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ABSTRACT

A hot-water type heating apparatus mcludes a heat
exchanger and a flmv rate control valve for controlling hot
water supplied Lo the heat exchanger. The heat exchanger
incluiles an inlet stile tank placed at a lower s«le, an outlet
side tank placed at an upper side, and a core portion disposed
between the inlet side tank and the outlet side tank An inner
space ol the inlet side Lank is parutioned into four spaces.
Hot water from a hot water inlet pipe is divided into four
flows, and floivs into tubes of thc core portion after passing
through the four spaces. Iiecause hot water from the hot
water inlet pipe is compulsonly divided into four flows to

pass through the four spaces, it can prevent hot water from
mainly flowing through thc core portion at a side proximate
to the hot ivater inlet pipe and a hot water outlet pipe 'I'hus,

in the hot-water type heating apparatus, a temperature dif-
lerence between air blown from a left side ol the heating
heat cxchangcr and air blown from a right side Lhcrcof can
be decreased without reducing the maximum heating capac-
ity.

13 Claims, 19 Drawing Sheets
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HOT-kYATER TYPE HEATING APPARATUS

CROSS-REFERENCE TO RELATED
APPI.ICAI'ION

This applicauon is related to aml claims priontres from
Japanese Patent Applications No. Hei. 9-14S136 liled on
.Iun 5, l997, and No llei. 10-9L)47 filed on .Ian 20, i&I&JR

the contents of which are hereby incorporated by reference

BACKGROUND OF THE INVENTION

I I'ield of the Invention

Thc prcscnt invention rclatcs to a hot-water type hcatin
apparatus having a flow rate control valve for controlling a
flov, rate of hot water. The ho&-water type heating apparatus
&s suitable for an air condinomng apparatus for a vehicle

2 l)escript&on of Related Art
Conventionafly, a flow rate of hot water flowing through

a heating heat exchanger is controfled to rxm&rol a tempera-
&0

ture of air blown toward a passenger compartment The
applicant proposes a hot-water type heating apparatus as
described in JP-A-8-118943 In the hot-water type heating
apparatus, a floiv rate control valve for controlling the flow
rate of hot v ster is intcgratcd with a heating heat cxchan cr, .
an inlet side tank through which hot water controlled by the
flov, rate control valve tlows in&o the heaung heat exchanger
&s disposed at a lower side of the heaung heat exchanger, aml
an outlet side tank is disposed at an upper side thereof. In the
heating heat exchanger, hot water flows in one way from a ic
lower side toward an upper side of Lhc ccrc portion; and
therefore, air contained in hot water can bc smoothly dis-
charged to Lhe outside of the heating heat exchanger
However, when the flow rate of hot water flowmg through
the heaung heat exchanger is controlled at a minute flow
rate, air blown from the heating, heat exchanger has a
ditferent temperature distriliution in a Left-right direction
(i.c., a longitudinal direction of tank) of thc hcatin heat
exchanger. As a result, thc tcmpcraturc of air blown toward
a right side in thc passcngcr compartment is dift'crent from
the temperature of air blown toward a left side in the
passenger compartment. To overcome the problem, in the
hot-water type heating apparatus, a hot-water distribution
unit for uniformly distributing hot water in the heating heat
exchanger in thc left-right direction is provided in the inlet
side tank or thc outlet side tank. That is, a pipe-like mcmbcr
extending in thc longitudinal direction of thc tank is pro-
vided in the inlet side tank. The pipe-lil e member has a

plurahty of hot water holes through which hot water dis-
triliutes within the inlet side tank

n
Howcvcr, in thc above-dcscribcd hot-water type hcatin

apparatus, hot water is supplied to thc inlet side tank of the
heating hex& exchanger through the ho& water holes provided
in the pipe-like member even dunng &he maximum heaun ~

mode ivhere the flow rate contrnl valve contmls the tlow rate
of hot water at the maximum floiv rate 'I'herefore, a tlow
resistance of hot water becomes higher, hot water supplied
to thc heating heat cxchangcr is restricted, and thcrcby
reducing thc maximum heating capacity for thc passen cr
compartmenL. ac

SUMMARY OF THE INVENTION

In view of the fore oing problems, it is an oblect of the
present invention Lo provide a hot-wa&er type heating appa-
ratus having a heat exchanger in which hot water flows in as
one ivay from a le&ver side to an upper side of a core portion
In the heat exchanger, a temperature difference of air blown

Irom left and r&ght sides of the heat exchanger can be
decreased without reducing the maximum heating capacity
of the heat exchanger.

Accordin to present invention, a hot-water type heating
apparatus includes a heat exchanger for hea&ing air passing
therethrough using hot water as a heaung source, and a flow
rate control valve for controfling a tlow rate of hot water
supplied to the heat exchanger In the heat exchanger, hot
water from an inlet side tank tlows into an outlet side tank
through a core portion in one ivay, thc inlet side tank has a
plurality of inner spaces partitioned from each other in a
longitudinal direcuon of the inlet side tank, aml the inner
spaces are formed in such a manner that hot wa&er Irom an
&nfet pipe &s divided to pass through the inner spaces and
tlows into the core portion through the inner spaces I urther,
the inlet side tank is placed at a position lower than the outlet
side tank. In thc heat &,xchangcr, bccausc hot water from thc
inlet pipe is compulsorily divided into thc plurality of inner
spaces to pass through the inner spaces in &he longi&u&hnal
&hrecnon of the, inlet si&le tank, it can prevent hot water from
mainly flowing through the core poruon proximate to the
inlet pipe and an outlet pipe due to buoyancy affected to hot
water. I'hus, hot water can be uniformly distributed into the
tubes of thc core portion in thc longitudinal direction of thc
inlet side tank, and a tempcraturc diflbrcncc of air blown
I rom the heating heat exchanger in the longi&udina1 direction
(e g., felt-r&ght direction) of the inlet side tank can be
reduced.

Preferably, the inlet side tank has therein a partition
member for partitioning thc inner spaces from each other in
the lon~tudinaf direction of thc inlet side tank. Bccausc thc
parnnon member is only for paruuoning the inner spaces in
the longitudinal direction, tlow resistance of hot water is not
greatly increased by providing the partition member; a&id

therefore, the tloiv rate of hot water tlowing through the core
pnrtion is not affected by the partition member even durifig
the maximum heating capacity.

More preferably, each of the spaces of &he inlet side tank
has a dimension in the longitudinal direction of the inlet sale
tank, and the dimension is lower than 1(ILI mm 'I'herefore,
the temperature difl'erence of air blown from the heat
exchanger can be cffcctivcly reduced.

Further, thc inlet side tank forms a tank water passage
having a water-passing sectional area, thc inlet pipe forms a

pipe water passage having a water-passing sectional area
through which hot water flows into Lhe tank wa&er passage,
and the inlet side tank has prevention means for preventing
a sectional area of the tank water passage frnm being rapidly
increased as compared with the sectional area nf the pipe
water passage. Therefore, buoyancy aflbctcd to floiv of hot
water is relatively reduced when thc heat exchanger is
inclined at left end side or a nght end side thereof. Thus,
even when the, heat exchanger is inclined a& a left end sale
or a right end side, it can prevent an amount of hot water
tlowing into the left end side or the right end side nf the core
pnrtion from heing reduced, and the temperature ditference
of air liloivn from thc heat cxchangcr can lic dccrcascd.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional obtects and advantages of the present inven-
uon will be more rea&hly apparent from the following
detailed description of preferred embodiments when taken
together with the aceompanymg drawings, in which

FIG. 1 is a diagrammauc view showing a hot wa&er circuit
of a hnt-water type heating apparatus according to a first
preferred embodiment of the present invention;



FIG. 2 is a front view showing a heaung heat exchanger
accordin to the first embodiment;

FIG. 3 is a partly cnlargcrl view showing a part of the
heating heat exchanger in FIG. 2;

FIG. 4 is a graph showing the relationship between a

dimension of the heating heat exchanger in a width direction
W in I'l(L 2 and a temperature difference of air blown from
left aml right sides of thc heating heat cxchangcr in FIG 2,

FIG. 5 is a schemauc plan view showmg a heating heat lc
exchanger accorrhng to a second preferred embodiment of
the present invenuon,

FIG. 6 is a schematic plan view shoiving a heating heat
exchanger according to a thirrl prcfcrrcd cmbodimcnt of the
present invention; is

I'IG 7 is a schematic perspective view showing a partition
structure of an inlet side tank of the heating heat exchanger
accordin to the thirrl embodiment;

FIG. S is a cross-secuonal view taken along line VHI—
VIII in FIG. 7; zo

I'IG 9 is a graph showing the relatinnship between an
inclined angle 0 of the heating heat exchanger and a tem-
perature difference of air blown from left anil riQt sides of
the heating heat cxchangcr according to thc third embodi-
meni;

I'IG 10 is a schematic plan view showing a heating heat
exchanger according to a fourth preferred embodiment of
the present invention;

FIG. 11 rs a schemauc plan view showing a heating heat
exchanger according to a fifth preferred embodiment of the
present invention;

I'IG 12 is a graph showing the relationship between an
inclined angle ()i of the heating heat exchanger and a
tcmpcraturc of air bloivn from thc heating heat cxchangcr ss
according to a sixth prcfcrrcd embodiment;

FIGS. 13A, 13B, 13C arc diagrammatic views for
explaining problems due io an increase of water-passin ~

secuonal area in an inlet side rani of ihe heating heat
exchanger; 30

I'IGS 14A and 1433 are crnss-sectional views showing
main portions of the heating heat exchanger according to the
sixth embodiment of thc prcscnt invention, and FIG. 14C is
a partly cnlargcd view showing a portion indicated by G in
FIG. 14B; as

FIG. 15 is a graph showing the relauonshrp between a

water-passing sectional area A2 and a variation in a tem-
perature of air blown from a heating heat exchanger accnrd-
ing to the sixth embodiment;

n
I'IGS 16A, 16 if are graphs for comparing the etfect of the

heating heat cxchangcr in thc hrst cmbodimcnt anil thc eflcct
of thc heating heat cxchangcr in thc sixth embodiment;

FIGS. 17A and 17B arc cross-sectional views showin
mam portions of: a heaung heat exchanger according to a

seventh preferred embodiment of the present invent ron, FIG.
17('s a partly enlarged view showing a portion milrcated by
G in lilG 170, and I I(L 171) is a cross-sectional view taken
along line XVHI) XVIII) in I'IG 17A;

FIG. IS is a partly sectional view showin thc hcatin „c
heat exchanger accorrling to thc seventh cmbodimcnt of the
present invention;

FIG. 19A rs a cross-secuonal view showmg a main
poruon of a heaung heaL exchanger accortlmg to an ei hth
preferred embodiment of the present invenuon, and FIG. as
19I3 is a cross-sectional view taken alnng line XIXII
XIX33 in I'IG 19A;

FIG. 2UA is a cross-secuonal view showing a main
pnrtion of a heating heat exchanger according to a ninth
preferred embodiment of the present invention, and I'IG
20li is a cross-sectinnal view taken along, line XXI3 XX33

in FIG. 20A;
FIG. 21 is a partly sectional view showing a hcatin heat

exchanger according io a tenth preferred embodiment of the
present invenuon;

FIG. 22 is a partly sectional view showing a heating heat
exchanger according to an eleventh preferred embndiment
of the present invention; and

I IG 23 is a partly sectional view showing a heating heat
exchanger according to a twelfth prcfi:rrcd embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Preferred embodiments of thc prcscnt invention arc
rlcscrilicd hereinafter with rcfi:rcncc to thc accompanying
rlrawings.

A first preferred emboihment of the present invenuon will
be now described with reference to FIGS. I —4. As shown in
I'IG I, a water pump 2 is cloven by a water-cooled type
engine I to circulate water in a coolant water circuit (i e., hot
water circuit) A hnt-ivater type heating apparatus includes a
heating heat exchanger 3 having a hcatcr core for hcatin air
passin thcrethrough using hot water as a heating source,
and a flow rate control valve 4 for controlling a flow rate of
hot water supphed io the heaung heat exchanger 3. The flow
rate control valve 4 is a three-way type valve having three
hnt water tlow ports.

Abypass passage 5 is provided in parallel with the heating
heat exchan cr 3, and a prcssure-rcsponsivc valve 6 (i.c.,
constant-differential prcssure valve) is disposed in thc
bypass passage 5. Thc prcssure-rcsponsivc valve 6 is opcncd
when a pressure difference between its upstream and clown-
stream sides reaches a predetermined value, and funcuons to
make inlet and outlet pressures of the heating heat exchanger
3 substantially equal even if the pressure discharged from
the water pump 2 fluctuatcs duc to rotational speed fluctua-
tion of thc engine 1. Thc flow rate control valve 4 including
the bypass passa c 5 and thc prcssure-rcsponsivc valve 6 is
assembled io ihe healing heaL exchanger 3 inta rally.

A temperature sensor 7 is disposcrl in an air conditioning
case S on a downstream air side of thc heating heat
exchanger 3 at a posiuon immerhately before a branch point
of vanous air outlets such as a face air outlet, a defroster ur
outlet and a foot air outlet. The air conditioning case S fonna
an air passage Sa through which air is blown tnwarrl a
passenger compartment through thc air outlets. Thc tcm-
pcraturc sensor 7 is composed of a thermistor and detects thc
tcmpcraturc of air blown toward thc passcngcr compart-
ment.

As shown in FIGS. 2 anil 3, thc heating heat cxchangcr 3
inclutles an inlet side tank 3a disposed ai a lower sale
thereol; an outlet side tank 3b disposed at an upper sale
thereol; anti a core portion 3c thsposed between the inlet sale
tank 3a and the outlet side tank 3b lint water having been
controlled by the flow rate control valve 4 flows intn the inlet
side tank 3a, and flows through thc core portion 3c in onc
way from a lower side towarrl an upper side thcrcof. Thc
heating heal exchanger 3 is disposed to be approximately
perpendicular to the air passage Sa in such a manner that the
ink( side lank 3a is placed at a lower side and the outlet sale
tank 3b is placed at an upper side in the air conditinning case
S.



In FIG. 1, the inlet s&de Lank 3a &s indicated at an upper
s&de and the outlet side tank 3b is indicated at a lower s&de

to simply indicate thc hot water circuit. Howcvcr, actuallv,
the inlet side tank 3a is disposed at thc lower side of the
heating heat exchanger 3 and the outlet side tank 36 is
disposed at the upper side thereof, as shown in I'IG 2

Thc core portion 3c includes a plurality of flat tubes 3d
disposed in paralkl in a width direction W (i.c., a longitu-
dinal direction nf the tanks 3a, 36, left-right direction in I'IG
2), and corrugated hns 3f each nf which is disposed between
adjacent flat tubes 3d Each of thc flat tubes 3d has an
elliptical cross section, and air passes through thc hcatin
heal exchanger 3 &n parallel with a longer diameter d&rechon
of Ihe elliptical cross secnon of Lhe flat tube 3d. Each two
ends of the flat tubes 3d are inserted intn tube insertion holes
provided in sheet members 38, 36 of the tanks 3a, 36, so that
each of the tlat tubes 3d &s cnmmunicated with the inlet side
tank 3a aml thc outlet side tank 36.

A hot water inlet pipe 31 is connecterl to a center portion
of the inkt side tank 3a in thc width direction W, anti a hot zn
water outlet pipe 32 is conncctcd to a ccntcr portion of the
outlet side tank 36 in thc width rlircction W. A circular pipe
poruon 31&& connected to a hot water outlet s&de of the flow
rale connol valve 4 is formed &n Lhe hot water inlet pipe 31
at a paper front side in I I(l 3, and a flat pipe portion 316 is
formed in the hot water inlet pipe 31 on a downstream a&r

side of the circular pipe portion 31a at a paper back sirlc in
FIG. 3. Thc flat pipe portion 316 of the hot wakr inlet pipe
31 is inscrtcd into a flat hole provided in a center wall
surface of Ihe inlet side Lank 3a to be connected u& the ink&
s&de tank 3&&. Two parnnon plates 33, 34 are disposed wnh&n
the inlet side tank 3a to be connecterl to an inner wall nf the
inlet side tank 3a and an inner surface of the sheet member
3g. Thc partition plate 33 contacts an outlet cnd surface of
the flat pipe portion 316 in an up-down direction in FIG 3 zs
so that an inner space of thc inlet side tank 3a is partitioncrl
into a left space Sl, S2 aml a right space S3, S4 in the w&dth
direct&on W of the inlet side Lank 3a. The partrhon plate 34
contacts the nutlet end surface of the flat pipe portion 31b m
a left-right direction in I'IG 3 sn that the inner space of the sn
inlet side tank 3a is partitioned into an upper side space S2,
S3 and a lower sirlc space Sl, S4.

In the tirst embodiment, a slit is formed in each part&tion
plate 33, 34, and thc partition plates 33, 34 arc crossed from
each other using thc slit at an outlet portion of thc flat pipe as
portion 3 16. That is, by thc crossed partition plates 33, 34,
the inner space of the inlet side tank 3a is partitioned into
four spaces Sl, SZ, S3, S4. In thw case, an upper end of the
partition plate 33 and two ends of the partition plate 34 in the
width direction W are respectively cnnnected tn the mner sn
wall surface of thc sheet member 3g. Thus, hot water from
the hot v ster inkt pipe 31 is divided into four flows towarrl
the four spaces Sl, S2, S3, S4 at the outlet portion of thc flat
pipe porhon 31b, and flows throu h Lhe lour spaces Sl, SZ,
S3, S4 in the inlet s&de Lank 3a. Alar respectively pass&n ~

through the four spaces SI, SZ, S3, S4, hot water flows into
the flat tubes 3d of the core portion 3c from the lnwer side
toward thc upper side thcrcof.

Each of the above-described member nf the heating heat
exchanger 3 is made of aluminum (including alummum
allow). After integrally assembling each mcmbcr as shown
in FIG. 2, the asscmbkd mcmbcr is held in a suitable ji, anti
&s brazed unnl a melnng point of a brazmg liller me&al Io
form Ihe healing heat exchanger 3. A temperature sen&n ~

unit 13 for sen&ng a temperature ol Lhe passenger compart- ss
ment is composed of a switch, variable resistor, or the like
which is manually operable by the passenger in the passen-

ger compartment. A sensor group 14 de&ec&s environmenlal
factors relating to a temperature control of the passenger
compartment, such as an outside air temperature, a hot water
temperature, and a sunlight amount. An air conditioning
control unit 15 (ECU) is composed of a microcomputer or
the like, and output tcmpcraturc-control signals based on
input signals from Ihe sensors 7, 14 and the temperature
sen&ng unit 13.

A servomotnr 16 is controlled based on temperature
control signals from thc air conrlitiomng control unit 15
(ECU), and rotates a valve body 17 of thc flow rate control
valve 4. In Ihe lira& embod&ment, Ihe servomotor 16 &s used
as a valve body operation unit. However, as Ihe valve body
operation un&t, a manual operauon meehan&sm such as
levers, wires, and the like may be used

In thc flow rate control valve 4, a cylindrical valve body
17 is ratatably accommodated in a housing 18. Thc housing
18 includes a hot water inlet pipe 19 into which ho& water
flows from the eng&ne 1, a hot water outlet pipe 20 connected
to the hot water inlet pipe 31 of the inlet side tank 3a of the
heating heat exchan er 3, and a bypass outlet pipe 21
connected to a hot water inlet side of the bypass circuit 5 On
the other hand, the valve body 17 includes a control passage
for controlling opening areas of thc inlet pipe 19 and thc
outlet pipes 20, 21.

I)uring the maximum heating capacity, the valve body 17

of the liow rate control valve 4 is rotated at the maximum
opening position by the servomotor 16 or thc manual
operation mechanism, and thc control passage 17a of thc
valve body 17 is commun&cated with both the hoi water inlet
p&pe 19 and Ihe hot water outlet pipe 20 at Ihe maximum
open&ng po&nuons. Therefore, dunn ~ Ihe max&mum heating
capacity, both of the hot ivater inlet p&pe 19 and the hot water
outlet pipe 20 are fully opened, and the bypass outlet pipe 21
conncctcd to thc bypass circuit 5 is fully closed. As a result,
the whole hot water from thc cnginc 1 flows into thc heating
heat exchanger 3 to provide the max&mum heating capacity
fl&r Ihe passenger comparlmenL.

I)uring non-heating mode (i e, the maximum cooling
motte when an evaporator is provided in thc air conditioning
umt 8 and a refrigerant cycle is opcratcd), thc valve body 17
of thc floiv rate control valve 4 is rotated at a zero opening
po&ut&on. Therefore, the control passage 17a of Lhe valve
body 17 is only communicated w&th the bypass outlet pipe
21 to fully open the bypass circuit 5, and the hot water outlet
p&pe 20 is fufly closed to interrupt the liow of hot water to
the heating heat exchanger 3. On the other hand, a minimum
opening area having 2 mm. diam rounrl hole is provided to
continue thc flow of hot water from thc hot water inlet pipe
19 Io the bypass outlet p&pe 21 wnhout fully clos&ng Ihe hot
water inlet pipe 19. Because hot water continually flows
frnm the hot water inlet pipe 19 to the bypass circuit 5, it can
prevent noise from a water-hammer effect due to sudden
interruptinn of the liow of hot water from heing caused

Next, dunng minute heating capacity, Lhe valve body 17
&s rotated at a m&nute open&ng pos&hon so that the control
passage 17a &s communicated w&th both the hoi water inlet
p&pe 19 and the hot water outlet pipe 20 by small opening
degrees I'herefore, two-stage restriction state restricting
both opening areas of thc hot water inlet pipe 19 and thc hot
water outlet pipe 20 is obtained A middle portion (i.e., area
A &n FIG. I) between both restnct&on porhons of Ihe hot
water inlet p&pe 19 and the hot water outlet p&pe 20 com-
municates w&th the bypass outlet p&pe 21 &n a fully opening
degree. Therefore, the pressure in the middle portinn A can
be reduced so that the pressure difference between the



upstream and downstream water sides of. the heating heat
exchanger 3 can be made sufflciently small. As a result, the
variation in floiv rate of hot water ivith rcspcct to the
variation in thc opening dcgrcc of thc valve body 17 can be
alleviated without requiring a particularly small opening
area That is, control gain nf the temperature of blown-air
can be reduced, anil the temperature of air blown toward the
passenger compartment can be controlled precisely.

I'urther, relative to the hot ivater pressure due to the
variation in the rotation speed of the engine I, the opening
de rce of thc prcssure-rcsponsivc valve 6 is increased as

increasing thc hot water prcssure. Thcrcforc, thc variation in
the pressure dillerence between the upstream and down-
stream water sides of the heaung heat exchanger 3 can be
reduced to prevent the variation in blown-air temperature
due to the variation in rotation speed nf the engine I

As shown in FIG. 3, the two partition plates 33, 34 are
disposed in the inlet side tank 3u so that the inner space of
the inlet side tank 3u are partitinned into the four spaces SI,
S2, S3, S4 along thc ividth rlircction W. Thcrcforc, hot water zp
from thc hot water inkt pipe 31 is compulsorily divided into
four flows towaril thc four spaces Sl, S2, S3, S4 at thc outlet
poruon of. the tlat pipe portion 336, and flows throu h the
four spaces Sl, SZ, S3, S4 As a result, in the heatmg heat
exchanger 3 which is vertically disposed in the air cond&-

tinning case 8 in such a manner that the inlet side tank 3u is
placed at thc lower siilc and outlet side tank 3b is placed at
the upper side thcrcof, it can prcvcnt hot water only from
flowing through thc flat tubes 3d proximate to thc hot water
inlet pipe 31 aml the hot water outlet pipe 32 (i.e., the center
poruon m the width direcuon W in FIGS. 2 and 3) even
when the amount of hot water flnwing through the heating
heat exchanger 3 is controllerl at a minute amount

Thus, hot water unilormly flows through the plurality of
tubes 3d in the ividth direction W nf the core portion 3c to zs
decrease the temperature difference of air blown from left
and right sides of thc heating heat cxchan cr 3. Further,
because hot water from thc hot water inlet pipe 31 is diviilcil
into four flows by the par«non plates 33, 34 without
increasmg the flow resistance of hot water, the flow rate of ac
hot water supphed to the heaung heat exchanger 3 ts not
restricted by providing the partition plates 33, 34, and the
heating capacity for the passenger compartment is not
afl'ected by providing thc partition plates 33, 34 during the
maximum heating mode. as

I'IG 4 shows an experimental result performed by the
inventors of thc prcscnt invention. In FIG. 4, thc flow rate of
hot water circulating in thc heating heat cxchangcr 3 is 0 6
liter'mm, a volume of air blown towartl the heaung heat
exchanger 3 is 200 m,'h, the temperature of the hot water o

inlet of the heaung heat exchanger 3 is 88'., aml the
temperature of suction air in the air conrlitioning case 8 is 6'

I'urther, the heating heat exchanger 3 is disposed in the
air passage 8u vertically so that the inlet siilc tank 3u is
placed at the lower siilc and thc outlet side tank 3h is placcil s
ai an upper side thereof. FIG. 4 shows the relatronship
between the dimension (i e., tank length) of the heatin ~ heat
exchanger 3 in the wiilth dirac«on W and the temperature
ditference (i.e, the maximum temperature difference) of air
blown from the heatmg heat exchanger 3 in the left-right
direction (i.c., thc wiilth direction W) of thc hcatin heat
exchanger. In thc heating heat exchanger 3 accorilin to thc
Iirst embothment of the present invention intlicatetl by A in
FIG. 4, the thmension in the width direcuon W is 240 mm,
and therefore, each dimension of the spaces SZ, S3 in the es
width direction W is (i0 mm On the other hand, in the cases
indicated by 13, C, 33, 0 in IilG 4, the two partition plates 33,

34 are not provideil in the inlet side tank 3u so that only a
communication space is formed m the inlet side tank 3u. In
the cases indicated by 13, C, 13, L in I I(k 4, the dimension
of the heating heat exchanger 3 in the width direction W is
changed in a range of 110 mm—240 mm, and thc tcmpcraturc
ihft'crcncc of blow-air in thc width ilircction W is incrcascd
as increasing the dimension of the heaung heat exchanger 3
in the width direcuon W. When the dimension of the heating
heat exchanger 3 in the ividth direction W is 240 mm (i.e,
the case indicated by L in I IG 4), the temperature ditference
of blown air is increased to 37'. I lowever, accnrrling to the
heating heat exchange,r 3 of thc tirst cmliodimcnt indicated
by A in FIG. 4, bccausc each dimension of thc core portion
3c corresponiling to each space Sf, S2, S3, S4 in the width
ihrecuon W's 60 mm even when the dimension of the
heating heat exchanger in the width direction W is 240 mm,
the temperature ditference of blown-air in the width direc-
tion W is 8'.

As the experimental result shown in FIG. 4, when the
ihmension in the wiilth direcuon W is made lower than 100
mm, the temperature thlference of blown-air in the width
direction W can be decreaserl at 7''hus, preferably, each
dimension of the spaces Sl, S2, S3,!i4 in the width rlirection
W is sct to bc loivcr than 100 mm.

A second preferred embodiment of the present invention
will be now descnbed with reference to FIG. 8.

The second embodiment is applied to a heaun ~ heat
exchanger 3 having a short dimension in the width rlirection
W When the dimension of a heating heat exchanger 3 in the
width direction W has a dimension of lower than 200 mm,
only the partition plate 33 cxtcnding in thc up-down dircc-
uon of. the Iirst embodiment is eh«posed in the inlet side tank
3u According to the second embothment, the inner space of
the inlet side tanl 3u ispartiuoned by only the parution plate
33 into a first space Sl and a second space S2. In this case,
because each dimension of the spaces Sl,!i2 in the width
ihrcction W bccomcs lower than 100 mm, thc tcmpcraturc
ihft'crcncc (i.c., the maximum tcmpcraturc ditfcrcncc) of air
blown from thc heating heat cxchangcr 3 in thc width
ihrecuon W can be reduced at a small value.

A third preferred embodiment of the present invention
will be now described with reference to I'IGS. 6—9.

In the above-described first and seconrl embodiments, the
hnt water inlet pipe 31 and the hot water nutlet pipe 32 are
rcspcctively provided at center portions in thc inlet side tank
3u and the outkt side tank 36 in thc width direction W.
Howcvcr, in the thiril cmbodimcnt, as shown in FIGS. 6—8,
the hot water inlet pipe 31 aml the hot water outlet pipe 32
are respectively provided at lett ends of the inlet s«le rani 3u
anil the outlet side tank 3fz to protrude from the left side ends
of the inlet side tank 3u and the outlet side tank 36 in the
width direction W.

In thc third cmbodimcnt, the inner space of the inlet side
tank 3u is partitioned as shown in FIGS. 7 and 8. That is,
three partition plates 34 extemhng in the w«1th direction W
are disposed in the inlet side tank 3u in parallel to have a
preiletermini«l distance between adtacent two ol ihe parti-
tion plates 34, and each partition surface of the three
partition plates 34 is in the up-down direction nf the heating
heat cxchangcr 3. Further, thrcc partition plams 33 pcrpcn-
ihcular to the partition plates 34 arc rlisposcd in parallel
within the inlet side tank 3u to have a predetermmed
ihstance between adjacent two of the par«non plates 33.
Thus, the inner space of the inlet side tank 3u m par«honed
into four spaces!il, SZ, S3, S4 indicated by arroivs in I IG
8. Iiach arroiv shmvn in I'IG 8 indicates the flow of hot



water, anil hol water tlows into the flat tubes 3d from
elliptical portions 101C, 102C, 103C, 104(l

According to thc third cmliodimcnt, hot water from the
hot water inlet pipe 31 is rlividcd into four spaces Sl, S2, S3,
S4, and fiows through the lour spaces S1, S2, S3, S4 while
mamtaining Ihe divided state. That is, alter hot water fiows
in Ihe inlet side tank 3a along Ihe widih ilirecuon W as
shoivn in I IG 8, the hot water flows through the elliptical
portions 101(', 102(', 103C, 104C in the up-down direction
of thc heating heat cxchangcr 3. In thc third cmbodimcnt,
because hot water flows through thc partitioned four spaces
Sf, S2, S3, S4 along the width ihrecuon W, an elfect similar
to that in the lirst emboihment can be proposed.

I'IG 9 shows the relationship betiveen the temperature
difl'crcncc (thc maximum tcmpcraturc diflcrcncc) of air is

blown from thc heating heat cxchangcr 3 in thc witlth
direction W and an inclincrl angle 0 of thc heating heat
exchanger 3. In FIG. 9, graphs 9X and 9Y show a case where
the partiuon plates 33, 34 are not provided in the inlet side
tank 3a of the heating heat exchanger 3 in the third embodi-
ment. I'urther, the graph 9X shows the temperature differ-
ence of air blown towarrl a foot air outlet of the air
conditioning case 8, and thc graph 9Y shows thc tcmpcrature
difl'crcncc of air blown towarrl a face air outlet of the air
comhtiomng case 8. In FIG. 9, expem of the structure of the
healing heat exchanger 3, the experimental conditrons are
similar to those in I'IG 4. As shown in I'IG 9, as increasing
the inclined angle 0, hot water readily flows through the tlat
tubes proximate to the hot water inlet pipe 31 and the hot
water outlet pipe 32 by buoyancy aflcct duc to thc spccific- ic

gravity dccreasc of thc hot v atcr itself; and thcrcforc, the
temperature dillerence of blown-air in Ihe wnlth direcuon W
ts increaseil. When the inclineil angle 0 of the heatrng heal
exchanger 3 is made lower than 50', the temperature dif-
ference of blown-air in the wirlth direction W can be 33

controlled at a value lower than 7' I lowever, actually, the
heating heat exchanger having thc inclined angle lower than
50's not used for a small arrangcmcnt space from a space
restriction or Ihe like in the vehicle.

30
According to the thirrl embodiment of the present

invention, by providing the partition plates 33, 34 in the inlet
side tank 3a as shoivn in FIGS. 6—8, thc tcmpcraturc
difl'crcncc of blow-air in thc width direction W can be
controlled at 8'. as shown in FIG. 9 even when the heaun ~

heal exchanger 3 is ihsposed verucallv (i.e., 0=90')
A fourth preferred embodiment of the present invention

will be now described with reference to 11G 10

In the fourth embodiment, a heaun ~ heat exchanger 3 is
applietl lo an air auditioning apparatus where a lemperalure c

of air blown toward a lefi side in Ihe passenger compartment
and a temperature of air blown toward a right side in the
passenger compartment can be inrlependently controlled In
the fourth embodiment, a partition plate 33a is disposed in
the inlet side tank 3a at a ccntcr portion in thc witlth 3

direction so thai lhe inner space ol the inlet inde lani 3a is
parutioned into two spaces in the width direction W A lirsl
hol water inlet pipe 31a and a second hol water inlet pipe
31b are respectively provided at center portions of the left
and right two spaces of the partition plate 33a in the width
direction W, anti partition plates 33b, 33c cxtcnding in the
up-down direction arc rcspcctivcly disposed at centers of
outlets of. the lirst aml second hot water inlet pipes 3la, 31b.
Therefore, Ihe left aml nghl spaces of the partition plate 33a
are further parulioned by the paruuon plates 33b, 33c into es
four spaces Sl, S2, S3, S4 Thus, hot water from the first hot
water inlet pipe 31a is divided into two flows and flows
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through Ihe spaces Sf, S2. The hot water in the spaces SI,
S2 tlows into the first core portion 35 On the other hanrl, hot
water from the second hot ivater inlet pipe 31b is divided
into two flows and flows through the spaces S3, S4. 'I'he hot
water in thc spaces S3, S4 flows into thc second core portion
36.

The core portion of the heaung heat exchanger 3
partitioned by a partition plate 37 mto a first core portion 35
anil a second core portion 36 To independently control the
amount (i.e., flow rate) of hot ivatcr flowing into thc firs
core portion 35 and thc amount of hot water flowing into thc
secoml core portion 36, a lirsl control valve 41 is disposed
al an upstream water side of. the lirst hot water inlet pipe 31ri,
and a second control valve 42 is disposeil at an upstream
water side of the second hot water inlet pipe 31b The
heating heat exchan er 3 is disposed approximately verti-
cally in the air passage 8a ivithin thc air conditioning case
8 in such a manner that thc inlet side tank 3a is placed at a
lower side and lhe outlet sale tank 3b is placed at an upper
side Ihereol; Further, Ihe paruuon plate 37 paruuons the
ilownslream air passage of the heater core 3c, and is dis-
posed in the air conditioning case 8 on the extending lineI'f

the partition plate 33a so that the air passage ga on a
tlownstrcam air side of thc heating heat exchanger is parti-
tioned into a left side air passage anti a nght side air passage.
By providing the paruuon plate 37, the core poruon 3c is
aLso partitioned into lhe lirst core poruon 35 aml the second
core portion 36 in the width direction W

Accordingly, by respectively indepenrlently controlling
opening degrees of thc first control valve 41 and thc second
control valve 42, thc amount of hot water fiowing through
the tubes 3d of the lirst core portion 35 and the amount of
hot water flowing through lhe tubes 3d of the second core
portion 36 can be respectively independently controlled
Therefore, the temperature of air blown from the first core
portion 35 toward a left sitle (e g, front passenger*s side
next to driver's side) in thc passcngcr compartment and thc
tcmpcraturc of air blown from thc sccontl core portion 36
toward a right side (e.g., dover's side) in Ihe passenger
compartment can be independently controlled.

Further, in Ihe fourth embodiment, hot water from the Iirst
hot water inlet pipe 3 la and hot water from the seconrl hot
water inlet pipe 31b are respectively divided into by the
partition plates 33b, 33c. Thcrcforc, in each of the first core
portion 35 and thc sccoml core portion 36, thc left and right
temperature diflcrcnce (i c., thc maximum kmpcraturc
ihlference) ol blown-air can be reduced.

A Iillh preferred embodiment of lhe present invention will
be described with reference to FIG. 11.

In the fifth embodiment, similarly to the fourth
embodiment, a heatin heat exchanger 3 is applied to an air
contlitioning apparatus where a tcmpcraturc of air blown
toivard a left side in the passcngcr compartment and a
tcmpcraturc of air blov n towarrl a right sitlc in thc passcngcr
compartment can be independently controlled. In the lifth
embodiment, ihe partition structure in the inlet side tank 3a
of the heating heat exchanger 3 is similar to that in the first
embodiment. That is, the inner space of the inlet side tank 3a
is partitioned along thc v idth direction W by thc crossed
partition plates 33, 34 into the four spaces Sl, S2, S3, S4 as
shown in FIG. 11.

In Ihe liflh embodiment, a paruuon plate 38 is disposed at
a center portion of the outlet side tank 3b in the width
ihrecuon W so that the inner space of the outlet side lank 3b
is also partitioned into tive spaces S5, 86 in the width
direction W. I'urther, first and second hot water outlet pipes



32a, 3Zb through which hot waler flows lo the outside of the
heating heat exchanger 3 are respectively disposed at left
and right tivn end sides of the outlet side tank 3b.

In thc air conditioning case 8, thc partition plate 37
extemhn ~ from the core portion 3c to a downstream air side
of the heating heat exchanger 3 is disposed on the extemhn ~

line F of lhe partiuon plates 33, 38. Therefore, an air passage
in the core portion 3c and the downstream air passage nf the
heating heat exchanger 3 are partitioned into left and right
side passages, similarly to thc fourth cmbodimcnt. In the
fifth cmbodimcnt, a first control valve 41 for indcpenrlcntly
controlling the amount of hot water flowing through the lirst
core poruon 35 and a secoml control valve 42 for indepen-
dently controlling the amount of hot water flowing through
the second core portion 36 are respectively provided at
doivnstream water sides of the first anil second hot ivater
outlet pipes 32a, 32b.

Accordmgly, in lhe liflh embothment, by intlepemlently
controlling lhe lirst control valve 41 aml ihe secoml control
valve 42, the amount of hot water flowing thrnugh the tubes zn

3d in the tirst cnre portion 35 and the amount of hot ivater
flniving through the tubes 3d m the second core portinn 36
can bc rcspcctivcly intlcpcntlcntly controlled. Thcrcforc, the
tcmpcraturc of air blown from thc first core portion 35
toward the left side (e.g., lhe front passenger's sitle) in the
passenger compartment and the temperature of air blown
from the second core portion 36 tnward right side (e g., the
driver's side) in the passenger cnmpartment can be mde-
pendentlv cnntrolled

in
Further, in the fifth cmbotlimcnt, hot water from thc hot

water inlet pipe 31 is divided by the partition plates 33, 34
in each sale of the lirst core portion 35 aml the secoml core
poruon 36. Therefore, in each of the lirsl mire portion 35 aml
the second core poriion 36, the left and nght temperature
ditference of blnwn-air can be reducerl

A sixth preferred embodiment nf the present invention
will be now described with reference tn l1GS 12—16ll

When thc vchiclc travels a curve and thc hcatin heat
exchanger 3 is inclined from thc left-right rlircction (i.c., an
horizontal direction), a changcrl tcmpcraturc of air blown
from the heating heat exchanger 3 can be retluced in the
sixth embothment The changed temperature m a chan ed
amount of temperature of air filown frnm the heating heat
exchanger 3 when the heating heat exchanger 3 is inclined
by an inclined angle 01 from a horizontal stam (i.c., 01=0).
When thi, inclined state of thc hcatin heat cxchangcr 3 is
maintaini,d at a predctcrmincd time (c.g., 30 sccontls), the
changed temperature of blown-air in the left and nght sides
of the heating heat exchanger 3 is greatly increased n

FIG. IZ shows the relauonship between the inclined angle
0 I(') and the changed temperature of blown-air in the left
and right sides of the heating heat exchanger 3 In the sixth
embodiment, thc heating heat cxchangcr 3 of thc hrst
embodiment is tlisposcd in thc air conditioning case 8, so s
that lhe left-right direction in FIG. 2 is toward the left-nght
direction of the vehicle and air passes through the heaun ~

heat exchanger 3 in the front-rear direcuon of. the vehicle In
ILI(k 12, the inclined angle Hl nf the heating heat exchanger
3 relative tn the left-right direction (i.e, horizontal direction)
has a menus angle when thc left side cnd of thc hcatin heat
exchanger 3 rises at an upper side. When thc right side encl
of the heatmg heat exchanger 3 rises at an upper side, the
inclined angle 01 has a plus angle. Further, in FIG. 12, a

graph shown by is a temperalure of air blown from a part ss
of core portion 3c, mto which hot ivater from the space Sl
in the inlet side tank 3a flnws; a graph shown by A is a
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temperature of air blown from a part of core poruon 3c, mto
which hnt water from the space S2 in the inlet side tank 3a
flows; a graph shown by x is a temperature nf air blown from
a part of core pnrtion 3c, into which hot water from the space
S3 in the inlet side tank 3a flows; and a graph shown by 0
is a tcmpcraturc of air blov n from a part of core portion 3c,
into which hot water from the space S4 in the inlet side tank
3a flows. In ibis case, the dimension of the heating heat
exchanger 3 in the ividth direction W is 240 mm, anil the
other experimental conditinns are similar tn those in Iil(3. 4

As shoivn in FIG. 12, v.hcn thc inclincrl angle 01 of thc
heating heal exchanger 3 is changed in a range of — 10' I 0',
the changed temperature of blown-air in the left and nght
sides of the heatm ~ heat exchanger 3 can be increased
approximately at 28'. in maximum, and therefore, the
temperature difference nf air blown from the left anil right
sides of thc heating heat exchanger 3 is incrcascd. Thus, in
this case, it is difficult to give a suitalilc air-conditioning
feeling to both of a passenger at the right side in the
passenger compartment and a passenger at the left side m the
passenger comparlmenL.

I'he inventors experiment anti study the reason ivhy the
changed tcmpcrature of blown-air in thc left and ri ht silica
of thc heating heat cxchangcr 3 is incrcascrl by inclining thc
heating heat exchanger 3. First, when a water-passing sec-
uonal area in lhe mlet side tank 3a is rapidly increased, the
changed temperature nf blown-air of the heating heat
exchanger 3 is increased As shown in I'IG 13A, because the
hnt water inlet pipe 31 is divided into fnur parts by the
partition plates 33, 34, thc ivatcr-passing sectional arcs Al
of thc hnt vvatcr inlet pipe 31 for thc space S4 is about 40
mm . On the other hantl, the water-passing secuonal area A2
of a lant water passage 51'or the space S4 m rapidly
increased to be more than 200 mrna when the heating heat
exchanger 3 is inclined as shown in I'IG 13A As a result,
as shown in l1(l 1313, because the pressure ditference
becomes larger in thc hot water inlet pipe 31, hot water
rapidly flows through thc water-passing sectional area Al of
the hot water inlet pipe 31. However, as shown in FIG. 13C,
because the water-passing sectional area A2 of the tank
water passage 51'or the space S4 is rapidly increasecl, the
pressure difl'erence is rapidly decreased; anil therefore, the
flow rate of hot water is rapidly decreased. I'hus, the
influence of thc buoyancy of hot water is rclativcly
increased, and thc amount of hot water flowing into thc
space S4 is relatively decreased.

On the other hand, when the left side end of the heating
heat exchanger 3 rises, the space S4 is placed at the inclined
loivcr side; and thcrcforc, thc influcncc of buoyancy is
further incrcascd rclativc to thc flow of hot water. Thus, thc
amount of hot water flowing into the space S4 is further
ilecreased.

I'o prevent the problem, m the sixth embndiment, a spacer
member 50 is disposed in the inlet side tank 3a to be
opposite tn the partition plate 34 to form a prcdctcrmincd
thstancc E thcrcbctwcen, as shown in FIGS. 14A, 14B, 14C.
Therefore, in the inlet side tank 3a, a restricted water
passage 51 is formeil between the parunon plate 34 anil the
spacer member 50 l3ecause the pressure difference (flow of
hnt water) is maintained at a high value in the water passage
51, bunyancy affected tn hot water flowing tnward the left
and right spaces Sl, S4 is rclativcly tlccrcascd, and thc
amount of hot water floe ing into thc space S4 or thc space
Sl can be increased.

Here, the effect of the spacer member 50 will be now
described with reference to I'IG 15 I'IG 15 shows the
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relauonship between a water-passing sectional area AZ of
the water passage 51 and the changerl temperature of blown-
air in the left and right sides of the core portion 3c. Similarly
to I'l(k 12, the changed temperature is measured when the
heating heat cxchangcr 3 is inclined by an inclined angle 0 I
(01=-10' +10')'rom thc horizontal state (i.c., HI=0). The
dimension of lhe heaung heat exchanger 3 in the width
direction W is 240 mm, and the other experimental conch-
tions are similar to those in I'l(k 4 As shown in I'IG 15,
when the ivater passing sectional area A2 is made lower than ill

I70 mm, the decreasing effect of the changed temperature
is discovcrcil. When thc water-passing sectional arcs A2 is
made lower than 120 mm, the changed tcmpcraturc is
remarkably decreased.

Each of the spacer memfier 50 and the partition plate 34
is made of aluminum (including aluminum alloy), and is
conncctcd to the inner wall of thc inlet side tank 3u durin
integrally brazing thc heating heat cxchangcr 3.

Next, lhe eflecl of lhe heating heat exchanger according to
the sixth embodiment is described with reference to Iif(iS
16A and 16II. In I'I(iS 16A anil 16li, the effects according
to a comparison example, the first embodiment, the sixth
embodiment arc compared. In FIGS. 16A an(I 16B, the
dimension of thc heating heat cxchangcr 3 in thc wiilth
direction W is 240 mm, and the other conditions are similar
to those in FIG. 4. In the companson example, the partiuon
plates 33, 34 are not provided, and the other structures are
similar to the hrst embodiment On the other hand, in the
sixth embodiment, the spacer member 50 is disposed in the
inlet side tank 3u, anil thc v atcr-passing sectional area A2 of ic

the tank water passage 51 is act at 40 mm to bc equal to the
water-passing secuonal area AI of the hol water inlet 31

I'IG 16A shows the left-right temperature ditTerence (i e.,
the maximum temperature difl'erence) when the heating heat
exchanger 3 is placed in thc horizontal state (01=0). As
shown in FIG. 16A, in thc first cmbodimcnt and thc sixth
embodiment, lhe left-nght temperature dilTerence rs greatly
decreased as compared with the compansxm example. FIG.
16B shows lhe changed lemperauire of blown-air when the
heating heat exchanger 3 is inclined hy an inclined angle 0 I

(Hf=— IH' +IH') from the horizontal state (HI=0'). As
shown in FIG. 16B, in thc sixth cmbodimcnt, thc chan cil
tcmpcraturc of blown-air is greatly dccrcascrl as comparcil
with lhe companson example and the Iirst embodiment.
Thus, in the sixth embodiment, by providing the spacer
member 50, the changed lemperauire of: air blown from the
heating heat exchanger can he greatly reduced when the heat
exchanger is inclined hy an inclined angle Hf

Ascvcnth prcferrcd cmborlimcnl of thc prcscnt invention so
wdl be described.

In the seventh embodiment, the changed temperature of
blown-air is further reduced as compared with the sixth
embodiment. In thc above-dcscribcd sixth cmbodimcnt,
FIG. 14A shows thc horizontal state where thc inclined angle s
0 I of lhe healing heal exchanger 3 is 0', and FIG. 14B shows
the inclined state where lhe lefl side end of the heaung heal
exchanger 3 rises amf lhe healing heal exchanger 3 is
inclined hy an angle Hl Iiecause the water passage 51 is
inclined as shown in I I(k 14(', component force I of the
buoyancy H of hot water is toward thc left side. Herc, hot
water flows through thc water passage 51 in a direction
shown by the arrow J in the FIG. 14C. Therefore, a direcuon
of the component force I of the buoyancy H is opposite to
the hot water flow direcuon J. Thus, the amount of hot water ss
floiving into the space S4 through the water passage 51 is
decreased and the amount of hot water flowing into the space
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SI through the water passage 51 is increased. As a result, in
the above-described sixth embodiment, the temperature of
air blown from a core portinn corresponrling to the space S4
is decreased and the temperature of air blown from a core
portion corrcspomling to thc space Sl is incrcascd.

To ovcrcomc thc probkm of thc sixth cmbodimcnt, in thc
seventh embodiment, a partiuon plate 34 and a spacer
member SU are ihsposed in the inlet side tank 3u obliquely
relative lo the width direction W, as shown in FIGS.
17A—17D and 10 In the seventh embodiment, each inclined
angle 02 of the partition plate 34 anil the spacer member 50
is act to bc lar n than thc maximum inclined angle HI (c.g.,
01=10') of thc heating heat cxchangcr 3, which is caused
when thc vehicle gcncrally travels. In this case, as shown in
FIG. 17B aml 17C, even when the heating heat exchanger 3
is inchned so that lhe left side enif thereof nses, the right sale
of the water passage 51 rises m the (I portion shown in I l(i
170, and therefore, the direction of the component force I iif
the buoyancy H is toward thc hot ivatcr flow dircction J. That
is, thc direction of thc component force I of thc buoyancy H
is same as thc hot water flow direction J. Thus, lhc amount
of hol water flowing into the space S4 through the water
passage 51 can be made approximately equal lo the amount
of hot water flowing into the space Sl through the water
passage 51 As a result, in the seventh embodiment, the
changed tempcraturc of blown-air duc to thc inclination of
the heating heat cxchangcr 3 can bc further lowcrcd.

An eighth prcfcrrcd cmbodimcnt of thc prcscnt invention
will be now descnbed with reference lo FIGS. 19Aand 19B.
In the eighth emboihment, a plate-like guide member 52 is
useif instead of the spacer member 5U in the seventh emboih-
ment as shown in I'IGS 19A and 1911 The guide member
52 is made of metal such as aluminum, and is connected to
the inner ivall of thc inlet siilc tank 3u rluring integrally
brazin thc heating heat cxchangcr 3. Thc guide mcmbcr 52
is disposed in lhe inlet safe tank 3u to form a predelermmed
ihslance E between lhe guide member 52 and lhe partition
plate 34. Therefore, a restricted water passage 51 is formed
between the guide member 52 and the partition plate 34
Thus, the guide member 52 has an effect similar to the spacer
member 50 in thc scvcnth embodiment.

A ninth prefcrrcd cmbodimcnt of thc prcscnt invention
will be described with rcfcrcncc to FIGS. 20A and 20B.

In lhe ninth embodiment, instead of lhe spacer member Sfl

in the seventh embodiment and the guide member 52 m the
eighth embodiment, the shape of lhe inlet side tank 3u is
changed, and the inlet side tank 3u itself has a surface 53 for
performing the function of the guide member 52. 'I'hat is, the
bottom of thc inlet side tank 3u is displaced from the chained
linc to the solid linc in FIGS. 20A, 20B. Thcrcforc, thc inner
space of lhe inlet side tank 3u is reduced, and lhe bouom of
the inlet side lank 3u forms the uide surface 53.

A tenth prcfcrrcd cmbodimcnt of thc prcscnt invention
will be now descnbed with reference to FIG. 21.

In thc tenth cmbodimcnt, thc hot water inlet pipe 31 and
the hot water outlet pipe 32 arc rcspcctivcly disposed at thc
same eml sides of lhe inlet side tank 3u and lhe outlet sale
tanl 3b. In this type healing heat exchanger 3, each of a

partition plate 34 and a spacer member 50 is disposed
obliquely by an incline angle 02 in the inlet side tank 3u, as
shown in IIG 21.

An eleventh predetermmed embodiment of the present
invention will fie now descnbed with reference to Irl(i. 22

In the eleventh embodiment, as shown in FIG. 22, only
the partition plate 33 extending in the up-down rlirection is
disposed in the inlet side tank 3u similarly to the second
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embodiment shown in FIG. 5. In the healing heat exchan er
3, lhe spacer member 50 and a guide member 54 inchned by
an incline angle 02 arc disposed in thc inlet sirlc lank 3a. The
guide member 54 is made of metal such as alummum, ai«l
ts connected lo the inner wall of the inlet side tank 3a. The
guide member 54 is disposed to be opposite to the spacer
member 50 to forme a predetermined distance therebetween
fherefore, a restricted water passage 51 is formed between
the guide mcmbcr 54 and thc spaccr member 50.

A twelfth preferred embodiment nf the present invention
will be now described with reference tn lq(l 23

In each of the above-described embodiments, a single
water passage is formed m the hnt water inlet pipe 31, and
the inner space of thc inlet side tank 3a is partitionctl into a

plurality of spaces Sl—S4. In the twelfth cmbodimcnt, as is
shown in FIG. 23, thc inner space of thc inlet side tank 3a
ts partinoned by three peru«on plates 331 —333 into four
spaces Sl—S4 in the width direcuon W, a hot water inlet pipe
315 is divided into four pipes 311 —314 to correspond to the
four spaces Sl—S4. Therefore, hot water from the four hot zo

water inlet pipes 331—314 rcspcctivcly indcpcndcntly flows
into thc four spaces Sl—S4. That is, thc four hot water inlet
pipes 311—314 are conncctcd to thc common single hot
water inlet pipe 315. Thus, lhe hot water inlet pipe 315 of the
twelfth embodiment corresponds lo the hol water inlet pipe
31 in each of the above-described emlxidiments

In this type heaung heat exchanger 3, the elfect srmilar to
that in the above-described embodimenas can be proposetl.

Although the present invenuon has been fully descnbetl in
connection with prelerred embodiments thereof wrth refer-
ence to the accompanying drawings, it is to be noted that
various changes and modihcations will become apparent to
those skilled in the art.

I'or example, m the above-describerl first embodiment, the
amount of hot water supplierl to the heating heat exchanger 35

3 is adjusted by continually changing, the opening degree of
the valve body 17. That is, an analog-control type valve is
used to control thc amount of hot water. Howcvcr, an
electromagnetic valve may be used as the flow rate control
valve 4. 30

In each of thc above-dcscrilicd cmbodimcnls, thc prcscnt
invention is apphed to a hot-water lype heating apparatus for
a vehicle; however, the present invention may be applied to
a heating heat exchanger for the other use.

Such changes and modilicalions are lo be understood as
being within lhe scope of lhe present invention as delinetl by
the appended claims

What is claimed is
1. A hot-v ster type heating apparatus comprising:
a duct for forming an air passage;
a heal exchanger, disposed in said air passa e, for hea«n ~

air passmg therethrough using hot water as a heating
source; and

a flow rale control valve for controlling a flow rate of hol
water supplied to said heat exchanger, wherem:

s;nil heat exchanger includes
a core pornon, having a plurality of tubes disposed in

parallel, for performing, heat-exchange between hot
ivater flowing through said tubes and air in said air

passage,
an inlet side tank connected to onc cnd of said core

portion,
an outlet side lank connected to the other end of said

cori: porliotl, 55

an inlet pipe through which hot water flows into said
inlet side tank, and
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an outlet pipe through which hot water from said outlet

side tank is discharged;
said heat exchanger is disposcrl in saitl air passage in such

a manner that hot water from said inlet side tank flows
into smd outlet side tank throu h said tubes m one way,

said inlet side tank has a plurality of inner spaces parti-
tioned from each other; and

said inner spaces are formed in said inlet side tank in such
a manner that hol water from said inlet pipe is divided
to pass through the inner spaces, and flows into said
tube of. said core portion through said inner spaces.

2 The hot-ivater type heating apparatus accnrrling to
claim I, wherein

said inlet side tank is conncctcd at a lower cnd of said core
portion in an up-down direcuon of saiil core portion,

said outlet side tank is cnnnected to an upper encl of said
cnre portion in the up-down direction; and

hot water from said inlet side lank flows through said
tubes in one way from the lower ei«l lo the upper end
of the core portion m the up-down dirac«on.

3 The hot-ivater type heating apparatus accnrrling to
claim 2, wherein

said heat cxchangcr is tlisposcd in said air passage
approxtmately vertically relauve lo a flow direction of
air passing through said heaung heat exchanger.

4 The hot-ivater type heating apparatus accnrrling to
claim 2, wherein

said heat cxchangcr is tlisposcd in said air passage
obliquely relauve lo the up-down direction ol said core
portion.

5 The hol-water type heaung apparatus according to
claim I, wherein

each of said spaces of saitl inlet side tank has a dimension
in a longitudinal direction of sairl inlet side tank; and

the dimension is lower than 100 mm
6 The hol-water type heaung apparatus according to

claim 1, wherein.
said inlet side tank has therein a partitinn memlier for

partitioning said inner spaces of sairl inlet side tank
from each other in a longitudinal directinn of said inlet
side tank; and

said partition member is disposcrl to cxtcnd from said
inlet pipe to said tubes of saitl core pornon.

7 The hol-water type heaung apparatus according to
claim 2, wherein.

said inlet side tank forms a tank water passage having a
water-passing sectional area, through which hot water
from said inlet pipe flows in a longitudinal direction of
said inlet side tank;

said inlet pipe forms a pipe water passage having a
water-passing sectional area through which hot water
flows into said tank water passage, and

said inlet side tanl has prevention means lor preventing
lhe secnonal area of. said lank water passage from being
rapidly increased as compared with the sectional area
of said pipe water passage

8 Thc hot-water type heating apparatus accordin to
claim 2, whcrcin:

said inlet side tank forms a tank water passage through
which hol water from said inlet pipe flows in a longi-
tudinal direction of said inlet side lank, and

said tant water passage extendin ~ from sa«l inlet pipe has
a top end in the longitudinal direction of said inlet side
tank, and said tank water passage is inclined to become
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closer lo Lhe mre portion as said lank water passage
extends toward the top end thereof

9 A hot-ivater type heating, apparatus for heating a
passenger compartment of a vehicle having a water-cooled
cn ine, said heating apparatus comprising:

a duct for forming an air passage,
a heat exchanger, disposed in said air passage, for heating

said passenger compartment by performing hcat-
cxchangc bctivccn cooling water having cooled sairl
water-cooled cnginc anil air to bc blown into sairl 10

passenger compartment, and

a flmv rate control valve for controlling a flow rate of hot
water supplied to said heat exchanger, wherem:

said heat exchanger inclurlcs L5

a core poruon, having a plurality of tubes disposed in
parallel, for performing heat-exchange between hol
ivater flowing through said tubes and air in said air
passage,

an inlet side tank conncctcd to onc cnd of said core zp
portion,

an outlet sirlc tank conncctcd to thc other cnd of sairl
cori: porliotl,

an inlet pipe through which hot water flows mto sairl
inlet side tank, and

an outlet pipe through which hot water from said outlet
side tank is discharged;

s;nil heat exchanger is disposed in said air passa e in such
a manner that hot water from said inlet siile tank flows
into said outlet side tank through sairl tubes in one way,

said inlet side tank has a partition mcmbcr for partitionin
an inner space of sairl inlet side tank into a plurality of
spaces; and

said partition member is disposed in said inlet side tank m
such a manner that hot water from said inlet pipe is 35

divided to pass through the inner spaces, and tlows into
said tube of said core portion through said inner spaces.

10. Thc hot-water type heating apparatus according to
claim 9, wherein

50
said inlet side tank is connected at a lower end of said core

portion in an up-down direction of said core portion;
said outlet side tank is connected to an upper encl of sairl

core portion in the up-down direction, aml

hot water from said mlet side tank flows through said
tubes in one way from the loiver end to the upper end
of thc core portion in thc up-down direction.

11. A hot-water type heating apparatus comprising
a duct for forming an air passage,
a partition plate for partitioning said air passage into a hrst n

air passage and a second air passage;
a heal exchanger, disposed in said air passa e, for heaun ~

air passing therelhrough using hol water as a heaun ~

source; and

a flow rate control valve for controlling a flow rate of hot
water supplied to said heat cxchangcr, whcrcin:

said heat exchanger includes
a heater core, having a plurality of tubes disposcrl in

parallel, lor performing heat-exchange between hot
water flowin through said tubes and air in said air
passage,

an inlet side tank connected to one end of said beater
crire.,

an outlet side tank connected to the other end of said
healer core,

an inlet pipe through ivhich hot water floivs into said
inlet side tank, and

an outlet pipe through which hot water from said outlet
side tanl's dischargcrl;

said healer core is partitioned by said partition plate mto
a first core portion and a second core portion;

said flow rate control valve inclurlcs a hrst valve for
indcpcndcntly controlling a flow rate of hot water
supplied to said lirst core portion, and a second valve
flir indepemlently controlling a flow rale of hot water
supplied to said second core portion,

said heat exchanger is disposcrl in sairl air passage in such
a manner that hot water from said inlet side tank flows
into smd outlet side tank throu h said tubes m one way,

said inlet side tank has at least four inner spaces parti-
tioned from each other; and

hot water from said inlet pipe is divirlcd to pass through
the inner spaces, in such a manner that hot water flows
into said tube of said lirst core poruon through Lwo

inner spaces of said inlet side tank and flows into said
tube of said second core portion through the other inner
spaces of said inlet side tank

12. Thc hot-water type heating apparatus according to
claim 11, whcrcin:

said inlet s«le lank is connected at a lower end of said core
portion in an up-down rhrection of said core portion;

said outlet side tank is connectcrl to an upper cnd of said
core portion in thc up-down direction; and

hot water from said inlet side Lank flows through said
tubes in one ivay from the lower end to the upper end
of the core portion in the up-down direction.

13. Thc hot-water type heating apparatus according to
claim 12, ivhcrcin:

said infer side tank has therein a partition member for
partitioning said inner spaces of sairl inlet side tank
from each other in a longitudinal direction of said inlet
side tank; and

said paruuon member Ls disposed to exteml from said
inlet pipe to said tubes of sairl core poruon.


