows from the water as
inlet 46 into the inlet tank 41, and is distributed into the
plural flat tubes 44 of the heat-exchange core portion 43

from the mlet tank 41. Then, the hot water passes through
the plural tlat tubes 44 in parallel, and tloivs into the outlet
tank 42 to be collected therein That is, in the first
embodiment, the heater core 4 is constructed as a one-way
flow hcatcr core whcrc hot water flows in a onc rlircction
from thc inlet tank 41 to thc outlet tank 42. Thc components
41, 42, 44, 45, 46, 47 of. the heater core 4 are made of an
alummum matenal, and are integraterl by the brazing. A
water inlet pipe 48 shoivn in I'IO I is connected to the water
inlet 46 of the heater core 4, and a water outlet pipe 49
shown in Fl(i I is connected to the ivater nutlet 47 I'he
water pipes 48, 49 are conncctcd to a hot watn circuit of thc
vchiclc cn inc. Herc, a nicchanical pump (not shoivn) driven
bv a vehicle engine is provideil in the hot water circuit, and
hot water (cooling water) from the vehicle engine is circu-
lated by the mechanical pump into the heater core 4

An actuator 50 is attached to thc inlet tank 41 at an end
opposite to the water inlet 46, that is, at an upper cnd. Thc
actuator 5U is constructed by a servomotor operated with
rotanon an les (operation angles) that can be controllerl
based on an electnc signal. A reducuon gear (not shown) is
engaged with a motor output shaft (not shown) inside the
actuator 50, and a screw rotation shaft 51 is rotated by the
rcrluction car of the actuator 50. Thc screw rotation shaft 51
is made of a resin or a metal. The screw rotation shaft 51 has
a male screw portion on its outer peripheral surface. The
screw rotauon shalt 51 is disposed to extend along enure
length of. the inlet tank 41 in its longitudinal direcuon, that
is, in an arrangement direction of the plural tlat tubes (in the
vehicle up-down direction)

A plate-shaperl flow control nicmbcr 52 is movably dis-
posed in the inlet tank 41, aml its center is auached to the
screw rotation shaft 51 by screwing. The flow control
member 52 moves in the inlet tank 41 linearly in the
longitudinal direction of the inlet tank 41. The flow control
member 52 partitions an inner space of the inlet tank 41 into
two space parts in thc ion iturlinal direction of thc inlet tank
41 (tube arrangenicnt rlircction), and controls a flow of hot
water by changing its partiuon posinon.

More specitically, the tlow control member 52 is formed
from a rubber- roup elastic material into a plate like corre-
spondin to an approximate elliptical cross-section shape of
the inlet tank 41. An outcr pcriphcrai portion of thc flow
control member 5Z is ehistically pressed to an inner surlace
of. the inlet tank 41, so that the inner space of the inlet tank
41 can be waier-tightly partitionetl into two space parts
I'urther, since the cross-section shape of the inlet tank 41 has
a non-circular shape such as an approximate elliptical shape,
thc flow control nicmbcr 52 is not rotated relative to thc
inner surface of the inlet tank 41. Therefore, when thc screw
rois/ion shaft 51 is rotaied, ihe flow control member 52
moves in the longituilinal direction of the inlet tank 41 due
to the screw connecnon with the screw rotation shaft 51.
Thus, the floiv control member 52 can be moved to a
required position in the inlet tank 41 by controllin a rotation
direction of thc actuator 50 and a rotation angle thcrcof.

After the aluminum components 41, 4Z, 44, 45, 46, 47 of
Ihe heater core 4 are assembled to each other by the integral
brazing, the screw rotation shaft 51 and the flow control
member 52 are attached to the inlet tank 41 from an opening
provided at the upper end of the inlet tank 41 Thereafter, the
opening at thc upper encl of the inlet tank 41 is scaled by the
actuator 50 throurh an elastic seal mcmbcr (not shown).

The rotation direction of. the actuator 5U aml the rotauon
angle thereof are controfled by a signal output from an
air-conditioning electronic control unit 53 (Ai(''('U) I'he
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In Ihe formula (2), the target partition posiuon SW of Ihe so

flow control member 52 is indicaleri by percentage such that
the target partition position SW is 0'7n at a maximum cooling
position (i e., broken line position MG at the lower end in
FIG. 2) of thc tiow control member 52, and the target
partition position is 100~»n at a maxinium heating position ..
(i.e, broken 1&ne position MH at the upper end in FIG. 2) of
the flow control member 52.

When the calculated target partition position SW of Ihe.

flow control member 52 is 0'yn (maximmn coniing position)
in the air-conditinning electronic control unit 53, the rotation
direction of thc actuator 50 (screw rotation shaft 51) and thc
rotation an lc thereof are dctemiincd based on signals
output from Ihe air-conihlioning electronic control un&L 53.
Then, the screw rotation shatl 51 is rolaleri by the actuator
50, anil the flow control member 52 moves to Ihe lower enrt ss
position M(l shnwn in I'I(» 2. I'hus, the floiv control
member 52 closes a passage at the Inwer end Bvater inlet 46)

air-i:onditioning electronic control unit 53 is constructed by
a micrncomputer and its peripheral circuit, and performs
predetermined nperations based on a predetermined pro-
gram to control operations of air-conditioning apparatuses
Detection si nels are input to thc air-conditioning electronic
control unit 53 from a sensor group 54. Thc sensor group 54
includes plural sensors for detecung an inside air tempera-
ture Tr, an outside air temperature Tam, a sunlight amount Ts
entering into the passenger cnmpartment, a hot &vater tem-
perature Tw flnwing into the heater core 4, a temperature io
(post evapnrator temperature) I'e of air bloivn from the
evaporator 3 and thc like. Operation signals arc input to the
air-conditioning electronic control unit 53 from an operation
switch group 56 of an air-conditioning control panel 55
disposed around Ihe dashboard in the passenger compart-
ment. 'I'he operatinn switch group 56 includes a temperature
setting switch for generating a temperature setting signal
(corresponding to a set temperature I'set), an air bloiving
amount switch for gcncrating a l&iowing-aniount switching
signal, an air outlet mode switch for gcncratin an air outlet oo

mode signal, an inside-ouL&ide air iniroducuon switch for
generating an inmde-ouitnite air switching signal, an air-
conditioning switch for generating a compressor ON-Obp
signal, an autnmatic switch for setting an automatic state of
air-conditioning control, and the like zs

Next, operation of thc vehicle air conditioner according to
thc hrst cmbodimcnt will bc described. A target air tcmpera-
turc TAO is calculated by the air-conditioning electronic
control unit 53, aml is used as a basic control value for
performing an automatic air-conriilioning control. The Largel
air temperature I'AO is an air temperature required for
maintaining the air temperature in the passenger cnmpart-
mcnt at thc sct tempcraturc Tact sct by the temperature
setting switch of thc air-conditionin control panel 55,
rcgarillcss of thermal load fluctuation of air-conditionin .

The target air temperature TAO is calculated based on Ihe
following formula (I).

Tin=('»et T»er-Kn Tn— K&n» TeasK» I»+C

so
wherein, Kset, Kr, Kam and Ks are control gains, and G

is a correction constant
A target partition position SW of the floiv control member

52 is calculatcil based on thc following forniuia (2) using the
target air tcmpcraturc TAO, thc post evaporator temperature „s
Te immediately after Ihe evaporator 3, and the hot water
temperature Tw flowing into Ihe healer core 4.

of. Ihe inlet lank 41 of the healer core 4. As a result, no hot
water flows in all the tlat tubes 44 of the heater core 4, and
air is not heat-exchangcrl ivith hot water in an entire air
passage arcs (clearance portions bctwccn thc flat tubes 44
and the corrugate fins 45) of the heat-exchan e core portion
43 That is, the entire air passage area of the heat-exchange
core poruon 43 tuncuons as a m&ol air passage through
which air cooled by the evaporator 3 (cool air) passes while
bein not heated.

When thc calculated target partition position SW of thc
flow control member 52 is a value bet&veen 0% (maximum
cooling position M(') and 100'77, (maximum heating position
MH), Ihe rot anon direction of lhe actuator 50 (screw rolauon
shaft 51) anil Ihe rotauon angle thereof are delermineil based
on signals output from the air-conilitioning clcctronic con-
trol unit 53. Then, the screw rotation shaft 51 is rotated by
the actuator 50, and the flo&v control memi&er 52 moves to a
position het&veen the maximum cooling position M(: and the
maximum healing position MH. For example, the tlow
control member moves lo the intermediate position inriic sled
by thc solid linc in FIG. 2. In this case, since thc water inlet
46 of the inlet lank 41 of. the heater core 4 is opened, hol
water flows into ihe inlet tank 41 by the hot water pump (nol
shown) through the inlet pipe 45 and the &vater inlet 46
Since the inner space of the inlet tank 41 is partitioned hy the
flo&v control member 52 into the upper and lower space
parts, hot water flows into thc flat tubes 44 not in an area B
higher than thc flo&v control nicmbcr 52 (at a sirlc of the
water outlet 47) bul only in an area A lower than the flow
control member 52 (at a side of Ihe water inlet 46).

Accordingly, the air passage of the heat-exchange core
portion 43 in the area A to&ver than the tlo&v cnntrol member
52 functions as a hot air passe e where air is heated by hot
&vatcr. Further, the air passa c in thc area B hi hcr than thc
flow control men&bar 52 functions as thc cool air passage
Ihrough which m&ol mr only passes while being not heated.
The part&non posiuon of the flow control member 52 is
controlled based on the signals output from the air-
conditioning electronic control unit 53. 'I'herefore, a flow
amount ratio between hot air passing through the area A and
cool air passing through thc area B can be controlled in thc
hcatcr core 4, thcrcby controlling thc tcmpcraturc of air
blown into ihe passenger compartment at the target air
temperature TAO. Accordingly, the temperature adlusun ~

funchon in an air mixing sysiem can be obtained without
using an air mixin door. I urther, smce the temperature
adjusting function can be obtained by adjusting the partition
position of thc flow control member 52 contained in thc inlet
tank 41, it is unnecessary to provide an air mixing door in
Ihe air comhuomn ~ case 1 outside lhe heater core.

Thus, as shown m FIG. 1, the heater core 4 can be
disposed al a downstream air side of Ihe evaporator 3, in
parallel with the evaporator, and adjacent to the evaporator
3 Therefore, the size of the air conditioning unit I can be
largely reduced in the vchiclc front-rear direction, in the first
cmbodinicnt. Further, since cool air can t&c macle to pass
through the heater m&re 4 while being not heated, il is
unnecessary lo provide a cool air bypass passage in lhe air
condiuomn ~ case fo outside Ihe healer core 4. Therefore, the
size of the heater core 4 can be enlarged to the size of the
evaporator 3 while the air mixing function can he obtained
As a result, a prcssure loss during a heating operation can bc
largely reduced than a gcncral air mixing system ivhcrc a
cool-air bypass passe e is provideil outsirie the heater core
4, thereby largely increasing an air flowing amount dunng
Ihe heaung operation.

Since both of cool air and hot air pass through the air
passage in the heater core 4, the cool air and the hot air flow
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mljacent to each other at the downstream air side of. Ihe.

heater core 4, thereby increasing a contact area between Ihe
cool air and thc hot air. Therefore, mixing performance
bctwccn thc cool air and the hot air is further improved, a
mixing chamber for mixing the cool air and the hot air can
l&e reduced. Accnrdingly, the size of the air conditioning unit
I can be further reduced.

Further, the temperature adtusting function is also
improvccl In a gcncral air mixing system usin the air mixing
door, a flow amount ratio bctwcen thc hot air passing iu
thrnugh the heater cnre and the cont air passing through a
cool-air bypass passage provided outside the heater core is
controllecl by the mr mixing door. Therefore, in the general
air mixing svstem, Ihe flow amount of. hot air is reduced as
compared with thc flow amount of coni air. In FIG. 3, Il
shows thc air tcmpcraturc blown into thc passenger com-
partment in the general air mixing system using the air
mixing door. In this case, the air temperature is not changed
proportional to an operation strol e (open degree) of Ihe, air
mixing door, aml Ihe Tt is curved in an arc shape to a lower
side. Thus, linearly temperature-contrnlling characteristics an

is recluced.
On the other hand, T2 shows the air temperature blown

into the passenger compartment in the first embodiment, and
is changed in prnportinn tn the operation stroke nf the flow
control member 52 'I'hat is, accnrding to the first zs
cmbodimcnt, the air passage of thc heat-exchange core
portion 43 is divided into a hot air passage portion (i.e., arcs
A at the lower side ot: the flow control member 52) where air
is heated, anil a cool air passage portion (i.e., area B at Ihe.

upper side of the flow control member 52) where cont air .in

passes as it is while heing not heated I'herefore, the pressure
loss in the hnt air passage potion is identical to that in the
cool air passa c portion. Accordingly, thc air temperature to
bc blown into the passenger cnmpartment can bc made
proportional to the operation strol e (parution posiuon) of. &3

the liow control member 52 as indicated by Ihe line T2 in
FIG. 3, thereby reaclily accurately controfling the air tem-
perature.

(Second Eml&ndiment)
In thc above-described first embodiment, the heater core sn

4 is chsposcd to cross the entire scctinn area of thc air
passage in the air conditioning case ln so that afl air from Ihe.

evaporator 3 passes through the heater core 4. However, in
the secoml embodiment, as shown in FIG. 4, Ihe height of
the heater core 4 is made smaller than that of the evaporator as
3, and a cnnl-air bypass passage 60 is prnvided above the
hcatcr core 4 in thc air conditionin case ln. Thc cool-air
bypass passage 60 is opcncd and closed l&y a bypass door 61,
and Ihe bypass door 61 is driven by an actuator (not shown)
controlled by Ihe air-conchtioning electronic control unit 53. so

When Ihe cool-air bypass passage 60 is opened by the
bypass dnor 61, encl air having passed thrnugh the evapo-
rator 3 can be directly introduced to at least nne of the
dcfrostcr opening 5 and thc face npenin 6 through the
cool-&ir bypass passage 60.

In an air outlet mocle such as a foot,'defroster mode where.
the clefroster opening 5 aml Ihe foot opening 7 are opened at
the same time aml a bi-level mode where the face opening
6 and the foot opening 7 are opened at the same time, air is
blown intn the passenger compartment at both nf the upper sn
ancl lower sides at thc same time. In this air outlet mode, an
amount of cool air, introduced to thc dcfrnster opening 5 or
the tace opening 6, is mltusted by adjusting the open degree
of the bypass cloor 61, so that the air temperature Io be blown
to the upper side in the passenger compartment aml the air ss
temperature tn be blown to the in&ver side in the passenger
compartment can be independently controlled

In the second embodiment, the structure ot: the heater m&re

4 is similar to that in the above-described lirst embodiment,
and clctail description thcrcot's omittcch In thc second
cmboclimcnt, bccausc the heater core 4 can bc dividecl into
the air-heating area and the nnn air-heating area, the sec-
tional area nf the encl-air bypass passa e can be made
smaller.

(Third Embodiment)
In thc above-described first ancl second embodiments, thc

flovv control member 52 is movably disposecl only in the
inlet tank 41 of the heater core 4. However, m the third
embodiment, as shoivn in I l(i. 5, tivo flow control members
52n, 526 are movably disposed in the inlet tank 41 and the
outlet tank 42 of the healer core 4, respecuvely. Therefore,
two actuators 50n, 50b and tivo screw rotation shafts Sln,
5lb arc disposed for thc flow control mcmbcrs 52n, 52b,
respectively

Accordingly, in the third embodiment, the tloiv control
members 52n, 5ZI& can be inclepenclently moved to desired
positions by Ihe actuators 50n, 50b, respecuvely. Therefore,
thc tloiv amount ratio between thc hot air and thc cool air,
Ihat is, the number ratio between the water-flowing tlat tubes
44 where hot water flows and the non-water-flowing tlat
tubes 44 where no hot water tin&vs can be adjusted as in the
first embndiment. In addition to this functinn, the positions
of the water-tlowing flat tubes 44 where hot water tin&vs can
bc art&itrarily sct.

For example, as shown in FIG. 5, a first tube area (hot air
passage portion) A where hot water tlows is set in the
heat-exchange core poruon 43 of the heater core 4 at a center
area in the up-down directinn I'urther, a secnnd tube area
(encl air passage portion) 13 ivhere no hnt water flows is set
at the upper and lower sides of the tube area A in the
heat-cxchangc core portion 43 of thc heater core 4.
Thcrcforc, a three-layer flow, where a hot air stream is
samlwiched between the two cool air streams, can be
formed, thereby increasing a contact area between the hot air
and the cool air, and improving mixing performance ther-
ebetween

In an air outlet mode ivhere air is blown into the passenger
compartment at both thc upper and lower sides at thc same
time, for example, in thc foot dcfrostcr moclc or thc bi-kvcl
mode, a temperature dilference between air blown towarcl
Ihe upper side in the passenger compartment anil air blown
toward the lower side in the passenger compartment can be
arbitrarily set by adjusting positions nf the flow control
members 52n, 52/&

In the third cmbodinicnt, thc hcatcr 4 can t&c disposccl in
thc air conditioning case ln as in thc tirst cmbodimcnt
shown in FIG. 1, or can be chsposed in the air concliuoning
case tn as in the second embodiment shown in FIG. 4

(Fourth Embodiment)
In the above-described hrst tn third embndiments, hot

water tlnws in one ivay from the inlet tank 41 to the outlet
tank 42. Howcvcr, in thc fourth embodiment, hot water flows
in thc heater core 4 ivhile being turned in a U-shape in an air
liow three(ion D, as shown in FIGS 6A—6C Specifically,
Ihe inlet tank 41 aml the outlet lank 4Z are disposed at one
end side of Ihe healer core 4 in the vehicle nght-lett
direction, tn be arranged adjacent to each nther in the air
flow direction D. As shown in I l(iS 613, 6G, the outlet tank
42 is disposed at an upstream side of the inkt tank 41 in thc
air flovv direction D, thereby improvmg heat-exchange ctfl-
ciency between air aml hot water. Here, the flat tubes 44 are
composed of plural lira( tubes 44n chsposed at a downstream
air stile to communicate with Ihe mlet tank 41, and plural
second tubes 446 disposed at an upstream air side of the first
tubes to communicate with the outlet tank 42.
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In the healer core 4, a connecnon tank 62 for the U-turn
of hot water is d&sposed at the other side of the heat-
exchange core portion 43 in the vehicle right-left direction
As shnwn in I'IG 6(', both nf the first tlat tubes 44a and the
second flat tubes 44b arc disposed in parallel to each other
in thc air flow ihrcction D, rcspcctiveiy. Onc ends of thc first
flat tubes 44a at the downstream mr s&rfe commun&cate v:&ih

the inlet lank 41, and the other ends thereof. commun&cate
w&th the connectinn tank 62 One endssnf flat tubes 44/& at the
upstream air side communicate with the outlet tank 42, and io
the nther ends thereof co&nmunicate with the connection
tank 62.

Apartition portion 62a is provided in thc connection tank
62 for every pair of Ihe first and second flat tubes 44a, 441&

adjacent to each other in the air flow direct&on. Therefore,
hot water flowing in the flat tubes 44a, 44b adjacent to each
other &n the lnngitudinal directinn of the connection tank 62
(up-down d&rection) is U-turned without being mixed with
each other in the connection tank 62. Similariy to thc first
cmboihmcnt, thc screw rotation shaft 51 driven by thc oo

actuator SU aml the flow control member 52 connected to Ihe
screw rotation shaft 51 by Ihe screv:&ng are d&sposed in Ihe
inlet tank 51

Also, in the fourth embodiment, a ratin of the lirst tube
area (hnt-air passage portion) A to the second tube area "s

(cool-air passe c portion) B is adjusted by displacin the
flow control member 52 in thc tank iongitudinal direction.
Therefore, the a&r temperature lo be blown into ihe passenger
compartment can be arft usted by adjust&ng &he position of Ihe.

flow control member 52, similarly to the above-described .&o

first embnrliment. further, since the heater core 4 is con-
structed so that hnt water U-turns at upstream and down-
stream sides in thc air flow direction D, thc water inlet 46
and thc water outlet 47 are colicctivcly disposed at one side
of the healer core 4 in Ihe nght-left direction. Therefore, Ihe &s

water pipes 48, 49 (FIGS. 1, 4) can be re;uhly arrange&I
relative to Ihe heater core 4.

Even in the fourth embodiment, the flo&v control members
52a, 52b described in the third embodiment (I'IG 5) can be
movably ihsposcd in thc inlet tank 41 and thc outlet tank 42, so
rcspcctivcly In this case, since thc actuators 50a, 50b are
disposed adlacent to each other, electnc w&ring can be.

readily arranged for the actuators 50a, SUb. Accord&ngly,
mount&ng performance of Ihe healer core 4 lo lhe air
conditiomng case la can be impmved, and an exchange as
operation nf the heater core 4 can be readily perfom&ed after
thc air conditioner is mounted on the vehicle.

(Fifth Embod&ment)
In the thirrf ambo&limen&, the flow control members 52a,

52b are movably rfisposed &n the inlet tanl 41 and Ihe outlet so

tank 42, respect&vely, aml the three-layer a&r flow where Ihe
hot air is bet&veen the upper encl air and the lower cool air
&s formed I lowever, in the fifth embodiment, the three-layer
air flow is formed only by using thc onc flow control
mcmbcr 52.

Specifically, as shown &n HG. 8, Ihe healer core 4 &s

constructed as the one-way flow healer core where hoi water
flows in one d&rection from Ihe inlet lank 41 to Ihe ou lie& lani
42 as in the first embodiment (11G. 2) I fo&vever, in the fifth
embodiment, the water inlet 46 is provided on the inlet tank 4&

41 at thc upper end. That is, in thc fifth embodiment, both of
thc water inlet 46 and thc water outlet 47 are provided at thc
upper enrf of Ihe heater core 4. As shown &n FIG. 8, ihe flow
control member 52 is prov&derf only in the inlet lani 41 of.

the heater core 4, anrf the actuator SU lor moving ihe flow ss
control member 52 thrnugh the screw rntation shaft 51 is
provided at the lower end of the inlet tank 41.

In addition, &n Ihe lifth embodiment, ihe hei ht of the
heater core 4 is made smaller than that of the evaporator 3
as in the second embodiment (l&I(h 4), and the cool-air
bypass passage 60 described in the second embod&ment is
provided above the heater core 4 as shown in FIG. 7. Thc
cool-air bypass passage 60 is opened and closed by thc
bypass door 61, aml the bypass door 61 is driven by an
actuator (noi shown) controlled by the air-conrlinoning
electronic control unit 53.

In the fifth embodiment, the bypass door 61 &s controlled
by the air-conditioning electronic control unit 53, to be
opcrativcly linked with thc position control of the flow
control men&bcr 52. Specifically, &vhcn thc flow control
member 52 &s moved at Ihe upper end, that &s, at the
maximum coohng position MC in FIG. 8, the bypass door 61
is operated at a fully open position indicated by sohd lines
in 11G 7 When the tlow control member 52 mnves from the
maximmn coolin position MC at Ihe upper end in I'IG 8 to
a lower side position, thc open dc rcc of thc bypass door 61
is reduced with this movement of thc flow control member
5Z. When the flow &x&nlrol member 5Z reaches the lower end,
Ihai &s, Ihe max&mum heating position MH in FIG. 8, ihe
bypass door 61 is rotated to a fully close pos&tion indicated
by broken lines in I IG 7 &vith the movement of the flow
control member 52

When the flo&v control mcmbcr 52 moves to thc interme-
diate position indicated by solid lines m FIG 8, thc bypass
door 61 &s operated to a predeterm&ned pos&uon w&th an
miermediale open degree. Therefl&re, hot air passes through
the upper area (hot-air passage portion) A of the heater mre
4, and cool air passes through the lower area (cool-air
passage portion) B of the heater core 4. Simultaneously, mol
air passes throu h thc cool-air bypass passage 60 provide&I
above thc hcatcr core 4. Accordin ly, thc thrcc-layer air
flow, where the hoi a&r is sanilwicheil between the upper cool
a&r anil Ihe lower cool air, can be formed, &hereby improving
m&xing performance between the hot air and the cool a&r.

When the opening degree of the bypass door 61 &s

controlled independently with the operation posit&on control
of thc flo&v control n&cmbcr 52, thc air tempcraturc blown
to&vard the upper side in the passengn compartment and thc
a&r temperature blown Inward lower side in Ihe passenger
compartment can be independenfly controlled &n an a&r outlet
mode such as the loot&defroster mode aml the bi level mode
That is, the cool-air bypass passage 60 and the bypass door
61 can be used not only for improving mixmg performance,
but for indcpcndcntly controlling the air tempcraturcs blown
toward thc upper and lower sides in the passenger compart-
ment.

(S&xth Embod&ment)
In ihe above-descnbed fifth embodiment, the heater core

4 is constructed as the one-way flowin type where hot water
flo&vs in one direction from the inlet tank 41 to the outlet tank
42. However, in thc sixth embodiment, the heater core 4 is
a U-turn type hcatcr core whcrc hot water U-turns in the air
flow direction D as in ihe fi&urth embod&ment (FIGS.
6A—6C). As shown in FIGS. 9A, 9B, &n ihe s&xih
embodiment, although ihe U-turn type heater core &s used as
the heater core 4, the &vater inlet 46 is located at the upper
end of the inlet tank 41, and the actuator 50 is provided at
thc lower cnd of thc inlet tank 41, rliflercntly from the fourth
embodiment (FIG. 6).

Accord&ng io ihe s&xth embodiment, in the U-turn type
heater core 4, ihe hot-air potage portion in which hot water
flows can be provided m ihe upper area A in the heat-
exchange core portion 43 of the heater core 4, and the
cool-air passage portion in which no hot water flows can be
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provirled in the lower area B thereof, Accordingly, when the.

heater cnre 4 shoivn in I'I(iS. 9A, 90 is mnunted in the air
conditiomng case lu as shown in I'IG 7, the three-layer air
flow, where the hnt air flow is sandwiched between the upper
cool air flow and thr lower cool air flow, can br fomicd,
thcrcby improving mixin performance between thc hot air
and the cool air. Therefore, in the sixth embodiment, the
same operational elfecLs as in the lifth emborliment can be
obtained while the function nf the U-turn type heater core
can be obtained as in the fourth embodiment 1(i

(Seventh Embodiment)
In thc above-dcscribcd fifth embodiment, thc cool-air

bypass passa c 60 and thc bypass door 61 for opening and
closing the cool-air bypass passage 60 are provided above.
the heater core 4 as shown in FIG. 7. However, in the.

seventh embndiment, as shnwn in I'Iti 10, the encl-air
liypass passage 60 and the bypass door 61 are provided
lielow the heater cnre 4. In the seventh embndiment, any one
of thc onc-way type heater core as in thr first enibodimcnt
(FIG 2) anil thc U-turn type heater core as in the fourth oo

embodiment (FIGS. 6A—6C) can be used as the heater core
4 That is, it is required that the hot-air passage area A is
provided at the lower side in the heat-exchange core portion
43 of the heater core 4, and the cont-air passage area 0 is
provided at the upper side therein Accnrdingly, as shnivn in as
FIG. 10, thc three-layer air flow can br formed, rvrn when
thc cool-air bypass passage 60 is provided below the heater
core 4 Thus, the mixing performance between the hot air
anil the cool air can be improved due to the three-layer air
flow I)

I'urther, in the seventh embodiment, the bypass dnor 61
can be controlled by the air-conditioning electronic control
unit 53, to bc operatively linked with thc operation position
control of thc liow control member 52 as in thr fifth
embodiment Alternatively, in the seventh embodiment, the is
open degree of the bypass rloor 61 can be independently
controlled with the operation potation control of. Lhe flow
control member 52 In this case, the air temperature blown
toward the upper side ot'he passenger compartment and the
air tcmpcraturc blown toward the lower side of thc passen- so

gcr compartment can bc independently controlled in an air
outlet mode where air is blown toward both the upper and
lower sales in the passenger compartment, such as the.

foot,'ilefroster mode anil the bi-level mode.
(Eighth Embodiment) as
In the eighth embndiment nf the present invention, the

tcmpcraturc of air blown to a front seat side in thc passcngcr
compartment and thr tcmpcraturc of air blown to a rear seat
stile in the passenger compartment can be independently
controlled. As shown in HG. Il, a partition plate 70 is so

provirled at a downstream air stile (i.e., at the vehicle rear
side) of the heater core 4, for partitioning the air passage of
the air conditioning case lu at the dnwnstream air side nf the
hcatcr core 4 into upper and lower passages. The partition
plate 70 can bc molded integrally together with thc air ..
comhtiomng case Ia, or the partition plate 70 can be.

attached to the air conditioning case Iu by bonding anil the.

lil e alter being lormeil separately from the air conrlitioning
case la

A front seat air passage 71 is provided above the partition oo

plate 70, so that air is blown from the face openin 6, thr
foot opening 7 and thr dcfrostcr opening 5 toward the front
seat sale in the passenger compartment, through the front
seat atr passage 71. A rear seat mr passage 72 is provirlerl
umler the parution plate 70, so that air is blown from a rear as
face opening 73 and a rear fnnt opening 74 toward the rear
seat side in the passenger compartment, through the rear seat

air passage 7Z. A rear-seat face duct (not shown) is con-
nected to the rear face opening 73, so that air is blown from
a doivnstream end of the rear-seat face duct toward the face
side of a passen er seated on the rear seat in the passenger
compartment. Arear-seat foot duct (not shown) is conncctcrl
to thc rear foot opening 74, so that air is blown from a
downstream end of the rear-seaL foot duct toward the foot
side of. the passenger seated on the rear seat in the passenger
compartment. 'I'he rear face opening 73 and the rear foot
opening 74 are alternately opened and closed by a rear
air-outlet mode door (not shoivn)

In the ei hth embodiment, as shown in FIG. 12, thc heater
core 4 is constructed as the onc-way flow type where hot
water flows in one direction lrom the inlet tank 41 to the
outlet tank 4Z as in the third embodiment (FIG 5). Further,
similarly to the third embodiment, the tlow control members
52u, 526 are disposed in the inlet tank 41 and the outlet tank
42, respectively However, in the eighth embodiment, the
flow control mcmlier 52u in thc inlet tank 41 is uscrl for
controllin a tempcraturc of air blown to thc front seat side,
and the flow control member 5Zb in the outlet tanl 42 is used
for controllin ~ a temperature ol. air blown to Lhe rear seaL
side 'I'hat is, in the eighth embodiment, since the front seat
air passage 71 is provided in an upper space at the down-
stream air side of the heater core 4, a ratio nf a hot-air
passage area AI at thc front seat sirlc to a cool-air passage
area Bl at thc front scat side can be adjusted by moving the
flow control member 52o in the inlet tank 41 in the up-down
direction withm an area of the front seat air passage 71
Thus, the air temperature blown toward the frnnt seat side in
the passenger compartment can be controlled bv the flow
control member 52a.

Further, since thc rear scat air passage 72 is provirlcd in
an loivcr space at thc doivnstream air sirlc of thc hcatcr core
4, a ratio of a hot-air passage area AZ at the rear seat side to
a cool-air passa e area BZ at the rear seat side can be
adjusted by moving the flow control member 526 in the
outlet tank 42 in the up-down direction within an area of the
rear seat air passage 72. 'I'hus, the air temperature blown
toivard thc rear seat side in thc passcngcr compartment can
bc controllerl liy thc flow control member 52b. Further, since
the flow control member 5Zo for the front seat side and the
flow control member 521i for the rear seat side are inrlepen-
dently controlled by the actuator 50o, 506, respectively, the
air temperature blown toward the front seat side anil the air
temperature blown toward the rear seat side can be inde-
pendently controllcrl.

(Ninth Embodiment)
In the above-describeil eighth embodiment, the heater

core 4 is constructed as the one-way flow type where hot
water flows in one direcuon from the inlet tank 41 to the
outlet tank 42 I iowever, in the ninth embodiment, as shown
in 11GS 13A, 1313, the heater core 4 can be constructed as
the U-turn type where hot water U-turns in thc air flow
direction D as in the fourth and sixth embodiments (FIGS
6A—6C, 9). Even in this case, the air temperature blown
toward the front seat side of the passenger compartment anil
the air temperature blown toward the rear seat stile in the
passenger compartment can be independently controlled by
controlling the operation position of the flow control mem-
hers 52a, 52k In thc ninth cmborlimcnt, the structure of thc
air conditionin case lu including thc partition plate 70 can
be formed similarly to that of the above-descnbed eighth
embodiment.

In the eighth aml ninth embodiments of the present
invention, the partition plate 70 fixed to the air conditioning
case Iu is used as a partition memlier for partitioning the air
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passage at the downstream sale of the heater core 4 into the.

front seat air passage 71 and the rear seat air passage 72
I lowever, a movable dnor member may be used in place of
the partition plate 70 If the movable door member is used
as thc partition member for formin the front scat air passage
71 and thc rear scat air passe c 72, thc air passage is
partttioned by the iloor member into the iron( seat air
passage 71 aml the rear seat air passage 72 only when mr is
required to be blown into the space at the rear seat side in the
passenger compartment When no air is require to be blown in
to the space at the rear seat side in the passenger
compartment, thc door member is moved to a position where
thc air passage at thc downstream side of the heater core 4
is not partitioned to the front seat mr passage 71 and Lhe rear
seat air passage 72. In this case, air in the rear seat air
passage 72 can be also blown toward the frnnt seat side in
the passenger compartment.

(Tenth hmbodiment)
In thc above-described first to ninth embodiments of thc

prcscnt invention, since thc hot air and the cool air having ao

passed through the heater core 4 form a plural-layer liow,
mixtng performance between the hot mr anti ihe cool air is
reduced, anil a temperature difference is caused in air blown
into the passenger compartment. In the tenth embndiment, in
view of the above problem, the hot air tlow and the encl air zs
fiow arc disturbed at thc downstream air side of the heater
core 4, thcrcby improving mixin performance l&etwecn the
hot air aml the cool air. As shown in FIGS. 14, 15, nbs 75
for facilitating the mixing between the hot air and ihe cool
air are prov&cled at the downstream air side of the heater core .io

4
Specifically, each rib 75 is formed in a prismatic shape

having a rectangular cross-section, and thinly extends in a
horizontal direction (vehicle right-icft direction). Further,
each rib 75 ex(en&la along an entire width (vehicle nght-left is
direction) of the heat-exchange core portion 43 of. the heater
core 4, and is provided in parallel v:ith the liat tube 44 in its
longitudinal directinn I'or example, a dimension I. of the rib
75 in the air fioiv direction is l(l mm, and its plate thickness
T is 6 mm. Further, each rib 75 is separated from the heater ao

core 4 to its rlownstrcam side by a small clearance M, for
example, 5 mm. Plural ribs 75 (e.g., live) are arrangerl in the.

up-down direction to be parallel to each other, and are.

separated from each other by a predetermined clearance N
between adjacent two in the up-down directinn llere, since as
the height H of the heat-exchange core portion 43 of the
hcatcr core 4 is 228.7 mm, the din&en&ion N between thc
arljaccnt two ribs 75 is approxiniatc 38 mm.

When the air conihtioning case ln is constructed by nght
and left division case members, the nbs 75 can be molrlerl so

integrally with any one of. Lhe right and lell divunon case
members. I'urther, the ribs 75 can be formed separately from
the air conditioning case Iu, and may be fixed tn an inner
wall of thc air conditioning case la by thc bonding and the
like. In thc tenth cmbodimcnt, an entire construction of the ..
air conditioning unit I may be identical to that in ihe second
emboihment (FIG 4). However, in the tenth embodiment,
since the nbs 75 are provided at the riownstream air side, of
the heater core 4, the fnot opening 7 is provided at a position
upper than the pnsition shown in I'IG 4.

Next, operational cftects of a vchicic air conditioner
according to thc tenth embodiment wili l&c described. Thc
heater core 4 of the tenth embodiment has the same structure
as the heater core 4 shown in FIG. 2 (lirst and second
embodiments) Therefore, when the liow control member 52 ss
is operated to the intermediate positinn indicated by the solid
line in the inlet tank 41 in lqG. 2, the hot air area is set in

the lower area A in the heater core 4, and the mol air area
is set in the upper area 0 therein. Ilere, &vhen no rib 75 is
provided at the downstream air side of the heater core 4, the
hot air having passed through the lower area A anil the mol
air having passed through thc upper area B forms thc
dout&le-layer ffoiv, thcrct&y rcrlucing thc mixing perfor-
mance between the hot air and the cool air, and increasing
the temperature difference in air blown into the passenger
compartment.

In the tenth embodiment, since the hot air and the cool air
collide with the ribs 75 directly at the downstream air side
of thc heater mre 4, the streams of thc hot air anil thc cool
air is disturbed. Further, thc plural ribs 75 arc scparatcd from
each other by the same clearance, and extend in the hori-
zontal direction, that is, in a Lhrecuon parallel to a boundary
line X between the hot air area A and the cool air area B
sho&vn in I'IG. 15 'I'herefore, eddies are caused anil enlarged
from the ribs 75 in the up-down direction (in a direction
vertical to thc boundary X) clue to the flow rlisturbancc of thc
hot air and thc cool air, so that thc hot air anil thc cool air
llowing adtacent Lo each other are mixed in the up-down
direction due to Lhe eddies. Accordingly, the mixture
between the hot air and the cool air can be facilitated, and
the temperature difference in air blown into the passenger
compartment can be effectively reduced

FIG. 16 shows test results accorrling to thc tenth embodi-
ment. In FIG. 16, thc at&scissa inrlicatcs thc number of ribs
75, Lhe left ordinate indicates the temperature dillerence in
air blown into the passenger compartment, anil Lhe wght
ordinate indicates an air-passage pressure lnss in the air
conditioning case tu In this test, the dimension I. of the rib
75 is IO mm, and the plate thickness T is 6 mm The
clcarancc M bct&veen the heater core 4 and thc rib 75 is 5

mm, and thc height H of thc heat-exchange core portion 43
of Lhe heater core 4 is 228.7 mm. Therefore, when Lhe

number of. nbs 75 is five, the dimension N between adtacent
Lwo ribs 75 ts approximately 38 mm. Here, the temperature
difference is a difference between the highest temperature
and the lowest temperature of air blown into the passenger
compartment. Further, the air-passage prcssure loss in thc air
conditioning case la is a pressure loss between a position
directly after the downstream air side of the evaporator 3 and
the blower openin s 5, 6, 7. More specilically, the air-
passage pressure loss shown in FIG. 16 is detected when an
air-mixing open de ree is 5(L% and the face mode where the
face opening 6 is opened is set. In the tenth embodiment, the
air-mixing open rlcgrcc of 5(L% is a state whcrc thc number
of thc flat tubes 44 in thc hot air area A is identical to that
in the cool air area B.

In the Lest shown in FIG. 16, an air comhtioning unu It)1
using a general air mixing system shown in FIG. 17 is used
as a comparison example In the air mnditionin unit 101 of
the comparison example, the temperature of air blown into
a passcngcr conipartmcnt is arljustcd by arljusting a flowing
amount ratio between hot air and cool air using an air mixing
door lt)4a disposed at an upstream air side of the heater mre
104. In FIG. 17, iuncuons of. a cool-air bypass pamage 16(l
and a bypass door 161 are set Lo be itlentical to those in the
tenth embodiment. I urther, in the comparison example
sho&vn in Fl(i 17, the air-blowing capacity of a blower (not
shown) and thc size of thc evaporator 103 arc sct to bc
identical to those in thc tenth embodiment. Then, thc air-
passage pressure loss is detected in the air conihuon&ng case
la during the face mode.

In the tenth embothment, as shown by the line TV in FIG.
16, the temperature difference in air bio&vn into the passen-
ger compartment can be lar ely reduced by increasing the
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number of the ribs 75. Especially, as shown by ihe TVI po&nt
on the hne I'V in I'IG. 16, when the nmnber of the ribs 75
&s three or more, that is, when the clearance N between the
adjacent t&vn ribs 75 is approximate bfl mm or less, the
tcmpcraturc d&flcrcnce can bc rcduccd around 3U'. In this
case, thc tcmpcraturc diflercnce is reduced to thc half level
of a temperature d&ITerence when no nb 75 is provided.
When the number of lhe ribs 75 &s three or more, mix&ng
performance of air can be remarkably impmved. Since the
temperature difl'erence is about 2S' in the comparison io
example shown in I'IG. 17, the temperature difference in the
tenth cmbodimcnt can bc made identical to or less than that
in thc companson example, when the numiier of the ribs 75
&s 4 2 or more. S&nce the real number of the ribs 75 is an
integer, live nbs 75 are prov&ded in lhe tenth embod&ment,
thereby reducing the temperature difl'erence than the com-
parison example shown in I'IG 17 flere, when the number
of the ribs 75 is five, the clearance N between the adjacent
two nbs 75 is approximate 38 mm. When thc number of thc
ribs 75 is four, thc clearance N bctwccn the adjacent two ribs oo

75 is approximate 44 mm.
In the tenth embodiment, since the a&r m&x&ng door 1U4n

shown &n I'IG. 17 is not provided, an air-passage area of the
heat-exchange cnre portion 43 can be enlarged in the air
conditioning case I», and the heater core 4 can be disposed zs
in parallel to thc evaporator. Therefore, a short and linear air
passage can bc formed between thc downstrcani and
upstream s&des of. the heater core 4, ancf lhe mr-passage,
pressure loss can be largely reduced than the comparison
example shnwn in 11G. 17 as indicated by the line Pl. shnwn .io

&n I'IG. 16
Although the clearance M bet&veen the heater core 4 and

thc ribs 75 can bc set in a range of 5—15 mni according to
thc test results, thc size of thc air conditioning unit I is
enlarge&1 when lhe clearance M &s set Lirger. Therefore, &s

preferably, the clearance M &s reduced w&th&n a range where
the temperature d&ITerence can be reduced to a requ&reef
level Thus, &n the tenth embodiment, the clearance M is set
at S mm I rnm the same viewpoint, preferably, the dimen-
sion L of thc rib 75 can aLso rcduccd as weil as possible. &o

(Ekvcnth Embodiment)
In lhe eleventh embodiment, as in the tenth embod&ment,

the temperature d&ITerence &n a&r blown into lhe passenger
compartment &s recfucnl by improv&ng the m&x&ng perfor-
mance between the hot air and the cool air. I iowever, in the Ls

eleventh embodiment, the structure for improving the mix-
ing pcrformancc is diflcrcnt from that in thc above-described
tenth cmbodimcnt. As shown in FIG. 18, in the eleventh
embod&ment, a guxle 76 is provicfed &n place of. Lhe ribs 75
&n lhe above-descnbecf tenth embod&ment (FIG. 14). As so
shown &n FIG. 18, the gu&cfe 76 &s d&sposecf &n Lhe air
conditioning case Ia on a wail surface Ib at the vehicle rear
s&de. Specifically, the wali surface Ib is provided at the
downstream air side of thc heater core 4, to have a prede-
tcrmincd clistance with thc heater core 4.

Hot air after pass&ng through the lower area A of lhe healer
core 4 flows upwa relly along the wall surface Ib as indicated
by the arrow E Further, as &nd&ca&eel by the arrow F, the hot
air flowing by the arrnw E is tuned by the guide 76 to collide
w&th cool air, having passed through the upper area B of the
hcatcr core 4, shown by thc arrow G in FIG. 18. In thc
clcvcnth cmbodimcnt, thc upper side of thc guide 76 is
gradually curve&1 toward the vehicle front s&de &n an arc
shape The guxle 76 &s formed lo exteml along the ent&re

wnlth of the heater core 4 &n the vehicle nght-left d&recuon. ss
I urther, the guide 76 can be integrally molded together ivith
the a&r conditioning case lm Alternatively, the guide 76 can

be formed separately from lhe air conciilioning case lo, and
can be lixed to lhe air mind&uon&ng case Ia by the bonding
and thc like.

According to thc eleventh cmbocliment, as indicated by
the arrow I'n l&l(i 18, the hot air is gu&ded by the guide 76
to a side opposite to the tlow of cool air indicated by the
arrow G, so& thai the hol air coll&de with the cool air.
Accord&ngly, Lhe m&xing performance between Lhe hot air
ancl the cool air can bc improvccl, and thc tcmperaturc
diflercncc in air blown into thc passengn compartment can
be improved, similarly to the above-descrfiied tenth embodi-
ment When the cool air passes through the lower area A and
hot air passes throu h the upper area B as &n Lhe lifih
embod&ment shown &n FIGS. 7, 8, the cool air from the lower
area A of thc heater core 4 can bc guided by thc guiclc 76 to
thc side of the hot air flowing from the uppn area B. Even
in this case, the air-mixing performance bet&veen the cool air
and the hot air can be improved

(Twelfth Embodiment)
In the twelfth embod&ment, a structure for improvin ~

tcmpcraturc control characteristics of air blown into thc
passenger compartment is provide&1.

At first, the problem Lo be solve&1 &n the twelfth embod&-
ment &vill be described ivith reference to I IGS 19—21 I IG
19 she&vs the relationship between an a&r-mixin open
degree and the air temperature blown into the passenger
compartment. Herc, thc air-mixing open degree is a ratio of
the number of flat tubes 44 where hot water passes, to the
whole number of all lhe flat tubes 44. Specilically, when the
a&r-m&xing open degree is Oeg, the flow control member 52
is located at the maximum cooling posit&on M('hoivn in
I'l(i 2, and the number of the flat tubes 44 where hot water
flows is zero. When the air-mixing open degree is 1(L(I%, the
flow control member 52 is locatccl at thc maximum heating
position MH shoivn in FIG. 2, and hot water flows in all thc
fli&l Lobes 44.

Experiments are performecl by the present inventors, and
&t has been lound &n Lhe above embod&menLs that the tem-
perature of air blown into the passenger compartment &s

rapidly increased as indicated by the Ta portinn in I'IG 19
when hot water flows into one flat tube from a non-flow
state. Here, thc nun&her of thc flat tube 44, whcrc thc hot
water flows, becomes one I rom zero, when the flow control
member 52 &s cf&spfaced by a small d&stance from the
maximum cooing pos&tion MC tower&1 Lhe maximum heat-
ing position MH In I l(i 19, the solid line represents an
ex3&eri&nental value of the temperature control characteristics
in the above dcscribcd first cmboclimcnt, and thc broken linc
rcprcsents a theoretical value where thc tcmperaturc of air
blown into the passenger compartment &s proporuonal to Lhe

a&r-m&xing open degree.
Next, the reason why the temperature of a&r blown into Lhe

passenger compartment is rapidly increased when the num-
ber of the flat tubes 44 where hot water flows is increased to
onc from zero, &vill bc dcscribcd. For cxampk, in thc
above-dcscribcd first cmbocliment, when the flo&v control
member 52 &s displaced from the max&mum cooling pos&uon
MC in&lie&ted by the broken hne lo a position in&heated by
lhe sohd 1&ne, hot water flows from lhe water inlet 46 only
into one of the plural flat tubes 44 at the lowest position In
this state, corrugate hns 45 are integrally connected to the
upper and lower sides of the flat tube 44 at thc lovust
position, and heat of thc lowest onc flat tube 44 is conducted
Lo the corrugate lins 45 adjacent to the lowest one flat Lube

44. Then, lhe heal &s comlucted from Lhe corrugate iin 45 to
lhe adiacent flal tube 44 at an upper s&de of this corrugate lin
45, and is further conducted to the adjacent corrugated fin

45, in this order
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Thereiore, as shov:n in FIG. 21, the lemperauire of air
directly after passing through the heater core 4 is increased
alsn in the portinn adjacent to the loivest tlat tube 44, as
compared with the other portion in the heat exchange core
portion 43. As a result, when hot water flows into thc onc
lowest flat tubes 44, that is, when thc air-mixing open dc rcc
is increased to a minimum open degree, an flow amount of.

hot air is rapidly increaseri, anti lhe temperature of. air blown
mto the passenger compartment is relatively rapidly
increased. In vievv of the above vieivpoint, in the twelfth io
embodiment, when the air-mixing open degree is increased
by a very small open dcgrce from 0%i„ the flow amount of
hot air is rcstnctcd from bring rapidly increased, so that it
can restrict the temperature of. air blown into the passenger
compartment from being rapufly increased. is

In the twelfth embodiment, as shown in I'IG. 22, pressure-
loss increasing portions Ic, ld are provided in the air
conditiomng case la at a bottom pntion fnr supporting the
lower portion of thc heater core 4. Thc prcssure-loss increas-
ing portions lc, Id are inte rated to thc air conditioning case ao

Ia to reduce an air passage al the downstream and upstream
stiles of the healer core 4 around its lower portion. The
pressure lnss around the lower portinn of the heater core 4
can be increased liy the pressure-loss increasing pnrtions Ic.
ld than that at the other portion thereof (e.g, the upper side "s

of thc hcatcr core 4). Thcrcforc, when hot water flows only
into thc lowest onc flat tube 44, that is, vvhen the air-mixing
open degree is a very small open degree, lhe flow amount of
air passing through the lowest one flat tube 44 can be.

restricted Accordingly, when the air-mixing open degree is
a very small open degree, the temperature of air blown into
the passenger cnmpartment can be restricted frnm being
rapidly incrcascrl by restricting thc air amount of thc hot air
from thc lowest onc flat tube 44. In FIG. 22, thc lowest flat
tube 44 is indicated by a stipple area. xs

According to expenments by the present inventors, in a
case where the pressure-loss increasing pomona Ir; Id are
not provided in the air conditinning case ln around the
bottom portion as in the first emliodiment shnwn in lilG I,
when thc air-mixing open de rec is increased from 0%i to a ao

very small open rlcgrcc (c.g., 5%) where hot water flows
only into the lowest flat tube 44, the temperature of air blov:n
into the passenger compartment is rapidly increased by O'.
However, in the twelfth embodiment of the present
invention, in a case where the height Hl of the pressure-loss as
increasing portions Ic. Id is set at 10% of the height of the
heat-cxchangc core portion 43 of the heater core 4 (c.g.,
H=228.7 mm), when thc air-mixing open dcgrce is incrcascd
from 0% to 5% as in the above conriition, lhe temperature of.

air blown into lhe passenger compartment ts only increaseri so

by a suitable temperature of. O'. In lhe twelilh embodiment
of the present invention, the two pressure-inss increasing
portions Ic, Id are prnvided at upstream and downstream air
sides of thc hcatcr core 4 to reduce the rapid temperature
incrcasc. Howcvcr, even when onc of the prcssure-loss ..
increasing portions lc, ld is provided, the rapid temperature.
increase can be restricted to some degree.

(Thirteenth Embodiment)
In the above-described twelfth embodiment nf the present

invention, when the air-mixing open degree is increased
from 0%i, (maximum cooling state), hot water firstly flows
into thc lowest flat tube 44 in thc heater core 4. However, in
some cases, when lhe air-mixing open degree is increaserl
from 0% (maximum cooling state), hol water lirslly flows
into one tlat lube 44 located al a center position of the plural ss
flat tubes 44 (center pnsition of the heat-exchange core
portion 43). I'or example, as in the third embndiment shown

m FIG. 5, in the heal-exchange core portion 43 of the heater
core 4, the tube area (hot-air passage portion) A where hot
air flows is provided at the center in the up-down direction,
and the tube areas (cool-air passage portion) 13 where no hot
vvatcr flovvs arc providerl at thc upper and lower sides of thc
tube are a A. In this case, thc onc flat tube 44, whcrc hot water
flows at lirst, can be set at a center area of the heat-exchange
core portion 43, due lo lhe flow control members 52a, 52b
in the inlet tank 41 and the outlet tank 42.

In the thirteenth embodiment, as shoivn in I IG 23, the
one flat tube 44, ivhere hot water tloivs at tirst, is located at
the center area of thc heat-exchange core portion 43 Further,
the pressure-loss increasing portions Ic, ld arc disposed
around the one flat tube m the center area of lhe heat-
exchange core portion 43, al both the downstream and
upstream sides of the heater core 4, respectively. Each of the
pressure-loss increasing portions lc, ld is formed hy a rib
having a V-shaped cross section, and is disposed so that its
top end of thc V-shape is locatcrl at an cnd of the onc flat tube
44 in which hot vvatcr firstly flows. Each of thc pressure-loss
increasing portion Ic, Id ex(antis along the entire width of
lhe heal-exchan e core portion 43 (in the vehicle right-leil
direction) while its cross-section has the V-shape.

I iere, ivhen the air conditioning case ln is constructed hy
right and left division case members, the pressure-loss
increasing portion Ic. Id can bc integrally molrlcrl to ether
with any onc of thc right and left division case members
Further, lhe pressure-loss increasing portion lc, ld can
formed separately from the air comliuoning case Ia, and
may be fixed to an inner wall of the air conditioning case la
by the bonding and the like

In the thirteenth embodiment, the size of the V-shaped
cross section is sct so that each of the prcssure-loss incrcas-
in portions 1c. Id can cover the upper anil lower corrugate
line 45 adlacent lo the one tlat lube 44, aml flat tubes 44
adjacent to upper aml lhe comigate lins 45, as shown in FIG.
23. Thus, i(can restrict air from largely tlowing into this area
around the one flat tube in which hot water hrst tloivs. In the
thirteenth embodiment, since the pressure-loss increasing
portions lc, ld each having a V-shaped cross section are
disposed at thc upstream and downstream sides of the one
flat lube 44 where the hot water flows at lirst among the
phiral flal tubes 44, il can restrict the air amount from
flowing arouml lhe one flat tube 44 to be smaller. Therefore,
ivhen the air-mixing open degree is increased to a very small
open degree from 0!'!e, the air amount flowing through
around thc onc flat tulic 44 in thc hcatcr core 4 can bc
restricted, so that thc tcniperaturc of air blown into thc
passenger compartment can be restricted from being rapidly
increased.

(Fourteenth Embodiment)
In the fourteenth embodiment of the present invention, the

one flat tube 44, ivhere hot water tloivs at tirst, is located at
the lowest position of thc flat tubes 44 as in thc above-
dcscrilicd tivclfth cmborliment of the prcscnt invention. In
lhe fourteenth embodiment, when lhe air-mixing open
degree is increased from 0%v, the temperature of air blown
mlo lhe passenger compartment is restncleil from bein ~

rapidly increased by changing the arrangement position of
the one loivest tlat tube 44

That is, in the aliovc-rlcscrilicd twelfth cmbodimcnt of thc
present invention, as shown in FIG. 20, thc corrugate fins 45
are disposed at lhe upper aml lower sides of the lowest one
flat lube 44. Therefore, even when hol water flows into only
lhe lowest one flal tube 44, that is, even when the air-mixing
open degree is set at the very small open degree, heat is
radiated to air also at the corru ate fins 45 at the upper and
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lower sales of the lowest one flat tube 44 due Lo thermal
conduction from the loivest one tlat tube 44. Therefnre, a
heat radiation area ivith air is increased, and a hot-air
flowing amount is increased Accordingly, the temperature
of air blown into thc passcngcr compartment may bc rapidly
incrcascd. In thc fourtccnth embodiment, as shown in FIG.
24, the corrugate lin 45 at the lower side of. ihe lowest one
flat tube 44 is omit teil. Therefore, the lowest one flat Lube 44,
where hnt water flu&v at first, is located at the bottom
position of the heat-exchange core portinn 43 in the heater io
core 4.

Accordin ly, in thc fourteenth embodiment, heat of the
lowest onc flat tube 44 is conducted only to thc corrugate fin
45 ail)scent to the lowest one flat tube 44, and Lhe heat
raihatton area for air is reduced. Therefore, Lhe hot-air
flowing amount is reduced, thereby restricting the tempera-
ture nf air blown intn the passenger cnmpartment from being
rapidly increased Further, as in the fifth embodiment shnivn
in FIG. 8, when a hot air area is provided in thc upper area
A in thc heat-exchange core portion 43, the onc flat tube 44, oo

where hot water tlows at lirst, can be located at the hi hest
posttion of the heat-exchange core portion 43. Even in this
case, the same advantage described above can be obtained

(I'ifteenth Embodiment)
In the fifteenth embodiment, the tube arrangement struc- "s

turc rlcscmbcd in the fourteenth embodiment is combined
with thc arrangement structure of the prcssure-loss increas-
ing portions leo ld descmbed in the twelllh embodiment
shown in FIG. 22. As shown in FIG. 25, in the lifteenth
embodiment, the one flat tube 44, where hot ivater flows at .io

first, is located at the lowest position ot'he heat-exchange
core portion 43, and the pressure-loss increasing portions Ic,
ld arc disposed at thc upstream and downstream air sides of
thc lowest onc flat tube 44. Accordingly, it can restrict air
from flowing around the lowest one flat tube 44, and Lhe heat is
radiation area from the lowest one flat tube 44 Lo air is
reducerl, thereby further restricting the temperature of. air
blown intn the passenger compartment from heing rapidly
increased.

As a morhfication of thc al&ove-descril&cd twelfth to so
fiftccnth cmbodimcnts, a fin pitch fp (shown in FIG. 24) of
only the corrugate lins 45, disposed directly adtacent Lo the.

one flat tube 44 where hot water flows at lirst, may be made.
larger than that of. other corrugate lins 45. Therefore, a heat
conducting area in the corrugate fins 45 at the upper and Ls

lower sides of the one tlat tube 44 ivhere hot water floivs at
first, can bc rcduccd, thereby rcstrictin thc temperature of
air blown into thc passcngcr compartment from being rap-
idly tncreased. As another modilicauon of the above-
described twelfth to fifteenth embodiment, only a clearance so

(tube pitch) between the one flat tube 44 where hot water
flows at first and its neighboring flat tube 44 adjacent to the
one flat tube 44 may be made larger than a clearance
bctwccn other arljaccnt two flat tul&cs 44. In this case, heat
Ls rcstmctcrl from being conducted front thc onc flat tube 44 ..
to the owl)scent flat tube 44, thereby restncting the tempera-
ture of air blown into the passenger compartment from being
rapirfly increaserl.

(Sixteenth Embodiment)
In the above described embodiments nf the present

invention, thc flow control niembcrs 52, 52a, 521& arc
disposed in thc inlet tank 41 and,'or thc outlet tank 42 of thc
heater core 4, anil are constructed by sliding valve mecha-
nisms that slide in the tanks 41, 42. Therefore, a slitting
distance, where the flow control members 52, 52a, 526 slide os

between the maximum cooling positinn MC and the maxi-
mum heating position Ml I, is made larger, thereby increas-

mg a slidmg nme for which the flow control members 52,
52a, 52(& slide therebetween. Accordingly, the operauon
angle (rotation speed) of the actuators 50, 50a, 50I& for
slirlin thc flow control nicmbcrs 52, 52a, 525 may bc
increased, and power consumption of the actuators 50, 50a.
50/& may be increased

In the sixteenth embodiment, the flow control member is
constructed by a rotaung valve mechanism which rotates in
thc tank 41 or 42, so that thc above problem can bc rcsolvcd.

That is, as shown in FIGS. 26, 27, thc inlet tank 41 of the
heater core 4 is formed in a cylindrical shape, and the flow
control member 52 constructed by a cylindrical rotating
valve mechanism ts rota(ably disposed in the inlet tank 41

As shown in HG. 27, the flow control member 52
includes a cylindrical niain body 77 having an opening 78 at
an cnd of thc cylindrical main liody 77 in its axial direction.
Since the openin 78 is provided opposite to the water inlet
46, hot ivater flowing from the water mlet 46 into the inlet
Lank 41 smoothly flows into the cyhmlncal main body 77.
The cylindrical main body 77 is formed into a hollow shape
An axial direction of thc cylindrical main body 77 is parallel
Lo Lhe arrangement direction (Lube stack direction) of the tlat
tubes 44 of. the heater ra&re 4. Therefore, the cylindncal main
body 77 is rotated about a rotation axis that is parallel to the
arrangement direction of the tlat tubes 44. I'urther, an axial
dimension of the cylindrical main body 77 (i.e, dimension
in thc up-down direction in FIG. 26) is sct larger than an
cntirc rlistancc of thc stack arcs of thc flat tubes 44 in the
stack direction.

As shown in FIG. 26, Lhe cylindrical main body 77 is
constructed by a seal surface 79 for closing one side ends
(top ends) of the tlat tubes 44 and a spiral recess portion
(cut-out portion) 80 for openin the one side ends of flat
tubes 44. In FIG. 26, the seal surface 79 is shown by thc
stipple area. As shown in FIG. 27, a maximum cooling area
MC, a maximum heaung area MH anil a temperature control
area TC are provided by combimng the seal surface 79 and
the recess poruon 80. The maximum cooling area MC is
provided in a small angle range in a circumferential direc-
tion of the cylindrical surface of the cylindrical main body
77, and thc maxiniuni heating area MH is provided in a small
angle area adjacent to thc maximum cooling area MC. Thc
temperature control area TC is proviiled in a residual angle
area in the circumlerenLuil direction of Lhe cylinrlmcal sur-
face of. the cylinilrical main body 77 except for the maxi-
mum cooling area M('nd the maximum heating area MII

Next, the structure of the cylindrical main body 77 will be
now described in detail. Thc seal surface 79 is formed along
an cntirc len th in an axial rlircction of the cylindrical main
body 77, in the maximum cooling area MC in a circumler-
ential ihrecnon of the cylinilrical main body 77. Therefore,
when Lhe cyhmlwcal main hotly 77 is rotaterl so that i(s
maximum cooling area MC faces the one side ends of the flat
tubes 44, all the one side ends of the tlat tubes 44 can be
closed by thc seal surface 79 at thc same time As shown in
FIG. 26, each of the one side ends of the flat tubes 44
protrudes into the inlet Lani 41 by a very small dimension,
and is press-lined into each hole gla of a seal member 81
The seal member 81 is a sheet member made of a rubber-
group elastic material, and has the approximately same axial
length as that of the cylindrical main body 77 In the
circumferential direction of thc cylindrical main body 77,
thc seal men&her 81 has a rlimcnsion larger than a major
dimension of. an opening of each flat tube 44. Further, Lhe

seal member 81 has Lhe holes gla mto which the one side
ends of. all flat tubes 44 are press-litteil, respectively.

The seal member 81 has a sheet thickness that is larger
than a protruding dimension of the one side end of each flat
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tube 44 prolrutfing into the inlet tant 41. The seal member
81 ts disposed between the inner wall surface of Ihe inlet
tank 41 and thc scat surface 79 of thc cylindrical main body
77, and clasticafly press-contacts the seal surface 79 of thc
cylindrical main body 77. I'herefore, the seal member 81 has
a seal function, so that the nne side ends of all flat tubes 44
can be accurately closed by Ihe seal surface 79.

The recess portion SU is provided along an enure length
in thc axial direction of thc cylindrical main l&ody 77 in thc
maximum heating area MH in the circumferential direction

I i)of the cylindrical main body 77. Therefore, ivhen the cylin-
drical main bnrly 77 is rotated so that its maximum heating
area MH faces the one suite ends of the flal tubes 44, all Ihe.

one side ends of. the tlat tubes 44 can communicate with Ihe
inside of thc cylindrical main body 77 thrnugh thc recess
portion 80 at the same time. That is, all thc one side ends of "
the flat tubes 44 are npened by the recess pnrtion 80 at the
same time.

The cylimlucal main body 77 has an opening peripheral
en)I SUa Ior itelining the recess portion SU at one side in Ihe.

circumfi:rcntial direction. The opening peripheral end Sfla of "o

thc rcccss portion 80 is parallel to thc axial direction of the
cylindrical main body 77. At the other side in the circum-
ferential direction, the cylindrical main body 77 has an
opentng penpheral end SUb for defining the recess poruon
80. The opening peripheral end Sflb is tilletf with respect io
thc axial rlircction, so that the spirai shape of the recess
portion 80 is formed. Therefore, at an upper end(at the side
of the npening 78) nf the cylindrical main body 77 in the
axial directinn, the npening area of the recess pnrtinn 80 in
the circumferential direction becomes smallesl. As the post-

))
tion is changetf from Ihe upper end to Ihe lower end (i.e., end
opposite to thc opening 78) of the cylindrical main body 77
in thc axial direction, the opcnin area nf thc recess portion
SU is enlarged in the circumferential directinn That is, the
opening area of the recess portion 80 becomes largest in the
circumferential ihrection at the lower eml in ihe axutl
direction

Further, a support disk 82 is formed at the lower cnd of the
cylindrical main body 77, and a drive shaft 83 is integrally
formed to protrude frnm the center of the support disk 82
Thc cylinrlucal main body 77, thc support disk 82 and the to
drive shaft 83 arc integrally molded using resin. Further, the
flow control member 52 ts mtule of resin, aml ihe seal
member 81 is made of a rubber-group elastic ma(anal. Thus,
in Ihe sixteenth emboitiment, after Ihe healer core 4 is
assembled by integral bra&ing while the In&ver end of the JS

inlet tank 41 is opened, the seal member 81 is attached from
thc opening at thc lower cnd into the inlet tank 41.
Thcrcaftcr, thc flow control member 52 inciudin thc cylin-
drical main hoity 77 is attached from Ihe opening al Ihe
lower end into Ihe inlet tant 41. so

Then, a cap 84 for closing the opening at the lower end of.

the inlet tank 41 is attached I'he cap 84 is a disk member
made of metal or resin, and has a hearing hole 84a, for
rotatably supporting thc drive shaft 83, at its center.
Thcrcforc, thc cap 84 can bc attached into thc npenin at the ..
lower entf of the inlet lank 41 using the fastening member
(not shown) such as screws while Ihe dnve shaft 83 is lined
into the beanng hole 84a to protrude out&itic the cap 84.
I fere, seal members such as 0-rings are provided nn a fitting
surface between the drive shaft 83 and the hearing hnle 84a,
anil a contact surface between the cap 84 and the opening at
thc lower cnd of thc inict tank 41, respectively, thcrcby
preventing water from leaking out&itic. Further, a top end of.

the drive shaft 83, protruthng outside, is connectett to an
output shaft of the actuator 50, so that Ihe cylindrical main ss
body 77 nf the flow cnntrni member 52 can be rotated by the
actuator 50

Next, operauons according to the sixth embodiment will
bc dcscribcd. When the maximum cooling area MC faces thc
ends of the tlat tubes 44 in Ihe circumferenual direcuon of
the cylindrical main body 77 by rotating the cylindrical main
body 77 of the flow control member 52 using the actuator 50,
the one side ends of all flat tubes 44 can I&e closed by the seal
surt'ace 79 at thc sang, tinic. Therefore, it can prcvcnt hot
ivater from floiving into the tlat tubes 44, sn that the entire
area of thc heat-exchange core portion 43 bccomcs a hot-
watcr non-flovv arcs, thereby performing thc maximum
cooling function. In FIG. Z7, when the cylindrical main body
77 is rotated Irom the maximum cooling slate in the coun-
tercloclavise direction, the temperature cnntrnl area 'I'C of
the cylindrical main body 77 faces the ends of the flat tubes
44. Herc, thc opening arcs of thc spiral recess portion 80 in
thc circmmferential direction of thc cylindrical main hotly 77
becomes largest at thc to&vcr encl in the axial tlircction
Ihereof. As the posiuon is moved from the lower enti of the
cylindrical main body 77 to Ihe upper enti thereof in the axial
direction, the opening area nf the recess portion 80 in the
circumferential direction is reduced.

Accordingly, in FIG. 27, when thc cylindrical main hotly
77 is rotated in Ihe counterclockwise direcuon, the flat tubes
44 of the heat-exchange core portion 43 communicate with
Ihe recess portion SU to be opened from the lower side in
order. 'I'herefore, a number ratio between the flat tubes 44 at
the lower side ivhere hot water flows and the flat tubes 44 at
the upper side where no hot water flows can bc changed by
sclccting a rotational position of thc cylindrical main body
77. Here, the flal tubes 44, where hot water flows, commu-
nicates with the spiral recess portion SU, anil the flat tubes
44, where no hot water flows, is closed by the seal surface
79 Further, in I I(i 26, the temperature control areaT('aces

the one side ends of the flat tubes 44 at an intermediate
position in thc circmmferential direction of thc cylinrlrical
main tiody 77. Specifically, thc upper area (cool air area) B
is sightly larger than the lower area (hot air area) A in the
heat-exchange core poruon 43.

I'urthermore, in 11G. 27, ivhen the cylindrical main body
77 is further rotated in the counterclockwise direction, thc
maximum heating arcs MH faces thc one sitlc en(Is of thc flat
tubes 44 in the circumfcrcntial direction. Since the rcccss
poruon 80 is provided along the entire axial length in the
cylindrical main body 77 at a portion corresponthng to the
maximum heating area MH, the one side ends nf afl flat
tubes 44 communicate with the recess pnrtion 80 to be
opened Therefore, hot water can tloiv into afl the tlat tubes
44, anil thc entire area of thc heat-exchange core portion 43
becomes thc hot-water flow area, thereby obtaining thc
maximum healing function.

Accordingly, in the sixteenth embndiment, because the
floiv control member 52 is nperated as a rotating valve
mechanism rotated in thc inlet tank 41, the ratio of thc
hot-water flow arcs A to thc hot-ivater non-flow area B can
be changed by chan nng Ihe rouiuon position of the flow
control member 52, thereby adjusung the temperature of air
blown into the passenger compartment. Therefore, in the
sixteenth embodiment, a displacement amount (rotation
amount) of the tlow control member 52 can be largely
rcrluccd as con&pared with a case whcrc thc flow control
mcmbcr 52 is constructed tiy a sliding valve mechanism that
slides in the arran ament direction of the tlat tubes 44 as in
Ihe Iirsl to Iiflh embodiments. Thus, the displacement ume,
for which Ihe flow control member 5Z is moved between the
maximum cooling state MC and the maximum heating state
MII, can be lar ely reduced.
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(Seventeenth Embodiment)
In the above-described sixteenth embodiment, when the

temperature control area I'C is set, the lower area A is used
as the hot-vvater flow area (hot air area), and the upper area
B ts used as thc hot-water non-flow area (cooi air area) in thc
heat-cxchangc core portion 43. That is, two-layer flovv sct in
the heat-exchange core portion 43. However, in Ihe seven-
teenth embodiment, as shown in FIG. 28, in Ihe heai-
exchange cnre portion 43 in the up-down direction, the
intermediate area is used as the hot-water tlow area (hnt air io
area) A, and the upper angl lower areas are used as the
hot-water non-flow area (cooi air area) B. That is, three-layer
flow is sct in thc heat-cxchan e core portion 43 by thc flow
control member 52. Accordingly, in Ihe seventeenth
emboihment, two spiral recess portions 80 are symmetri-
cally provided m the cylindrical control member 77 of the
flow control member 52 at the upper and lower sides in the
axial direction Specitically, the largest opening area of each
spiral rcccss portion 80 in the circumfcrcntial direction is
locatcrl at thc side of thc intermediate area A. In thc seventh oo

embodiment, the other parts are similar lo those of. Ihe
above-described sixteenth embodiment.

(Eighteenth Embodiment)
The eighteenth embodiment is a modilicatinn of the

above-described sixteenth and seventeenth embodiments as
As shown in FIG. 29, in thc heat-exchange core portion 43
of thc hcatcr core 4, two hot-water flow arras (hot air areas)
A aml two hot-water non-flow areas (cool air areas) B are set
to form a lour-layer flow when Ihe temperature control area
I'C is set The single tloiv control member 52 is used in the
above-described sixteenth embodiment Ilowever, in the
eighteenth embodiment, two flow contrnl members 52
dcscribcrl in thc sixteenth cmbodimcnt arc intcgraily stacked
in thc axial rhrcction of thc flow control member 52. As scen
from the seventeenth and eighteenth emborliments, when Ihe is
flow control member 52 is constructed by a rolanng valve
mechanism, plural-layer flow such as three-layer flow anil
four-layer flow can be readily set in the heat-exchange core
portion 43 vvithout complicating the hot-water pipe structure
or without increasing the operation angle of the actuator, so
Further, bccausc thc three-layer flow or thc four-layer flow
is sel in Ihe heat-exchange core portion 43, Ihe contact area
between Ihe hot air and the cool air can be increased, and Ihe.

mixing periormance of Ihe hol air and the cool air can be.

further improved. as
(Nineteenth Embodiment)
In thc ninctccnth cmbodimcnt, a right-icft independent

tcmpcraturc control is added. In thc right-left independent
temperature control, Ihe temperature of. air blown into Ihe
left area (e.g., Iront passenger-seat sirle area in a nght sO

steenng vehicle) in Ihe passenger compartment anil Ihe
temperature of air blown into the right area (e g., driver-seat
side area in the right steering vehicle) of the passenger
compartment arc indcpcndcntly controlicd. In the nineteenth
cmbodimcnt, as shown in FIG. 30, basic structures of thc air ..
comhtiomng unit I aml Ihe heater core 4 are identical to
those in Ihe Iirst embodiment (FIGS. 1, 2).

In Ihe heater core 4, as shown in FIG. 2, the lower area A
is used as the hot-water flow area (hot air area) by the floiv
control member 52, and the upper area 0 is used as the ao

hot-water non-flow area (cool air area). In thc ninctccnth
cmborhmcnt, a hot-air dividin door 85 for dividing thc hot
air into right and left sales is disposed on the downstream air
stile of Ihe healer core 4 al a lower inde poiuuon, and a
cool-atr divnling door 86 for dividing the cool air into Ihe as
right and left sirles is disposed on the downstream air side of
the heater core 4 at an upper side pnsition. As shnivn in

FIGS. 31A, 31B, 31C, rotation shafts 85a, 856 of both the
doors 85, 86 are ihsposed at positions separateil from Lhe

hcatcr core 4 to its downstream air side, respectively
Further, thc rotation shafts 85a, 85h arc disposed on a center
line 87 of the air conditioning unit I (heater core 4) in the
right-left direction Here, the rotation shaft 85a, 856 are
disposed to exteml m Lhe up-down direction, that is, in Lhe

lube arrangemenl direction (slack ihrecuon) of heater otic 4
Thcrcforc, thc hot-air divirling door 85 is rotatcrl around thc
rotation shaft 85a in the right-left direction in thc hot air arcs
A at the lower side. The cool-air dividing door 86 is rotated
around the rotation shaft 86a in the right-left direction in the
cool air area B al the upper side.

Further, the rotation shalts 85a, 86a are disposed while
bein offlsct front each other in the vehicle front-rear direc-
tion by a distance corresponding to any onc of their diam-
eters of the rotation shafts 85a, 86a. In the nineteenth
embodiment, the rotation shaft 85a at the lniver side is
disposed at Ihe vehicle rear stile of Ihe rotation shaft 86a al
Ihe upper side. Here, gear pomona are formerl at an upper
encl of thc lower side rotation shaft 85a and at a loivcr cnrl
of Ihe upper stile rotation shalt 86a, respectively, so that both
Ihe doors 85, 86 are operatively linked with each other. In
addition, the rotation shafts 85a, 86a constructs a gear
connection portion 88 shown in lrl(k 30 A lower end of the
rotation shaft 85a protrudes outside the air conditioning case
Ia. anil is conncctcd to an output shaft of an actuator 90 for
controflin thc air tcmpcrature at thc right anil kft sirlcs
through a gear connection portion 89 that is constructed by
a bevel gear. Thereflire, Lhe two rotation shafts 85a, 86a are
rotated by rotational driving force from the actuator 90 in
reverse directions opposite to each other, respectively

In the inner space of the air conditioning case la, a
partition plate 91 extending in the up-down direction is
provided at the downstream air side (vchiclc rear side) of thc
doors 85, 86 at Ihe center in the wghl-left direcuon. The
partition plate 91 partitions Ihe inner space of the air
conilitiomng case la into a wghl sitle space 93 aml a left side
space 92 as shoivn in I'IGS 31A—31C. I'urther, each of the
defroster opening 5, the face opening 6 and the foot opening
7 is divided into a left side opening and a right side opening
comniunicatin with the left side space 92 and thc ri ht side
space 93, respecnvely.

Next, operations according Lo the mneteenlh embodiment
will be described wuh reference to FIGS. 31A—31C. When
the cool-air dividing door 86 is rotated around the rotation
shaft 86a to the left side as shown in I IG 31B, the hot-air
dividin door 85 is rotatcrl around thc rotation shaft 85a to
thc right side as shown in FIG. 31C to be opcrativcly linkcrl
with Lhe operation of. the cool-air dividin door 86.
Therefore, as shown in FIG. 31B, cool air Fa around Lhe

center in Lhe right-left direction within the cool air area B al
the upper side of the heater core 4 flows into the right side
space 93 by the cool-air dividing door 86. Accordingly, the
amount of cool air flowing into thc right side space 93 is
increased, and thc amount of cool air flowing into thc left
side space 9Z is reduced. On Lhe other hanil, as shown in
FIG. 31C, hot air Fb around the center in the nghl-lait
direction within Ihe hol air area A al the lower side of the
heater core 4 flows into the left side space 92 by the hot-air
dividing door 85 Accordingly, the amount of hot air flowing
into thc Left sirlc space 92 is incrcascrl, and thc amount of hot
air floiving into thc right side space 93 is rcduccrl Thus, in
Ibis case, Lhe temperature of air blown from Ihe lefl side
space 9Z is high, aml the temperature of air blown from Lhe

n hl stile space 93 is low.
On the contrary, when the cool-air dividing door 86 is

rotated to the right side ivhile the hot-air dividing door 85 is
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rolalecf lo lhe left safe, Lhe lemperalure of. air blown from Ihe.

left side space 92 is foiv, and the temperature of air bfnivn
from the right side space 93 is high A temperature difference
lietween air bloivn from the right and left side spaces 92, 93
can bc adjusted by controllin the open degrees of the doors
85, 86

The left stele space 92 and the nghl mde space 93 are
partttioned by Ihe partition plate 91, and each of: the blower
openings 5—7 is provided in the left side space 92 and the
right side space 93. Therefore, the temperature of air blown io
from the opemng 5—7 to the left side area in the passenger
compartment can bc sct different from thc tenipcraturc of air
blown from thc openings 5—7 to thc right side area of the
passenger compartment. The hol-air dividing cfoor 85 and
the cool-air chvicfing door 86 are rotated in the reverse.
directinns opposite to each other 'I'herefore, the amounts of
cool air and hot air can be increased and decreased reversely
for the right and left side spaces 93, 92 Accordingly, the
tcmpcraturc of air blown from thc right side space 93 and thc
tcmpcraturc of air blown from the left side space 92 can bc ao

independently adjusted while an amount ratio of: air blown
from the nghl side space 93 lo air blown from lhe left side
space 92 is maintained constant.

The right-left independent temperature cnntrnf accnrding
to the mneteenth embodiment can be perfnrmed by the is
automatic control of thc air-conditioning electronic control
unit 53 shown in FIG. 2. Next, thc autoniatic control will be
descnbecf. A left-stele temperature setting switch, for seuing
lhe atr temperature in Ihe left stele area of lhe passenger
compartment, and a right-side temperature setting switch,
for setting the air temperature in the right side area of the
passenger cnmpartment, are provided on the air-
conditiomng control panel 55 shown in FIG. 2. A left-side
tar ct air tcmpcraturc TAOI is calculated by thc air-
condittomng electronic control unit 53 based on a left-side is
sel temperature Tsel1 set by Ihe left-side temperature salting
switch and the lil e. Further, a nght-side target air tempera-
ture 'I'AO2 is calculated by the air-conditinning electronic
control umt 53 based on a right-side set temperature Tset2
sct by thc right-siclc temperature setting switch and thc like so

(rcfcr to thc formula (1)). Then, thc tar et operation position
SW of: the flow control member 52 ts calculated baaed on an
average temperature of Ihe left-stele targel air I:mperalure.
TAO( ancf the mght-side target air temperature TAO2 (refer
to the formula (2)). I'he nperation pnsition of the floiv Ls

control member 52 is controlled liy the actuatnr 50 to be set
at thc target operation position SVi.

Further, thc open degrees of thc hot-air dividing door 85
and the cool-air dividing door 86 are adjusted by Ihe actuator
90 so that Ihe temperature difference between lhe left-side so

sel temperature Tsell and the right-stele set temperature
'I'set2 can be obtained

(Twentieth Hmbodiment)
In thc ninctccnth cmbodimcnt, thc hot-air dividing door

85 and thc cool-air dividing door 86 arc disposed at the ..
downstream safe of the heater core 4. However, in Ihe.

twentieth embochment, as shown in FIG. 32, boih the doors
85, 86 are disposed at Ihe upstream air mde of. the healer core.
4 Also m the twentieth embndiment, the right-left indepen-
dent temperature control described in the nineteenth NI

cmbochmcnt can be obtained. In the twentieth embodiment,
since both thc cloors 85, 86 arc disposed at thc upstream air
stele of: the heater core 4, Ihe partiuon plate 91 is disposecf
directly at the downstream air sicfe of. Ihe healer core. 4 lo
partttion the downstream side space into the nghl and left ss
spaces Also at the upstream air side of the heater cnre 4, a
partition portion 91u is disposed fnr partitioning a space

between lhe rotation shafts 85u, 86a amf lhe heater core 4
into the right and left spaces In the twentieth embochment,
the operations of the doors 85, 86 can be set similar to those
in the above-described nineteenth embodiment.

In the above-dcscribcd nineteenth ancl twcnticth
cmboclimcnts, lioth of thc hot-air divicling door 85 ancl thc
cool-air dividing door 86 are usecl lo perform the right-left
imlependenl lemperalure control. However, any one of. Lhe

doors 85, 86, for example, only the hot-air dividing cloor 85
can be used to adjust the amount ratio between air supplied
to the left side area and air supplied to the right side area,
thereby pcrformin the right-left independent tcmpcraturc
control. Hovvcvcr, ivhcn only onc divicling door is used, the
air blowing amounts towarcl the nght and left sicfes are
changed.

('Ixventy-first Lmbodiment)
In the tiventy-first embodiment, detail structures of the

flow control member 52 and the heater core 4 described in
thc first embodiment will be now dcscribcd. FIG. 33 is a
sectional view showing the inlet tank 41 of thc heater core
4 accorchng lo Ihe twenty-lirsl embodiment of. Ihe presenL
invention. As shown in FIG. 33, Ihe inlet tank 41 is molded
by using resin into a cylindrical shape The inlet tank 41 has
a tank inner space 41a fomied into a non-circular cross
section such as an elliptical cross section, as shown in I'IG
34. The inlet tank 41 includes thc flow control member 52
therein, and functions as a valve housmg in which thc flow
control member 5Z is moved in the longitucfinal direction of
Ihe inlet lank 41 (lube arrangement direction) As in the first
embodiment, since the inlet tank 41 includes the non-
circular cross section, it can prevent the flow control mem-
ber 52 from bein rotated relative to the inlet tank 41.

The inlet tank 41 is disposccl at onc end side of the hcatcr
core 4 in its right-left direction to cxtcncl in the up-clown
direction. The water inlet 46 is provided at Ihe lower end of
Ihe inlet tanl 41, thai is, al one emf thereof in the longitu-
dinal direcuon. The water inlet 46 is providecl in a pipe shape
by integral molding together ivith the inlet tank 41 to
protrude from the loiver end of the inlet tank 41 in the
longitudinal direction. As shown in FIG. 34, an outcr periph-
eral surface of thc inlet tank 41 has a plane portion 4lb at the
side ol: the heal-exchange core portion 43. The plane poruon
41b includes holes 41c arranged m the lank ion itudinal
direction ol: the inlet tank 41. The holes 41c are opened from
the inner space 41n of the inlet tank 41 to the outside of the
plane portion 41b, and one side ends of the tlat tubes 44
communicate vvith thc inner space 41a through thc hok 4lc.

At onc side of the heat-cxchangc core portion 43 in thc
n hl-left direction, a support plate 430 is disposed to support
Ihe one side end of each flat tube 44. As shown in FIGS. 34,
35, the support plate 430 has holes 430n arrangecf in lhe lank
longitudinal direction (i.e, in the up-doivn direction), and
the one side ends of the flat tubes 44 are inserted into the
holes 430a. Side plates 431 arc disposed at thc upper and
loivcr sides of thc heat-exchange core portion 43, as shown
m FIG. 33. The side plates 431 amf Ihe support plate 43(l are
made of aluminum, similarly to the tlat tubes 44, the
corrugate fins 45, Ihe outlet lani 4Z (refer to FIG. Z) and the
like. These components are temporarily assembled to a
predetermined structure, and are integrally firavud to each
other in a furnace.

The plane portion 41b of the inlet tank 41 is formed to
extend along an enure length of the support plate 430 in lhe
up-down direction, and a sheet-like seal member 432 mrufe
ol: a rubber-group elasuc maternal is disposed between lhe
plane portion 41b and the support plate 430 As shown in
Fl(iS 34 and 35, the seal member 432 includes holes 432u
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arranged in Ihe up-clown direcuon, and one side ends of. Ihe.

flat tubes 44 are inserted into the hnies 432u. Ilere, each of
the holes 41c, 430u, 432a has an opening shape correspond-
ing to the flat sectional shape of each flat tube 44

After thc integrally brazing of thc heat-exchange core
portion 43 is cndccl, the onc side ends of thc flat tubes 44
protrucle outside the support plate 43 by a precfelerminecf
dimension. Then, the seal member 432 ts attached lo Ihe
outside of the support plate 430 so that each hole 432u nf the
seal memlier 432 fits onto the protrusinn of each flat tube 44 io
Since a protrusion dimension of each flat tube 44 from the
support plate 430 to thc outside is smaller than thc thickness
of thc seal member 432, the one side ends of thc flat tubes
44 are posiuoned v:ithin the holes 432o of the seal member
432. Thereafter, the plane portion 416 of the inlet lank 41 is
pressed nntn the seal memlier 432 so that the positions of the
holes 41c of the inlet tank 41 correspond to the positions of
the one side cocks of the flat tubes 44 and the holes 432u of
thc seal mcmbcr 432. Next, as shown in FIG. 34, thc inlet
tank 41 is fixccl to the support plate 430 through thc seal zo

member 432 by crimping a cnmp portion 4306 (fastening
member) of the support plate 43U lo an enlarged slant
surface 41d nf the inlet tank 41

The crimp portinn 4306 protrudes from both front and
rear side surfaces ot'he support plate 430 in the front-rear zs
direction. In thc twenty-first embodiment, the piural crinip
portions 4306 arc formed on both thc side surfaces of the
support plate 43U in the lank longitudinal chrecuon (i.e., in
the up-clown direction). Further, as shown in FIG. 34, a
width dimension of the plane portion 416 is made larger than .io

a major dimension of the elliptical sectional shape of the
inlet tank 41, sn that the enlarged slant surface 41d is
formccl. When thc inlet tank 41 is fixed to the support plate
430 by thc crimping (fastening), the seal nicmbcr 432 is
elastically press-Iitlecf onto both of: the plane portion 416 of. is
the inlet lank 41 anil Ihe support plate 43U. Therefore., Ihe
connection portion between the one stele ends of Ihe flat
tubes 44 and the hnles 41c can be tightly sealed

Next, attachment structures of the actuator 50, the screw
rotation shaft 51 and thc flow control mcmbcr 52, relative to so
thc inlet tank 41, will bc now dcscribcd in detail. The
components 50—52 can be attached to Ihe inlet tanl 41 in a
state where Ihe inlet tanl 41 is lixed to the support plate. 430
by Ihe crimping (fastening), or in a slate of. Ihe single inlet
tank 41 As shoivn in I'IG 35, the flniv control member 52 as
is constructecl by a valve body 520 and a valve seat 521 'I'he

valve body 520 is formed of a rubber-group clastic niatcrial
into a rin shape. Herc, an outcr pcriphcral surface of thc
valve body 520 is not a real circular shape, bul an efliptical
shape, to be Iitlecf into Ihe inner surface deiimng Ihe inner so

space 41u of the inlet tanl 41 while shding on Ihe inner
surface of the mlet tank 41

The valve seat 521 is a rigid member for supporting and
fixing thc valve body 520. For cxaniplc, the valve scat 521
can bc made of a resinous material. Thc valve scat 521 ..
includes a cylincfncal portion 52lo, a flange poruon 52lb al
one encl of: the cylindncal portion 52lo, aml a claw poruon
521c al Ihe other eml of. Ihe cylindncal poruon 52/e. The.

flange pnrtion 5216 is enlarged tci aii outer radial side of the
cylindrical portion 521u. and the claw portion 521c pro-
trudcs from thc cylindrical portion 521(r to prevent thc valve
body 520 from falling out from thc vaivc seat 521. Since a
precfeterminecl clearance is provufed between an outer
penpheral surface of. Ihe flange portion 5216 and lhe inner
surface of the inlet tanl 41, Ihe outer penpheral surface of. ss
the flange portion 5216 does nnt contact the inner surface of
the inlet tank 41 The ring-shaped valve body 520 is press-

lined onto and lixed to an outer peripheral surface of the
cylindrical portion 521u over the claiv portion 521c A
female screiv portion 521d is formed on an inner peripheral
portion of the cylindrical portion 521a, and is engaged and
connected to a male scrcvv portion of thc screw rotation shaft
51.

The screw rolanon shaft 51 is a resinous or metal shalL
member inchiding the male screw portion on its outer
peripheral surface, as in the first embodiment. 'I'he screw
rotation shaft 51 is disposed in the inlet tank 41 to extend
along the entire len th of the inlet tank 41 in its longitudinal
direction. Thc lower end of thc screw rotation shaft 51 is
located at thc lower cnd siclc of thc inlet tank 41, and is
supported by a shaft support member 510 The shaft support
member 51U is a resinous member, and inclucfes a support
hase 510u, a fixing rin 5106 and plural (e.g, four) con-
necting leg portions 510c, as shown in lrl(k 36 The support
hase 510u has a circular recess portion into ivhich the lower
encl of the screw rotation shaft 51 is rotatably fitted, and thc
fixing rin Slflh is press-fitte onto a bottom step portion
41e in the inlet tank 41. The plural minnecung leg portions
510c are mle rally connected lo the support base Sfflu and
the hxing ring 5106, as shoivn in I'IG 36.

As shown in lrl(i 35, the screiv rotation shaft 51 includes
a small diameter portion Sld at the bottom end, and a seal
menibcr 51e such as an 0-ring is clisposcd around the small
dianictcr portion 51d at an upper side (at a side of thc male
screw). Here, an attachment posiuon of. the seal member 51
lo Ihe small diameter portion Sln is delerminecl by a step
portion betiveen the small diameter portion 51d and the male
screiv portion of the screiv rotation shaft 51. In lrIG 35, the
inlet tank 41 includes a taper portion 4ff between the water
inlet 46 and thc lowest flat tube 44 in the tank longitudinal
direction. The lovvcst flat tube 44 is most adfaccnt to thc
water inlet 46 in Ihe lank longitudinal direction (i.e.,
up-down direction). Across-section area of an inner space of
Ihe inlet tank 41 is radually reduced by forming the taper
portion 41j; from the position of the lowest flat tube 44 to the
water inlet 46 in the tank ion itudinal direction

As shown in FIG. 33, thc inlet tank 41 includes an
opening 41g at an cnd opposite to thc water inlet 46, that is,
al its upper end. The opemng 41g is for insertin ~ both the
screw rotation shaft 51 anil lhe flow control member 52
screwed on the screw rotauon shaft 51, into lhe inlet tank 41
The opening 41g has a circular shape whose diameter is
equal to or larger than the major dimension in the sectional
shape of thc valve body 520 of thc flow control mcmbcr 52
bavin thc elliptical shape. Thc opening 4lg is closed by a
cap member 41/i having a circular shape, aml the cap
member 410 is anached by using Ihe screwing member onto
an outer penpheral poruon of lhe inlet tank 41 at the opening
41g to be detachable. Therefore, the flow control member 52
and the screw rotation shaft 51 can be readily attached into
or renioved from the inlet tank 41, thcrcfiy improving
maintenance performance. A seal mcmficr 41i such as an
0-ring is disposed between an inner surface of the cap
member 410 aml an end surface of lhe inlet tank 41 at the
opening 41g to seal a clearance therebetween.

The cap member 41/i includes a circular bearing hole 41/
at its center, and the screw rotation shaft 51 is rotatably
supported in thc bearing hole 41j of the cap mcmbcr 41/I.
Thc screw rotation shaft 51 protruclcs outside thc cap
member 41/i through lhe bearing hole 41j, and is connected
lo the actuator 50. A seal member 41k such as an 0-nng is
disposed m Ihe beanng hole 41j lo seal a clearance between
the screw rotation shaft 51 and the cap member 410 I'he
screw rotation shaft 51 includes a circular stopper portion
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512 for setung the maximum heating position (broken-hne.
position MI I at the upper side in FIG. 33), inside the opening
415 Since the basic operation of the flnw control member 52
according tn the twenty-first embodiment can be set similar
to that according to the first embodiment shown in FIG. 2,
thc operation of the flow control member 52 is oniitted.

Hot water is prevented Irom flowing in all ihe flal tubes
44, al the maximum cooling posiuon indicated by Ihe
broken-line position MC in I'IG. 33 At the maximum
cooling position MC, the flnw contrnl member 52 is dis- io
posed lower than the lowest flat tubes 44, and the valve body
520 of thc flow control member 52 is positioned in the taper
portion 41f of thc inlet tank 41. Since the cross-section arcs
of the inner space of the taper poruon 4H is grariually
reiluce&l Irom Ihe position of. the lowest flat lube 44 lo Ihe.

water inlet 46 in the tank longitudinal direction, the valve
body 520 made nf an elastic material can be strongly
press-fitted onto the inner surface of the taper portion 4lf
Thcrcforc, it can accurately prevent hot water from leaking
outside throu h a clearance between thc outcr peripheral "o

surface of the valve body 520 and the inner suriace of. Ihe
inlet lank 41

I'urther, at the maximum conling positinn MC, the top end
of the cylindrical portinn 521a of the valve seat 521 made of
the rigid material is press-fitted tn the seal member 5la on as
thc smafl diamctcr portion 51d of the screw rotation shaft 51.
Thcrcforc, a screw connection portion between thc female
screw portion 521d on the inner peripheral surface of Ihe.

cylimlrical poruon 521a of Ihe valve seat 521 anti Ihe male
screw portion of the screw rotation shaft 51 is tightly sealed,
thereby surely preventing hot water frnm leaking outside
thrnugh the screw connectinn portion Accordingly, at the
maximum cooling position MC, it can prevent hot water
from Icalnng to thc upper side of thc flow control niembcr
52, thereby ensuring maximum cooling periormance. is

When Ihe flow control member 52 is posiuoned al Ihe
maximum heating position (upper brol en-line potation MH
in I'IG. 33), that is, at an upper side of the highest flat tube
44, hnt water flows into all the flat tubes 44 In this case, the
valve scat 521 of the flow control member 52 contacts the so
circular stopper portion 51f of thc screw rotation shaft 51, so
that the maximum heaung pox&non MH is determined. The.

inlet lank 41 has a non-i:ircular cross-secuon such as Ihe.

elliptical cross-section in Ihe first embodiment and Ihe.

twenty-first embodiment and the like. However, the inlet as
tank 41 can be formed into a non-circular cross-section such
as a polygonal cross-section.

In thc first and twenty-first en&I&odiments, thc valve body
520 of the flow control member 52 is litled into Ihe inlet tanl
41 having a non-circular cross-section such as the efliptical so

cross-section, thereby prevenung Ihe flow control member
52 from being rotated I lowever, even when the inlet tank 41
is formed into a real circular cross-section, the flow control
mcmbcr 52 can bc prevented from l&cin rotated. For
cxamplc, a groove or a rib, extending in parallel to the scrcw .-.-

rolalion shaft 51, can be provided on the inner surface of Ihe.

inlet tank 41. In Ibis case, a rib or a groove, lo be engaged
with Ihe groove or Ihe nb on the inner surface of Ihe inlet
tank 41, respectively, can be prnvided on the valve seat 521
of the flow control member 52 This modificatinn can be also
applied to thc case where thc flow control niembcr 52b is
disposed in thc outlet tank 42 as shown in FIG. 5.

In the above-riescribed twenty-lirst embodiment of Ihe
present invenuon, the inlet tanl 41 and Ihe support plate 430
are fixed to each other by the cnmping. However, the inlet ss
tank 41 and the support plate 430 can be fixed by using a
fastening member such as acre&vs and a metal spring click

In the above-descnbed twenty-Iirst embodiment, lhe shalt
support member 510 separated from the inlet tank 41 is
attached into the inlet tank 41, and the loiver end of the
screiv rotation shaft 51 is supported by the shaft support
mcmbcr 510. However, thc lower encl of the screw rotation
shaft 51 may bc supportcrl by a shaft support portion
integrated with the inlet lank 41 by mtegrally molding.

In Ihe above-descnbeil twenty-Iirst embodiment, lhe top
ends of the flat tubes 44 are inserted into only the hnle 432a
of the seal member 432, but are not inserted into the holes
41c of the inlet tank 41. Iiowever, the top ends of the flat
tubes 44 may be inscrtcrl into both of thc holes 432a of the
seal nicmbcr 432 anil thc holes 41c of thc inlet tank 41. In
Ihts case, the posiuons of both of the holes 432a of the seal
member 432 and the holes 41c of the inlet tank 41 can be
readily set Even in this modification, the top ends of the flat
tubes 44 can be disposed within the holes 41c of the inlet
tank 41 to be not protruded into the inner space 41a of the
inlet tank 41, so that thc flow control mcmbcr 52 smoothly
movcrl in thc inlet tank 41.

(Other Embodimenhs)
In the above-descnbed embodiments, the present inven-

tion is typically applied to the vehicle air conditioner having
the heater core 4 in which the hot ivater is used as a heat
source. Iloivever, the present invention can be applied to a
vchiclc air conditioner having a hcatcr core which heats air
by circulating oil such as an engine oil and an operation oil
for a hydraulic machine as a heat source.

W'bile the present invention has been shown aml
described ivith reference to the foregoing preferred
embodiments, it &vill l&e apparent to those skilled in the art
that changes in form and detail may be made therein without
departing from thc scope of thc invention as rlcfined in thc
appcnrlcrl claims.

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

comparlmeni, composing.
an air conditioning case for definin an air passe e

through ivhich air floivs into the passenger cnmpart-
mcnt;

a heating heat cxchan cr, rlisposcd in the air conditioning
case, for heating air using a fluirl flowin thcrcin as a
heaung source, and

a flow control member disposed within Ihe healing heat
exchanger to divide the heating heat exchanger into a
first area ivhere the fluid tlows and a second area where
the tluid does not tlow, ivherein
the flow control member changes a ratio between the

flrst area anil thc seconrl area.
2. Thc air conditioner according to claim 1, whcrcin:
the heating heal exchanger mcluiles a plurality of tubes

through which the fluid flows for heaung air; anil

the flow control member is disposed lo change a rauo
bet&veen a first number of the tubes in ivhich the fluid
flows, and a second number of the tubes in which the
fluid does not flow

3. Thc air conditioner according to claim 2, further
comprising

a prcssure-loss increasing portion that incrcascs an air
pressure loss arounil a one tube among all the tubes, in
which the fluid firstly flows, lo be larger than that in the
other position of the heating heat exchanger

4. 'I'he air conditioner according to claim 2, ivherein
the heating heat exchanger includes a core portion includ-

ing ail the tubes, through ivhich air floivs to perform a
heat exchange with the fluid floiving in the tubes; and
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among all the tubes, one lube into which Ihe fluid firsfly

flows is disposed at an outermost side in the core
portion.

5. The air conditioner according to claim 3, wherein

the heating heat exchanger includes a core poruon includ-
ing all thc tubes, through which air flows to perforni a
heal exchange wuh Ihe fluuf flowing in the tubes,

thc onc tube is disposed at an outermost side in thc core
poruon. iu

6. Thc air conclitioncr according to claim 1, ivhrrcin the
healing heat exchanger ts chsposecf in the mr conditioning
case tn form a bypass passage in the air conditioning case at
least at one side of. the heaung heal exchanger, such that air
flows through the bypass passage while bypassing the heat-
ing heat cxchangcr, thc air conditioner further con&prising:

a l&ypass door disposed in the air conditioning case for
opening and closing the bypass passage.

7. The air conditioner according to claim 6, wherein
o

the heating heat exchanger has a fluuf inlet from which Ihe
fluicl floivs into thc heating heat exchanger;

the fluid inlet is provided at any one end side of the
hc&ting heat exchanger disposed in thc air conditioning
case, in a vertical direclion; and as

thc bypass passage and the bypass door arc provided at the
same stele as the fluid inlet, relative tn the heating heat
cxchangcr, in thc vertical direction.

8. The air conchlioner according to claim I, wherein.
) )

thc heating heat exchanger is disposed in thc air condi-
tioning case to extend vertically; and

the healing heat exchanger has a lluicf inlet al a lower end
side ot'he heating heat exchanger, and a fluid outlet at
an upper cnd side of thc heating heat exchanger in thr
vertical direction.

9. Thc air conditioner according to claini 1, further
composing

a partition member disposed in thc air conditioning case
to partition the air passage at a downstream air side of
the heating heat exchanger into a front passage and a
rear passage, whcrcin:
thc fiow control member includes a front control part

disposed lo imlependently control temperature of air as
flowing into Ihe front passage, and a second control
part clisposed to indepemlently control temperature.
ot'ir flowing into the rear passage

10. The air conditioner accnrding to claim 1, further
compwsin

a plurality of: ribs, disposecf at a downstream airs)de of Ihe.

healing heal exchanger in the air comhtioning case, for
disturbing an air flow frnm the heating heat exchanger

11 The air conditioner according to claim 10, wherein
each of the ribs is disposed to extend approximately in
parallel with a boundary linc between the first area and thr
second arcs in thc heating heat cxchan er.

12. The air conchlioner according to claim 10, wherein Ihe
ribs are dispose)1 lo have a predetermined cfistance between
adjacent two, the predetermined distance heing equal to or
smaller than 60 mm

13 The air conditioner according to claim 1, further
comprising

a guicfe member, chsposed al a dov:nslream air side of: Ihe
healing heal exchanger in the mr comhuoning case., for as
guiding nne of air frnm the first area and air from the
secnncl area to a side of the other one

14. The air conditioner according lo claim 1, further
comprising

a partition plate disposed at a clownstrcam air siclc of thc
hcatin heat cxchangcr in the air conclitioning case to
deline a first passage through which air is blown toward
a left side area m the passenger compartment, aml a
second passage through which air is blown toward a

right side area in the passenger compartment; and

a floiv ratio changing member clisposcd to chan c a flow
ratio bctwcen an air amount flowin from thc heating
heat exchanger into lhe lirsl passage, and an air amount
flowin ~ Irom the heating heat exchanger into the sec-
oiicl passage.

15 The air conditioner accordin to claim 14, wherein
thc first area and the second area are arranged in thc

heating heal exchanger in a verucal direction; aml

the floiv ratio changing member is a door rotated in a
vehicle right-left direction around a rotation shaft dis-
posed at an approximate ccntcr in thc vchiclc right-left
direction of the heating heat cxchan cr.

16. Thc air conclitioner according to claim 15, whcrcin thc
door is disposed al a downstream air side of. the heating heat
exchanger.

17 '1'he air conditioner according to claim 15, wherein the
door is disposed at an upstream air side of the heatin heat
cxchan cr.

18. The air mnditioncr accorcling to claim 15, wherein thc
door includes a first cloor mcmf)cr clisposccl to corrcspond to
Ihe lirsl area ol: the heating heat exchanger, and a second
door member disposed to corresponcl to the seconcl area of
the heating heat exchanger.

19 '1'he air conditioner according to claim 18, further
comprising

a single operauon mechanism for operating the lirst door
member aml lhe seconcl door member,

wherein the hrst door member and the second door
men&her arc connected to thc single opnation member
to f)c opcrativcly linked with each other.

20. The air mnditioncr accorcling to claim 19, wherein thc
lirsl door member and the second door member are disposed
lo be rolalecl reversely in the vehicle wghl-leff direction.

21 The air conditioner acmrding to claim 1, wherein
thc hcatin heat exchanger incluclcs a core portion having

a plurality of tubes through ivhich thc fluid flows to heat
air, and a tank member for distribu ung the fluid into and
for colleclmg Ihe fluid from the tubes,

the flow control member is disposed in the tank member
to be movable in the tank meml&er so that an inner space
of the tank member is partitioned in a tube arrangement
direction whcrc the tubes are arrangccl; and

thc flow control nicmf)cr is movccl linearly in the tube
arran ament direction to change thc ratio bctwccn thc
lirsl area and the second area.

ZZ. The air comhnoner accorcling lo claim 21, wherein the
flow control member is linearly movecl in the tank member
to change a ratio between a first number of the tubes in
ivhich the fluid tloivs, and a semnd number of the tubes in
ivhich the fluid docs not flow.

23. Thc air conditioner according to claim 1, whcrcin:
thc hcatin heat exchanger incluclcs a core portion having

a phi rality of tubes through which the fluid flows to heal
air, and a tank member for distribu ung the fluid into and
for collecting the fluid from the tubes;

the tlow control member is disposed in the tank member
to be rotatable around a rotation axis that is parallel to
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a tube arrangemenl direction where the tubes are
arranged, aml

the flnw cnntroi member is rotated in the tank member to
change a ratio between a first nmnber of the tubes in
which Ihe tluid flows, anti a second number of. the tubes
in which Ihe fluid does nol flow.

24. An air conditioner for a vehicle having a passenger
compartment, comprising

an air conditioning case for defining an air passage
through which air floivs into the passenger compart-
ment;

a heating heat exchanger, fnr heating air using a tluid
flnwmg therein as a heating source, dispnsed in the air
conditiomng case, thc heating heat exchanger including
a core portion having a pluraiity of tubes through ivhich
thc fluid flows to heat air, and a tank member for
dtstnbuting Ihe fluid into and tor collecting lhe fluirl
from Ihe tubes; and

a flow control member disposed in the lank member to be.

movable in Ihe tank member so that an inner space of
the lank member is partitioned into plural spaces in a
tube arrangement direction where the tubes are
arrangerl, wherein:
thc flow control member is moved linearly in thc tube

arrangcmcnt direction to change a ratio bctwcen a
first number of the tubes in which Ihe fluid flows, and
a second number of Ihe tubes in which the fluirl does
not liow.

25 The air conditioner accnrding to claim 24, further
compnsing:

a screw rotation shaft extenriing in the lant member in Ihe.

tube arrangement direction, wherein:
the tloiv control member is fitted with an inner surface

of thc tank member to fern) a fitted state ivhich
prcvcnts thc flow control member from l&ning rotated
relative lo the lank member, while being shdable on
Ihe inner surtace of. Ihe tant member in the tube
arrangemenl direction,

the flow control inember is screw-cnnnected to the
screw rotation shaft, tn be linearly moved in the tank
mcmbcr by a rotation of thc screw rotation shaft
while thc fitted state is maintained.

26. The air comit)oner accorihng to claim 25, wherein.
thc tank mcmbcr has a non-round sectional shape; and
the tloiv control member has a shape corresponding tn the

non-rounrl sectional shape of thc tank niembcr.
27. Thc air conditioner according to claim 25, wherein;
the tlow control member includes a valve member made

of an clastic material, and a vaivc seat made of a
ngidity material for fixing thc valve men)I&cr;

the valve member is dispo~ed to press-contact the inner
surface of thc tank member;

the valve seat is screw-connected with the screw rotation
shaft, and is dispnsed to be separated from the inner
surface of the tank member by a prcdctermincd clcar-
ancc.

25. The air conditioner accorriing lo claim 25, further
composing:

a shaft support member, disposed within thc tank men)her
at one enri side in Ihe tube arrangement direction, for
supporting one enri of Ihe screw rotation shall; and

an operation member, connected to Ihe other end of. Ihe
screw rotation shaft, tor rotaung the screw rotation
~haft, wherein.
the tank member has an npening at the other end side

in the tube arrangement direction, from ivhich the

flow control member is inserted into the tank
member, and a cap member detachably disposed for
closing the opening; and

the other end of the sere)v rotation shaft penetrates
through the cap mcmbcr from thc tank mcmbcr, to
protrude to an outsirlc of the tank member and to bc
connected with the operauon member

29. The air comhuoner according lo claim 25, wherein lhe
tank member has a tluid inlet from which the fluid tlows into

io the tank member, at the one end side of the tank member in
the tube arrangement direction.

30. The air conrlitioncr accorrling to claim 25, wherein:
the tant member has a fluid inlet irom which the tluid

flows into the tank member, at one end side of the lank
member in the tube arrangement direction;

thc tank member has a sectional shape with a sectional
opening area bctwccn thc fluid inlet and onc tube
among the tubes, most adjacent lo lhe fluid inlet in lhe
lube arrangemenl direction, and

o
the sectional opening area of the tank member is provided

to be reduccrl front thc onc tube towarrl thc fluirl inlet
in the tube arran cmcnt direction.

31. The air comhuoner according lo claim 25, wherein lhe
lank member has a fluid inlet from which the tluid flows intoas
Ihe tant member, al one encl side of Ihe tank member in lhe
tube arrangement direction, the air conditioner further com-
pfasiiig

a seal member for sealing a screw connection portion
between the flow control member and Ihe screw rota-
tion shaft, when the flow control member is moved
bet)veen the tluid inlet and one tube among the tubes,
most adjacent to the fluid inlet in the tube arrangement
direction, to close thc fluid inlet.

32. The air conrlitioncr accorrling to claim 24, wherein:
the heating heat exchanger includes a support plate for

supporting one-side lop amis of the tubes,
thc tank member is formed into a cylindrical shape, anil

has plural holes corresponrlin to thc one-side top ends
of the tubes, at a side adjacent to thc support plate; anil

the tank member is attached to the support plate while the
one-side top ends of the tubes communicate with an
inner space of the tank member through the holes of the
tank member.

as 33. Thc air conditioner according to claim 32, ivhcrcin:

thc heating heat cxchangcr further mclurlcs a scat member
havmg plural holes communicanng with the one-side
lop amis of the tubes aml Ihe holes of Ihe tank member,
respectively; and

the seal member is disposed bet)veen the support plate and
the tank member.

34. Thc air conrlitioner according to claim 32, whcrcin thc
support plate has a t'astcning portion for fastcnin thc tank
member.

35. An air condinoner flir a vehicle having a passenger
comparimenl, composing.

an air conditionin case for defining an air passage
through )vhich air tlo)vs into the passenger compart-
ment;

a heating heat exchanger, for heating air using a tluirl
floiving therein as a heating source, rlisposcd in thc air
condiuonin ~ case, the healing heat exchanger including
a core portion having a plurahly of tubes through which

as Ihe fluid flows lo heal air, aml a lank member tor
distributing the tluid into and for collecting the fluid
from the tubes; and
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a flow control member disposed in the lank member to be.

rotatable around a rntation axis that is parallel tn a tube
arrangement direction ivhere the tubes are arranged,
wherein:
thc flow control member has a dimension in an axial

direction, corresponding to a length of the tubes in
Ihe tube arrangemenl direction, and

the flow control member is rotated in the lank member
tn change a ratio between a first nmnber nf the tubes
in which the fluid flows, and a second number of the
tulies in which the tluid dnes not flnw

36. Thc air conditioner according to claim 35, wherein;

the flow control member has a hollow-shaperl portion
openml at one end in Ihe axial direction,

thc hollow-shaped portion is provided with an outcr
periphery facin to onc-side top ends of thc tubes;

the outer periphery of. the hollow-shaped poruon has a
seal surface for closing the one-side top enrls of Ihe.

tubes, and a recess portinn for opening the one-side top
ends nf the tubes; and

thc rcccss portion is provided in thc hollow-shaped por-
tton lo have a spiral shape from one end toward Ihe.

other end in the axial direcnon.
37. I'he air conditioner according to claim 35, wherein
thc hcatin heat exchanger further includes a seal mcniber

disposed bctwccn thc seal surface and thc onc-side top
ends of the tubes, anil

the seal member is disposed to press-contact the seal
surface.

38. Thc air conditioner according to claim 35, further
comprising:

a rinve shaft disposeri al Ihe other end of the flow control
member in the axial direction to protrude to an outside
nf the tank member; and

an operation member connected to the drive shaft at thc
oulsirie of the lank member, for dnving the drive shafl.

39. The air conditioner accorthng Io claim 35, wherein.

the tank member includes an inlet tank for distnbuung the
fluirl into the tuiics, and an outlet tank for colkcting thc
fluid from thc tubes; and

thc flow control mcmbcr is rlisposcd in at least one of thc
inlet tank and the outlet tank

4U. The air comhuoner according Io claim 39, wherein Ihe
hcatin heat cxchangcr is one-way flow type in which the

'" fluid flows through the tubes in onc way from thc inlet tank
lo Ihe oullel lani .

41 The air conditioner according to claim 39, wherem

the inlet tank and the outlet tank are disposeil at one end
side of the core portion to bc arranged adjacently in an
air flowing direction,

thc heating heat cxchangcr has a connection tank at thc
other end side of. Ihe core portion, opposite to arrange-
ment positions of thc inlet tank anil thc outlet tank;

the inlet tank and the outlet tank are disposed to commu-
nicate with the connection tank through thc tubes, such
that the fluid from the inlet tank tlows intn the connec-
tion tank through thc tubes, and flows from thc con-
necuon lani into Ihe outlet lank through the tubes after

as
bein U-turncrl in thc connection tank; anil

the connection tank has therein a plurality of spaces
partitioned from each other for each of the tubes
arran ed in the lube arrangement direction

42. The air conrlitioncr accorrling to claim 24, wherein:

the tank member includes an inlet tank for distrdiuting the
fluid into thc tubes, and an outlet tank for collecting the
fluid from the tubes;

thc flow control mcmbcr is rlisposcd in at least one of thc
inlet tank and the outlet tank
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