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FIG. 2

(57) Abstract: An exhaust heat recovery device of one aspect of the present invention is provided with an exhaust pipe, a branch
port, a heat exchange part, a discharge port, an opening and closing unit, and a shell member. When a half line inclined outward at
an angle of 7° with respect to the axial direction of the exhaust pipe with an end on the discharge port side of the outlet of the ex -
haust pipe as a starting point is assumed, the shell member is provided with an intersection surface that intersects with the half line,
and the intersection surface forms an angle of 90-97° with the half line. The position of the discharge port in the axial direction is
between the outlet and the intersection surface.
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EXHAUST HEAT RECOVERY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This international application claims the benefit of Japanese Patent
Application No. 2012-178422 filed August 10, 2012 in the Japan Patent Office,
the entire disclosure of Japanese Patent Application No. 2012-178422 is

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to an exhaust heat recovery device, which is
applied to, for example, an exhaust system, etc. of an internal combustion

engine.

BACKGROUND ART

[0003] Conventionally, an exhaust heat recovery device is known, which
performs heat exchange between exhaust gas of an internal combustion engine
and a heat exchange medium, such as cooling water, so as to recover the
exhaust heat. The exhaust heat recovery device is provided with a diversion
valve at an outlet of an exhaust pipe, which is capable of opening and closing
the outlet. Also, the exhaust heat recovery device is provided with a heat
exchange path that extends from a branch port provided inside of the exhaust
pipe through a heat exchanger part, to an exhaust port provided outside of the
exhaust pipe (see, Patent Document 1 below).

[0004] In this exhaust heat recovery device, when the diversion valve of the
exhaust pipe is closed, exhaust gas mainly passes through the aforementioned
heat exchange path where heat exchange is performed. On the other hand, if
the heat exchange is not necessary, the diversion valve of the exhaust pipe is
open. In this case, exhaust gas mainly flows through the exhaust pipe with a

lower resistance than a resistance of the aforementioned heat exchange path,
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and an amount of the exhaust gas flowing through the heat exchange path

decreases; therefore, the heat exchange can be inhibited.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]

Patent Document 1: Japanese Unexamined Patent Application Publication

No. 2009-114995

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]

In the conventional exhaust heat recovery device, however, even when
the diversion valve of the exhaust pipe is open, part of the exhaust gas flows in
the heat exchange path, and heat exchange is performed. This is because the
exhaust gas flowing through the exhaust pipe produces a Venturi effect,
thereby drawing the exhaust gas from the exhaust port, and, consequently, flow
of the exhaust gas in the heat exchange path is generated. This causes heat
exchange even when heat exchange is not necessary, which may adversely
affect vehicle cooling performance. It is desired that one aspect of the present
invention provide an exhaust heat recovery device capable of reducing

unnecessary heat exchange.

MEANS FOR SOLVING THE PROBLEMS

[0007]

According to one form of the present invention, there is provided an
exhaust heat recovery device including an exhaust pipe for guiding exhaust gas

from an upstream side to a downstream side;

a branch port for the exhaust gas, provided inside of the exhaust pipe for

forming an exhaust gas branched from the branch port,

a heat exchange part for performing heat exchange between the exhaust gas

7139320_1 (GHMatters) P99421.AU
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branched from the branch port and a heat exchange medium,

an exhaust port for discharging the exhaust gas, which has passed through the

heat exchange part, to outside of the exhaust pipe,

an opening and closing unit that opens and closes an outlet of the exhaust pipe,

and

a shell member for guiding the exhaust gas discharged from the outlet and the

exhaust port, to the downstream side,

wherein the shell member includes an intersecting plane intersecting a virtual
ray that extends from an end part of the outlet on a side of the exhaust port, the
end part serving as a starting point, and the virtual ray being inclined
outwardly at an angle of 7° with respect to an axial direction of the exhaust
pipe, and the intersecting plane forms an angle of 90° to 97° with respect to the

virtual ray, and

wherein the exhaust port is positioned between the outlet and the intersecting

plane in the axial direction,

wherein the exhaust port is disposed at a portion in a circumferential direction
on an outer circumference of the exhaust pipe when viewed from the axial

direction.

In the exhaust heat recovery device configured as above, when the outlet
of the exhaust pipe is open by the opening and closing unit (for example,
diversion valve), an amount of the exhaust gas flowing in the heat exchange

part can be further reduced. The reason can be assumed as below.

7139320_1 (GHMatters) P99421.AU
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[0009] The exhaust gas discharged from the outlet of the exhaust pipe spreads
outwardly at an angle of 7° with respect to the axial direction of the exhaust
pipe. In the above-described exhaust heat recovery device, the shell member
includes the intersecting plane intersecting the virtual ray that extends from an
end part of the outlet on a side of the exhaust port, the end part serving as the
starting point, and the virtual ray being inclined outwardly at the angle of 7°
with respect to the axial direction of the exhaust pipe, and the intersecting
plane forms the angle of 90° to 97° with respect to the virtual ray. Thus, at
least part of the exhaust gas discharged from the outlet of the exhaust pipe hits
the intersecting plane and generates a swirl of the exhaust gas.

[0010] Moreover, the exhaust port is positioned between the outlet and the
intersecting plane in the axial direction of the exhaust pipe and therefore, the
exhaust port is covered with the aforementioned swirl. For this reason, a
phenomenon of drawing exhaust gas from the exhaust port by the flow of the
exhaust gas in the exhaust pipe is less likely to occur. Consequently, an
amount of the exhaust gas flowing in a flow path from the branch port through
the heat exchange part to the exhaust port is further reduced. This further
inhibits unnecessary heat exchange.

[0011] The above-described exhaust heat recovery device may include, for
example, a partition plate that is provided in the exhaust port and that forms a
passage that guides the exhaust gas to the downstream side. In this case, an
outlet of the passage formed by the partition plate is closer to the
aforementioned swirl of the exhaust gas and therefore, the outlet is more likely
to be covered with the swirl of the exhaust gas. Consequently, unnecessary

heat exchange can be further inhibited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a perspective view showing a configuration of an exhaust heat
recovery device of a first embodiment.

FIG. 2 is a cross sectional view taken along a line II-II in FIG. 1.

7139320_1 (GHMatters) P99421.AU
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FIG. 3 is a perspective view showing the configuration of the exhaust
heat recovery device of the first embodiment, in which an outer shell is
detached.

FIG. 4 is a perspective view showing a configuration of an exhaust heat
recovery device of a second embodiment, in which an outer shell is detached.

FIG. 5 is a cross sectional view of the exhaust heat recovery device of
the second embodiment.

FIG. 6 is a perspective view showing a configuration of an exhaust heat
recovery device of a reference example.

FIG. 7 is a cross sectional view taken along a line VII-VII in FIG. 6.

FIG. 8 is a perspective view showing a configuration of the exhaust heat

recovery device of the reference example, in which an outer shell is detached.

EXPLANATION OF REFERENCE NUMERALS

[0013] 1...exhaust heat recovery device, 3...inner pipe, 5...heat exchange part,
7...outlet part, 7b...end, 7c...outlet, 9...diversion valve, 17, 19,
20...clearance, 12...partition plate, 13...casing, 13a...outer circumferential
plate,  13b...upstream-side lid, 13c...downstream-side lid, 15...cooling
water pipe, 21..rotation shaft, 22, 29a...exhaust port, 23..valve body,
25.. large-diameter section, 25a..wall, 27, 29..passage, 101...exhaust

heat recovery device, B...axial direction, C...ray

MODE FOR CARRYING OUT THE INVENTION
[0014] Embodiments of the present invention will be described with reference to
the drawings.
<First Embodiment>
1. Configuration of an exhaust heat recovery device 1
A configuration of the exhaust heat recovery device of the first

embodiment will be explained with reference to FIG. 1 to FIG. 3. The

7139320_1 (GHMatters) P99421.AU
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exhaust heat recovery device 1 is provided with an inner pipe 3, a heat
exchange part 5, an outlet part 7, a diversion valve 9, and an outer shell 11.

The inner pipe 3 is a hollow cylindrical member having openings on an
upstream side (left side in FIG. 2) and a downstream side (right side in FIG. 2).
The inner pipe 3 makes exhaust gas discharged from a not-shown internal
combustion engine flow thereinside, thereby guiding the exhaust gas from the
upstream side to the downstream side. A branch port 20 is provided in a
portion of the inner pipe 3 facing to a heat exchange part 5. The exhaust gas
flowing inside the inner pipe 3 can flow into an inner circumference side of the
heat exchange part 5 from the branch port 20.

The heat exchange part 5 is an annular member, which is attached around
the outside of the inner pipe 3. The heat exchange part 5 includes a hollow
casing 13, and a cooling water pipe 15 wound spirally and housed inside of the
casing 13. The casing 13 includes an outer circumferential plate 13a, an
upstream-side lid 13b, and a downstream-side lid 13c. The outer
circumferential plate 13a is a plate-like member that encircles an outer
circumference of the inner pipe 3. The upstream-side lid 13b and the
downstream-side lid 13c are members that occludes between the outer
circumferential plate 13a and the inner pipe 3.

An upper-side part and a bottom-side part of the downstream-side lid 13¢
in FIG. 2 are partially cut out to provide clearances 17 and 19, respectively.
Accordingly, an inside and an outside of the casing 13 communicate to each
other via these clearances 17 and 19. The cooling water pipe 15 is one
continuous pipe, and both ends of which lead to an outside of the casing 13 and
connect to a not-shown cooling-water circulation system. Thus, cooling water
that has flowed into the cooling water pipe 15 from the cooling-water
circulation system flows through the cooling water pipe 15 inside the casing 13,
and flows back to the cooling-water circulation system. As will be described

later, a temperature of the cooling water that has flowed into the cooling water
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pipe 15 is increased by high-temperature exhaust gas introduced into the casing
13 (in other words, heat exchange is performed).

The outlet part 7 is an annular member having openings on the upstream
side and the downstream side; the outlet part 7 is located on the downstream
side of the inner pipe 3 and the heat exchange part 5. Although the outlet part
7 basically occludes between the inner pipe 3 and the outer circumferential
plate 13a, a portion of the outlet part 7 on the bottom side in FIG. 2 is cut out
to form an exhaust port 22. Consequently, a passage 27 is formed, which
extends from the clearance 19 through the exhaust port 22 to an inside of the
outer shell 11. A position of the exhaust port 22 in an axial direction B (an
axial direction of the inner pipe 3) is the same as the position of a
downstream-side end 7b of the outlet part 7. Moreover, the exhaust port 22 is
located outside of the outlet part 7 and more specifically, the exhaust port 22 is
located beneath a center of an outlet 7c.

When the diversion valve 9 is in an “occluding state”, which will be
described later, the downstream-side end 7b of the outlet part 7 comes in
contact with a valve body 23, to thereby occlude a downstream-side opening
part of the outlet part 7 (hereinafter, referred to as outlet 7¢).

The diversion valve 9 is provided in the downstream-side end 7b of the
outlet part 7. The diversion valve 9 includes a rotation shaft 21 provided on
an upper side in FIG. 2, and the valve body 23 that rotates around the rotation
shaft 21 as a center of rotation. The diversion valve 9 can be switched
between an open state where the outlet 7c is open as shown in the solid line in
FIG. 2, and an occluding state where the outlet 7c is occluded as shown in the
dotted line in FIG. 2.

The outer shell 11 is a thin-walled hollow member having openings on
the upstream side and the downstream side. The upstream side of the outer
shell 11 is in contact with an exterior of the outlet part 7, and the downstream
side of the outer shell 11 is connected to a not-shown exhaust path. The outer

shell 11 contains the outlet part 7 thereinside, and an inner diameter of the
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outer shell 11 is larger than an outer diameter of the outlet 7c of the outlet part
7. Accordingly, inside the outer shell 11, exhaust gas that has passed through
the outlet 7c¢ spreads out in the outer circumferential direction. The outer
shell 11 includes a large-diameter section 25 on a bottom side thereof in FIG.
2; the large-diameter section 25 has a larger diameter than a diameter on the
downstream side of the outer shell 11. The large-diameter section 25 is
provided with a wall 25a on a downstream side thereof, which extends in a
direction intersecting with the axial direction B of the inner pipe 3.

The outlet 7¢ and the exhaust port 22 exist inside the outer shell 11.
Accordingly, exhaust gases discharged from the outlet 7c and the exhaust port
22 are led to the downstream side along the outer shell 11.

When there is a virtual ray C that extends from a portion A, which serves
as a starting point, on the bottom side (exhaust port 22 side) in FIG. 2 of the
downstream-side end 7b in the outlet part 7 and the ray C is inclined outwardly
at an angle of 7° with respect to the axial direction B of the inner pipe 3, the
wall 25a intersects with the ray C. An angle 0 formed between the ray C and
the wall 25a is from 90° to 97°. Here, the angle 6 is an angle formed below
the ray C in FIG. 2.

With the aforementioned configuration, an exhaust gas flow path is
formed, which extends from the inside of the inner pipe 3, through the branch
port 20, the inside of the casing 13, the clearance 19, the passage 27, and the
exhaust port 22 in sequence.

Here, the inner pipe 3 and the outlet part 7 are an example of an exhaust
pipe in the present invention. The cooling water is an example of a heat
exchange medium in the present invention. The diversion valve 9 is an
example of an opening and closing unit in the present invention. The outer
shell 11 is an example of a shell member in the present invention. The wall
25a is an example of an intersecting plane in the present invention.

2. Operation and effect of the exhaust heat recovery device 1

(1) A state where the outlet 7¢ is occluded by the diversion valve 9

7139320_1 (GHMatters) P99421.AU
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Exhaust gas that has been introduced into the inner pipe 3 is delivered
through the branch port 20, the inside of the casing 13, the clearance 19, the
passage 27, and the exhaust port 22 in sequence, to the inside of the outer shell
11.  When the exhaust gas is passing through the inside of the casing 13, heat
exchange is performed between water flowing in the cooling water pipe 15 and
high-temperature exhaust gas.

(2) A state where the outlet 7¢ is open by the diversion valve 9

Exhaust gas that has been introduced into the inner pipe 3 is delivered
through the inner pipe 3 and the outlet part 7 in sequence, to the outer shell 11.
As described above, the inner diameter of the outer shell 11 is larger than the
outer diameter of the outlet 7c in the outlet part 7 and thus, the exhaust gas that
has passed through the outlet 7c¢ spreads out in the outer circumferential
direction. An angle of this spread (an angle with respect to the axial direction
B) is known to be 7° based on fluid dynamics.

The outer shell 11 includes the wall 25a intersecting with the
above-described ray C at the angle 6 of 90° to 97° and therefore, at least part of
the exhaust gas that has passed through the outlet part 7 hits the wall 25a and
generates a swirl of the exhaust gas, as shown in an arrow D in FIG. 2, at the
front side of the wall 25a inside the space of the large-diameter section 25. A
part of the swirl of the exhaust gas flows in a direction from the wall 25a to a
bottom-side wall in the large-diameter section 25.

Moreover, the position of the exhaust port 22 in the axial direction B is
the same as the position of the outlet 7c¢ and thus, the exhaust port 22 is more
likely to be covered with the aforementioned swirl. Therefore, a phenomenon
of drawing exhaust gas from the exhaust port 22 by the flow of the exhaust gas
in the inner pipe 3 and the outlet part 7 is less likely to occur. As a result, an
amount of the exhaust gas flowing in the flow path through the branch port 20,
the inside of the casing 13, the clearance 19, the passage 27, and the exhaust
port 22 in sequence is further reduced. This further inhibits unnecessary heat

exchange.
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<Second Embodiment>

A configuration of an exhaust heat recovery device of the second
embodiment will be described with reference to FIG. 4 and FIG. 5. The
exhaust heat recovery device 1 of the present embodiment generally includes
the same configuration as that of the first embodiment, and additionally
includes a partition plate 12.

The partition plate 12 is a flat-plate member and is provided in a standing
manner at a clearance 19-side end of the downstream-side lid 13c. A surface
of the partition plate 12 is substantially parallel to the axial direction B of the
inner pipe 3 and extends to a further downstream side from the exhaust port 22
in the axial direction B. The partition plate 12 reaches the outer shell 11 at
both ends thereof in a width direction (a direction perpendicular to the sheet
surface of FIG. 5). Therefore, a passage 29 is formed, which extends from the
clearance 19, passes through between the partition plate 12 and the outer shell
11, and reaches the inside of the outer shell 11. A downstream-side exhaust
port (hereinafter referred to as an exhaust port 29a) of the passage 29 in the
axial direction B is positioned on a further downstream side from the
downstream-side end 7b of the outlet part 7. Moreover, the exhaust port 29a
is located outside of the outlet part 7 and more particularly, the exhaust port
29a is located beneath a center of the outlet 7c.

2. Operation and effect of the exhaust heat recovery device 1

(1) A state where the outlet 7¢ is occluded by the diversion valve 9

Exhaust gas that has been introduced into the inner pipe 3 is delivered
through the branch port 20, the inside of the casing 13, the clearance 19, the
passage 29, and the exhaust port 29a in sequence, to the inside of the outer
shell 11.  When the exhaust gas is passing through the inside of the casing 13,
heat exchange is performed between cooling water flowing in the cooling water
pipe 15 and high-temperature exhaust gas.

(2) A state where the outlet 7c is open by the diversion valve 9

7139320_1 (GHMatters) P99421.AU
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As in the case of the first embodiment, at least part of the exhaust gas
that has passed through the outlet part 7 hits the wall 25a and generates a swirl
of the exhaust gas, as shown in an arrow D in FIG. 5, at the front side of the
wall 25a inside the space of the large-diameter section 25. A part of the swirl
of the exhaust gas flows in a direction from the wall 25a to a bottom-side wall
in the large-diameter section 25.

Moreover, the position of the exhaust port 29a in the axial direction B is
on the downstream side from the outlet 7c¢ and thus, the exhaust port 29a is
more likely to be covered with the aforementioned swirl. Therefore, a
phenomenon of drawing exhaust gas from the exhaust port 29a by the flow of
the exhaust gas in the inner pipe 3 and the outlet part 7 is less likely to occur.
As a result, an amount of the exhaust gas flowing in the flow path through the
branch port 20, the inside of the casing 13, the clearance 19, the passage 29,
and the exhaust port 29a in sequence is further reduced. This further inhibits
unnecessary heat exchange.

Furthermore, by adjusting a length (a length in the axial direction B) of
the partition plate 12, the position of the exhaust port 29a in the axial direction
B can be appropriately set within a range from the position of the outlet 7c to
the position of the wall 25a.

<Other embodiment>

In the above-described first embodiment, the position of the exhaust port
22 in the axial direction B can be appropriately set within a range from the
position of the outlet 7¢ to the position of the wall 25a.

In each of the above-described embodiments, the inner pipe 3 and the
outlet part 7 may be formed as an integral member. Each of the casing 13 and
the outlet part 7 may be an integral member or a member combined with a
plurality of parts. Instead of cooling water, a different heat exchange medium
may be used. The heat exchange part 5 may be provided in parallel to the
inner pipe 3, without being attached around the outside of the inner pipe 3.

Instead of the diversion valve 9, a different opening and closing unit may be

7139320_1 (GHMatters) P99421.AU
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used. Such an opening and closing unit is, for example, an opening and
closing unit provided with a slide-type valve, and the like. The wall 25a may
have a flat shape or a curved shape.

In each of the above-described embodiments, it is described that the wall
25a serving as the intersecting plane is the wall 25a of the shell member 11.
However, the shell member 11 may configured with a following wall provided
as a separate component: this wall is provided on an inner circumference of the
shell member 11, such that the wall forms an angle 6 of 90° to 97° with respect
to the ray C so as to function as the intersecting plane. This wall can provide
the same operation and effect as those obtained by the wall 25a in each of the
above-described embodiments.

Each of the above-described embodiments is merely one example;
various omissions, replacements, and modifications can be made to these
embodiments without departing from the main idea of the invention.

<Reference Example>

1. Configuration of an exhaust heat recovery device 101

The configuration of the exhaust heat recovery device 101 will be
described with reference to FIG. 6 to FIG. 8 The exhaust heat recovery
device 101 has generally the same configuration as that in the above-described
first embodiment. However, in the present reference example, the outer shell
11 has a different shape from that in the above-described first embodiment, and
the outlet part 7 does not occlude between the inner pipe 3 and the outer
circumferential plate 13a.

In the present reference example, the diameter of the outer shell 11
gradually changes from the upstream side to the downstream side. When
there is the aforementioned virtual ray C, the angle 6 formed between the ray C
and the inner surface of the outer shell 11 is an angle smaller than 90°.
Consequently, when the exhaust gas that has passed through the outlet part 7
hits the inner surface of the outer shell 11, a swirl of the exhaust gas, like the

swirl in the aforementioned embodiments, is less likely to be generated.

7139320_1 (GHMatters) P99421.AU



2013300402 21 Jan 2016

[0036]

[0037]

[0038]

13-

Moreover, since the outlet part 7 has the above-described configuration,
the clearance 19 is used as an exhaust port, through which exhaust gas inside
the casing 13 is discharged into the outer shell 11. The clearance 19 is
positioned on the upstream side from the outlet 7¢ in the axial direction B.
Accordingly, if a swirl of exhaust gas is generated as in each of the
above-described embodiments, the clearance 19 cannot be sufficiently covered
with the swirl.

In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express language
or necessary implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense, i.e. to specify the
presence of the stated features but not to preclude the presence or addition of
further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to
herein, such reference does not constitute an admission that the publication
forms a part of the common general knowledge in the art, in Australia or any

other country.
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The claims defining the invention are as follows:

1. An exhaust heat recovery device including an exhaust pipe for guiding
exhaust gas from an upstream side to a downstream side;

a branch port for the exhaust gas, provided inside of the exhaust pipe for
forming an exhaust gas branched from the branch port,

a heat exchange part for performing heat exchange between the exhaust gas
branched from the branch port and a heat exchange medium,

an exhaust port for discharging the exhaust gas, which has passed through the
heat exchange part, to outside of the exhaust pipe,

an opening and closing unit that opens and closes an outlet of the exhaust pipe,
and

a shell member for guiding the exhaust gas discharged from the outlet and the
exhaust port, to the downstream side,

wherein the shell member includes an intersecting plane intersecting a virtual
ray that extends from an end part of the outlet on a side of the exhaust port, the end part
serving as a starting point, and the virtual ray being inclined outwardly at an angle of 7°
with respect to an axial direction of the exhaust pipe, and the intersecting plane forms
an angle of 90° to 97° with respect to the virtual ray, and

wherein the exhaust port is positioned between the outlet and the intersecting
plane in the axial direction,

wherein the exhaust port is disposed at a portion in a circumferential direction
on an outer circumference of the exhaust pipe when viewed from the axial direction.

2. The exhaust heat recovery device according to Claim 1, further including a
partition plate provided in the exhaust port and forming a passage for guiding the
exhaust gas to the downstream side.

3. The exhaust heat recovery device according to claim 1 or 2, wherein the
exhaust port is formed by removing a part of a plate-like member that is internally

attached to the shell member, the part being placed away from the shell member.

7139320_1 (GHMatters) P99421.AU



1/8




2/8

el
P TR S
Py

vy

Py

o

>

L~

S et Bt o G e wme E

)(/

T
")

FIG. 2



3/8

13a 22

FIG. 3



4/8

13a 29a
FIG. 4



5/8




6/8

13a

FIG. 6



718




8/8

13a

FIG. 8



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

