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[5 I] ABSTRACT

2 Claims, 48 Drawing Sheets

According to the present invention. in a cooling water circuit
having a water-txtoled internal combustion engine for a
vehicle, a pump for pumping cooling water, and a heat-
accumulating tank for thermaliy insulating and storing the
cooling water having Sowed out of the engine, at least one
of an inflow cooling water passage for introducing the
cooling water having Sowed out of the engine into the
heat-accumulating tank and an outgow cooling water pas-
sage for introducing the cooling water having flowed out of
the heat-accumulating tank into the engine is closed while
the engine is stopped. In this way, the convection between
the cooling water in the heat-accumulating tank and the
cooling water in the other portions than the heat-
accumulating tank can be prevented, and the heat insulating
capacity of the heat-accumulating tank can be improved.
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COOLING WATER CIRCUIT SYSTEM AND
COOLING WATER CONTROL VALVE

CROSS REFERENCE TO THE RELATED
APPLICATIONS

s
This application is based on and claims priority of Japa-

nese Patent Applications of Nos. Hei. 8-230947 filed on
Aug. 30, 1996, Hei. 8-230940 filed os Aug. 30. 1996. Hei.
8-230939 filed on Aug. 30. 1996, Hei. 8-230938 filed on
Aug. 30, 1996. and Hei. 8-230944 filed on Aug. 30, 1996, io
the contents of which are incarparated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention
The presest invention relates ta a cooling water circuit

system of a water-cooled engine (hereinafter referred to as
"engine").

Conventionally. there has been proposed an apparatus in
which a heat-accumulating tank far thermally insulating and
reserving cooling water for cooling the engine is disposed in ta
a cooling water circuit and an acceleration of a warn-up
operation of the engine and a quick beating operation are
performed by using the high-temperature cooling water
accumulated in the heat-accmnulating tank when a tempera-
ture of the cooling water is low after the engine has been just ~
started.

However. in the above-described apparatus. since the
acceleration of the warm-up operation of the engine snd the
quick heating operation are performed by using the high-
temperature cooling water accumulated in the heat- sa
accumulating tank. the heat-insulating capacity af the heat-
accumulating tank has a great infiuence on the efiects of the
acceleratios of the warn-up of the engine and the quick.
heating operation.

The inventors have experimentally produced a caofing ss
water circuit induding various kinds of heat-accumulating
tank. and found out that the fofiowing points rdate to the
improvements of the heat-insulating capacity of the heat-
accumulating tank greatly.

That is. to the heat-accumulating tank. there sre coanected sa
an infiow cooling water passage far introducing the cooling
water discharged from the engine to the heat-accumulating
tank and an outfiow cooling water passage for introducing
the cooling water discharged from the heat-accumulating
tank to the engine. 45

Therefore. when the other portions (e.g.. a pipe connected
to the heat-accumulating tank) than the heat-accumulating
tank is communicated with the heat-accumulating tank
through both passages while the engiae steps, the cooling
water in the other portions than the heat-accumulating tank so

and the cooling water in the heat-accumulating tank may be
mixed by natural convection.

Further, because the other portions than the heat-
accumulating tank do not have a heat insulating structure.
the cooling water in the other portions than the heat- ss

accumulating tank may be cooled earlier than the cooling
water in the heat-accumulating tank. Therefore. a tempera-
ture tfifierence between the cooling water in the other
portions than the heat-accumulating tank snd the cooling
water in the heat-accumulating tank becomes larger. with the so

result that the mixture by the natural convection may be
accelerated. Further, the heat-insulating capacity of the
heat-accumulating tank rosy be detaiorated.

SUMMARY OF THE INVENTION
In light of the above-described problems, the present

invention has an object of preventing a mixture of the

833

cooling water in the other portions than the heat-
accumulating tank and the cooling water in the heat-
accumuhuing tank to improve the heat-insulating capacity of
the heat-accumulating tank.

According to the present invention, while the engine is
stopped, at least one of aa infiow oooling water passage for
introducing the cooling water having Sowed out of an
engine into a heat-accumulating tank and an out)low cooling
water passage for introducing the cooling water having
Sowed out of the heat-accumulating tank into the engine is
clostxL

In this way. it is possible to prevent a convection between
the cooling water in the heat-accunudating tank and the
cooling water in the other portions than the heat-
accumulating tank while the engine is stopped Therefore.
since the mixture of the cooling water in the heat-
accumulating tank and the cooling water in the other par-
tions than the heat-accumulating tank can be prevented. the
heat insulating capacity of the heat-accunmlating tank can
be improved.

There may be provided an opeaing and closing valve for
opening and dosing at least one of an iudlow cooling water
passage for introducing the cooling water having flowed out
of an engine into a heat-accumulating tank and an outfiow
cooling water passage for introducing the cooling water
having Sowed out of the heat-accumulating tank into the
engine, at a position adjacent to an opening portion of the
heat-accumulating tank.

In this way, it is possible to certainly prevent the mixture
of the cooling water in the heat-accumulating tank and the
cooling water in the other portions than the heat-
accumulating task. Therefore. the heat insulating capacity of
the heat-accumulating tank can be further improved.

Further. the opening aad closing valve may be closed
when it is determined that the engine is stopped by operating
state detecting means for detecting an operation of the
engine.

Still further. the opening and closing valve may be opened
when a temperature of the cooling water Sowing through the
outfiow cooling water passage exceeds a predetermined
temperature during a warm-up operation of the engine and
may be closed when the temperature of the cooling water
flowing thmugh the outflow cooling water passage lower
than the predetermined temperature during the warm-up
operation of the engine.

During the warm-up operation of the engiae, the low-
teruperature cooling water stored in the engine Bows into the
heat-accumulating tank after the engine starts, and the
high-temperature cooling water accumulated in the heat-
accumulating tank flows into the engine. If all of the
high-temperature cooling water accumulated in the heat-
accumulating tank fiows out, the law-temperature cooling
water Sowed out of the engine 1 immediately after the
engiae starts may circulate into the engine. and the tempera-
ture of the cooling water in the engine lowers. with the result
that the warm-up operation may be delayed.

In contrast. according to the present investion, when the
temperature of the cooling water flowing out of the heat-
accumulating tank becomes lower than a predetermined
temperature. the opening and closing valve may be closed.
In this way. the Iow-temperature cooling water flowed out of
the engine I irumediately after the engine starts is reserved
in the heat-accumulating tank and can be prevented from
circulating into ihe engine.

Therefore. the delay of the warm-up operation can be
prevented. so that the amount of the harmful material
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released to the atmosphere duriag the warm-up operation
can be reduced and the fuel consumption can be improved

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present invea-
tion wifi be more readily apparent f'rom the fofiowing
detailed description of preferred embodiments thereof whee
taken together with the accompanying drawings in which:

FIG. I shows a fiow of cooling water in a cooling water
circuit in a cooling water temperature maintaining mode
acmrding to a first embodiment of the present invention;

FIG. 2 is a block diagram of a control system in the first
embodiment;

FIG. 3 is a cross sectioaal view showing a switching valve
assembled into a heat-accumulating tank in the first embodi-
ment;

FIG. 4 is a cross sectional view taken along IV—IV of
FIG. 3, for showing the switching valve in the cooling water

temperature maintaining mode in the first embodiment;
FIG. 5 shows a flow of cooling waler in the cooling water

circuit in an esgine warm-up accelerating mode in the first
embodiment;

FIG. 6 shows a flow of cooling water in the cooling water
drcuit in a quick heating mode in the first erabodiment;

FIG. 7 shows a fiow of cooling water in the cooling water
circuit in s cool water reserving mode in the first embodi-
ment:

FIG. 0 shows a flow of cooling water in the cooling water
drcuit in a heat accumulating mode in the first embodiment;

FIG. 9 is a fiow chart showing aa operation of the
switching valve according to each operation made in the first
embodimest;

FIGS. 10A and 10B are graphs showing test results af the
heat insulating capacity in the first embodiment;

FIG. 11 shows a fiow of cooling water in the cooling water
circuit accarding to a second embodiment of the present
inve ation;

FIG. 12 shows a flow of cooling water in the cooling
water circuit according to a third embodiment of the present
invenuon;

FIG. 13 shows a fiow of cooling water in the cooling
water circuit according to a fourth erabodirnent of the
present invention;

FIG. 14 is a cross sectional view. which carresponds to the
cross section taken along IV—IV of FIG. 3. for showing the
switching valve in a heat accumulating mode in the fourth
embodiment;

FIG. 15A is a top enlarged view showing a control valve
element;

FIG. 15B is s side enlarged view showing a control valve
element in the fourth embodiment;

FIG. 16 is a cross sectional view, which carresponds to the
cross section taken along IV—IV of FIG. 3. for showing the
switching valve in s cooliag water temperature maintaining
made in Ihe fourth embodiment;

FIG. 17 is a cross sectional view. which carresponds to the
cross section taken along IV—IV of FIG. 3, for showing the
switching valve in an engine warm-up accelerating mode in
the fourth embodiment;

FIG. Ig shows a fiow of cooling water in the cooling
water circuit in the engine warm-up accelerating mode
accordisg to the fourth embodiment of the present inventioa;

FIG. 19 is a lxoss sectioaal view, which corresponds to the
txoss section taken along IV—IV of FIG. 3. for showing the
switching valve in a quick heating mode in the fourth
embodiment;

FIG. 20 shows a flow of cooling water in the cooling
water circuit in the quick heating mode according to the
fourth embodiment of the present invention;

FIG. 21 is a cross sectional view. which corresponds to the
5 cross section taken along IV—IV of FIG. 3. for showiag the

switching valve in a cool water reserving made in the fourth
embodiment;

FIG. 22 shows a fiow of cooling water in the cooling
water circuit in the cool water reserving mode according to
the fourth embodiment of the preseat invention;

FIG. 23 shows a fiow of cooling water in the coofing
water circuit in a heat accumulating mode according to the
fourth embodiment of the present invention;

FIG. 24 is a fiow chart showing an operation af the
switching valve according to each operation mode ia the
fourth embodiment;

FIG. 25 is another flow chart showing sn operation of the
switching valve according to each operation mode in Ihe

la fourth embodiment;
FIG. 26 is a graph of test results showiag exhaust gas

harmful material reductios efiect aad fuel consumption
improvement effect in the fourth emboduuent;

FIG. 27 a graph of test results showing warm-up accel-
25 aration effect in the fourth embodiment;

FIG. 2$ shows a fiow of cooling water ia the cooling
water circuit in a cool water reserving mode according to a
fifth embadiment of the present invention;

FIG. 29 shows a hot water circuit of a heat- accumulating
type heating apparatus far a vehicle and a cooling water
circuit of a water-cooled engine according toe sixth embodi-
ment of the present inveation;

FIG. 30 is a cross sectional view showing a heat-

35
accumulatisg task and a control valve in the sixth embodi-
meat;

FIG. 31 is a block diagram of a control system of the
costrol valve in the sixth embodiment;

FIG. 32 is a fiow chart showing an operation af the control

4a valve in the sixth embodiment;
FI. 33 is a cross sectiosal view in a valve operation state

B in the sixth embodiment;
FIG. 34 is a cross sectional view in a valve operation state

C in the sixth embodiment;
45 FICl. 35 is a graph showing a relationship between s

temperature of the cooling water having flowed out of the
engine and time in the sixth embodiment;

FIG. 36 shows a modificauon of the cooling water circuit;
FIG. 37 shows another modificatio of the cooling water

sa circuit;
FIG. 30 shows another modification of the cooling water

ClfCol't",

FIG. 39 shows another modificatio of the cooling water

55
circuit;

FIG. 40 shows a coolisg water circuit in which the bypass
circuit is omitted;

FIG. 41 shows a flow of rssattng water in the cooling
water circuit of a cooling apparatus according to a sevesth

m embodiment of the present invention;
FIG. 41 is a block diagram showing a control system of

the cooUng apparatus in the seventh embodiment:
FIG. 43 is a fiow chart (main routine) shov ing a cannot

of a second fiow control valve in the seventh embodiment;
ss FIG. 44 is a flow chart (interruptios routine) showing a

control of the second flow coatrol valve ia the seventh
embodiment;
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FIG. 45 shows the second Sow control valve specifically
in the seventh embodiment;

FIG. 46 shows a flow of cooling water in the cooling
water circuit of a cooling apparatus according to aa eighth
embodimeat of the present invention:

FIG. 47 shows a Sow of cooling water in the cooling
water circuit of a cooling apparatus according to a ninth
embodiment of the present invention;

FIG. 48 schematically shows a control valve in which a
thermostat and a second control valve are integrated in the
niath embodiment;

FIG. 49 schematically shows operatioa states of tbe
control valve ia the ninth embodiment;

FIG. 50 is a flow chart showing a conn ol of aflow control
valve according to a tenth embodiment of the present
invention;

FIG. 51 schematically shows a Sow of the cooling water
in a quick warm-up operation mode in the teeth embodi-
ment; and

FIG. 52 schematically shows a flow of the cooling water
in a quick heating mode in the tenth embodiinent.

DEI'AILED DESCRIFITON OF THE
PREFERRED EMBODIMENTS

Embodiments according to the present invention are here-
inafter described with reference to the accompanying draw-
ings.

A first embodiment of the present invention will be
described.

FIG. I shows a cooling water circuit of a water-cooled
internal combustion engine (hereinafter referred to as
"engine") for a vehicle and a cooling water circuit of an air
conditioning apparatus, for heating a passenger cornpart-
ment of a vehicle by using the cooling water of the engine
I as heat source. A radiator 2 is for cooling the cooling water
having flowed out of the engine 1. and a water pump 3 is for
sucking the cooling water having Sowed out of the engine I
and pumping the cooling water toward the engine I while
receiving a driving force from the engine 1.

A heat-accumulating tank 4 has a double taak structure.
The heat-accumulating tank 4 is disposed at a lower position
in the gravitational direction in view of limited space in an
engine compartment. A heater core 5 is for heating air by
using the cooling water as heat source. aod is disposed in an
air mnditioaing casing 6 forming au airpassage for blowing
air into the passenger compartment. A blower 7 is disposed
at an upstream side of the air conditioning casing 6. An
evaporator 8 is disposed betweea the blower 7 and the heater
core 5 to cool air flowing therethrough. Iu this embodiment.
there is employed an air conditioning apparatus (so-called
re-heat type) in which a temperature of air to be blown into
the passenger compartment is adjusted by an amount of the
cooling water fiowing in the heater core 5. an amount of
blown-air, and the like.

An intake air heat exchanger 9 is for performing heat-
exchange between air to be sucked into the engine I and the
cooling water. The intake air heat exchanger 9 is disposed in
a surge tank 10 for removing a pulsation of intake air. An
A/T heat exchanger (oil heat exchanger) 11 is for performing
heat-exchange between the cooling water having Sowed out
of the engine and mission oil of an automatic transmission
for a vehicle. An E/0 heat exchanger 12 is for performing
heat-exchange between the cooling water having flowed out
of the engine and the eagine oil.

The cooling water having flowed out of the engine I
circulates in a radiator water passage 100 while passing

thmugh the radiator 2 to the engine 1. The cooling water
having Sowed out of the engine I circulates in first and
second bypass water passages 101 and 102 while bypassing
the radiator to the engine 1. Both of the bypass water

3 passages 101 and 102 join to the radiator water passage 100
at aa outlet side of the radiator 2. At the joining portion 100a.
there is provided a thermostat for opening and closing a
valve element thereof according to the temperature of the
cooling water.

io Since the valve element of the thermostat 13 is disposed
at the side of the radiator 2 from the joiniag portioa 100a to
open and close the radiator water passage 100. even when
the thermostat 13 is closecL both of the bypass water
passages 101 and 102 can be conuuunicated with each other.

A load responding valve 15 is for opening and dosing the
bypass water passage 101, and operates an valve element
thereof by detecting an intake negative pressure as a load of
the engine. More specifically. as showa ia FIG. 4, a variatioa
of the negative pressure is detected mechanically by a

m diaphragm 151, and a displacement of the diaphragm 151 is
transmitted to the valve element 153 to open and dose the
bypass water passage 101.

An amount the cooling water Sowing through the first
bypass water passage 101 is set to be larger than tba( through

23 the second bypass water passage 102. The first bypass water
passage 101 is connected to the joining portion 100a at a
downstream side of a temperature sensing ptution (a wax-
box filled with wax material) 13a of the thermostat in such
a manner that the cooling water Sowing through the first

30
bypass passage collides with a predeternuned position
(hereinafter referred to as "first teruperature sensing
portion") of the temperature sensiag portioa 13a.

Oa the other hantL the second bypass water passage 102

33 iS COnneCted to the joining portion 100a at a downstream
side of Ihe temperature sensing portion 13a in such a manner
that the cooling water flowing through the second bypass
passage collides with the other predetermined position
(hereinafter referred to as "second temperature sensing

m portion") of the temperature sensing pcution 13a than the
first temperature sensing portion. In this embodiment, the
first temperature sensing portion corresponds to a side
surface of the cylindrical temperature sensing portioa 13a.
and the second temperature sensing portion corresponds to

3
an end portion of the temperature sensing portioa 13a in the
axial direction.

Therefore, when the cooling water flows through both
bypass water passages 101 and 102. heat amount given to
the temperature sensing portion 13a of the thermostat 13 per

su uait time becomes large as compared with when the cooling
water flows only Strough the second bypass water passage
102. so that an opening valve operation of the thermostat can
be sensitive. Accordingly, whee the cooling water flows
thmugh both bypass water passages 101 and 102. an average

33 temperature of the cooling water can be maintained low as
compared with when the cooling water fiows only through
the second bypass water passage 102.

In this embodiment. the thermostat 13 and both bypass
water passages 101 and 102 are set such that the average

m temperature of the cooling water is set to approximately 80
when the cooling water flows through both bypass water
passages 101 and 102 and further the average temperature of
the cooling water is set to alqxoximateiy 100 when the
cooling water flows only thmugh the secoad bypass water

es passage 102.
In FIG. I, the cooling water having flowed out of the

heat-accumulating tank 4 circulates in a heater water pas-
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sage 104 while passing through the heater core 5. the intake
air heat exchanger 9. the A/I'eat exchanger 11. aad the E/0
heat exchanger 12 to the engine 1. Further. the cooling water
having flowed out of the heat-accumulating tank 4 circulates
in the heater bypass water passage 105 while bypassing the
heater care 5 and the intake air heat exchaager 9. At a branch
portion between the heat accumulaung tank 4 and the heater
bypass water passage 105. there is provided a Sow control
valve for controlling aa amount of the cooling water flowing
into the heater care 5.

The flow coatrol valve 16 is actuated by an actuator 17
such as a servomotor. As shown in FIG. 2. the actuator 17
is controlled by a coatml unit 18. To the control unit 18,
there are input signals from a water temperature sensor 19
for detecting a temperature of the cooling water circulating
into the engine I, a water temperature sensor 20 for detect-
ing a temperature of tbe cooling water Sowing into the
heater water passage 104, a water temperature sensor 19a far
detecting a temperature of the cooling water having just
Sowed out of the engine I (or a temperature of the cooling
wata in tbe engine I), an air coadiSoning sensar 21 for
detecting information required for controlliag the air con-
ditioning apparatus, which indudes an outside air tempera-
ture far detecting a temperature of the air outside the
passenger compartment. an inside air temperature for detect-
ing a tauperature of the air in the passenger compartment,
and the like, and aa ignition switch 22 for detecting an
operating state of the engine 1. Tbe contml unit 18 controls
the actuatcr 17, the air conditioning means such as the
blower 7. aad an actuator 25 (desaibed later) according to
a program pre-stored based on sigaals from the water
temperature sensor 20 aad the air conditioning sensor 21.

Each of the water temperature seasars 19. 19a and 20 is
of a thermistor type which is suptxior in responsibility (time
mnstant thereof is approximately 1-2 sec.).

A quick baaing switch 23 is for instructing a heating
operation in which high-temperature cooling water in the
heat-accumulating tank 4 is introduced into the heater core
5 when tbe temperature of the cooling water is too low to
perform a heating aperation. such as at the time of just
starting the engine. The quick heating switch 23 is turned on
by a manual operation of the passenger.

A switching (opeaiag-closing) valve 24 is for switching
cooling water circuits according to a temperature of the
moling water and aa operating state of the engine 1. The
switching valve 24 is actuated by the actuator 25 such a
servomotor. Similar to the Sow coatrol valve 16. the actuator
25 is controlled by the coatrol uait 18 (see FIG. 2).

FIG. 3 is a moss sectional view showing the switching
valve 24 assembled into the heat-accumulating tank 4. The
heat-accumulating tank 4 is. as shown in FIG. 3, constructed
by an outside tank 41 and aa inside teak 42, each of which
is made of a material which is superior in corrosioa
resistance. such as stainless. Between both tanks 41 aad 42,
thae is formed a heat insulating layer 43 having substan-
tially vacuum to improve heat insulating performance. In
FIG. 3. because each thickness of the inside tank 41 and the
outside tank 42 is thin. hatching for showing the cross
sectioa is omitted.

On a bottom portion of the heat-accumulating tank 4 in
the gravitational direction. there is formed a tubular pro-
truding portion 44 protruding in the gravitational direction.
In a bottom end partion of the tubular protruding portion 44,
there is formed an opening passage 45 through which the
cooling water Sows in and out. In the opening passage 45,
there is disposed coaxially with the opening passage 45 an

inlet pipe 46 baviag a water inlet (not shown) within the
heat-accumulating tank 4 at an upper side in the gravita-
tional direction. A space between the inlet pipe 46 and the
opening passage 45 forms an ingow passage 47 for intro-

5 ducing the ax&ling water having been discharged from the
engine I into the beat-acaunulating tank 4.

A housing 261 of the switching valve 24 is made of resin
which is superior in forming perfarmance and heat insulat-
ing perfatnance, such as nylon 66. Tbe housing 261 covers

ta ennrely the tuba)ar protrusion 44 of the heat-accumulating
teak 4 from the outside to prevent heat radiation from the
tubular protrusion 44.

A control valve element 262 of the switching valve 24 is
of the rotary type. As shown in FIG. 4, the control valve
element 262 is rotated with a center of the opening passage
45 as its rotating center. by an actuator 25 through a speed
reduction medmnism composed of a worm 251. a worm
whee! 252. a spur gear 253. and a fan-shaped gear 254. As
shown in FIG. 3. tbe valve element 262 is disposed adjacent

2O tO the opening passage 45 to selectively opea and dose the
opening water passage 45.

A sealing member 263 is made of resin Suoride and seals
a clearance between the control valve element 262 and the

25
housiag 261. An 0-ring 264 is made of a nitrile rubber.
Further. a mixture preventing plate 4$ is farmed in a disc
shape in which a plurality of through-holes 48o are farmed.
and is for preventing a mixture of the cooling water Sowing
inta the heat-accumulating tank 4 and the cooliag water

sa staying in the heat-accumulating tank 4.

Next, an operatioa of the embodiment will be describeL

(I) Cooling water heat tauperature maintaining mode
(wlule the engme I ts stopped)

When it is determined that the engine I is stopped by a
35 sigaal from the ignition switch 22, the ingow cooling water

passage 106 extending from the engine I to the heat-
accumulating tank 4 and the autgow cooling water passage
107 extending from the heat-accumulating tank 4 to the
engine I are closed (see FIG. I). In this way. thc cooling

sa water accumulated in the heat-accumulating tank 4 is
reserved.

Irrespective of the temperature of the cooling water and
the ON ar OFF state of the quick heating switch 23. when
the engine I is stopped, the control unit 18 controls the

45 switching valve 24 to switch the cooling water circuit to this
made.

(2) Engiae warm-up accelerating mode
When the engine I starts. the ingow cooling water pas-

sage 106 and the outflow cooling water passage 107 are
opened and the heater water passage 104 is closed. In this
way. all of the high-temperature cooling water accuraulae
in the heat-accunwlating tank 4 circulates into the engine I
through a warm-up accderating water passage 108 to aax:(-
crate the warm-up operation of the engine I (see FIG. 5).

55
(3) Quick heating made
After the engine I starts. when the quick heating switch

23 is turned on. the itdlow cooling water passage 106. the
heater water passage 104, and the outgow cooling water

m passage 107 are opeaed, and the warm-up accelerating water
passage 108 is closed. Ia Sus way. aII of the cooling water
accumulated in the heat-accumulating tank 4 passes toward
the heater core 5 through the heater water passage 104 to
improve the quick heating operation (see FIG. 6).

55 (4) Cool water reserving made
During the engine warm-up accelerating mode. when the

temperature Tw, of the cooling water having Sawed out of
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the heat-accumulating tank 4 (the detection valve of the
water temperature sensor 19) is lower than a first predeter-
mined temperature, the cooling water having Sowed out of
the engine I circulates directly into the engine I to bypass
the heat-accumulating tank 4 (see FIG. 7). 5

(5) Heat accumulating mode
During the cool water reserving mode, when the tempera-

ture Tws of the cooing water having Sowed out of the
heat-accumulating tank 4 (the detection valve of the water
temperature sensor 19) reaches a second predeternuned Ia
teiaperature (in this embadlnmnt. 8Q). the heatiag operation
is regarded as finished. and the inflow cooling water passage
106. the outfiow cooling water passage 107, the heater water
passage 104, and the warm-up accelerating water passage
108 are opened. In this way, the cooling water having Sowed
out of the engine I passes through both of tbe heater care 5 is

and the heat-accumulating tank 4. Therefore, high-
temperature cooling water is accumulated ia the heat-
accumuiating tank 4 (see FIG. 8).

The first predetermined is appropriately determined based
on the heat insulating capacity of the heat-accumulating tank
4. the minimum outside air temperature and the like. In this
embodiment. the first predetermined temperature is set to
approximately 30'.

FIG. 9 shows a Sow chart for an aperation of the
switching valve 24 according to each operation mode. Tbe
operation of the switching valve 24 will be described with
reference to the flow chart.

It is determined whether ar not the engine I is operatiag
by the ignitioa switch 22 at step S100. When it is deternuned so
that the engine is operating, it is determined whether or nat
the temperature Two af the cooling water having flowed out
of the engine I, detected by the water temperature seasar
19a, is equal to ar higher than 80'. at step S105. On the
other hand, when it is determined that the engine I stops. the

55
switching valve 24 is set to the cooling water temperature
maintaining mode at step S220.

When it is determined that the temperature Two is equal
to or higher than 80'.. the switching valve 24 is set to the
heat accumulating made at step S200. When it is determined ui
that the temperature Two is lower than 80'.. the switching
valve 24 is set to the engine warm-up accelerating raade at
step S110.

Next. it is determined whether or not the quick heating
switch 23 is set on at step S120. When it is determined that ss
the quick heating switch 23 is set on. the switchiag valve 24
is set to the quick heating mode at step S130. On the other
hand. when i( is determined that the quick heating switch 23
is aot set oa. it is determined whether or not the temperatme
Tw, of the cooling water is equal to or higher than 30'. at so
step S140. When it is deteriained that the temperature 'Bv,
of the cooling water is lower than 3Q'.. the switching valve
24 is set to the cool water reserving mode at step S150. On
the other hand, when it is determined that the temperature
Tw, of the cooling water B equal to or higher than 30'., 55
the switching valve 24 is maintained to the eagine warm-up
accelerating mode until the temperature Tw, of the cooling
water becomes lower than 30'. at steps S160 and S170.

whee it is deternuned that the temperature Tw, of the
cooling water is lower than 30'.. the switching valve 24 sa
is set to the cool water reserving made until Ihe teiaperature
Tws of the cooling water becomes higher than 8Q'. at step
S180 aad S190. When the temperature Tws of ihe cooling
water becomes higher than 80'., the switching valve 24 is
set to the heat-accumulating mode at step S200. 65

Next, the switchiag valve 24 is maintained to the heat
accumulating mode until the engine I is stopped at step

S210. When the engine I stops, the switching valve 24 is set
to the cooling water temperature maintaining mode at step
5220.

Next. features of this embodbnent will be described.
Accordiag to this embodiment, the heat-accumulating

tank 4 is positioned in the cooling water circuit at a lower
position in Ihe gravitational direction. if the inflow cooling
water passage 106 and the outflow cooling water passage
107 are left opened without being closed. when a predeter-
mined time has elapsed since the engine is stopped, the
temperature of the cooling water in the heat-accumulating
tank at a lower position in the gravitational direction is
maintained high for a while. On the other hand. the tem-
perature the cooling water in the partions (e.g, the pipe
connected to the heat-accumulating tank 4) which are posi-
tioned higher than the heat-accumulating tank 4 in the
gravitational direction becomes lower because of the heat
exchange with the outside air. and a ddfereace of the specific
gravity occurs, with the result that warm cooling water in the
heat-accumulating tank 4 flows out of the heat-accumulating
tank 4 by natural convection.

However. in this embodiment. because the iidlow cooling
water passage 106 and the outfiow cooling water passage
107 are closed while thc engine I is stopped. the above-
described problem can be overcome, and the heat insulating
capacity of the heat-accuraulating tank 4 can be improved

Further, because the valve elemeat 262 of the switching
valve 24 for closing the inflow cooling water passage 106
and the outfiow cooling water passage 107 is positioned
adjacent to the opening passage 45 of the heat-accumulating
tank 4. it is possiliie to certainly prevent the nuxture of the
cooling water ia the other portioas than the heat-
accumulating tank 4 and the cooling water in the heat-
accumulating tank 4. Therefore, it is possible to fmther
improve the heat insulating capacity of the heat-
accumulating tank 4.

FIGS. 10A and 10B show test results showing when both
cooling water passages 106 and 107 are closed and when
both cooling water passages 106 and 107 are apened. FIG.
10A shows a variation of the temperature of the cooling
water ia the heat-accumulating tank 4. and FIG. 10B shows
a variation of the amount of the cooling water in the
heat-accumulating tank 4 by constriction of the cooling
water.

As being understood from FIGS. 10A and 10B. whee both
cooliag water passages 106 and 107 are closed. the tem-
perature of the cooling water is lowered by 2.9 and the
amount of the cooing water is lowered by 4.7% (150 cc). as
compared with when both cooling water passages 106 and
107 are opened. Therefore, it has been confirmed that the
heat insulating capacity as much as approximately 1821 I
(435 cal) which is converted into heat amount accumulated
in the heat-accumulating tank 4 can be improved.

The tests were performed under conditions that the vol-
ume of thc heat-accumulating tank 4 was 30'. 00 cc. the
initial temperature of the cooling water was 95, the atmo-
spheric temperature was 0, and the heat-accuruulating tank
4 was left for 12 hours while both cooling water passages
106 and 107 were closed.

In Ihe above-described first embodiment. the cooling
water Sowing out of the heat-accumulating tank 4 circulates
directly into the engine I in the engine warm-up accelerating
mode; however, the cooling water Sowing out of the heat-
accumulating tank 4 may circulate into the engine I after
passing through Ihe heater core 5. the intake air heat
exchanger 9. the A/f heat exchanger 11. and the B/0 heat
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exchanger 12. In this way. the intake air, the mission oil. and
the engine oil can be heated by heat accumulated in the
heat-accumulating tank 4 so that the warm-up of the engine
I can be accel«ratesk At this tune. if the blower 7 is stopped
to suppress the radiation of the cooling water in the heater s
core 5. the warm-up accelerating effect can be further
enhancesk After the warm-up operation is fiaished. if the
fiow coatrol valve 16 is controlled such that the cooling
water flowing out of the heat-accmnulating tank 4 cirsstlates
into the engine I while bypassing the intake air heat io
exchanger 9. the intake air can be prevented form being
heated excessively after the warm-up operation is finished.

A second embodiment of the present invention will be
described with reference to HG. 11.

In the second embodiment. the cooling water circuit in the
first embodunent is replaced with cooling water circuit
shown in FIG. 11.

In FIG. 11. there are newly provided a cooling water
passage 109 for introducing the cooling water from the to
engine I to directly iato the A/I'eat exchanger 11 and the
E/0 heat exchanger 12 and a differentia valve 27 disposed
in the cooling water circuit 109. for restricting the coofing
water passage 109 according to a decrease of dynamical
pressure of the cooliag water.

A third embodiment of the present invention will be
described with reference to FIG. 12.

In the third embodirneat. the cooling water circuit in the
first embcsfinmut is replaced with cooliag water circuit
shown in FIG. 12. so

In FIG. 12. there is disposed a three-way valve 2$ in the
cooling water passage 109, and in the engine warm-up
operation mode. it is prevented that the cooling water
circuiates through the A/I heat exchanger 11 and the E/0
beat exchanger 12. ss

In the above-described embodiment. whee the engine I is

stopped. both of the infiow cooling water passage 106 and
the outflow cooling water passage 107 are closed; however,
at least one of the water passages may be closed.

Next. a fourth embodiment of the present invention wiU

be described with refereace to FIGS. 13 to 27.

This fourth embodbneat differs from the first embodiment
slightly in the coustrutxion of the cooling water circuit.
Hereinafter. only the diferent portions will be described, 4s
and the explanatioa of the portions similar to those in the
first e nbodiiueut is omitted. Tbe coatrol system is similar to
that shown in FIG. 2. and the switching valve 24 is

assembled in the similar manner as shown in FIG.3.
ln FIG. 13. the second bypass water passage 102 is so

connected to the joiniag portion 100a at a downstream side
of the temperature sensing portion (the wax-box filled with
wax material) 13u in such a manner that the cooling water
ilowiag through the secoad bypass passage cofiides with a
predetermined positioa (hereinafter referred to as "second ss
temperature sensing portion") of the temperature sensing
piution 13u.

On the other hand. the first bypass water passage 101 is
connected to the joiniag porfion 100a at a downstremu side
of the temperature sensing portioa 13o of the thermostat in so

such a ruanner that the cooling water fiowing through the
first bypass passage cofiides with the other predetermined
position (hereinafter refeaed to as "first temperature sensing
portion") of the temperature sensing portion 13u than the
second temperature sensing portion. In this embodiment, the ss
first temperature sensing portion corresponds to an ead
portion of the temperature sensing potion 13u in the axial

12
direction, and tbe second temperature sensing portion cor-
responds to a side surface of the cyliadrical temperaune
sensing portion 13o (see FIG. 14).

Therefore, when the cooling water fiows through both
bypass water passages 101 and 102, heat amount given to
the temperature sensing portion 13a of the thermostat 13 pix
unit time becomes large as compared with when the cooling
water flows only through the first bypass water passage 101.
so that an opening valve operation of thc thermostat can be
sensitive. Accordingly, when the cooling water fiows
thmugh both bypass water passages 101 and 102, an average
temperature of tbe cooling water can be maintained low as
compared with when the cooling water flows only through
the first bypass water passage 101.

In this embodiment, the thermostat 13 and both bypass
water passages 101 and 102 are set such fitat the average
temperature of the cooling water is set to approxiinately80'.

when the cooling water iiows through both bypass water
passages 101 and 102 and further the average temperature of
the coofing water is sct to approximately 100 when the
cooling water fiows only through the first bypass water
passage 101.

A load responding valve 15 is for opening snd closing the
second bypass water passage 102.

As showa in HG. 15. one end of a patt 100b of the
radiator water passage 100 is connected to the cooling water
outlet side of the radiator, and the other end thereof is
connected to the cooling water inlet side of the engine 1.

Further, one ead of a part 101a of the first bypass water
passage 101 is connected to the cooling water outlet side of
the engine 1. and the other end thereof is connected to the
cooling water inlet side of the engine I through the tem-
perature seasing portion 13o. Further, as shown in FIGS. 13
and 14. a warm-up water passage 117 is for introducing the
cooling water haviag Sowed out of the heat-accumulating
tank 4 to the engine 1. and a tank water passage 106 is for
introducing the oooling water having iiowed out of the
engine I to the heat-accumulating tank 4.

In the control valve element 262. as shown in HGS. 15A
and 15B, the columnar side surface is farmed with commu-
nication pints 262u-262ffor opening and closing each water
passage 100b, the wana-up water passage 117. and the like.
In the axial ead portion. there are formed communicatioa
ports 262g and 262/t for opeaing and closing the openiag
passage 45.

An opcratioa of this embodimeat wifi be descdbed.
In this embodiment. simfiar to the first embodiment. five

modes (the cooling water temperature maintaining mode,
the engine warm-up accelerating mode. the quick heating
mode. the cooling water reserving mode, and the heat
accumulating mode) can be set. The object and operation in
each operatioa mode are same as in the first embodiment
Therefore, a cross sectional view corresponding to line
IV—IV of FIG. 3 and a view of the cooling water circuit in
each operation mode are simply shown. and the detail
explanation thereof is omiued.

Next. the operatioa of the switching valve 24 will be
described with reference to the fiow chart shown in FIGS. 24
and 25.

It is determined whether or aot the engine I is operating
by the ignition switch 22 at step S 100. When it is determined
that the engine is operating. it is determined whether or not
the temperature Tw of the cooling water having flowed out
of the engine 1. detected by the water temperature sensor
19a. is equal to or higher than 80', at step S105. On the
other hand, when it is determined that the engiae I stops. the
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switching valve 24 is set to the cooling water temperature
maintaining mode at step S250.

When it is determined that the temperature Twa is equal
to or higher than 80'.. the switching valve 24 is set to the
heat accumulating mode at step S230. When it is determined
that the temperature Twa is lower than 8Q'.. the switching
valve 24 is set to the engine warm-up accelerating made at
step S 110.

Next. it is determined whether or not the quick heating
switch 23 is sm on at step S 120. When it is determined that
the quick heating switch 23 is set on, the switddng valve 24
is set to the quick heating mode at step S130. On the other
haniL when it is determined that the quick heating switch 23
is not set on. it is determined whether or not the temperature
Tw, of the cooling water is equal to or higher than 30'. at
step S140. When it is determined that the temperature Tw,
of the cooling water is lower than 30'.. tbe switching valve
24 is set to the cool water reserving mode at step S150. On
the other hand. when it is determined that the temperature
Tw, of the cooling water is equal to or higher than 3(F C.,
the switching valve 24 is maintained to the engine warm-up
accelerating mode uatil the temperature Tw, of the cooling
water becomes lower than 30'. at step S160 and S170.

When it is determined that the temperature Twr of the
cooling water is lower than 30'.. the switching valve 24
is set to the cool water reserving made until the temperature
Tws of the cooling water becomes higher than 8(P C. at steps
S180 and S190. Whee the state where the temperature Twr
of the cooling water is equal ta or higher than 80'. is
continued for a predetermined time period (in the
embodimeat. 3 minutes). the switching valve 24 is set to the
heat-accumulating mode at steps S200 to S230.

Next, the switching valve 24 is maintained to the heat
accumulating mode until the engine I is stopped at step
S240. When the engine I stops. the switching valve 24 is set
to the cooling water temperature maintaining mode at step
S250.

In the fiow chart of FIGS. 24 aud 25. the temperatures Twa
and Tw, are values each iadicating a threshold value far
determining whether or not the warm-up operation of the
engine I has been completed (the engine I has been warmed
up) and are not always lunited to 80'. Therefore. the
temperatures Tivp slid Twi may be appropriately selected by
the type of the engine I, the portioas where the water
temperature sensors 19 and 19a are disposed aud the like.

Because detecting whether or not the state where the
temperature Twi of the cooling water is equal to ar higher
than 80'. is continued for more than 3 minutes at steps
S200 to S220 is a step for determining whether or not tbe
engine I has been entirely warmed up. the predetermined
time is not liraited to 3 minutes but may be apprapriately
selected while considering the size of the engine I, total
amount of the cooling water, and the like.

Next. features of this embodiment will be describeiL
According to this embodunent. when the engine I is

stopped. the warm-up water passage 117 and the teak water
passage 106 are closed; and therefore. it is possible to
prevent the coavection between the cooling water in the
other portions (e.g., the pipe connected to the heat-
accumulating tank 4) than the heat-accumulating teak 4 and
the cooling water in the heat-accumulating tank 4.
Therefore. since it is possible to prevent the mixture of the
cooling water ia the other portions than the heat-
accumulating tank 4 and the cooling water in the heat-
accumulating tank 4, the heat insulating capacity of the
heat-accumulating tank 4 can be improved.

Further. because the valve element 262 of the switching
valve 24 for closing the warm-up water passage 117 and the
tank water passage 106 is positioned adjacent to the opening
passage 45 of the heat-accumulating tank 4. it is possible to

s certainly prevent the mixture of the cooling water in the
other partions than the heat-accumulating tank 4 and the
cooling water ia the heat-accuraulating tank 4. Therefore. it
is possible to further improve the heat insulating capacity of
the heat-accumulating tank 4.

In the engine warm-up accelerating mode. when the
eagine I starts. the low-temperature cooling water staying in
the engine I fiows into the heat-accumulating tank 4. and the
high-temperature cooling water accumulated in the heat-
accumuiating tank 4 fiows into the eagine 1. However, if all

is of the high-temperature cooling water accumulated in the
heat-accumuianng tank 4 flows out, the low-temperature
cooling water flowed out of the engine I immediately after
the engine I starts may circulate into the engine I, and the
temperature of the cooling water in the engine I lowers, with

ra the result that the warm-up operation may be delayetL

In contrast, according to this embodiment. because the
cooling water having flowed out of the heat-aocumuiating
tank 4 circulates directly into the eagine I to bypass the
heat-accumulating tank 4 when the temperature Tw, of the
cooling water having fiowed out of the heat-accumulating
tank 4 becomes lower than the first predetermined value. the
low-temperature cooling water discharged fiorn the engine I
immediately after the engine I is stopped is reserved in the
heat-accumulating tank 4 to prevent the low-temperaturesa cooling water from circulating iato the engine L

Therefore. siace the warm-up operation can be prevented
from being delayed, it is possible to reduce an amount of
harmful material (exhaust gas emission) to be released to the

ss atmosphere during the warm-up operation and also to
improve the fuel consumption. FIG. 26 shows the test search
results of the harmful material and rhe fuel consumption.
According to this embodiment, it has been confirmed that
the harmful material is reduced by approximately 15% and
the fuel coasumption is improved by approximately 5.1%.

Further, because the first bypass water passage 101 is
closed in the engine warm-up accelerating mode. it is
possible to prevent the high temperature cooling water
discharged from the engine I immediately after the engine

4s I starts from fiowing into the engine 1. Therefore. it is
possible to accelerate the warm-up operation of the eagine
I sulficiently by the high-temperature cooling water accu-
mulated in the heat-accumulating tank 4.

FIG. 27 shows test results for showiag the warm-up
so accelerating eifects by the cooling water circuit according to

this embodiment. In FIG. 27. the solid line indicates this
embodiment. the one-dotted chain line indicates the cooling
water circuit of the prior art, and the chain line indicates the
norruai cooling water circuit without having the heat-

ss accumulating tank 4. As being understood from FIG. 27.
according to this embodiment. the temperature of the cool-
ing water can be increased quiddy up to an air/fuel feed-
back control start temperature in which a feed-back control
of an air/fuel ratio of intake air sucked into the engine I

sa according to the engine rotational speed, the throule opening
degree, and the like can be petformed.

The tests were performed under the conditions that the
volume of the exhaust gas was 1600 cc, the temperature of
the outside air was 25, and the vehicle running mode is

ss LA04 (a ruaning mode for measuring the exhaust gas and
the fuel consumption. which is employed in U.S.A., Canada,
and Europeaa countries).
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A fifth embodiment of the present invention wifi be
descnbed with reference to FIG. 2$ .

In Ihe fourth embodiment. the cooling water having
Sowed out of the engine I is introduced directly into the
engine I thmugh the warm-up water passage 117 to bypass
the beat-accumulating tank 4; however, in this embodiment,
afi of tbe water passages including not only both water
passages 101 and 102 but also the warm-up water passage
117, through which the cooling water discharged from the
engine I to the outside circulates into the engine 1. are io

dosed in the cooling water reserving mode.
More specifically, electromagnenc valves 26 are disposed

in the warm-up water passage 117 and the secoad bypass
water passage 102 as valve means for opening and dosing
each water passage. When the temperature Tw, of the
cooling water becomes lower than the first predetermined
teinperature. it is regarded that afi of the high-temperature
cooling water accumulated in the heat-accumulatiag tank 4
has Sowed out, and the electromagnetic valve 26 is closed.

Ia this way. because the cooling water does not flow out
of the engine 1. most of the energy given to the cooling
water by the water pump 3 is converted into the heat energy,
so that the temperature of the cooling water is increased.
Therefore. as corupared with when the cooling water circu-
lates between the warm-up water passage 117 and the engine
I. it is possible to further improve the warm-up operation of
the engine 1.

Generally. since the water pump 3 of the engine I is of the
centrifugal type. aU of the water passages through which the
cooling water discharged l'rom the engine I to the outside

30

circulates into the engine I may be closed. In this case. a
water passage having large water Sow resistance may be
provided in the engine I aad the cooling water may circulate
in this water passage. 35

A sixth embodiment of the present invention will be
descttlxd with reference to FIG. 29 to 35.

FIG. 29 shows a cooling water circuit A (the circuit
enclosed by a two-dotted chain line) of a water-cooled
interaal combustioa engine (hereinafter referred to as ~
"engine") and a cooling water circuit B of heat accumulating
type beating apparatus (the circuit enclosed by an one-dotted
chain line}.

A water pump 3 is for pumping the cooling water while
receiving a driving force from an engine I for running the &s

vehicle. A part of the cooling water which has absorbed heat
of the eagine I flows into the cooling water circuit A and the
other cooling water flows into the cooling water circuit B of
the heat accumulating type heating apparatus for a vehide.

In the cooling water circuit A of the engine 1. there is so
disposed a radiator 2 for cooling the cooling water. Further,
in the cooling circuit A. there is provided a bypass circuit
101 bypassing the cooling water circuit 100 passing through
the radiator 2. These cooling circuits A and B are controlled
by a thermostat 13. Generally. when the temperature of the ts
cooling water is higher than $0'.. the cooling water flows
into the radiator 2. whereas whee the temperature of the
cooling water is lower than SO'., the cooling water flows
through the bypass circuit 101.

On the other haad. in the cooling water circuit B of the so

heat accumulating type heating apparatus for the vehide,
there are provided. on a downsneam side of the engine I
with reference to a flow of the cooling water. a heat-
accumulating tank 4. a tank water passage 127 through
which the cooling water Sows through the heat- ss
accumulating tank 4 and a heater core 5 (described later).
and a bypass water passage 101 bypassing the heat-

accumulating tank 4. On an upstream side of the heat-
accumulating tank 4. at a branch portion between the tank
water passage 127 and the bypass water passage 101, there
is provided a control valve 24 for controlling each amount
of the cooling water flowing into both passages 127 and 101
(for controUing each conununication state of both passages
127 and 101). Structures of the heat-accumulating tank4 and
the oontroi valve 24 will be described later.

On an upstream side of the heat-accumulating tank 4,
there is provided a heater core 5 for heating air therethrough.
On an upstream side of the heater core 5, there is provided
a blower 7 for blowing air into a passenger comparunenn
The air blown by the blower 7 is heated in the heater core
5 and is blown out into the passenger compartment through
a duct (not showa). On the cooling irdlow side of the heater
core 5, there is provided an electromagaetic valve 16 for
opening and closing the cooling water circuit 104 through
which the cooling water Sows into the heater core 5. A
contml unit 1$ (described later) controls the electromagnetic
valve 16 to close the cooling water circuit 104 when the
heating operatioa is not performed. such as in summer
season. so that heat radiation from the beater core 5 can be
suppressed.

On an upstream side of the electromagnetic valve 16.
there is provided a bypass circuit 105 bypassing the cooling
circuit 104 passing through the heater core 5. Each down-
stream side of the cooling water circuit 104 and the bypass
circuit 105 is connected to the water pump 3 to form the
cooling water circuit B of the heat accumulating type
heating apparatus for a vehicle.

The heat-accumulating tank 4 has. as shown in HG.3(}'..
a double tank structure composed of an outside tank 41

and an inside tank 42, each of which is made of stainless.
Between both tanks 41 and 42. there is formed a heat
insulating layer 43 having substantially vacuum to improve
heat insulating performance.

Through a tank opening 45. the cooling water flows in and
out. The tank opening 45 is formed in a tubular protruding
portion 44 protruding in the gravitational direction and is
opens downwardly in the gravitational direction. Into the
tubular protrudiag portion 44. a part of a housing 261 of the
control valve 24 is inserted. A cooling water infiow passage
47 through which the cooling water flows into the heat-
accumulating tank 4 and a cooling water outflow passage 46
through which the cooling water Sows out of the heat-
accumulating tank 4 are formed by the part of tbe housing
261.

The cooling water udlow passage 47 communicates with
the inside of the heat-accumulating tank 4 at a lower portion
of the heat-accumulating tank 4 ia the gravitational direc-
tion. The cooling water outfiow passage 46 communicates
with the inside of the heat-accumulating tank 4 at an upper
portion of the heat-accumtdatiag tank 4 in the gravitational
direction. A mixture preventing plate 4$ is for preventing a
convection of the cooling water in the heat-accumulating
tank 4.

A bypass water passage 110 is formed in the housing 261.
At a branch portion between the bypass water passage 101
and the cooling water inflow passage 47. there is provided
a valve element 262 of the coatrol valve 24. The valve
element 262 is of a rotary type. which is actuated by an
actuator 25 such as a servomotor. The actuator 25 is con-
trolled by the control unit 1$ based on the temperature of the
cooling water, detected by a water temperature sensor 20o
disposed at a joining portion 49 of the oooling water outfiow
passage 46 and the bypass water passage 110 (see FIG. 31).
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To the control unit 18, as shown in FIG. 31. 1htre are input
sigaals flom a water temperature sensor 20u for detecting a
temperature of the cooling water flowing into the heater core
5, and an air conditioning sensor 21 for detecting informa-
tion required for mntrolling the air conditioning apparatus,
which includes an outside air temperature for detecting a
temperature of the air outside the passenger compattmcnt. an
inside air temperature for detecting a temperature of tbe air
in the passenger compartment. The control unit 18 controls
the actuator 17, the air conditioning means such as tbe
blower 7. and the electromagnetic valve 16 according to a
program pre-stored based on the above-described signals.

A quick heating switch 23 is for instructing a heating
operation in which high-temperature oooling water in the
heat-accumulating tank 4 is introduced into the heater core
5 when the temperature of the cooling water is too low to
perform a heating operation, such as at the time of just
starting the engine. Tbe quick hearing switch 23 is turned on
by a manual operation of the passenger.

Next, the operation of tbe control valve 24 will be
described with reference to the flow chart shown in FIG. 32.

It is determined whether or not the engine I is operating
by a state of an iguitioa switch (not showa) or a rotational
speed of the engine I at step S100. When the engine I is
operating, the cooling water inflow passage 47 is opened and
the bypass water passage 110 is closed. for a predetermiaed
time t (10 seoonds in this embodiment) after the engine starts
at steps SIO and S120.

At this time. as long as the quick heating switch 23 is not
turned on, the electromagaetic valve 16 is closed. In this
way. the high-temperature cooling water having flowed out
of the heat-accumulating tank 4 circulates into the engine 3
through the bypass circuit 105 to accelerate the warm-up
operatioa of the engine 1.

On the other band, while the engine I is stoppeti the
cooling water udlow passage 4'7 is maintained closed and
the bypass water passage 101 is maintained opened at step
S130.

After the predetermined time t has elapsed, it is deter-
mined whether or not the temperature Ttv of the cooling
water. detected by the water temperature sensor 20a. is
lower than 60* C. at step S140. When the temperature Tw of
the cooling water is higher than 60'.. it is regarded that fne
high-temperature cooling water accumulated in the heat-
accumulating tank 4 remains in the heat-accumulating tank
4, the cooling water inflow passage 47 is maintained opened
and the bypass water passage 101 is maintained closed at
step S110. Therefore. the cooling water cirmlatrs betweea
the heat-accumulating tank 4 and the engine 3,

When the temperature Tw of Ihe cooliag water becomes
lower than 60. it is regarded that all of the high-temperature
cooling water accumulated in the heat-accumulating tank 4
has flowed out of the heat-accumulating tank 4, the cooling
water inflow passage 47 is closed and the bypass water
passage 101 is opened at step S160.

While the cooling water inflow passage 47 is closed and
the bypass water passage 110 is opened. the water tempera-
ture sensor 20a caa detects the temperature of the cooling
water flowing through the bypass water passage 110. i.e., tbe
cooling water flowing out of the engine 1.

Until the temperature Tw of the cooling water becomes
higher than 80'. i.e.. until it can be regarded that the
warm-up operation has been finishesL the moling water
inflow passage 47 is closed and the bypass water passage
110 is maintained opened at step S170.

Next, when the temperature 'Dv of the cooling wata
becomes higher than 80'. and the warm-up operation has

BEPORE ENGINB 1 STARIS
AFIER ENGINE I STARTS
ALL WAIER HAS FLOWED
FROM TANK 4

11 WHEN WARM-UP IS
FEOSHED

LOW
LOW
Low .

MmDLE
HIGH

LOW A or B
HIGH A
LOW B

HIGH C

Feamre of this embodiment will be described.

so
According to this embodiment. during the warm-up

optratioa of the engine I, the high-temperature cooling
water circulates into the engine 3. so that the warm-up
operatioa can be accelerated. Therefore, it is possible to
reduce the harmful material discharged with the exhaust gas
and to improve the fuel consumption.

Further, during the warm-up operatioa of the engine 1.
whee the temperature of the cooling water flowing out of the
heat-accumulating tank 4 becomes lower than the predeter-
mined temperature (60'.). it is regarded that all of the

4o high-temperature cooling water accunmlated in the heat-
acaunu)aring tank 4 has flowed out. the cooling water inflow
passage 47 is closed and fne bypass water passage 110 is
opened. Therefore, of the cooling water ilowiag out of the
engine. Ihe low-temperature cooling water immediately after

41 the engine starts can be reserved temPorarily. Therefore. it is
possible to prevent the low-temperature cooliag water
immediately after the engine I starts from circulating in the
engiae I, with the result that the warm-up operation can be
further improved.

FIG. 35 is a graph showing a relationship between a
temperature of tbe cooflng water having just flowed out of
the engine I and an elapsed time t after the engine I starts
(tW). In FIG. 35. Ibe chain line shows the cooling water
circuit system without having the heat-accumulating tank 4,

ss the one-dotted line shows the conventional cooling water
circuit system having the heat-accumulating tank 4. and the
solid line shows the cooling water circuit system according
to this embodiment. As being obvious therefrom, in the
cooling water circuit system according to this embodiment.

ao the low-temperature cooling water immediately after the
engiae I starts is prevented from circulating in the engine I;
and therefore, the decrease (the portion of "A") in the
temperature of the moling water after all of the high-
temperature cooling water in the heat-accumulating tank 4

ss has flowed out is suppressed.
The above-described tests were performed under the

conditions that the volume of the exhaust gas was 1600 cc,

baca finished, until tbe engine I is stopped. the cooling water
inflow passage 47 and the bypass water passage 101 are
opened so iatroduce the high-temperature cooling water
flowiag out of the engine I into the heat-accumulating tank

s 4.
FIG. 30 shows a valve operation state A in which the

cooling water inflow passage 47 is opened and the bypass
water passage 110 is closed. FIG. 33 shows a valve operation
state B in which the moling water inflow passage 47 is

to closed and tbe bypass water passage 110 is opene&L FIG. 34
shows a valve operation state C in which the cooling water
inflow passage 47 and the bypass water passage 101 are
opene4L Further, the operating states of the control valve 24
are shown in the following Table 1.

11

TABLE 1

TEMP. OF 'IEMP. OF VALVE
WATER WATER OPER-
FROM FROM ATION

ENGINE 1 TANK 4 STAIE
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the volume of the heat-accumulating tank 4 is 3000 cc. the
amount af the cooling water in the engine I is approximately
1500 cc. and the amou a( of the cooling water in the radiator
and pipes is appmximately 2000 cc.

According to this embodiment. since the opening portion
45 of the heat-accumulating tank 4 is formed on the lower
side ia the gravitational direction. the distance between the
opening psxrian 45 and the upper side portion of the heat-
accumulating tank 4 in the gravitational duection, where the
high-temperature cooling water is stored, becomes large as
compared with the opeaing portion 45 is formed on the
upper side in the gravitational direcrion. That is. the distance
betweca the opening portioa 45 where the heat accunwlated
in the heat-accumulating teak 4 can be radiated easily and
the portioa where the high-temperature coofiug water is
stored becomes large: and therefore, the heat-insulating
capacity of the heat-accumulating tank 4 can be improvetL

As described above. according to this embodiment. the
heat insulating capacity of the heat-accumulating tank 4 can
be improved. and the warm-up operation can be accelerated
sufficiently.

In the above-described embodiment. while the engine I is
stopprd. the cooling water inflow passage 47 (the tank water
passage 127) is closed: however. the cooling water infiow
passage 47 may be opeaed and the bypass water passage 110
may be closed while the engine I is stopped.

In the above-described embodiment. there are provided
the steps S100 and S190 for determining whether or not the
engine I is operating; however. there may be performed an
intenuption coatrol of a subrouhne for dosing the cooliag
water iidlow passage 47 (the tank water passage 127) every
a predetermined time (e.g., 3 seconds).

Ia the above-described embodiment accarding to the
present inventioa, during the warm-up operation of the
engine 1. when the temperature of the cooliag water Sowing
out of the heat-accumulating tank 4 exceeds 60. the cooling
water infiow passage 47 (the tank water passage 127) is
apenetL whereas when the temperature of the cooling water
flowing out of Ihe heat-accumulating tank 4 is equal to ar
lower than 60. the cooling water iatlow passage 47 (the tank
water passage 107) is closed; and therefore, the present
invention may be employed ia each of cooling water drcuits
showa in FIGS. 36 to 39.

In FIGS. 36 to 39. an intake air heat exchanger 9 is for
performing heat-exchange between air sucked into the
engine I and cooling water and is disposed in a surge tank
10. An A/f heat exchanger 11 is for performing heat-
exchange between the cooling water having Sowed out of
the engine I and mission oil of aa automatic transmission far
a vehicle. An E/0 heat exchanger 12 is for performing
heat-exchange between the cooling water having Sowed out
of the engine and the engine oil. A load sensing valve 15 is
for switching cooling water circuits according to a load of
the engine 1.

Further. as shown In FIG. 40. when the bypass circuit 105
is omitteiL the electromagnetic valve 16 may be opened and
the blower 7 may be stopped until the warm-up operation of
the engine I is finished.

In the above-described embodiment. the temperature Tw
of the cooling water. being equal to 60. is employed as the
determination condition of step S140; however. it is not
limited to 60 but may be appropriately determined while
considering a size of the engine, a volume of the heat-
accumulating task. a temperature of the cylinder when the a
mixture ratio of the intake air changes fiom the thick state
to the normal state or a temperature of the seoling water, and
the like.

In the above-described sixth embodiment, the water tem-
perature sensar 20a is disposed in the coofing water outfiow
passage 46, and when the temperature of the cooling water.
detected by the water temperature sensor 20a, is equal to or
higher than the predetermined temperature (60'.}. it is
determined that the cooling water. a temperature of which is
equal to or higher than the predetermined temperature. is
remained in the heat-accumulating tank 4; however. the
water temperature sensor 20a may be disposed in the

10
heat-accumulating tank 4 to perform the same determina-
tion.

A seventh embodiment of the present invention will be
described with reference to FIGS. 41 to 44.

In FIGS. 41 to 44. the parts and components similar to

is
those in first embodiment are shown by the identical refer-
ence numerals.

A radiator 2 is for performing heat-exchange between air
blown by a cooling fan 2a and the cooling water to cool the
cooling water.

A first Sow control valve 24 is for opening and closing a
heater water passage 104 communicating with a heater core
5 and a heater bypass water passage 105 bypassing the
heater core 5.

A secoad Sow coatrol valve 16 is for opening and closing

zs an intake air heat exchanger water passage 120. which
communicates with an intake air heat exchanger 9. and an oil
heat exchanger water passage 111, which communicates
with a first oil heat exchanger 12 for ptsfarming heat
exchange between engine oil circulating in tbe engine I and

io the cooling water and a second oil heat exchanger 11 for
performing heat exchange between hydraulic oil (A/I'il) of
an autoruanc transmission of the vehide and the cooling
water.

The intake air heat exchanger water passage 120 joins to
is the oil heat exchanger water passage 111 at the downstream

side of the intake air heat exchanger 9 with reference to the
Sow of the cooling water (At the "A" point in FIG. 41) in
such a manner that both of the cooling water having been
heat-exchanged in the intake air heat exchanger 9 and the

sa cooling water having passed through the oil heat exchanger
water passage 111 into both oil heat exchangers 12 and 11.

The first and secoad Sow coatrol valves 24 and 16 are
actuated by actuators 25 and 17 such as servomotors.
respectively. As shown in FIG. 42, the actuators 25 and 17

ss are controlled by a control unit 18. To the control unit I&.

there are input each signal from a water temperature sensar
20a disposed between an inlet side of the first Sow control
valve 24 and an outlet side of the heat- ccuiuulating tank 4.
for detecting a temperature of the cooling water. an intake air

sa temperature seasar 25 disposed in the surge tank (not
shown) of the engine 1. for detecting a temperature of the
intake air. a pressure sensar 25a for detecting an intake
negative pressure of the engine I, a water temperature sensor
19a for detecting a temperature of the cooling water having

ss just )lowed aut of the engine 1. and an air conditioning
sensor 21 including an inside air temperature sensor for
detecting a temperature in the passenger comparnnent, an
outside air temperature sensor for dkecting a temperature of
the air outside the passenger compartment. a sunlight sensor

sa for detecting an amount of the sunlight, an evaporator
temperature sensor for detecting a temperature of the
evaporator. and the like.

The control unit 18 automatically controls an operation of
air-conditioning equipment including an inside air/outside

ss air switching door (not showa), an air outlet switching door
(aot shown), the blower 7, and the like. based on apre-stored
program.
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The above-described first flow contml valve 24 will be

described in detaiL FIG. 45 shows a structure of the first fiow
control valve 24 specifically. In FIG. 45. a columnar valve
element 61 made of resin is rotatably disposed in a valve
housing 60 made of resin. In the columnar valve eiement s
(roti») 61. there is formed a control passage 62 for control-
liag a flow amount. The valve housiag 60 is integrally
formed with an inlet pipe 63 into which the cooliag water
from the heat-aa:umulating tank 4 flows. a iirst outla pipe
64 connected to an inlet side of the heater core 5, aud a io
second outlet pipe 65 connected to an inlet side of the bypass
circuit 105.

The connol passage 62 adjusts an opening area of the inlet
pipe 63 at one end side and adjusts each opening area of the
first outlet pipe 64 and the second outlet pipe 65 at the other is
end side. The first flow coatrol valve 24 is of the five-way
valve type in which a T-shaped passage 62a and an orifice
passage having extremely srnafl cross section in flow pas-
sage thereof cross at a joining portion 62b of tbe T-shaped
passage 62a. As shown in FIG. 45, a flow area in the orifice ro
passage 62c is smaller thaa that of the T-shapedpassage 62o.

At both ead portions of the columnar valve element
(rotor) in the axial directioa. there are provided axis portions
(not shown) for being rotated. A rotation of the actuator 25
is transmitted to the axis portions, so that the valve element ~
61 is rotated in the housing 60.

In FIG. 41, an air conditioning case 6 forms an airpassage
of an air conditioning apparatus for air~onditioning air in
the passeager compartment. At an upstream end of the
air-conditioning casing 6. there is provided the blower 7 for 30

blowing air toward the passeager c rnpartment. A down-
strearn end of the air-conditioning casing 6 is communicated
with an air outlet (not shown) fcr blowing air toward the
passenger comparnuenx

ssWithin the air coaditioning casing 6. at a downstream side
of the blower 7. there is provided the evaporator 8. Further.
at a dowasneam side of the evaporator 8. there is provided
the heater core 5 for petfoirniag heat-exchange between the
oco)ing water and the air flowing in the air-conditioning ~casing 24.

In the air-conditioning casing 6, there is formed a bypass
passage bypassing the heater core 5. Further. there is pro-
vided an air-mixing door 31 for adjusting a ratio of an
amount of the air fiowing through the bypass passage 30'C. 4s
and an amount of the air passing through the heater core 8.

An operation of the second flow control valve 16 will be
described with reference to FIG. 43.

When an ignition switch (not shown) is turned on and the
engioe I starts, signals from the water temperature sensor so
20u, the intake air temperature sensor 25. the pressure sensor
?5a. aad the cooling water temperature sensor 19n are read
at step S100. and it is determined whether or not the
temperature Ta of the cooling water. deteaed by the cooling
water temperature sensor 19a. is higher than $5'. at step ss
5110.

When the temperature Ta of the cooliag water is equal to
or less than $5'.. it is determined whether or not the
temperature Tw of the cooling water. detected by the wata'emperaturesensor 20a, is higher than 60'. at step S120. so
When the temperature Tw of the cooling water is higher than60'.. the intake air heat exchanger water passage 130 is
opened at step 130. Next. the temperature Tw of the cooling
water is compared with the temperature Ta of the cooling
water at step S140. While the temperature Tw of the cooling as
water is higher than the temperature Taof the cooling water,
the intake air heat exchanger water passage 130 is main-

taiaed open, whereas when the temperature Tw of the
cooling water becomes lower than the temperature Ta of the
cooling water, the intake air heat exchanger water passage
130 is closed at step S150.

Next, it is determined whether or not the intake negahve
pressure Pi» is less than -200 mmHg at step S160. When the
intake negative pressure Pi» is equal to or more than -200
nuuHg, it is determined whether or not the temperature Tf»
of the intake air. detected by the intake air temperature
seasor 25. is higher than 35'. at step 170 and it is further
determiaed whether or not the temperature Tw of the cooling
water is lower than 35'. at step S180. When both deter-
minations at steps S170 and S180 are "YES", the intake air
heat exchanger water passage 130 is opeaed at step S190.

When the intake negative pressure P,» is less than —200
mmHg, it is determined whether or not the temperature Ti»
of the intake air. detected by the intake air temperature
sensor 25, is lower than $5'. at step S200 and it is further
determined whether or not the temperature TW of the cooling
water is higher than 85'. at step S210. When both
determinations at steps S200 and S210 are "YES", the intake
air heat exchanger water passage 130 is opeaed at step S190.

When any one of the determinations at steps S170, S180.
S200. and S210 is "NO". it returns to step S160. and steps
S160 to S210 are performed repeatedly.

In dds embodiment, as shown ia FIG. 44, when the engine
I is stopped. an inteimption coatrol of an interruption
routine for closing the intake air heat exchanger water
passage 130 is performed against the main routiae showa in
FIG. 43 every a predetermined time (e.g., 3 seconds).

The first fiow control valve 24 usually opens the heater
water passage 104 and the heater bypass water passage 105
and closes the heater water passage 104 when the air-
conditioning apparatus operates in the maxunum cooling
state (where the upsh'aun side of the heater core 5 is closed
by the air-mixing door 31).

As desaibed above, according to this embodiment, in the
warm-up operation where the temperature of the cooling
water is low and the temperature of the intake air of the
engine I is low immediately after the engine I starts, the
iatake air can be heated by using the high-temperature
cooling water in the heat-accumulating tank 4. Therefore. it
is possible to reduce the fuel consumption and to purify the
exhaust gas in the warm-up operation.

When the temperature Ta of the cooling water rises and
becomes equal to the temperature Tw of the cooling water.
it is regarded that the warm-up operation is finisheiL and the
intake air heat exchaager water passage 130 is closed.
Therefore, it is also possible to reduce the fuel consumption
after the warm-up operation is finished.

The inventors of the present invention have experimen-
tally obtained by a relationship between the fuel consump-
tion and the temperature T,» of the intake air with the load
of the engine I as a parameter. As a result, when the load of
the engine I is equal to or higher than a predetermined value.
the lower the temperature Ti» is, the more the fuel con-
sumption is improved. Oa the other hand, when the load of
the engine I is lower than the predetermined value, the
higher the temperature T,» is, the more the fuel consumption
is improved.

According to this embodiment, the load of the engine I is
deteaed by detecting the intake negative pressure P,». and
the control of the temperature Ti» of the intake air is
perfcxmed; and therefore, it is possible to furrier improve
the fuel consumption.

In this embodimenL the intake negative pressure P,»
corresponding to the above-described value is set to -200
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mmHg; however. the intake negative pressure Pr» is not

limited to this value but may be pppopr(meiy determined
based on a size (the volume of the exhaust gas) of the engine
I. the characteristics of the engine 1. and the like.

Further. because the eagine oil and the Aff oil can be 3

heated by the high-temperature cooling water accumulated
in the heat-accumulating tank 4 in the warm-up operation,
the Sft¹ion loss can be reduced. so that the fuel consumption
can be further improved.

Aa eighth embodiment of the present invention will be to

described with reference to HG. 46.

The eighth embodiment dlffets from the seventh embodi-
meat in that the intake air heat exchanger 9 is disposed at a
downstream side of the heater core 5. and the cooling water
Sowing out of the heater core 5 is introduced diretxly into'heintake air heat exchanger 9. Further, the second Sow
control valve 16 in the seventh embodiment is omitted. and
there is provided a Sow control valve 32 for adjusting an
amount of the cooling water Bowing through the heater
bypass water passage 105 according to an amount of the m

cooling water Sowing into the heat-accumulating tank 4.

The flow control valve 32 is constructed by the valve
dement (dynamic pressure operation valve) 34 disposed in

a housing 33. aad an elastic member 35 such as a coil spring,
for generating an elastic force resistiag the dynamic pressure
acting on the valve element 34.

When the load of the engine I is increased during the
heating operation. for example, the thermostat 13 is opened.
Since the amount of the cooling water Sowing toward the

30
radiator 2 is increased and the amount of the cooling water
Sowing through the heat-accumulating tank 4 may be
decreased. the atnount of the cooling water Sowing through
tbe heater core 5 may be lowered.

In contrast, according to Ibis embodiment. when the 33
amount of the cooling water Sowing through the heat-
acmmulatiug tank 4 is decreased aad the amount of the
cooling water flowing into the heater bypass water passage
105 is d~, the dynamic pressure acting on the valve
element 34 is decreased and the valve element 34 is pushed
toward the upstream side by elastic force of the elastic
member 35 to close the heater bypass water passage 105.

Iberefore, since the heater bypass water passage 105 is

dosed when the amount of the oooling water Bowing
through the heat-accumulating tank 4 is decreased. the
amount of the cooling water Sowiag through the heater core
5 can be prevented from decreasing excessively.

A ninth embodiment of the preseat invention will be
descnbed with reference to FIG. 47.

The ninth embodiment differs from the seventh embodi- sp
ment in that the intake air heat exchanger 9 is disposed at a

downstream side of the heater core 5 aad the cooling water
ilowiag out of the heater core 5 is introduced directly into
the intake air heat exchaager 9.

Further. the second Bow control valve 16 in the seventh 33

erubodiment is omitted. In FIG. 47. there is formed a tank

bypass passage 112 connecting an inlet of the heat-
accumulating tank 4 to the oil heat exchanger water passage
111. and a Sow control valve 32 is disposed in the tank
bypass water passage 112. 60

At a branch portioa between the teak bypass water

passage 112 aad the cooling water passage at an inlet side of
the heat-accumulating tank 4. there is provided a thermostat
(temperature sensing operatioa valve) 36. The thermostat 36
opens the teak bypass water passage 112 when the tempera- ss

ture of the moling water reaches or increases higher than a

tuedetermined temperature (e.g.. approxunately 70'.).

According to the above-described construction, when the
temperature of the cooling water is low such as in the
warm-up operation. the high-temperature cooling water in
the heat-accumulating tank 4 Bows through heater core 5.
the intake air heat exchanger 9, and t¹¹h oil heat exchangers
12 and 11. When the temperature of the cooling water
becomes equal to or higher thaa the predetermined tempera-
ture and the warm-up operation is Snished. the cooling water
Saws in the tank bypass water passage 112.

Further, since the Sow control valve 32 is disposed in the
tank bypass water passage 112, whee the amount of the
cooling water Sowing through the heat-accmnulating tank 4
is increased, the tank bypass water passage 112 is opened;
and therefore, the amount of the cooliag water flowing into
the heat-accumulating tank 4 is decreased.

Accordingly. it is possible to prevent the water Bow
resistance froru increasing excessively by the heat-
accumulating tank 4 when the amount of the cooling water
Sowing iato the heat-accumulating tank 4. As a result. it is

Fossil&le to prevent the amount of the cooling water Sowing
through both oil heat exchangers 12 aad 11 from decreasing
excessively.

FIG. 48 shows a control valve 37 in which the thermostat
36 and the flow control valve 32 are integrated, and HG. 49
schematically shows operation states of the coatrol valve 37.

A tenth embodimeat of the present invention will be
described. The tenth embodiment differs from the seveath
embodiment only in the control process performed by the
control unit 18; and therefore. only the contml process wiB
be described. and the other construction and operation
similar to those in the seveath embodiment are omitted for
description thereof.

FIG. 50 is a flow chart showing control process performed
by the control unit 18.

When an ignition switch (aot showa) of the vehicle is
turned on and the engine I stats, electric current is supplied
to the control unit 18. and the control routine shown in FIG.
50 is started. In this etnbodiment, when the ignition switch
is set off. the flow control valve 24 is set such that the outlet
pipe 107 of the heat-accumulating tank 6 communicates
with both of the beater core 5 aad the bypass circuit 105 by
the T-shaped passage 62a.

Accordingly, when the engine I starts. the water pump 3
is actuated, so that the cooliag water Sowing out of the
engine I Bows into the heat-accumulating tank 6 and the
cooling water in the heat-accumulating tank 4 is pushed out.

At step Sl, signals from sensors 20a. 19a. 21. the quick
heating switch 23, and air-conditioning switches (not
showa) provided on a mntrol panel (aot shown) of the
air-mnditioning apparatus are read. At this time. the water
temperature sensor 19a detects the temperature Tw, of the
cooling water in the engine I before the engine I starts, aad
the water temperature sensor 20a detects the temperature
Tws of the cooling water pushed out of the heat-
accumulating tank 4.

At next step S2. it is determined whether or not the quick
heating switch 23 is set on. When the quick heating switch
23 is set on, it proceeds to step S3, and the quick heating
operation for heating the passeager cotnparttnent quickly is
performed When the quick heating switch 23 is set off. it
proceeds to step S4. and the warm-up operation of the
engine I is performed

At step S4. it is determined whether or not the temperature
Tw, of the cooling water at the outlet side of the engine I,
detected by the water temperature sensor 19a. is equal to or
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less than a predetennintut temperature (70'. in this
embodunent) in order to detmnine whether the engiae I
needs to be warmed up quickly.

When the engine I is re-started alter quite a long time has
elapsed since the engine I was stopped last time. the
temperature af the cooling water is lower than 70'a and
therefore. the determination at step S4 is "YES". and it
proceeds to step S5. At step S5. the valve opening degree of
the Bow control valve 24 is switched such that the cooling
water pushed out of the heat-acaunulating tank 4 is not
introduced into the heater core 5 but only to the bypass
circuit 105. FIG. 51 shows a flow of the cooling water
schematically.

In this way. as shown by "X" in FIG. 51. the high-
temperature cooling water in the heat-accumulating tank 4
Bows in the bypass drcuit 105 while passing through the
intake air heat exchaager 9. the first oil heat exchanger 12,
and the second heat exchanger 11. At this time. in this
embodiment, the cooling water of approximately 6 liter/tnin.
Bows in the bypass circuit 105. Because the volume of the
heat-accumulating tank 4 is approximately 3 liter. ati of the
high-temperature cooling water in the heat-accuraulating
tank 4 is completely pushed out into the bypass circuit 105
within approximately 30'. seconds.

Next. it proceeds to step S6. aad it is determined whether
or not the elapsed time t after the engine I starts reaches a
predetermined time (30'. seconds in this embodiment).
The detelminatioa is "NO", that is. within 30'. seconds.
the high-temperature cooling water in the heat-accutuulating
tank 4 is still being pushed out into the bypass circuit 105;
and therefare, the valve opening degree of the liow control
valve 24 is set to the one at step SS. Warm-up effects by the
cooling water at this time will be described below.

The high-temperature cooling water heats Ihe intake air of
the engine I in the intake air heat exchanger 9. Therefore, the
temperature of the intake air is increased. the necessary fuel
amount in the warm-up operation can be reduced; and
therefore. the fuel consumption can be reduced.

According to examinations by the inventors. when the
temperature of the cooling water in the heat-accumulating
tank 4 is 80'. and the temperature of the intake air is0'.,because the intake air has small thermal capacity. the
temperature of the cooling water lowers in the intake air heat
exchanger 9 by only approximately 2* C. Therefore. at the
outlet of the intake air heat exchanger 9, the temperature of
the cooling water is maintained high at approximately 78'.

Next. the cooling water having passed through the intake
air heat exchanger 9 flows into the first and second oil heat
exchangers 12 and 11 to heat lubricating oil of the engine I
and hydraulic oil of the transmission therein. In this way. the
friction loss of the engine I and the transmission is reduced.
and the fud consumption can be reduced. Further, the
teraperature of the oil is increased so that the warm-up
operation of the engine I is accelerated.

The temperature of the cooling water lowers to approxi-
mately 50'. after passing through both oil heat exchangers
12 and 11. However, because this temperature of the cooling
water is higher than the temperature of the cooling water in
the engine 1. which lowers approximately to the outside air
temperature, the cooling water of approximately 50'. after
passing through both oil heat excbangers 12 aad 11 circu-
lates in the engine 1. so that the watm-up operation of the
engine I can be accelerated.

Accordingly. Ihe teruperature of the cooling water in the
engine I increases up to approximately 35', within the
above-described short time period of approximately 30

seconds. and the warm-up operatioa of the engine I can be
finished quickly.

Therefore, the reduction of the fuel consumption aad the
purification of the exhaust gas in the warm-up operatioa can
be obtained efi'ectively. Simultaneously, since the tempera-
ture of the cooling water in the eagine I increases quickly.
tbe heating operation using hot water in Ihe heater core 5 by
radiated heat of tbe cooling water can be started within short
time period after the engine starts. In this embodiment. Ihe

io predetermined time at step S3 is set to 30 seconds; however.
this time period may be appropriately increased or decreased
according to the volume of the heat-accumulating tank 4. the
exhaust gas volume of the engine 1. the cooling water
volume of the engine 1. and the like. When it is determined

is that 30 seconds has elapsed at step S6, it goes out of the flow
chart and returns.

On the other hand, when the determination at step S2 is
"YES". the quick beating operation is perfarmed. However,
before the quick heating operation is performed. it is deter-
mined whether or not the temperature Tw, af the cooling
water in the engine I befare the ignition switch is turned on,
detected by the water temperature sensor 19a. is lower than40'.. far example, and the temperature Twi of the cooling
water in the heat-accumulating tank 4 is higher than 45'.
at step S3. When tbe determination is 'YES". it proceeds to
step Sg. whereas when the determination is "NO". it pro-
ceeds to step S7.

That is, at step Sg. when the temperature Tw, of the
cooling water in the heat-accumulating tank 4 is higher than
the temperature 'Dv, of ihe cooling water in the engine I and
heating feeling can be supplied by using the cooling water
in the heat-accumulating tank 4, the valve opening degree of
the Bow control valve 24 is set as shown in FIG. 50.

The valve opening degree of the Bow control valve 24 is
set such that tbe heat-accumulating tank 4 communicates
with the heater core 5 through the orifice passage 62c and the
bypass circuit 105 is closed by the valve element 61. As a
result. the cooling water flows as shown by "Y" ia FIG. 52.

4a The high-temperature cooling water in the heat-
accumulating tank 4 Bows through the arifice passage 62c.
Bows into the heater core 5. and ilows through the intake air
heat exchanger 9, the first and second oil heat exchangers 12
and 11. In this endxxliment. the amount of the cooling water

4s Bowing from thc heat-accumulating tank 4 to the heater core
5 is restricted by the arilice passage 62c to I liter/min.

When the cooling water in the heat-accumulating tank 4
flows into the heater care 5 by 3 liter/min. far example. the
heating operation for the passenger compartment can be

sa perfarmed only for approximately oae minute. because the
volume of the heat-accumulating tank 4 is 3 liter. Therefore.
in this embodiment, to pmlong the quick heating operatioa,
the amount of the cooling water flowing from the heat-
accumulating tank 4 into the heater core 5 is restricted by the

ss orifice passage 62c to I liter/min.. so that the quick heating
operation can be performed for approxuuately three min-
Iltes.

Further, it proceeds to step S9. At step S9. as a control for
blowing air in tbe quick heating operation, the blower 7 is

m started. and an amount of air blown by the blower 7 (a
voltage applied to an electric motor 7a) is set according ta
the temperature 'Bvs of the cooling water. detected by the
water temperature sensor 20a. For example, the amount of
the air blown by Ihe blower 7 is increased according to an

ss increase of the temperature Tws becomes. In this way. it is
possible to heat the passenger compartment quickly accord-
ing to the warmth feeling of the passeugtv.
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Next. at step SIO, as a determination for finishing the
quick heating, it is determined whether or not the tempera-
ture Ave of the cooling water. detected by the water tem-
perature sensor 20a. is equal to or lower than Ihe previous
temperature detected last time by a p~aed value T (7
in this embodunent). That is. when Ihe quick heating opera-
tion is performed. the high-tempexature caoling water in the
heat-accumulating tank 4 iowa into the heater core 5;
however, if all of the cooling water in the heat-accumulating
tank 4 has Sowed ouL the low-temperature cooling water io

fiowing from the engine I may be resetved in the heat-
accumulating tank 4. Accordingly, after sB of the high-
temperature cooling water in Ihe heat-accumulating tank 4
has flowed out. the temperature Twi of Ihe cooliag water,
detected by the water temperature sensor 20a, lowers. is
'Iherefore, it is deterndacd whether the quick heating opera-

tion should be finished while monitaring the decreased
teinpenitufe T.

When the quick heating operation is finisheeL it proceeds
to step S7. As shown in FIG. 50. the valve apeaing degree m

of the flow control valve 24 is returned such that the outlet

pipe 107 of the heat-accuraulating tank 4 communicates
with both of the heater core 5 aad Ihe bypass circuit 105

through the T-shaped passage 62a.

In the above-described air-conditioaing apparatus for a
vehicle. an opening degree of the air-mixing door 31 is
automatically controfied based on detection values of Ihe

seasors 19a aad 21 aad set values of air-conditioning
switches.

Contents of the coatrol will be described below under the
condition that the warm-up operation has been completed
and the temperature of the cooling water in the cooling water
circuit has increased sutficiently.

In winter seasoa. tbe necessary heating capacity becomes ss
large. and therefore. the air-mixing doer 31 is generaUy
operared in a region where the bypass passage 30 is fully
doseeL In this case. a large araount of the blown-air is

heat-exchanged in the heater core 5. and the temperature of
the cooling water at the outlet of the heater core 5 lowers to ~
approximately 50-65'. Therefore. by usiag the compara-

tively high-temperature cooling water, it is possible to heat
the intake air of the mgine I in the intake air heat exchanger
9 effectively snd to improve the fuel consumption. Further.

by using the cooliag water having passed through the intake
air heat exchanger 9, it is possible to cool the oil in the first
and second oil heat exchangers 12 and 11.

Thmefore. while the vehicle is running normally after the
warm-up aperstion of the engine I has been finishe. it is

possible to control each temperature of the intake air and the sa
aiL Accardingly. the reduction of the fuel consumption and
the purification of the exhaust gas can be attained. As being
known welL the cooling water is cooled in the radiator 2.

In the above-described embodiment. because the quick

heating operation and the quick warm-up operation are ss
switched by the valve (flow control valve 24) for intermit-

ting the supply of the cooling water to the heater core 5 ia
the air-mixing type air-conditioning apparatus far a vehicle,
the quick heating operation and the quick warm-up opera-
tion can be switched with less expense. Further. because the ea

flow mntrol valve 24 is formed with the orifice passage 62a.
it is possible to perform the quick heariag operation for a

long time.
In Ihe above-described embodiment. the present invention

is employed ia an air-mixing type air-conditioning appara- ss

tus: however. the present invention nmy be employed in a

re-heat type air-conditioaing apparatus for a vehide. In this

case, effects in the normal operatica are different

horn

those
ia the air-mixing type and will be described as beiow. The
parts and components having fusctioas similar to those ia
the air-mixing type are described with the same reference
numerals.

In the re-heat type air-coaditioning apparatus, there is ao
provided the air-mixing door 31. and almost all the blown-
air having passed through the cooling evaporator 8 flows
through the heater core 5. The temperature of the condi-
tioned air is adjusted by adjusting an amount of the cooling
water Sowing through the heater core 5 with an adjusting
valve. Far example, the adjusting valve may be disposed
between the Sow connol valve 24 and the heater care 5.

Between the intermediate seasons of spring and fall aad
summer, the adjusting valve is controlled to restrict the
amount of the cooling water Sowing into the heater care 5.
Therefore. the small amouat of the cooling water is heat-

exchanged with the air blown by the blower 7 sa that the
temperature of the cooling water lowers to approximately
15—20'. Accardingly, by using the low-temperature, it is
possible to cool the intake air of the engine I ia the intake
air heat exchanger 9 effectively. with the result that the fud
consumption can be reduced.

In winter seasoa. the necessary beating capacity becomes
large. and therefore, the large amount of the cooling water
flows into the heater core 5 by the adjusting valve.

Thus, since the amount of the cooling water is incresseiL
even when the cooling water is heat-exchanged with the air
blown by the blower 25 in the heater core 5, the temperature
of the cooling water at the outlet of the heater core 5 lowers
to approximately 50-65', at least. Therefore, by using the
comparatively high-temperature cooling water it is possible
to heat the intake air of the engine I in the intake air heat
exchaager 9 effectively, with the result that the fuel con-

sumption can be improved.
Further. since the inta)re air has small thermal capacity. by

using the cooling water having passed through the intake sir
heat exchanger 9. it is possible to heat the oil in the first and
second oil heat exchanger 12 and 11. Therefore. while the
vehicle is running normaHy after the warm-up operation of
the engine I has been finished. it is possible to control each
temperature of the intake air and the oil satisfactorily
through all seasons of the year. Accordingly. the reduction of
the fuel consumptioa snd the purification of the exhaust gas
can be attainetL

In the above-described embodiment. the first and second
oil heat exchangers 12 and 11 are disposed in paralld
between the joining portion A and the inlet-side cooling
water circuit of the water pump 3; however, these oil heat
exchsngers 12 and 11 may be disposed in series. In this case.
it is more advantageous to dispose the second oil hest
exchanger 11 through which the hydraulic oil having a
preferable operation temperature of approximately 80'. on

an upstream side with reference to a flow of the cooling
water than the first oil heat exchanger 12 through which the
lubricating oil of the engiae I having a preferable operation
temperature of approximately 110. so that the reduction of
the fuel consumption by the reduction of the fiiction loss can
be improved.

In the above-described embodiment. at step S6 of FIG. 50,
it is determined whether or not the warm-up operation is

fined by determining whether or not the elapsed time t after
the eagine I starts has reached the predetermined tune;
however. whether or not the warm-up operation of the
engine I is finished may be detertidned by the other deter-

mination methods such as a method for determining whether
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ar not the temperature of the cooling water at the outlet
portion of the engine 1. detected by the water temperature
sensor 19a. increases and reaches to the predetermined
temperature.

In the above-descnlsed embodiment. the orifice passage
62a is formed with the Bow control valve 24 to restrict lhe
amount of the cooliag water ilowing into the heater core 5
in the quick heating operation; hawever. the function of the
orifice passage 62c may be provided with a separate Bow
adjusting valve.

In the above-described embodiment. the eagine I is
warmed up in the quick heating operation by using the
cooling water after passing through the intake air heat
exchanger 9, and the first aad second oil heat exchangers 12
and 11; however. the cooling water in the accmnulating tank
4 may circulate between the heat-accumulating tank 4 and
lhe engine I in the quick heating operation.

In each of the above-described embodiments, the heat of
the cooling water is accumulated by reserving the high-
temperature cooling water in the heat-accumulating tank 4;
however. there may be employed a heat-accumulating tank
made of latent-heat heat-accumulating material such as
CH,COONa. Ba(OH)s—SH,O.

Although the present invention has been fully described in
connection with the preferred emboduneats thereof with
reference to the accompanying drawings. it is to be noted
that various changes and modifications will become appar-
ent to those skilled in the art Such changes and modifica-
tions are to be understood as being included within the scope
of the present invention as defined in the appended daims.

What is claimed is:
1. A cooling water circuit system for a water-cooled

internal combustioa engine far a vehicle. comprising:
a pump for pumping cooling water circulating through

said eagine;
a heat-accumulating tank for thermally iasulating and

storing the cooling water having flowed out of said
engine therein;

a heater core disposed at a downstream side of said
heat-accumulating tank, for performing heat-exchange
between the cooling water having Sowed out of said
heat-accumulating tank and air to be blown into a
passenger compainuent;

an oil heat exchanger disposed at a dowastream side of
said heater core. for performing heat-exchange between
the cooling water having Bowed out of said heat-
accumulating tank and at least one of lubricatiag oil of
said engine aad hydraulic oil of a transmission of said
engine;

means for forming a bypass water passage far innadudng
the cooling water at an upstream side of said heat-
accuraulating tank into an inflow side of said oil heat
exchanger while bypassing said heater core;
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a Bow control valve for controlling an amount of the
cooling water flowing ia said bypass water passage;
wherein,

said Bow contml valve doses said bypass water passage
during a warm-up operation of said engine and opens
said bypass water passage after the warm-up operation
of said engine is finished, and

said Sow coatrol valve increases the amount of the
cooling water Bowing into said bypass water passage
according to an increase of the amount of the cooling
water Sowing from said engine toward said heat-
accumulating tank.

2. An air-conditioning apparatus for a vehide having a
cooling water circuit system for a water-cooled internal
combustion engine,

said cooling water circuit system including:
a pump for pumping cooling water circulating through

said engine;
a heat-accumulating tank for thermally iasulatiag and

staring the cooling water having Bowed out of said
engine therein;

an intake air heat exchanger for performing heat-
exchange between the cooling water having Bowed
out of said heat-accumulating tank and intake air to
be sucked into said engine;

means for farming a bypass water passage in which the
cooling water having ilowed out of said heat-
accumulating tank into said engine while by passing
said intake air heat exchanger;

switching means for switching a flow of the cooling
water having Sowed out of said heat-accumulating
teak, said switching means being controlled such
that:
the cooliag water having Bowed out of said heat-

accumulating tank Bows into said intake air heat
exchanger during a warm-up operation of said
engine. and

the cooling water having ilowed out of said heat-
accumulating tank Bows into said bypass circuit
after the warm-up operation of said engine is
finished,

said air-conditioning apparatus comprising:
an air-conditioning casing forming therein an air

passage for blowing air into a passenger
compartment. in which said heater core is

dispose. and a bypass air passage bypassing
said heater core; and

an air-mixing door disposed in said air-
conditioning casing, for adjusting a ratio
between air passing through said bypass air
passage and air passing through said heater
core.


