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(57) Abréegée/Abstract:

An engine coolant circuit circulating coolant to cool an engine includes: a plurality of thermostatic switching valves disposed In
parallel in passages leading from a coolant outlet of the engine; electrically driven three-way valves disposed downstream from the
respective thermostatic switching valves In terms of a circulating direction of the coolant; and a radiator and an engine waste heat
recovery device disposed In parallel In passages leading from coolant outlets of the electrically driven three-way valves, each one of
the electrically driven three-way valves being provided with two coolant outlets, having one of the two coolant outlets thereof
configured to communicate with the radiator, and having another one of the two coolant outlets thereof configured to communicate
with the engine waste heat recovery device.
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ABSTRACT

An engine coolant circuit circulating coolant to cool an engine includes: a plurality of
thermostatic switching valves disposed in parallel in passages leading from a coolant outlet of
the engine; electrically driven three-way valves disposed downstream from the respective
thermostatic switching valves in terms of a circulating direction of the coolant; and a radiator
and an engine waste heat recovery device disposed in parallel in passages leading from coolant
outlets of the electrically driven three-way valves, each one of the electrically driven three-way
valves being provided with two coolant outlets, having one of the two coolant outlets thereot
configured to communicate with the radiator, and having another one of the two coolant outlets

thereof configured to communicate with the engine waste heat recovery device.
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DESCRIPTION

Title of the Invention
ENGINE COOLANT CIRCUIT

Technical Field
[0001]

The present invention relates to engine coolant circuits circulating coolant in order to

cool an engine.

Background Art
[0002]

As an engine coolant circuit circulating coolant to cool an engine, for example, Patent
Document 1 discloses an engine coolant circuit in which the coolant flows out of the engine

and discharges waste heat thereof in a radiator before returning to the engine.

[0003]

To increase the amount (capacitance) of the coolant in such an engine coolant circuit,
typically, a coolant tube is increased in diameter or a component of the engine coolant circuit,

such as a thermostatic switching valve, 1s increased 1n size.

Citation List
Patent Document
[0004]
Patent Document 1: JP 09-096471 A

Summary of Invention
Technical Problem
[0005]

However, if the tube diameter of a coolant tube or the size of an engine coolant circuit

component is to be increased in conventional engine coolant circuits, the unit prices of
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individual components generally grow.
10006}

Accordingly, it 1s an object of the present invention to provide an arrangement
capable of increasing the amount of coolant in an engine coolant circuit without having to
increase the diameter of a coolant tube or the size of a component of the engine coolant

circuit, such as a thermostatic switching valvc.

Solution to Problem

(0007)

T'he present invention, to achieve the object, provides an engine coolant circuit
circulating coolant to cool an engine, the engine coolant circuit including: a plurality of
thermostatic switching valves disposed in parallel in passages leading from a coolant outlet of
the engine; electrically driven three-way valves disposed downstream from the respective
thermostatic switching valves in terms of a circulating direction of the coolant; and a radiator
and an engine waste heat recovery device disposed in parallel in passages leading from
coolant outlets of the electrically driven three-way valves, each onc of the ¢lectrically driven
three-way valves being provided with two coolant outlets, the electrically driven three-way
valves having corresponding two of the coolant outlets thereot configured to communicate
with the radiator in parallel so that the coolant flowing out of the electrically driven three-way
valves merges and {lows 1nto the radiator and having other corresponding two of the coolant
outlets thereof configured to communicate with the engine waste heat recovery device in

parallel so that the coolant flowing out of the electrically driven three-way valves merges and

tlows into the engine waste heat recovery device.

Advantageous Eftects of Invention

(00087

According to the present invention, 1t becomes possible to increase the amount

of coolant 1n an engine coolant circuit without having to increase the diameter of a coolant

2/18
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tube or the size of a component of the engine coolant circuit, such as a thermostatic switching

valve.

Brietf Description of Drawings

[0009]

[Fig. 1] Fig. 1 is a schematic block diagram of an arrangement of a cogeneration apparatus
including an engine coolant circuit in accordance with an embodiment of the present

invention.

2a/18
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[Fig. 2] Fig. 2 is a rear perspective view of the engine coolant circuit and peripherals thereot
in the cogeneration apparatus shown in Fig. 1 as viewed obliquely from the upper left.
[Fig. 3] Fig. 3 is a rear perspective view of the engine coolant circuit and peripherals thereof

in the cogeneration apparatus shown in Fig. 1 as viewed obliquely from the upper right.

Description of Embodiments

[0010]

The following will describe an embodiment of the present invention in reference to
attached drawings.
[0011]

Fig. 1 is a schematic block diagram of an arrangement of a cogeneration apparatus
100 including an engine coolant circuit 200 in accordance with the present embodiment. Fig. 2
is a perspective view of the engine coolant circuit 200 and peripherals thereof in the
cogeneration apparatus 100 shown in Fig. 1 as viewed obliquely from the upper left on a
backside B. Fig. 3 is a perspective view of the engine coolant circuit 200 and pernipherals
thereof in the cogeneration apparatus 100 shown in Fig. 1 as viewed obliquely from the upper
right on the backside B. In F igs. 2 and 3, a front side 1s indicated by F. Fig. 2 does not show an
exhaust gas silencer 185 and some other members. Fig. 3 does not show the exhaust gas
silencer 185, a radiator 220, a three-way catalyst 130, and some other members.
[0012]
‘ The present embodiment will describe an arrangement in accordance with the present

invention as the arrangement is applied to the cogeneration apparatus 100. The cogeneration
apparatus 100 is a system that electrically connects a commercial electric power system for
external commercial power supplies and an electric power generation system for an electric
power generator 120 to a power transmission system for electric power consuming apparatuses
(loads) to meet the electric power demand of the loads and that also recovers waste heat
generated as a result of electric power generation to utilize the recovered waste heat. In other
words, the cogeneration apparatus 100, including an engine 110, the electric power generator
120, the engine coolant circuit 200, and an engine waste heat recovery device 230, has a

capability to recover, using the engine waste heat recovery device 230, the waste heat of
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coolant circulated by the engine coolant circuit 200 and heated in heat exchange with the waste
heat of the engine 110 (in this example, a capability to recover the waste heat of coolant and
utilize the recovered waste heat for hot water supply), as well as an electric power generating

capability to output the electric power generated by the electric power generator 120 driven by

the engine 110.
[0013]

As illustrated in Figs. 1 to 3, the engine coolant circuit 200 includes an exhaust gas
heat exchanger 210, the radiator 220, the engine waste heat recovery device 230, coolant
passages 240, and a coolant pump 250. The exhaust gas heat exchanger 210 exchanges heat
between the exhaust gas discharged from the engine 110 and the coolant flowing out of the
engine 110. The radiator 220 (not shown in Fig. 3) dissipates the waste heat of the coolant
flowing out of the exhaust gas heat exchanger 210. The engine waste heat recovery device 230
recovers the waste heat of the coolant flowing out of the exhaust gas heat exchanger 210. The
coolant passages 240 (specifically, coolant tubes) distribute the coolant to the engine 110, the

exhaust gas heat exchanger 210, the radiator 220, and the engine waste heat recovery device

- 230. The coolant pump 250 circulates the coolant to the engine 110, the exhaust gas heat

exchanger 210, the radiator 220, and the engine waste heat recovery device 230 via the coolant
passages 240. The engine waste heat recovery device 230 in this example is a water-to-water
heat exchanger that exchanges heat between the coolant and hot-water-supply water for a hot
water supply device 400 (see Fig. 1).

[0014]

The engine coolant circuit 200 forms a circuit extending from the engine 110, running
through the exhaust gas heat exchanger 210 and through the radiator 220 and/or the engine
waste heat recovery device 230, reaching a suction portion 251 of the coolant pump 250 (see

Figs. 1 and 2), and circulating the coolant back to the engine 110.

[0015]
Specifically, the engine coolant circuit 200 includes a plurality of thermostatic

switching valves 260, 260 (two thermostatic switching valves 260, 260 1n this example),
electrically driven three-way valves 270, 270, the radiator 220, and the engine waste heat

recovery device 230. The two thermostatic switching valves 260, 260 are disposed in parallel
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in passages leading from a coolant outlet 111 of the engine 110 (see Fig. 1). The electrically

driven three-way valves 270, 270 (specifically, motor-driven valves) are disposed downstream

from the respective thermostatic switching valves 260, 260 1n terms of a circulating direction C
of the coolant (see Fig. 1). The radiator 220 and the engine waste heat recovery device 230 are
disposed in parallel in passages leading from coolant outlets (272, 273), (272, 273) of the
electrically driven three-way valves 270, 270 (see Fig. 1). One of the two coolant outlets 272,
273 (i.e., the coolant outlet 272) of each electrically driven three-way valve 270 communicates

with the radiator 220, and the other coolant outlet 273 communicates with the engine waste

heat recovery device 230.

[0016]
More specifically, the engine coolant circuit 200 further includes the multiple (two 1n

this example) thermostatic switching valves 260, 260 and the multiple (two 1n this example)
electrically driven three-way valves 270, 270.

[0017]
The thermostatic switching valves 260 and the electrically driven three-way valves

270 used here are of the same types as those used conventionally and therefore of the same
sizes as conventional thermostatic switching valves and electrically driven three-way valves.
[0018]

Fach thermostatic switching valve 260 is provided with a single coolant inlet 261
where the coolant flows in (see Fig. 1) and two coolant outlets 262, 263 where the coolant

from the coolant inlet 261 flows out (see Fig. 1). The thermostatic switching valve 260 1s
arranged to operate so that if the coolant has a temperature higher than a predetermined

temperature, the coolant flows from the coolant inlet 261 to one of the coolant outlets (1.e., the

coolant outlet 262) and that if the coolant has a temperature lower than or equal to the

predetermined temperature, the coolant flows from the coolant inlet 261 to the other coolant

outlet 263.

[0019]
Each electrically driven three-way valve 270 is provided with: a single coolant inlet

271 where the coolant flows in (see Fig. 1); the two coolant outlets 272, 273 where the coolant

from the coolant inlet 271 divides and flows out (see Fig. 1); an actuator valve (not shown) that
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changes a flow rate ratio of a first flow rate of the coolant flowing from the coolant inlet 271 to
one of the coolant outlets (i.e., the coolant outlet 272) and a second flow rate of the coolant

flowing from the coolant inlet 271 to the other coolant outlet 273; and a drive section 274
(specifically, a drive motor) that drives the actuator valve. The drive section 274 is electrically
connected to an output system of a control device 150 (see Fig. 1) and arranged to drive the
actuator valve based on instruction signals from the control device 150 so as to change the
flow rate ratio of the first flow rate and the second flow rate.

10020]

The coolant passages 240 include a first coolant passage 241, a second coolant
passage 242, third coolant passages 243, a fourth coolant passage 244, a fifth coolant passage
245, a sixth coolant passage 246, a seventh coolant passage 247, an eighth coolant passage
248, and a ninth coolant passage 249.

[0021]
The first coolant passage 241 is disposed between the engine 110 and the exhaust gas

heat exchanger 210. The first coolant passage 241 has an upstream end thereof communicating

with the coolant outlet 111 of the engine 110 (see Fig. 1) and a downstream end thereof
communicating with a coolant inlet 211 of the exhaust gas heat exchanger 210 (see Fig. 1).
[0022]

The second coolant passage 242 is disposed between the exhaust gas heat exchanger
210 and the thermostatic switching valves 260, 260. The second coolant passage 242 has an

upstrcam end thereof communicating with a coolant outlet 212 of the exhaust gas heat
exchanger 210. The second coolant passage 242, dividing into a plurality of branch passages

(two branch passages in this example) toward the downstream, has the downstream ends
thereof communicating respectively with the coolant inlets 261, 261 of the thermostatic
switching valves 260, 260. In the example shown in Fig. 1, the upper one of the branch
passages of the second coolant passage 242 communicates with the upper one of the
thermostatic switching valves 260, 260, whereas the lower one of the branch passages of the

second coolant passage 242 communicates with the lower one of the thermostatic switching

valves 260, 260.
[0023]
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. The multiple (two in this example) third coolant passages 243 are disposed
respectively between the thermostatic switching valves 260, 260 and the clectrically driven
three-way valves 270, 270. Each third coolant passage 243 has an upstream end thereot
communiéating with the coolant outlet 262 of an associated one of the thermostatic switching
valves 260 and a downstream end thereof commumnicating with the coolant inlet 271 of an
associated one of the electrically driven three-way valves 270. In the example shown 1n Fig. 1,
the upper one of the third coolant passages 243, 243 communicates with the upper thermostatic
switching valve 260 and the upper electrically driven three-way valve 270, and the lower one
of the third coolant passages 243, 243 communicates with the lower thermostatic switching

valve 260 and the lower electrically driven three-way valve 270.

[0024]
The fourth coolant passage 244 is disposed between the thermostatic switching valves

260, 260 and the coolant pump 250. The fourth coolant passage 244, dividing into a plurality
of branch passages (two branch passages in this example) toward the upstream, has the
upstream ends thereof communicating respectively with the coolant outlets 263, 263 of the
thermostatic switching valves 260, 260 and a downstream end thereof communicating with the
suction portion 251 of the coolant pump 250. In the example shown 1n Fig. 1, the upper one of
the branch passages of the fourth coolant passage 244 communicates with the upper
thermostatic switching valve 260, and the lower one of the branch passages of the fourth

coolant passage 244 communicates with the lower thermostatic switching valve 260.

[0025]
The fifth coolant passage 245 is disposed between the electrically driven three-way

valves 270, 270 and the radiator 220. The fifth coolant passage 245, dividing into a plurality of
branch passages (two branch passages in this example) toward the upstream, has the upstream

ends thereof communicating respectively with the coolant outlets 272, 272 of the electrically
driven three-way valves 270, 270 and a downstream end thereof communicating with a coolant
inlet 221 of the radiator 220 (see Figs. 1 and 2). In the example shown in Fig. 1, the upper one
of the branch passages of the fifth coolant passage 245 communicates with the upper
electrically driven three-way valve 270, and the lower one of the branch passages of the fifth

coolant passage 245 communicates with the lower electrically driven three-way valve 270.
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10026]
The sixth coolant passage 246 is disposed between the electrically driven three-way

valves 270, 270 and the engine waste heat recovery device 230. The sixth coolant passage 246,
dividing into a plurality of branch passages (two branch passages in this example) toward the
upstream, has the upstream ends thereof communicating respectively with the coolant outlets
273, 273 of the electrically driven three-way valves 270, 270 and a downstream end thereof
communicating with a coolant inlet 231 of the engine waste heat recovery device 230 (see

Figs. 1 and 2). In the example shown in Fig. 1, the upper one of the branch passages of the

sixth coolant passage 246 communicates with the upper electrically driven three-way valve

270, and the lower one of the branch passages of the sixth coolant passage 246 communicates

with the lower electrically driven three-way valve 270.

[0027]
The seventh coolant passage 247 is disposed between the radiator 220 and the coolant

pump 250. The seventh coolant passage 247 has an upstream end thereof communicating with
a coolant outlet 222 of the radiator 220 (see Figs. 1 and 2) and a downstream end thereof
communicating with the suction portion 251 of the coolant pump 250. .

[0028]

The eighth coolant passage 248 is disposed between the engine waste heat recovery
device 230 and the coolant pump 250. The eighth coolant passage 248 has an upstream end
thereof communicating with a coolant outlet 232 of the engine waste heat recovery device 230
and a downstream end thereof communicating with the suction portion 251 of the coolant
pump 250.

[0029]
The ninth coolant passage 249 is disposed between the coolant pump 250 and the

engine 110. The ninth coolant passage 249 has an upstream end thereof communicating with a
discharge portion 252 of the coolant pump 250 (see Figs. 1 and 3) and downstream ends
thereof communicating with coolant inlets 112 of the engine 110 (see Fig. 1). In this example,
the ninth coolant passage 249, dividing into two branch passages toward the downstream, has
one of the downstream ends thereof communicating with one of the coolant inlets 112 (see Fig.

1) located on a cylinder head side 110a of the engine 110 (see Fig. 3) and the other
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downstream end thereof communicating with the other coolant inlet 112 (see Fig. 1) located on

a cylinder block side 110b of the engine 110 (see Fig. 3).
[0030]

The first to ninth coolant passages 249 to 241 are of the same types as those used
conventionally and have the same tube diameters (including the branch passages of the second
coolant passage 242, the branch passages of the fourth coolant passage 244, the branch
passages of the fifth coolant passage 245, and the branch passages of the sixth coolant passage
246).

[0031]
The engine waste heat recovery device 230 1s provided, on a heat recovery portion

thereof (a portion communicating with the hot water supply device 400 1n this example), with

' an inlet 233 and an outlet 234 where a heat medium (hot-water-supply water in this example)

flows in and out respectively. Specifically, the inlet 233 of the engine waste heat recovery
device 230 communicates with an outlet 401 (see Fig. 1) of the hot water supply device 400
via an inflow passage 410 (see Fig. 1), and the outlet 234 of the engine waste heat recovery
device 230 communicates with an inlet 402 (see Fig. 1) of the hot water supply device 400 via
an outflow passage 420 (see Fig. 1).

[0032]

In the present embodiment, the cogeneration apparatus 100 further includes a water
filter 280 that filters the coolant to remove foreign objects from the coolant.

[0033]
The water filter 280 1s interposed in a coolant passage between the engine 110 and the

exhaust gas heat exchanger 210 (specifically, in the first coolant passage 241).

[0034]
The cogeneration apparatus 100 further includes an exhaust gas passage 140

(specifically, an exhaust gas tube) for discharging the exhaust gas of the engine 110 to the
outside via the exhaust gas heat exchanger 210 (see Figs. 1 and 2).
[0035]

The exhaust gas passage 140 includes a first exhaust gas passage 141 and a second

exhaust gas passage 142. The first exhaust gas passage 141 is disposed upstream from the
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exhaust gas heat exchanger 210 (specifically, between the engine 110 and the exhaust gas heat

exchanger 210) in terms of an exhaust gas venting direction D for the exhaust gas (see Fig. 1).

The second exhaust gas passage 142 is disposed downstream from the exhaust gas heat

exchanger 210 (specifically, between the exhaust gas heat exchanger 210 and the outside).

[0036]
In the present embodiment, the cogeneration apparatus 100 further includes the

three-way catalyst 130 (see Figs. 1 and 2) that purifies the exhaust gas discharged from the
engine 110 and the exhaust gas silencer 185 (see Fig. 1) that reduces exhaust gas sound made

when the exhaust gas from the engine 110 is discharged to the outside.

[0037]
The three-way catalyst 130 and the exhaust gas silencer 185 are disposed respectively

in the first exhaust gas passage 141 and in the second exhaust gas passage 142.
[0038]

In the present embodiment, the engine coolant circuit 200 further includes a radiator

fan 181 (see Fig. 1) that is driven under the control of the control device 150 to discharge air in

the exhaust gas chamber to the outside to allow the radiator 220 to dissipate heat.

[0039]
In the engine coolant circuit 200 described above, the exhaust gas discharged from the

~engine 110 passes through the first exhaust gas passage 141 and is purified by the three-way

catalyst 130 before entering the exhaust gas heat exchanger 210. Meanwhile, the coolant

flowing out of the coolant outlet 111 after cooling the engine 110 passes through the first

coolant passage 241 and is filtered by the water filter 280 to remove foreign objects from the

coolant, before flowing into the coolant inlet 221 of the exhaust gas heat exchanger 210.

[0040]

The exhaust gas heat exchanger 210 exchanges heat between the exhaust gas
discharged from the three-way catalyst 130 and the coolant flowing out of the water filter 280.
[0041]

The coolant flowing out of the coolant outlet 212 of the exhaust gas heat exchanger
210 divides into two branch streams while passing through the second coolant passage 242 and

flows into the coolant inlet 261 of each thermostatic switching valve 260. If the coolant (one of

PCTYAO0S5 (FP1829PCT) - 10/18



10

15

20

25

30

CA 02943335 2016-09-20

J f

the branch streams thereof), upon flowing into the coolant inlet 261, has a temperature lower

than or equal to the predetermined temperature, the thermostatic switching valve 260 operates

so that the coolant can flow out of the coolant outlet 263, and the coolant thus flows out of the
coolant outlet 263 and merges with the other branch stream of the coolant while passing
through the fourth coolant passage 244, before being sucked into the suction portion 251 of the
coolant pump 250. On the other hand, if the coolant has a temperature higher than the
predetermined temperature, the thermostatic switching valve 260 operates so that the coolant
can flow out of the coolant outlet 262, and the coolant thus flows out of the coolant outlet 262,
passes through the third coolant passage 243, and flows into the coolant inlet 271 of the
electrically driven three-way valve 270.

[0042]
In each electrically driven three-way valve 270, the control device 150 drives the

drive section 274 in accordance with, for example, the temperature of the coolant detected by a
temperature sensor (not shown) and the usage of the heat recovery portion (the portion
communicating with the hot water supply device 400 in this example), so that the actuator
valve changes the flow rate ratio, which regulates the first flow rate of the coolant flowing
from the coolant inlet 271 to one of the coolant outlets (i.e., the coolant outlet 272) (the coolant
outlet communicating with the radiator 220) and the second flow rate of the coolant tlowing
from the coolant inlet 271 to the other coolant outlet 273 (the coolant outlet communicating
with the engine waste heat recovery device 230). For example, when the engine waste heat
recovery device 230 exchanges little heat, the control device 150 increases the first flow rate
(i.e., decreases the second water amount) to increase the amount of water flowing to the
radiator 220.

[0043]

The coolant (both branch streams of the coolant) flowing out of the coolant outlets

272, 272 of the electrically driven three-way valves 270, 270 merges while passing through the
fifth coolant passage 245, before flowing into the coolant inlet 221 of the radiator 220. The

radiator 220 dissipates the waste heat of the coolant flowing in from the exhaust gas heat
exchanger 210 via the thermostatic switching valves 260, 260 and the electrically driven

three-way valves 270, 270. The waste heat is discharged to the outside from the radiator 220

PCTYAO08S (FP1829PCT) - 11/18



N A

10

15

20

25

30

CA 02943335 2016-09-20

using the radiator fan 181. The coolant flowing out of the coolant outlet 222 of the radiator 220
passes through the seventh coolant passage 247 and is sucked into the suction portion 251 of

the coolant pump 250.

[0044]
The coolant flowing out of the coolant outlets 273, 273 of the electrically driven

three-way valves 270, 270 merges while passing through the sixth coolant passage 246, before

flowing into the coolant inlet 231 of the engine waste heat recovery device 230. The engine

waste heat recovery device 230 recovers the waste heat of the coolant flowing in from the
exhaust gas heat exchanger 210 via the thermostatic switching valves 260, 260 and the
electrically driven three-way valves 270, 270. The waste heat fecovered by the engine waste
heat recovery device 230 is used in the heat recovery portion (the portion communicating with
the hot water supply device 400 in this example). The coolant flowing out of the coolant outlet
232 of the engine waste heat recovery device 230 passes through the eighth coolant passage

248 and is sucked into the suction portion 251 of the coolant pump 250.

[0045]
The coolant discharged from the discharge portion 252 of the coolant pump 250

divides into two branch streams while passing through the ninth coolant passage 249. One of
the branch streams of the coolant flows into the coolant inlet 261 on the cylinder head side
110a of the engine 110, whereas the other branch stream of the coolant flows mto the coolant

inlet 261 on the cylinder block side 110b of the engine 110.
[0046]

It should be noted that the present example includes the two thermostatic switching
valves 260, the two electrically driven three-way valves 270, and the two third coolant

passages 243. Alternatively, three or more of each of these valves and passages may be

provided. When this is the case, the second coolant passage 242, the fourth coolant passage
244, the fifth coolant passage 245, and the sixth coolant passage 246 each divide into three or

more branch passages.

[0047]
In this manner, the engine coolant circuit 200 is capable of cooling the engine 110 and

the exhaust gas by circulating the coolant.
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10048]

As described above, according to the present embodiment, the multiple (two in this
example) thermostatic switching valves 260, 260 are disposed in parallel with each other n
passages leading from the coolant outlet 111 of the engine 110, the electrically driven
three-way valves 270, 270 are disposed downstream from the respective thermostatic
switching valves 260, 260 in terms of the circulating direction C of the coolant, and the
radiator 220 and the engine waste heat recovery device 230 are disposed in parallel with each
other in passages leading from the coolant outlets (272, 273), (272, 273) of the electrically
driven three-way valves 270, 270. In addition, each one of the electnically driven three-way
valves 270, 270 has one of the two coolant outlets 272, 273 thereof (i.e., the coolant outlet 272)
configured to communicate with the radiator 220 and has the other coolant outlet 273 thereof
configured to communicate with the engine waste heat recovery device 230. Therefore, the
amount (capacitance) of the coolant in the engine coolant circuit 200 can be increased by as
much as the additional amount made available by the parallel arrangement of the multiple
thermostatic switching valves 260 and the multiple electrically driven three-way valves 270,
without having to increase the diameter of coolant tubes (1.€., the coolant passages 240) or the
size of the thermostatic switching valves 260 and the electrically driven three-way valves 270.
Therefore, the amount (capacitance) of the coolant in the engine coolant circuit 200 can be
increased without having to increase the diameter of coolant tubes or the size of components of
the engine coolant circuit 200, such as the thermostatic switching valves 260. Besides, the

amount of the coolant in the engine coolant circuit 200 can be increased while restricting the

cost of the components of the thermostatic switching valves 260 and the electrically driven
three-way valves 270, by using the multiple thermostatic switching valves 260 and the

multiple electrically driven thrce-way valves 270 of conventional size as the thermostatic

switching valves 260 and the electrically driven three-way valves 270. Additionally, a purchase

quantity can be ensured for the thermostatic switching valves 260 and the electrically driven
three-way valves 270, which enables the unit prices of the components to be reduced. For
example, shared use of many common components in different models can reduce the unit

prices of the components.

(0049
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The present invention is not limited to the description of the embodiments and
examples described above and 'may be implemented in various other forms. Therefore, the
embodiments and examples are for illustrative purposes only in every respect and should not
be subjected to any restrictive interpretations. The scope of the present invention is defined

6  only by the claims and never bound by the specification, Those modifications and variations.
that may lea'd._ to equivalents of claimed elements are all included within the scope‘- of the
invention.

[0050]
| The present application hereby claims priority to Patent Application No.
10 2014—-06305-1 filed in Japa'n. on March 26, 2014,

Industrial Applicability
[0051] ' ”
15 “The present invention relates to engine coolant circuits circulating coolant in order to
cool an engine. The present invention 18 applicable, in particular, for the purpose of increasing
the amount of coolant n an engine coolant circuit without having to increase the diameter of a
coolant uﬂna or the size of 2 component of the engine coolant circuit, such as a thermostatic
switching valve.
20 "
Reference Signs Lisi_
10052] '
100 Cogeneration Apparatus
110 FEngine
25 110a  Cylinder Head Side
110b  Cylinder Block Side
111 Coolant Outlet
- 112 Coolant Inlet
120 Electric Power Generator

30 130 Thrcc-way Catalyst
14/18
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15

20

29

30

140
141
142

150
181
185
200
210
211
212
220
221
222
230
231

232

233
234
240
250
251
252
260
261
262
263
270

271
272
273
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Exhaust Gas Passage
First Exhaust Gas Passage

Second Exhaust (Gas Passage
Control Device

Radiator Fan

Exhaust Gas Silencer
Engine Coolant Circuit
Exhaust Gas Heat Exchanger
Coolant Inlet

Coolant Outlet

Radiator

Coolant Inlet

Coolant Outlet

Engine Waste Heat Recovery Device

Coolant Inlet

~ Coolant Outlet

Inlet

Outlet

Coolant Passage
Coolant Pump
Suction Portion

Discharge Portion

Thermostatic Switching Valve

Coolant Inlet

Coolant Outlet

Coolant Outlet

Electrically driven Three-way Valve
Coolant Inlet

Coolant Qutlet

Coolant Outlet
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274 Drive Section

280 Water Filter

400 Hot Water Supply Device
401 Outlet

402 Inlet

410 Inflow Passage

420 Outflow Passage

B Backside

C Circulating Direction

D Exhaust Gas Venting Direction
F Front Side
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CLAIMS:
1. - An engine coolant circuit circulating coolant to cool an engine, the engine
" coolant circuit comprising: |
b a plurality of thermostatic switching valves disposed in parallel in passages leading

from a coolant outlet of the engine;

electrically driven three-way valves disposed downstream from the respective
thermostatic switching valves in terms of a circulating direction of the coolant; and

a radiator and an engine waste heat recovery device disposed in parallel in passages

10  leading from coolant outlets of the electrically driven three-way valves,
each one .of the electrically driven three-way valves being provided with two coolant
outlets, the electrically- driven three-way valves having corresponding two of the coollant
outlets thereof configured to communicate with ﬁw radiator in parallel so that the coolant
flowing out of the electrically. driven three-way valves merges and flows into the radia‘téi;. and
156  having other corresponding two of the coolant outlets thereof configured to communicate with
the engine waste heat recovery device in parallel so that the coolant flowing. out of the

electrically dniven three-way valves merges and flows into the engine waste heat recovery

device.

17/18
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