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To control iluctuation of. blown atr temperature of a heat
exchanger to a small value without adding a movable
mechanism such as a var(able restrictmg valve, a heat
exchanger for heating air by exchanging heat bctwecn hot
water supplied from a water-cooling type engine and air, a
flow control valve for controlling a hot water flow amount
to the heat exchanger aml a bypass circutt lor allowtng hot
water to liow whtle bypasstn ~ the heat exchanger are
provided. A pressure-responsme valve is provicled on the
bypass circuit and an opening degree of the bypass circuit
corrcspondin to a prcssure risc of thc hot water is incrcascd.
Thc Bow of returnin hot water from thc heat cxchangcr is
blocked by thc flow of thc bypass siclc hot water at a merging
portion where the bypass stde hot water discharged from the
premure-responstve valve merges wnh the returntng hot
water discharged from the heat exchanger

ll Claims, 10 Drawing Sheets
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HOT WATER-TYPE HEATING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to .Iapanese Patent Application
No. Hei 8-191012, incorporated herein by rcfcrcncc.

BACKGROUND OF THE INVENTION

1. Field of. Lhe Invennon 10

The present invention relates to heating devices, and
particularly rclatcs to a heating rlcvicc which uses hot water
to adjust thc tcmpcraturc of air blown into a vchiclc pas-
senger compartment by controlling the amount of hot water
flovnng therein using a flow control valve. &5

2 Description of Related Art

Amcthod in which blown air tcmpcraturc is controlkd by
controlling a flow amount of hot water to a heat exchanger
m known in the art In such an automotive air conditioner, a

water pump driven by the automobile engine is used in a hot
water circuit in which the hot water (engine cooling water)
is circulated 'I'herefore, the rotational speed of the ivater
pump fluctuates with fluctuations of cnginc rotational spec&I

and hot water prcssure to thc heat cxchan cr fluctuate to a
large degree. Because the fluctuauon is a factor of fluctua-
tion of Ihe temperature of the blown air to the heat
exchanger, the fluctuation of the hot water pressure causes
the hot water flow amount to the heat exchanger to tluctuate

A hot water-type heating device for controlling the flu-
e&

tuation of thc bloivn air tcmpcraturc of thc heat cxchangcr is
disclosed in Japancsc Patent Application I aid-Open No. Hci
8-121627. This device includes a heat exchanger for heahn ~

air by exchanging heat between hot water supplied from a

water-cooled type en nne for traveling and air, a flow control
valve for controfling a tlow amount of the hot water supplied
to the heat exchanger from the engine and a bypass circuit
for alloiving hot water to flow thcrcthrough while bypassin
the heat cxchangcr.

A prcssure-rcsponsivc valve for increasing thc opcnin
degree of. the bypass circuit corresponding to a pressure mse
of the hot water supplied from the engine aml a variable
restricting valve which moves in response to the movement
of the pressure-responsive valve are provided in the liypass
circuit. Therefore, the opemng degree of the water passage
for thc hot water passing through Ihc heat cxchan er is
reduced at thc variable restricting valve as thc pressurc-
responsive valve increases Ihe opening degree of the bypass
circULL.

Therefore, when the supply pressure of the hot water from
the engine rises, the opening degree of the bypass circuit is
increased by the pressure-responsive valve and the opening
de rce of the heat cxchangcr passage is rctluccd by a
variable restricting valve, anil an incrcasc of thc amount of
flowing hot water to thc heat cxchangcr can bc limited to a ss
small value. Thus, fluctuauon of Lhe blown air temperature
of Ihe heat exchanger can be restrained to a small range with
respect to &vide-ranging changes of the hot water supply
pressure

In the related art described above, however, because a
variable restricting valve other than Ihc prcssure-responsive
valve is additionally tlisposcd with rcspcct to thc flow
control valve, a s&ze of Ihe valve device porta&n of Ihe hot
water-type heating device becomes lar e aml the number of
components increases, aml a corresponding increase in cost as
cannot be prevented I'urther, an operational malfunction of
the valve due to deformation or the like of a shaft can occur

in a moving mechamsm between the pressure-responsive
valve and the variable restrictmg valve.

SUMMARY OF THE INVENTION

Thc present invention is made in vice of thc foregoing
problems, and an object of thc prcscnt invention is to
pri&vide a hot water-type heaung device for restrmning
fluctuanons in the blown air temperatu re of a heat exchanger
to a small range without adding a movable mechanism such
as a variable restricting valve

In order to attain the abnve-described oliject, one aspect
of thc prcscnt invention provides a heat exchanger for
heating air liy exchanging heat bctwccn hot water supplied
from a hot ivatcr supply source and air, a flow control valve
fir controlhng a flow amount of hot water supplied to the
heat exchanger from the hot water supply source, a bypass
circuit for allowing hot water to flow therein by bypassifig
the heat exchanger, a pressure-responsive valve for increas-
ing an opening dcgrcc of thc bypass circuit corresponding to
a pressure risc of thc hot water supple&1 from thc hot water
supply source, and a merging portion for merging bypass
side hot water discharged from the pressure-responsive
valve with returnm ~ hot water discharged from the heat
exchanger, so that tloiv of the returning hot water from the
heat exchanger is blocked by flow of the bypass side hot
water from thc pressure-rcsponsivc valve at Ihc merging
portion.

When thc supply prcssure of thc hot water from thc hot
water supply source rises, the valve body of Lhe pressure-
responsive valve mcreases the opening degree ol the bypass
circuit Io control an increase of the flow amount of the hot
water to the heat exchanger I urther, at the merging portion,
the blocking operation of the flow of returning hot water is
provided by thc flow of thc bypass sirlc hot water, so that
fluctuation of thc hot water flowing amount to thc heat
exchanger due to Ihe fluctuauon of the supply pressure of the
hot water can be restrained to be very small. As a result,
temperature fluctuation of Ihe blown air of the heat
exchanger with respect to wide-ranging, changes of the
supply pressure of the hot ivater can be restrained to be very
small.

Further, by using the blocking operation by thc flow of thc
bypass side hot water at the merging portion, thc Icmpcra-
ture fluctuanon of the blown air ol the heat exchanger can be
restrained to be very small Therefore, the present invention
can provide a highly reliable product with very low cost
without requiring an additional movable mechanism such as
a variable restrictin valve as described above

Other olijccts aml fcaturcs of thc prcscnt invention will
appear in thc course of thc dcscnption Ihcrcof, which
lillliiws.

BRIL&f'LSCRIPTION OI I1IL'RAWINGS

Additional obtects and advantages of the present inven-
uon will be more reathly apparent from the following
detailed description of preferred embodiments thereof when
taken together with the accompanying drawings in which

I IG I is a hot ivater circuit diagram shoiving a first
prcfi:rrcd embodiment of thc prcscnt invention;

I IG 2 is a graph of a relationship between engine
rotational speed and hot water pressure (restricting pressure)
in the first cmbodimcnt;

I IG 3 is a hot ivater mrcuit diagram shoiving a second
prcfi:rrcd embodiment of thc prcscnt invention;

I IG 4 is a hot ivater circuit diagram showing a third
preferred embodiment of the present invention;



FIG. 5 is a cross-secuonal view showing an mtegrated
floiv control valve and constant rlifferential valve according
to a fourth preferred emhorliment of the present mvention;

FIG. 6 is a cross-sectional view taken along linc VI VI
of FIG. 5;

I'IG 7 is a perspective view showing a valve body portion
of the floiv control valve according, to the fourth embodi-
ment;

FIG. 8 is a graph of an opening of Lhe valve body of the
flov, control valve in the fourth embodiment;

I'IG 9 is a top view showing, the integrated construction
of thc flow control valve and thc heat cxchangcr accorrhn
to a fifth prcfcrrcd cmborlimcnt of thc prcscnt invention with
a lid of thc flow control valve rcmovcd;

I'IG 10 is a cross-sectional view showing a portion of
ILIG. 9; and

FIGS. 11—llc arc a graph showing control of tcmpcraturc
fluctuauons of blown air accorihng Lo Lhe present invenuon.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY

EMBODIMENTS

FIG. 1 shou s a first cmbodimcnt of thc prcscnt invention
as applied to a hot water-type heater apparatus of an air
comhtiomng device lor automotive use. Reference numeral
I denotes a water-cooled type engine for automotive use, 2
denotes a ivater pump driven by the engine I to circulate
water in a coolant water circuit (hot ivater circuit) of the
cn ine I; 3 denotes a heat exchanger for usc as a hc ster core
to cxchangc heat bctwccn hot water supplied from the
engine and blown air to thereby heat the blown arr; 4 denotes
a flow control valve according Lo the present mvenuon aml
is a three-ivay type tloiv control valve having three hot ivater
inlets'outlets

Reference numeral 5 denotes a bypass circuit disposed
with thc heat cxchangcr 3 in paraflcl, and 6 rlcnotcs a
constant dilfcrcntial prcssure valve (prcssure-responsive
valve) which opens ivhcn thc diffcrcntial prcssure between
its sides reaches a previously established specilied value aml
which makes the inlet and outlet pressures of the heat
exchanger 3 suhstantiafly equal even if the discharge pres-
sure of the water pump 2 fluctuates clue to rotational speed
fluctuation of the engine 1.

Rcfcrcnce numeral 7 rlcnotcs a tcmpcraturc sensor which
is installed within an air rluct (heater case) 8 of an automatic
air condiuoning apparatus provided wnh the heat exchanger
3 and on an air downstream stile of Lhe heat exchanger 3 at
a location immediately before a branch point of venous
vents ivhich lead to the vehicle's passenger compartment

One vent is an upper face vent for blowing air toward a
passenger's face within thc passcngcr compartment. Another
vent is a defroster vent for blowing air towarrl a vchiclc front
windshield to rcmove fog from thc windshield. A Lhirrl vent
ts a fooL vent for fronL seat use for blowing ur on the feet of
the front seat passengers. Another vent is a foot vent for back
seat use for blowing air on the feet of the hack seat
passengers.

Reference numeral 9 denotes a temperature control for
setting a target tempcraturc (thc tcmpcraturc dcsircd by the
passenger) for passcngcr compartment tcmpcraturc control,
and is composed of a switch, vanable resistor, or the like
which is manually operable by Lhe passenger. Reference
numeral 1U denotes a sensor group for detecting environ-
mental factors relatmg to passenger compartment tempera-
ture control of ambient temperature, hot water temperature,

amount of sunlight and the hke Numeral 11 denotes an ur
conditioning controller for generating temperature control
signals based on input signals from the sensors 7 and 10 and
the temperature control 9 and the like, and is composed of
a microprocessor or the like.

Rcfcrcncc numeral 12 denotes a servomotor controlled by
temperature control signals lrom the air condinoning con-
troller 11, anil includes a valve body operanng device for
rotating a valve body 13 of the flow control valve 4. This

iii device is not necessarily an electrical actuator cnntrnfled by
the air conditioning controller 11 such as the servo 12, but
may be a known manually operatcrl mechanism employing
lcvcrs, wires, or thc like.

Thc al&ovc-dcscrilbed valve body 13 has a substantiafly
cylindrical conligurauon, is made of resin and is disposed
and housed rotatably within a valve housing 14 also formed
of resin material in a cylindrical conhguration 'I'herefore,
the valve body 13 is a rotatahle rotor.

A hot water inlet pipe 19 into which hot water flu&v from
zo the engine 1, a hot water outlet pipe 20 which causes

inflowing hot ivatcr from thc hot water inlet pipe 19 to flow
out toward thc heat cxchangcr 3, and a bypass outlet pipe 21
which causes hot water Lo flow out toward Lhe bypass circuit
5 of the heat exchanger 3 are integrally lormed m the
hnusing 14

Control passages 170 ivhich control a opening surface
area of the foregoing pipes 19, 20 and 21 according to a
prcrlctcrmincd mutual relationship arc formed in thc valve

„, body 13. A shaft (not shown) for operating and rotating thc
valve bodv 13 protrudes to an outer poruon of the valve
housing 14, and is interconnected with an electncal actuator
such as the servo 12 or a manually operated mechanism
employing levers, &vires and the like, to rotate and operate
the valve body 13 using those devices

During minute capacity mode in which the hot water tlow
amount to thc heat exchanger 3 is controlled by Lhc flow
control valve 4 (i.c., a valve opcmng dcgrcc of 30'r less;
according Lo the present embodiment the maximum valve
opening degree is 95'), the valve has a Lwo-state restwction
which restricts both the opening area of the hot water inlet
pipe 19 and the hot water outlet pipe 20, and moreover the
middle portion bet&veen the restricting pnrtions of the hot
water inlet pipe 19 and thc hot water outlet pipe 20 (portion

as "a'f FIG. 1) communicatcs ivith thc liypass circuit 5
through an rulequately large opening area via the bypass
outlet pipe 21 in a fully open state, and ao the diflerentuil
pressure across the heat exchanger 3 can be made sufli-
ciently small

so Next, a detailed structure of the constant differential
prcssure valve (prcssure-rcsponsivc valve) 6 as a main
portion of thc prcscnt invention will bc cxplaincd. Thc
constant diffcrcntial prcssure valve 6 is disposed at a merg-
ing point of the bypass circuit 5 anil a hot water path 15 at
the outlet side of the heat exchanger 3. Two resin housings
25 and 26 are integrally connected by screws or the like and
a resin seating plate 27 is fixed water-tightly between both
housings through an 0-ring (seal mcmbcr) 28. A plurality of
water passage holes 29 having a sufflcicnt opcnin surface

ac area on thc seating plate 27 arc provirlcd so that warcr
passage resistance due to Lhe seating plate 27 may be
minimized.

Relerence numeral 3U denotes a valve body lormed with
resin in a conical conligurauon and integrally formed with

es an end of a shaft portion 31, the shaft pornon 31 being
engaged movably in an axial direction with a center hole
pnrtion of the seating plate 27 A coil spring, (spring device)



32 is thsposed between the valve body 30 and the seahn ~

plate 27, and the valve body 30 is constantly biased to the
upper portion (valve-closed directinn) of the figure by the
spring 32 to contact a valve seat 33 formed on an mner
periphery of thc housing 25.

In other v ords, thc valve body 30 is opcratcd by a balance
between the hot water pressure and a force of the spnn ~

which biases the valve body 30 to a lower portion of the
ligure.

A ring-shaped groove 34 is formed on an outer pewphery
of the conical portion of the valve body 30. A seal member
35 composed of elastic material such as rubber is disposed
in thc groove 34 to incrcasc thc scaling cfl'cct when thc valve
body 30 is closcrl.

Accordingly, when a prcssure diflcrcncc bctwccn an inkt is

36 formed in thc housing 25 anil an outlet 37 formcrl in the
housing 26 rc aches a prcdctcrmincd value, thc valve body 30
moves downward in the Figure by opposing Lhe force of the
spwn ~ 32, and Lhe valve body 3U opens. Therefore, an
amount of downward movement of the valve body 30 is
increased corresponding to a rise in pressure of the hot water
from the inlet 36 so that an opening degree of the liypass
circuit 5 is incrcascrl Further, a second inlet 38 in which the
hot water from thc hot water path 15 in thc outlet side of the
heat exchanger 3 is formed in the housing 26.

Accordingly, thc first anil thc second inlets 36 and 38 arc
providcrl in thc housings 25 and 26 and thc common outlet
37 is provided, so that a merging poruon "0" for mer nn ~

the bypass side hot water passing through the valve body 30 ie
with returning hot water discharged from the heat exchanger
3 is formed in the housing 25 In the present embodiment,
the merging portion "0" is constructed to mafic the bypass
side hot water from thc valve body 30 and Lhc returning hot
water from the heat cxchangcr 3 mcrgc from opposite

35
directions.

That is, in thc housing 26, a bcndin path 26a bent in an
L-shape in the present embodiment ts formed in a down-
stream poruon of the second inlet 38 anil the returnin ~ hot
waier from ihe heat exchanger 3 flows by curving in the
I.-shape at a curving point P. I'herefore, although the liypass
side hot ivater from the valve body 30 flows downward m
the Figurc, thc returning hot water from thc heat cxchangcr
3 is sct to flow upward in thc Figurc from Lhc curving point
P, so that both flows of the hot water can be mer ed at the
margin ~ porhon "0'n directions in which one threction is
shifted by 180'rom the other.

Next, a mode of operauon accordm ~ to the first emboth-
ment having the above-descnbed structure is explained. At
the Lime of maximum heaung capacity, Lhe valve body 13 of,.&
the flow control valve 4 is rotated by the servo 12 or a
manually operated mechanism tn a position of maximum
opening degree (for cxamplc, valve openin rlc rcc: a posi-
tion at 95').

Therefore, the control passages 170 nf the valve liody 13
overlap thc hot water inlet pipe 19 of Lhc valve housin 14
and the hot water outkt pipe 20 to open both pipes 19 anil
20 with a maximum surlace area completely. Meanwhile,
the connol passage 170 does not open the bypass outlet pipe
21, so that the pipe 21 is in a fully clnsed state

As a result, Lhe hot water from the engine 1 flows to the
heat exchanger 3 at a maximum flow amount anil does not
floiv in the bypass circuit 5 'I'hus, the heat exchanger 3 can
have a maximum heating capacity

Next, in a maximum moltng mode (when the air conch- es
tinning apparatus for automntive use is not equipped with a
cooling function, blowing of air is only at a time of stopping

of healing), the valve body 13 of the flow control valve 4 is
rotated by the servo 12 or manually operated to a position of
opening degree at zero. At the position of opening, degree at
zero, the control passe e 170 of the valve Iiody 13 overlaps
the bypass outlet pipe 21, so that thc pipe 21 is fully opcncd
and thc hot ivatcr outlet 20 is fully closed.

Meanwhile, a portion of the control passage 17U overlaps
the hot water inlet pipe 19 and the hot water inlet pipe 19 is
not closed lully and establishes a minimum opening surface
area equivalent to a IL2 round hole

llecause the flow of the hot water from the hot water inlet
pipe 19 to the bypass outlet pipe 21 can be continuerl by the
above-dcscrilicrl valve body portion, occurrcncc of noise
from a water hammer phcnomcnon clue to sudden intcrrup-
uon of the flov, of. the hot water can be prevented.

Next, in a minute capacity mode, for example, the valve
body is rotated to a valve opening degree of 30'r less, so
that the control passe e 170 overlaps both hot water inlet
pipe 19 and the hot avatar outlet pipe 20 to a small extent A
state of two-stage restriction ivhich rcstncts both opening
area of the hot water inkt pipe 19 and thc opening arcs of
the hot avatar outlet pipe 20 is obtained. Moreover, thc
middk portion (portion "a'n FIG. 1) of Lhe restricting
portions ol the hot water inlet pipe 19 and the hot water
outlet pipe 20 are connected to the bypass circuit 5 with a
sufllciently large opening area by the bypass outlet pipe 21
which is fully closed, so that thc prcssure of the middle
portion "a'* can bc lowered.

As a result, bccausc thc dflfcrcntiaf prcssure across thc
heat exchanger 3 can be made sufficiently small, Lhe change
in hot water flow (ultimately the change in the temperature
of air blown into the passenger compartment) with respect to
the change in degree of valve opening (valve body rotational
angle) can be alleviated ivithout requiring a particularly
small opening arcs. That is, control gain of thc blown air
tcmpcraturc can bc reduced, so that thc tcmpcrature of thc
air blown into the passenger compartment can be precisely
controlled.

Next, during a transition from minute heating capacity to
large heating capacity, for example, the valve body 13 is
rotated from a rotational posiuon exceeihng a de ree of
valve opening of 30'o rotational position of less than rfiS';

hnwever, even at a valve body rotational pnsition such as
this, control gain can similarly be reduced by the above-
rlcscrilicd two-stage restriction, so that thc tcmpcraturc of
the blown air to thc passcngcr compartment can bc prcciscly
controlled.

In such an cnginc v.hich constitutes thc hot water supply
source of thc automotive air conditionin apparatus, rota-
uonal speed changes largely in accordance with changes in
traveling condiuons of. a vehicle (concretely, lar e change
frnm abnut 7SO rpm at idling to about Ci(IO(l rpm at a high
rotatinnal speed), so that the hot water supply pressure from
the engine I changes greatly accorrhng to changes in trav-
eling conditions. FIG. 2 shows a relationship bctwccn thc
hot ivater supply prcssure from thc cnginc 1 and cnginc
rotational speed, aml a verucal axis indicates a closing
preewure in an opening valve state of a thermostat of. Lhe

engine hot water circuit as the hot water supply pressure
As described above, a great change in Lhe hot water

supplv pressure becomes a great disturbance lictor with
respect to the hot water flow control by the flow control
valve 4 and the temperature control of the blown air

In the present embodiment, fluctuauon of the hot water
flow amount to the heat exchanger 3 due to the change of the
hnt water supply pressure from the engine I is canceled



ellectively by devising the constant dilferential pressure
valve 6 provided at the bypass circuit 5 and a merging shape
of the hot water at the constant differential pressure valve 6

That is, in thc constant tlift'crcntial prcssure valve 6, when
the hot water supply pressure from the engine 1 rises aml the
dillerennal pressure across the valve body 30 becomes
higher than a predetermined pressure determined by the
spring 32, the valve body 30 moves downward in I'If i. I and
opens and a clearance between the valve body 30 and valve
scat 33 fluctuates corresponding to thc diffcrcntial prcssure,
so that thc constant dilfi:rcntial prcssure valve 6 opcratcs to
mamtain the pressure difference between the inlet 36 aml the
outlet 37 at a constant value.

llecause a sire of the constant difl'erential pressure valve
6 is limited in practice, it is difficult to absorb thc fluctuation is

of the hot v ster supply prcssure in a large range only usin
the constant diffcrcntial prcssure valve 6.

In the present embodiment, the fluctuat«in of the hot
water supply pressure is effectively absnrbed by devising the

zp
merging shape in the downstream nf the constant differential
pressure valve 6. That is to say, thc returning hot water from
the heat cxchangcr 3 is curved at the curvin point P anil
flov,s upward in the Figure from the curving point P, so that
the returning hot water Irom the heat exchanger 3 merges
with the hot water in the bypass side, which flows out from
the valve body 30 of the constant differential pressure valve
6 in the opposite direction in which one direction is shifted
at 18(l'rom thc other direction.

Therefore, the tlow of the hot water in the bypass side
interferes in the flow of the returning hot water from the heat
exchanger 3, so that the flow nf the retuniing hot water can
be blocked. As a result, an increase in the hot water flow
amount to the heat cxchangcr 3 at a time of hi h rotation of
the cnginc can bc cft'cctivcly prcvcntcd by thc blockin
operation of thc bypass side hot water so that thc tempera-
ture rise of the blown air of the heat exchan er 3 can be
regulated to a small amount.

In the present embodiment, the merging portion "0** for
mary'ng thc bypass side hot v atcr passing through the valve ao

body 30 of thc constant diffcrcntial prcssure valve 6 with the
returning hot water Irom the heat exchanger 3 is formed in
the housing Z5 of the constant dillerennal pressure valve 6

and is disposed adjacent to the valve body 30 of the constant
ditferential pressure valve 6 sn that the bypass side hot ivater
can interfere with the returning hot water before dynamic
pressure of thc bypass side hot water is rcduccd. Thcrcforc,
the blocking operation can bc improvcrl by using the
dynamic pressure of the bypass s«le hot water elfectrvely.
(Secontl Embodiment) n

In the Iirst embodiment in FIG. 1, although the mer nn ~

portion "O'* between the bypass side hot water and the
returning hot water from the heat exchanger 3 is disposed at
the middle portion (thc middle portion of thc coil spnn 32)
between thc valve body 30 of thc constant diffcrcntial s
pressure valve 6 and the seann ~ plate 27, in a secontl
embodiment shown in FIG. 3, members of. the constant
dillerennal pressure valve 6 are all held in the housing Z5 in
the upper side, so that the merging portinn '0** is disposed
in the doivnstream side belnw the seating plate 27 of the
constant diflcrcnbal prcssure valve 6. That is, in thc sccontl
embodiment, thc merging portion '0'nd thc curving point
P are posinoned in the housing 26 in the lower inde.

In the second embodiment, compareil to the first
embodiment, the posiuon of the mer nng pornon "0's far ss
away from the valve body 30 of the constant differential
pressure valve 6, so that the fact that dynamic pressure

generated at a restricung passage by the valve body 30 and
a valve seat 33 is reduced at the merging poruon "0" is
thft'crcnt from the first cmbodimcnt. Other points arc thc
same as thc first cmbodimcnt.
(Third L'mbodiment)

In the first and the serond embodiments, the bypass side
hot water and the returning hot water from the heat
exchanger 3 are merged Irom the different direcnons in
which one direction is shifted by 180'rom thc other. On thc
other hand, in thc third embodiment shown in HG. 4, thc hot
water flow passage in the housing 26 in the lnwer side is
formed linearly toward the outlet 37 frnm the inlet 38 and
the bypass side hot water can merge Irom a perpendicular
three«on with respect to the flow of the returning hot water
from thc heat cxchangcr 3.

Accordin to thc third cmbotlimcnt, bccausc thc bypass
side hot water merges from the perpendicular direction with
respect to the tloiv of the returning hot water from the heat
exchanger 3, compared with the Iirst aml second
embodiments, the blocking operauon of the flow of the
returning hot water is rcduccd; howcvcr, compared with a
case when the flow of the returning hot water and the bypass
side hot water merge in parallel, the blocking operation of
the returning hot water can be sufficiently obtainerl so that
the wse of the temperature of the blown air can be controlled
when the engine is at a high rotational speed
(Fourth Embodiment)

In the first throu h third cmbodimcnts, although an appli-
cation in which the flow control valve 4 aml the constant
ihlferential pressure valve 6 are constructed separately is
shown, the fourth embodiment shown in I'I(IS 5 through 7

describes a case where the flow contrnl valve 4 and the
constant differential pressure valve 6 are integrated

FIGS. 5 and 6 show thc floiv control valve 4 integral with
the constant difl'crcntial prcssure valve 6, anil the valve body
13 of. the flow control valve 4 made of resin matenal is
fiirmed in a cylintlncal shape and the valve housing 14 is
aLso made ol resin. The valve housing 14 has a Iirst receiving
pnrtion 14a, and the first receiving portinn 14n is formed in
a substantially cylindrical configuration extending in a ver-
tical direction in FIG. 5. Thc cylinrlrical valve body 13 is
rotatably disposed and rcccivcd in thc first rccciving portion
1 4ci.

A seconrl receiving portion 146 receiving the constant
ihlferential pressure valve 6 is integrally formed by ailtoin-
ing the lirst receiving portion 14a in the valve housing 14
A lid 14c made of resin is mounted detachably on an upper
opening cnd portion of thc first and second rccciving por-
tions 14n and 14b by screws (not shown) or thc like, and thc
upper opening end portions of the first and second receiving
portions 14« and 146 are sealed u htly by the lid 14c.

The Iirst hot water inlet pipe 19 in which the hot water
frnm the engine I flows, the first hot water outlet pipe 20
where the hot water flowing m from the hnt water inlet pipe
19 is discharged toward thc heat cxchangcr 3 and thc bypass
opening 21 whcrc thc hot water is rlischargcd toward thc
bypass circuii 5 of the heat exchanger 3 are integrally
fiirmed in the Iirst receiving porhon 14« in the valve housing
14.

In the present embodiment, the first hot water inlet pipe 19

anil the bypass openin 21 are disposed at a predetermined
interval on a circumfcrcntial surface of thc first receiving
portion 14n with a substantially pcrpcntlicular position rcla-
uon. The Iirst hot water outlet pipe 20 is disposed on an end
surface (bottom surface side in FIG 6) in the axial direction
of the Iirst receiving portion 14«

I urthermore, a second hot water inlet pipe 38« (which is
equivalent to the inlet 38 of the constant differential pressure



valve housing Z6 in the lirst through third emboclrments) in
which the returning hot water discharged from the heat
exchanger 3 and a second hot water outlet pipe 37n (which
is equivalent to the outlet 37 of the constant differential
prcssure valve housing 26 in the first through third
embodiments) for returning thc hot water to thc cnginc 1 are
integrally I:ormed on the second receivmg poruon 141x

Therefore, in the present embochment, the bypass circurt 5 of
the heat exchanger 3 is formed in the second receiving
l)ortion 146 lo

The constant differential pressure valve 6 has the valve
body 30 for opening and closing thc bypass opening 21 and
in thc valve body 30, a spring force of thc coil sprin 32 is
operated in a closed valve direcuon (downward in FIG 5).
An upper end poruon oi: the coil spring 32 is supported by is
the seat plate 27 and the seat plate 27 is attached to an mner
wall surface of the second receiving portion 146 by the
spring force. A cylindncal portion 27a is formed at a center
portion of thc scat plate 27 and an upper cnd portion of thc
axial portion 31 which is formed inmgrally with the valve zo

body 30 is slidably foined to the cylindrical portion 27a aml
helps the valve body 311 move up and down.

When the differential pressure across the valve body 30,
that is, the hot water differential pressure fietween the fiypass
opening 21 and the second hot water inlet pipe 3ga reaches
a predctcrmincd value, thc valve body 30 moves upward in
FIG. 5 by opposing thc force of thc spring 32 and scparatcs
from the valve seat 33, so that the valve body 3U opens.

A shaft 13u for rota(ably operaun ~ the valve body 13 is
integrally formed on the end portion of the circular valve
body 13 in the axial direction I'he shaft 13u pmtrudes
outside of the valve housing 14 by passing the lid plate 14c
An cnd portion of thc shaft 13a, which protrudcs io the
outside, is connected to an clcctric actuator such as the servo
12 (refer to FIGS 1, 3 and 4) or a manual operaung zs
mechanism using a lever, wire or the like, so that the valve
body 13 can be rotatably operated by these devices.

In an application shown in I'IG 6, a central portion of
rotation of a fan-shaped gear 136 is integrally connected to
the cnd portion of thc shaft 13a protruding to thc outside. A so
reduction gear (not shown) rotatably driven by thc servo 12
ts en aged with a gear surface 13c oi: an outer penpheral
poruon of the ian-shaped gear 13b, so that rotauonal force
of the servo 1Z is transmitted to the shaft 13u throu h the
fan-shaped ear 136 as

Reference numerals 40, 41 and 42 are seal members
which arc made of an clastic material such as rubber or the
like and a whok shape thcrcof is formed in a rcctan Ic as
shown in FIG. 7. Central portions oi: the seal members 40,
41 and 4Z have hole poruons 40ci, 4(et and 42u respectively. n

The seal members 4U amf 42 are disposed between the outer
peripheral surface of the valve body 13 ancl the mner
peripheral surface of the first receiving portion 14a of the
housing 14. Thc seal mcmbcr 41 is disposed bciwccn encl
surfaces in thc axial direction of thc valve body 13 encl the s
Iirst receiving poruon 14n.

The seal members 40, 41 and 42 prevent hot water from
fiovnng directly among pipes 19 and 2U aml the bypass
opening 21 without passing through the control passage 170
of the valve body 13 and fnrm a restriction in the hot vvater
passage duc to a communicating shape bctwccn thc hole
portions 40a, 41a and 42a and thc control passage 170 of the
valve body 13.

In the present embodiment, opening areas Al, AZ aml A3
of the pipes 19 and 211 and the bypass opening 21 are ss
controlled by maintaining a specified mutual relationship
shoivn in I'IG. II due to the control passage 170 correspond-
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ing to an opening de ree (valve body rotational angle) of. the
valve body 13 Ilare, Al is the opening area of the first hot
water inlet pipe 19, A2 is the opening area of the first hot
water nutlet pipe 20 and A3 is the opening area of the bypass
opening 21.

In order to rcalizc thc mutual relationship shown in FIG.
0, cfetailed shapes of. the control passage 17U ol the valve
body 13 ancf the hole portions 4Un, 4ln aml 42n of the seal
members 40, 41 and 42 are set as in the following descrip-
tion.

Inlet side opening portions 171 and 17ln and a bypass
side opening portion 172 of thc control passage 170 arc
chsposcd on a circumferential surface of thc valve body 13.
The opening areas Al amf A3 oi: the hot water inlet pipe 19
and the bvpass opemng 21 are regulated by the inlet sale
openuig portions 171 and 171u and the fiypass side openins,
pnrtion 172. The inlet side opening portions 171 and 171n of
the control passage 170 change the communicating shape
bctwcen thc circular hole portion 40a of thc seal mcmbcr 40.
Thc inlet side opening portion 171 has a beak shape as
shown in the ligure. The inlet opening poruon 17(ct has a
circular hole shape equivalent to $2 anti can communicate
with the hole pnrtion 40a even when the valve body openifig
degree is zero (a time of stopping of heating).

I'he bypass side opening portion 172 is rectangular, while
the hole portion 42a of thc seal mcmbcr 42 communicating
with thc liypass side opening portion 172 is circular.

Two opening portions 173 and 173a are disposed on the
end poruon of the valve body 13 in the axial direcuon as an
outlet side opening portion of the control passage 170 and
the opening area AZ of the hot water outlet pipe 20 is
regulated by the outlet side opening portions 173 and 173n
Thc outlet side opening portions 173 and 173a of the control
passa c 170 of thc valve fiody 13 change a communicating
shape of the hole portion 41u of the seal member 41, and the
hole pornon 41a is a slemfer rectangle passing through the
rotational center of the valve body 13 and the rotational
central potion of the valve body 13 has an even mnre slencler
shape.

Thc outlet side opening portion 173 and 173a of thc valve
body 13 arc disposed on a maximum cooling (stoppin of
heating) position (valve body opening degree=0') to hold
the hole portion 41n in the middle thereof:.

As umlerstood from the above descripuon, the restnction
for hot water from the hot water mlet pipe 19 is fomied by
the inlet side opening portion 171 ancl 171n of the valve
body 13 and thc hole portion 23u of thc seal mcmbcr 23 and
the restriction of hot water to thc hot water outlet pipe 20 is
firmed by the outlet side opening portions 172 and 172a of
the valve body 13 and the hole poruon 24a of the seal
member 24. In FIGS. 7 and 8, reference numeraL Al
through A3 show the opemng area of each restriction

In the fourth embodiment, the constant difi'erential pres-
sure valve 6 is integrated with thc flow control valve 4 with
the above-described structure, and next, thc structure of thc
merging portion "0" of the bypass side hoi water and the
returning hot water from the heat exchanger 3 is explained.
As shown in FIG. 5, the second receiving poruon 14b of the
valve hnusing 14 bends the passage shape of the second hot
water inlet pipe 3gu in which the returning hot ivater from
the heat cxchangcr 3 in an L-shape

Therefore, thc returning hot water from the heat
exchanger 3 flows m the passage of the second hot water
infer pipe 3gcr by curving downward in FIG. 5 as indicated
with an arrow B. On the other hami, the bypass side hot
water flows upivard in I'l(L 5 as mdicatecl with an arrow C
Therefore, the fiypass side hot water ancl the retnniing hot



water from the heat exchanger 3 merge from the opposite
direction in which one direction is shilted at substanually
180'rom thc other

Thus, in thc fourth cmborlimcnt, as in thc first anil scconrl
embodiments, the blocking operatinn of the returning hot
water can be provided by the bypass side hot water.

In the fourth embodiment, the heat exchanger 3 has an
inlet side tank 3a 1 or hot water at a lower poruon thereoi aml
an outlet side tank 36 for hot water at an upper portion
thereof. A core portion 3c for exchanging heat bctwccn the
hot ivater and the blown air is formed between both tanks 3a
and 36 which are disposerl in an up-and-down direction
Here, the core poruon 3c is constructed as a one-way
flovnng (full pass) type in which Ihe hot water flows only
from thc inlet side tank 3a to thc outlet side tank 36
(Fifth Embodiment)

I'IGS 9 and 10 show a fifth embndiment in which the
servo 12 is provided integrally with the flow control valve 4
integrated with the constant dilTerenual pressure valve 6 as
described above in connecuon with the fourth embodiment.
Further, thc devices 4, 6 and 12 arc intc ramd with thc heat
exchanger 3 in advance, and later, the resultant mtegrated
structure rs assembled wuh respect Io the blown air duct
(heater case) 8 so that assembling performance can be
improved and the size of the heat exchanger can be mim-
mized

In FIGS. 9 anil 10, thc constant diflcrcntial prcssure valve
6 and thc flow control valve 4 arc thc same as in thc fourth
embodiment, so the explanauon thereof is omitted. For
explaining a connecting relauonship between the heat
exchanger 3 and the servo 12, the core portion 3c of the heat
exchanger 3 is constructed as the one-way flowing type (fufl
pass) in ivhich the hot water flows only from the inlet side
tank 3a to thc outlet side tank 36 and a lot of flat tubes 3d
and corrugated fins 3c which arc disposcrl in parallel arc
proviiled on the core poruon 3c.

The hot water pipe 50 connects an end of. the outlet side
tanl 36 of. Ihe heat exchanger 3 with the semmd hot water
inlet pipe 38a integrally formed at the second receiving
portion 146 of the valve housing 14 of the flow control valve
4. Thc hot water outlet pipe 20 intcgrafly fomicrl at thc hrst
receiving portion 14a of thc valve housing 14 is rlircctly
connected Io the end of the inlet side tank 3a of the heat
exchanger 3.

In FIG. 10, the descnpuon of the servo 12 is omitted The
rotation of the servo 12 is transmitted to the fan-shaped gear
136 connected to the shaft 13a of the valve body 13 of the
flow control valve 4 through a reduction gear mechanism
12a shown in FIG. 9.

In the lifth embodiment, the constant dilTerenual pressure
valve 6 and the servo 12 and the like are mtegrated with the
flov, control valve 4, aml the flow control valve 4 is
integrated with the heat exchanger 3.

Next, effects of the blocking ape ratinn of the returning hot
water by thc bypass hot water according to thc prcscnt
invention arc cxplaincd with cxpcrimcntal data. FIG. 11
shows the constant differenual pressure valve 6 which is
integrated with the tlow control valve 4 as in the fourth aml
lilth embodiments. In sample products of three types from
(1) through (3), fluctuation of the temperature of the blown
air of the heat exchanger 3 is measured when the rotational
spccd of thc cnginc is raised up to 6000 rpm from an idlin
period (rotational speci( of thc cnginc: 760 rpm). That is,
FIG. 11 shows measurement of fluctuation values of the
temperature of the blown air at the rotanon speed of engine
6000 rpm with respect to the temperature of blown air at a

time of idling in each valve body opening degree of the flow
control valve 4.
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The sample product (I) is a type in which the returning

hnt water from the heat exchanger 3 merges with the bypass
side hot water at the merging portion "0*'rom the opposite
direction in which one direction is shifted at substantially
180'rom the other and a distance L bctwccn the merging
portion "0*'nd a center of thc valve body (rotor) 13 of thc
flow control valve 4 is 42 mm The sample product (2) is a

type in which the returning hot water from Ihe heat
exchanger 3 and the bypass side hot water merge at the

Ic merging portion "0'erpendicularly anil a distance I.
between the merging portion *'0'* and a center of the valve
body (rotor) 13 of thc flov control valve 4 is 42 mm. Further,
similar to thc sample product (2), thc sample product (3) is
a type in which the returning water (rom the heat exchanger

is 3 anil Ihe bypass hot water merge at the margin ~ pornon "0'erpendicularlyand a distance I. between the merging
pnrtion "0" and a center of the valve body (rotor) 13 is
extended to (00 mm.

In FIG. 11, thc bypass floiving amount is an amount of
zc bypass side hot water at the rotational spccd of cnginc: 6000

rpm. The flow control valve 4 used in the present emboih-
ment has an opening charac(enatic shown in FIG. 8. When
the opening degree of the valve body 13 is 40', the bypass
flowing amount is maximized (20 liters per minute) The
bypass flowing amount at the idhng time period is 0.6 liters
pcr minute.

Thc sample product ( I) has thc highest blocking cfl'cct duc
to Ihe bvpass side hot water so that the temperature fluc-
tuation ol the blown air of the heat exchanger 3 can be

iii controlled at 4' ivith respect to the tluctuation of the
rotatinnal speed of the engine of (i000 rpm at idling

I'he sample product (2) has a blocking effect which is
lovvcr than thc sample product (I), so that thc tcmpcraturc
fluctuation of thc bios n air of thc heat cxchangcr 3 is 8'.

ss with respect Io the fluctuation of the rotauonal speed of the
engine of 6000 rpm at the nllin ~ time period.

The sample, product (3) has dynamic pressure of. the
bypass side hot ivater at the mergmg portion "0*'ue to the
expansion of the distance I. and the blocking effect is lower

ac than that of thc samp(c product (2). Thcrcforc, thc Icmpcra-
turc fluctuation of the blown air of thc heat cxchangcr 3 is
16'. with respect to Ihe fluctuauon of the rotauonal speed
of Ihe engine of 6000 rpm at the idhng time period.

According Io the above-descmbed data, the distance L
between the merging portion *'0'* and a center of the valve
bndy (rotor) 13 of the flow control valve 4 is preferably very
small, c, 100 mm or less.

When thc valve opening dcgrcc is at (cast 60', thc flow
amount of the hot water to the heat exchanger 3 increases.

o Since Ihe blown air temperature of the heat exchanger 3 is
saturated, the iemperature fluctuauon of the blown air due to
the fluctuation of the en ine rotational speed nf any sample
prnduct becomes extremely small Thus, the blncking e(Tect

by thc bypass hot water according to thc prcscnt invention
s is obtained mostly around the mirlrllc opening dcgrcc of thc

valve body 13.
(Other Embodiment)

The present mvention is not restricted to hot water-type
heating device for automotive use and such a hot water-type

aii heating device in which hot water pressure is added to the
heat exchan cr 3 can bc applied to heating dcviccs for many
kinrls of household usc.

Although Ihe present invenuon has been tully descnbed in
connection with the preferred embodiments thereof with

as reference Io the accompanying drawings, it is Io be noted
that various changes and modifications will become appar-
ent to those skilled in the art Such changes anil modifica-
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tions are to be umlerstood as being included within the scope
of the present invention as definerl by the appenrled claims

What is claimed is
I A hot water-type heating device comprising'

heat exchanger for heaung air by exchanging heal
between hot water supplied from a hot water supply

urce and the air;

a flow control valve for controlling a flow amount of the
hot water supplied to thc heat cxchangcr from the hot
water supply source; lc

a bypass circuit for allowing the hol water to flow therein
while bypassing the heat exchanger; a pressure respon-
sive valve for increasing an npening degree of the
bypass circuit corresponding to a prcssure risc of the

LS
hot water supplied from Lhc hol water supply source,

a bypass side hot water passage through which bypass
side hot ivater discharged frnm the bypass circuit flows,

a returning hot water passage through which rcturmng hot
water discharged from thc hcatcr cxchangcr flows; anti zc

a mer nng portion for merging the byfiass s«le hot water
passage ivith the returning hot water passage and for
ftfocking flow of the returning hot water from the heat
cxchangcr by fluirl prcssure of thc bypass side hot water
from thc bypass circuit at thc mcrgin portion, whcrcin-'he

bypass side hot water and lhe returmng hot water
merge with each other at the merging portion and return
to the hot water supply source; anti

thc returning hot ivatcr passage is always open rcgarrflcss
of an operauon of the presure responsive valve

2. A hot water-type healing Llevice accorthng to claim 1,
wherein a flowing direcuon of the bypass side hot water
from the bypass circuit faces a flowing direction of the
returning hot water from the heat exchanger at the merging
portion, so that thc bypass side hot water and thc returnin
hot water merge from opposite directions.

rk A hot water-type healing Llevice accorthng to claim 1,
wherein a flowing direcuon of the bypass side hot water
from ihe bypass circuit faces a flowing direction of the
returning hot water from the heat exchanger at the merging
portion, so that the bypass stele hot water and the returning
hot water merge pcrpcndicularly.

4. A hot water-type heating dcvicc according to claim I,
wherein the pressure-responsive valve is Lhsposetl al a

margin ~ point between an outlet side hot water passage of
the heat exchanger aml Lhe bypass circuit and the mer nn ~

portion is disposed in a housing receiving a valve body of
the pressure-responsive valve

5. A hot water-type heating dcvicc according to claim I, s
whcrc in thc bypass circuit and thc prcssure-responsive valve
are integrally provided at the flow control valve.

6. A hot water-type healing Llevice accorthng to claim 5,
wherein the flow control valve is inta rally provided al the
heat exchanger

7 A hot ivater type heating, device according to claim I,
whcrcin a distance bctwccn a central position of thc control
valve and thc merging portion is not greamr than IVV mm.

8. A hot water-type heating dcvicc according to claim I,
wherein Lhe hot water-type healing device is disposed on a

ac
vehicle having a water-cooled type engine as the hot water
supply sourtx.
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9. A fluid heanng device composing.
a fluid supply source;

a heat exchanger for heating air by exchanging heat
between fluid supplied from said fluid supply source
and said air;

a heaung circuit for allowin ~ said tluid to flow Irom said
hot ivater supply source to said heat exchanger and
from said heat exchan er lo said hot water supply
source;

a bypass circuit for allowing saitl tluid lo flow bypassing
said heat exchanger;

a flow control valve for divithng said fluid between said
heating circmit and said bypass circuit;

a pressure responsive valve for increasing an openifig
dcgrec of thc bypass circuit corresponding to a prcssure
rise of. Lhe hot water supplied from the hot water supply
source;

a bypass side hot ivater passage through which bypass
side hot ivatcr discharged from thc bypass circuit flows:

a returning hot ivater passage through which

returning

hot
water discharged from the heater exchanger flows; and

a merging valve disposed in said heating circuit and said
bvpass circuit, anil merging valve receivin ~ said fluid
flow from said heat exchanger and said bypass circuit
anil direcung sa«l fluid flows to said fluid supply
source, fluid pressure of said fluid tlow frnm said
bypass circuit controlling said fluid flow from said heat
exchanger; and ivherein

lhe returning heaL water passage is always open regartlless
of an operation of the pressure responsive valve.

10. A hot ivatcr-type heating rlcvicc according to claim 1

wherein

the pressure-responsive valve is prov«led inside the
bypass side hot water passage,

the pressure.-responsive valve has a shaft portion which
cxtcnds toward thc returning hot water passage;

a plate member is provided inside the retuniing hnt water
passage such that the plate mcmbcr is substantiafly
adfacenl lo the merging portion, and

thc plate member has a supporting hole for slidably
supporting the shaft portion, anti has a plurality of
water passage holes to reduce water passage resistance

11. A hot water-type heatmg device according, to claim 9
whc rein

the pressure-responsive valve is prov«led inside the
bvpass side hot water passage,

thc prcssure-rcsponsivc valve has a shaft portion which
cxtcnds toward thc returning hot water passage;

a plate member is provided insitle lhe returning hol water
passage such that the plate member is substantially
adjacent to the merging portion; and

thc plate member has a supporting hole for slidably
supporting thc shaft portion, anti has a plurality of
water passa e holes to reduce water passage resistance.


