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EXHAUST GAS HEAT RECOVERY SYSTEM

FIELD

[0001] The present disclosure relates to an exhaust gas heat recovery system.

BACKGROUND

[0002] This section provides background information related to the present
disclosure and is not necessarily prior art.

[0003] A significant amount of energy in fuel consumed by an internal
combustion engine is lost as heat rejected through an exhaust system associated with
the internal combustion engine. It is desirable to recover at least some of the thermal
energy from exhaust gas flowing through the exhaust system for various purposes. For
example, such recovered thermal energy can be used to heat vehicle fluids to provide
faster passenger cabin warm-up and windshield defrosting. Additionally or
alternatively, the recovered thermal energy can be used to improve fuel economy by

reducing friction and viscous losses in the vehicle lubrication systems, for example.

SUMMARY

[0004] This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

[0005] In one form, the present disclosure provides an exhaust gas heat
recovery (EGHR) system that includes a housing assembly, a valve assembly and a
heat exchanger assembly. The housing assembly includes first and second shells
defining an inlet, an outlet, and a first exhaust gas passageway in fluid communication
with the inlet and the outlet. The heat exchanger assembly at least partially defining a
second exhaust gas passageway in fluid communication with the inlet and the outlet
and including a heat exchanger core having a working fluid circulating therein. The
working fluid being in thermal communication with exhaust gas in the second exhaust
gas passageway. The first and second shells are attached to each other at a joint. The
axis of the valve shaft being positioned at the joint of the first and second shells.

[0006] The valve assembly is disposed within the housing assembly and includes
a valve shaft and a valve plate attached to the valve shaft. The valve plate is rotatable

between a first position whereat exhaust gas flow through the first exhaust gas
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passageway is allowed and exhaust gas flow through the second exhaust gas
passageway is prevented. The valve plate being rotatable to a second position whereat
exhaust gas flow through the second exhaust gas passageway is allowed and exhaust
gas flow through the first exhaust gas passageway is prevented.

[0007] In some configurations of the EGHR system in the above paragraph, the
heat exchanger assembly includes end cones that are disposed at opposing ends of
the heat exchanger core and attached to the first shell of the housing assembly.

[0008] In some configurations of the EGHR system of any one or more of the
above paragraphs, a gap exists between the heat exchanger assembly and the first
shell.

[0009] In some configurations of the EGHR system of any one or more of the
above paragraphs, the first and second shells cooperate to define openings at opposing
sides of the housing assembly.

[0010] In some configurations of the EGHR system of any one or more of the
above paragraphs, the valve assembly includes a valve housing having trunnions at
opposing sides thereof. The trunnions extend through the openings at the opposing
sides of the housing assembly.

[0011] In some configurations of the EGHR system of any one or more of the
above paragraphs, the trunnions are attached to the first and second shells at the joint.

[0012] In some configurations of the EGHR system of any one or more of the
above paragraphs, a cavity extends at least partially through each trunnion. A ring and
a bushing are disposed on opposing ends of the valve shaft and within the cavity.

[0013] In some configurations of the EGHR system of any one or more of the
above paragraphs, a cap is disposed within the cavity, adjacent to the ring and
sealingly engaged with the trunnion.

[0014] In some configurations of the EGHR system of any one or more of the
above paragraphs, an actuator assembly is attached to the valve shaft and mounted to
the housing assembly.

[00156] In some configurations of the EGHR system of any one or more of the
above paragraphs, a first indentation is formed in the second shell and extends into the
first exhaust gas passageway, and a second indentation is formed in the first shell and
extends into the first exhaust gas passageway. The first and second indentations

provide a thermal stress relief.
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[0016] In some configurations of the EGHR system of any one or more of the
above paragraphs, the first and second shells overlap one another at the joint.

[0017] In some configurations of the EGHR system of any one or more of the
above paragraphs, an edge of the first shell and an edge of the second shell contact
the valve assembly at the joint of the first and second shells.

[0018] In another form, the present disclosure provides an exhaust gas heat
recovery (EGHR) system including a housing assembly, a valve assembly, a heat
exchanger assembly and a baffle. The housing assembly defines an inlet, an outlet,
and a first exhaust gas passageway in fluid communication with the inlet and the outlet.
The valve assembly is disposed within the housing assembly and includes a valve
housing and a valve plate. The valve housing is attached to the first and second shells.
The valve plate is rotatable between a first position allowing exhaust gas flow through
the first exhaust gas passageway, and a second position allowing exhaust gas flow
through the second exhaust gas passageway and preventing exhaust gas flow through
the first exhaust gas passageway. The heat exchanger assembly at least partially
defines a second exhaust gas passageway in fluid communication with the inlet and the
outlet and includes a heat exchanger core having a working fluid circulating therein.
The working fluid being in thermal communication with exhaust gas in the second
exhaust gas passageway. The baffle extends from an inner surface of the housing
assembly into the first exhaust gas passageway and defines an opening. The valve
plate is sealingly engaged with the valve housing when in the second position and
sealingly engaged with the baffle when in the first position.

[0019] In some configurations of the EGHR system of the above paragraph, the
valve housing includes a valve seat that is attached to the second shell and defines a
rectangular-shaped opening.

[0020] In some configurations of the EGHR system of any one or more of the
above paragraphs, the valve plate includes a curved first portion and a second portion
extending from the first portion. The first portion is attached to a diametrical surface of
a valve shaft.

[0021] In some configurations of the EGHR system of any one or more of the
above paragraphs, a first pad is attached to a first surface of the second portion of the
valve plate and is sealingly engaged with the baffle along a periphery of the opening

when the valve plate is in the first position.
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[0022] In some configurations of the EGHR system of any one or more of the
above paragraphs, a second pad is attached to a second surface of the second portion
of the valve plate opposite the first surface. The second pad has a larger surface area
than the first pad and is sealingly engaged with the valve seat along a periphery of the
opening when the valve plate is in the second position.

[0023] In some configurations of the EGHR system of any one or more of the
above paragraphs, the valve plate and the first and seconds pads extend parallel to a
longitudinal axis of the housing assembly when the valve plate is in the first position.

[0024] In some configurations of the EGHR system of any one or more of the
above paragraphs, a first indentation is formed in the second shell and extends into the
first exhaust gas passageway, and a second indentation is formed in the first shell and
extends into the first exhaust gas passageway. The first and second indentations
provide a thermal stress relief.

[0025] In some configurations of the EGHR system of any one or more of the
above paragraphs, the valve plate is sealingly engaged with the baffle downstream of
the heat exchanger assembly when the valve plate is in the first position such that fluid
flow downstream of the heat exchanger assembly is reduced.

[0026] In yet another form, the present disclosures provides an exhaust gas heat
recovery system including a housing assembly, a valve assembly, a heat exchanger
assembly and an actuator assembly. The housing assembly defines an inlet, an outlet,
and a first exhaust gas passageway in fluid communication with the inlet and the outlet.
The valve assembly is disposed within the housing assembly and includes a valve shaft
and a valve plate attached to the valve shaft. The valve plate is rotatable about an axis
of the valve shaft between a first position allowing exhaust gas flow through the first
exhaust gas passageway, and a second position allowing exhaust gas flow through the
second exhaust gas passageway and preventing exhaust gas flow through the first
exhaust gas passageway. The heat exchanger assembly partially defines a second
exhaust gas passageway in fluid communication with the inlet and the outlet and
includes a heat exchanger core having a working fluid circulating therein. The working
fluid being in thermal communication with exhaust gas in the second exhaust gas
passageway. The actuator assembly is coupled to the housing assembly and includes a

spring and an actuator. The spring being drivingly coupled at one end to the actuator
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and at an opposite end to the valve shaft. The actuator being adapted to rotate the
valve plate between the first and second positions via the spring and the valve shaft.
[0027] Further areas of applicability will become apparent from the description
provided herein. The description and specific examples in this summary are intended
for purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS

[0028] The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended to
limit the scope of the present disclosure.

[0029] Figure 1 is a perspective view of an exhaust gas heat recovery system
according to the principles of the present disclosure;

[0030] Figure 2 is a schematic representation of an engine and an exhaust
system having the exhaust gas heat recovery system;

[0031] Figure 3 is a front view of the exhaust gas heat recovery system;

[0032] Figure 4 is a side view of the exhaust gas heat recovery system;

[0033] Figure 5 is an exploded perspective view of the exhaust gas heat
recovery system;

[0034] Figure 6 is a cross-sectional view of the exhaust gas heat recovery
system in a bypass position;

[0035] Figure 7 is a cross-sectional view of the exhaust gas heat recovery
system in a heat-exchange position;

[0036] Figure 8 is another cross-sectional view of the exhaust gas heat recovery
system in the bypass position; and

[0037] Figure 9 is an exploded perspective view of a valve assembly of the
exhaust gas heat recovery system.

[0038] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION
[0039] Example embodiments will now be described more fully with reference to

the accompanying drawings.
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[0040] As shown in Figures 1-8, an exhaust gas heat recovery system (EGHR
system) 10 is provided. The EGHR system 10 may be disposed in an exhaust gas flow
path of an engine exhaust system 12 at any suitable location between a cylinder head
14 associated with an engine 16 and a tailpipe (not shown) through which fluid such as
exhaust gas is discharged into ambient air. In some configurations, the EGHR system
10 may be in direct or indirect fluid communication with a catalytic converter, a NOx
trap, an exhaust manifold, a turbo charger, or any other exhaust system component.
In some configurations, an exhaust gas recirculation (EGR) device (not shown) may be
disposed between the engine 16 and the EGHR system 10. In such configurations, the
EGHR system 10 may receive substantially all of the exhaust gas that is not
recirculated from the EGR device back to an engine intake charge air system 18 and/or
an intake air pipe 20. With reference to Figures 2-9, the EGHR system 10 may include
a housing assembly 22, a valve assembly 24, a heat exchanger assembly 26 and an
actuator assembly 28.

[0041] As shown in Figures 6 and 7, the housing assembly 22 may define an
inlet 30, an outlet 32 and a bypass or first fluid passageway 34 extending in a
longitudinal direction of the housing assembly 22 and between the inlet 30 and the
outlet 32. As shown in Figures 6 and 7, the housing assembly 22 may also cooperate
with the heat exchanger assembly 26 to define a second fluid passageway 35
extending between the inlet 30 and the outlet 32.

[0042] The housing assembly 22 may include a first or upper shell 36 and a
second or lower shell 38. With reference to Figures 5-7, the first shell 36 may have a
generally semi-circular or “U” cross-sectional shape (Figure 5) and may define a heat
exchanger inlet 40 and a heat exchanger outlet 42 at a top side 44 thereof. The second
shell 38 may have a generally semi-circular or “U” cross-sectional shape and may be
attached to the first shell 36 such that the first and second shells 36, 38 cooperate to
define the inlet 30, the outlet 32 and the bypass passageway 34. The first and second
shells 36, 38 may also be attached (e.g., welded) to each other at a joint 49. In some
configurations, the first shell 36 may include an end portion or edge 51 of sides 46 that
overlap a respective end portion or edge 43 of sides 48 of the second shell 38 at the
joint 49. Stated another way, an inner surface 50 of the first shell 36 is attached (e.g.,

welded) to an outer surface 52 of the second shell 38 at the joint 49. In this way, the
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EGHR system 10 may include fewer components, which may simply manufacturing and
assembly of the EGHR system 10.

[0043] With reference to Figures 6-9, the valve assembly 24 may be disposed
within the housing assembly 22 and may include a monolithic valve body or housing 54,
a valve shaft 56 and a valve plate 58. The valve body 54 may be a casting and may be
symmetrical about a plane A dividing the first fluid passageway 34 in half. The valve
body 54 may include trunnions 60 and a valve seat 62. The trunnions 60 may be
diametrically opposed to each other and may be integrally formed with the valve seat
62. The trunnions 60 may each define an aperture or cavity 64 extending at least
partially therethrough. The cavity 64 may be defined by an as-cast inner wall 65 that is
not machined after casting. Each trunnion 60 may extend laterally through an opening
66 defined by the first and second shells 36, 38. The openings 66 are at least partially
defined by elongated or possibly semi-circular first recesses 68 formed in the first shell
36 and corresponding elongated or possibly semi-circular second recesses 69 formed
in the second shell 38.

[0044] The valve seat 62 may include lands 71 surrounding each trunnion 60.
The first and second shells 36, 38 are welded to the valve seat 62 at each land 71. The
valve seat 62 may be attached (e.g., welded) to the first and second shells 36, 38 at the
joint. The valve seat 62 may include outside walls 73 that are contoured to correspond
to the inner walls 50 of the first shell 36 to restrict exhaust gas from passing between
the valve seat 62 and the housing assembly 22 and out the EGHR system 10. The
valve seat 62 may include a bottom wall 70, a top wall 72 and side walls 74 that define
a rectangular-shaped opening or bore 76. In some configurations, the bottom wall 70
and a bottom 78 of the second shell 38 may be attached (e.g., welded) to each other.
The top wall 72 and the top side 44 of the first shell 36 may be attached (e.g., welded)
to each other. Side walls 74 and the sides 48 of the second shell 38 may be attached
(e.g., welded) to each other. In this way, any gaps between the valve seat 62 and the
housing assembly 22 are removed, which reduces internal leaks (i.e., fluid flowing
through gaps between the valve seat 62 and the housing assembly 22 and not through
the heat exchanger assembly 26) of the EGHR system 10. The rectangular-shaped
opening 76 increases the flow rate of fluid flowing through the first fluid passageway 34
compared to a circular opening, for example. The valve seat 62 may also include a wall

81 that curves around a portion of the valve shaft 56.
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[0045] As shown in Figure 8, the valve shaft 56 may extend transverse (i.e.,
perpendicular relative to the longitudinal direction of the housing assembly 22) to the
bypass passageway 34 and may have an axis 79 that is positioned at the joint 49 of the
first and second shells 36, 38 (i.e., the axis is offset from the opening 76 defined in the
valve seat 62). The valve shaft 56 and the trunnions 60 may be coaxially aligned. A
wire-mesh bushing 80 and a ring 82 may be disposed within the aperture 64 of each
trunnion 60 and may directly engage the as-cast inner wall 65. The wire-mesh bushing
80 may be disposed on opposing ends 84 of the valve shaft 56 to rotatably support the
valve shaft 56. The final shape and density of each bushing 80 are achieved after
being disposed within the aperture 64 of each trunnion 60. In this way, the bushings 80
retention to the aperture 64 under axial loading is improved. Each ring 82 may be
sealingly engage with a respective trunnion 60. A protrusion 86 may extend radially
inwardly (i.e., perpendicular relative to the axis 79 of the valve shaft 56) from the inner
wall 65 of the aperture 64. In this way, the ring 82 and the protrusion 86 may cooperate
to prevent the bushing 80 from moving axially within the aperture 64. The ring 82 may
also reduce external leaks (i.e., fluid flowing out of the EGHR system 10) of the EGHR
system 10. A cap 88 may be disposed within the aperture 64 of one of the trunnions 60
and may be adjacent to one of the ends 84 of the valve shaft 56. The cap 88 may be
sealingly engaged with the one of the trunnions 60 such that fluid flowing through the
first fluid passageway 34 does not leak out the EGHR system 10. In some
configurations, the cap 88 may be disposed outside of the aperture 64 and may be
pressed onto one of the ends 84 of the valve shaft 56. In such configurations, the cap
88 may cover the aperture 64 such that fluid flowing through the first fluid passageway
34 does not leak out the EGHR system 10. The actuator assembly 28 may be attached
to the other end 84 of the valve shaft 56.

[0046] The valve plate 58 may disposed within the housing assembly 22 and
fixed for rotation with the valve shaft 56. The valve plate 58 may be rotatable about the
axis 79 of the valve shaft 56 between a first position (Figure 6) whereat fluid flows
through the bypass passageway 34 and fluid is prevented from flowing through the
second fluid passageway 35. Figure 7 depicts the valve plate 58 at a second position
allowing fluid flow through the second fluid passageway 35 and preventing fluid flow
through the bypass passageway 34. The valve plate 58 angle of rotation between the

first and second positions may be between 45 degrees and 120 degrees, for example.
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[0047] The valve plate 58 may include a curved first portion 92 and a generally
rectangular-shaped and planar second portion 94 extending from the first portion 92.
The first portion 92 may be attached (e.g., welded) to a diametrical surface 96 of the
valve shaft 56 so that the valve plate 58 is rotationally fixed to the valve shaft 56. A first
pad 98 may be positioned on a first surface 100 of the second portion 94 of the valve
plate 58. The first pad 98 may have a surface area that is smaller than a surface area
of the second portion 94. A first retainer 102 may be positioned on a surface of the first
pad 98 opposite the second portion 94. The first retainer 102 may have a surface area
that is smaller than the surface area of the first pad 98. A second pad 104 may be
positioned on a second surface 106 opposite the first surface 100 of the second portion
94 of the valve plate 58. The second pad 104 may have a surface area that is smaller
than the surface area of the second portion 94 and the first pad 98. A second retainer
108 may be positioned on a surface of the second pad 104 opposite the second portion
94. The second retainer 108 may have a surface area that is smaller than the surface
area of the second pad 104. A plurality of fasteners 109 (e.g., rivets, bolts, screws)
may extend through the valve plate 58, the pads 98, 104 and the retainers 102, 108,
thereby attaching the valve plate 58, the pads 98, 104 and the retainers 102, 108
together. For example, the pads 98, 104 may be made of a deformable wire-mesh
material, and thus, the retainers 102, 108 may facilitate attachment and retention of the
pads 98, 104 to the valve plate 58.

[0048] In some configurations, the first pad 98 may be attached to the valve seat
62 as oppose to the valve plate 58 and/or the second pad 104 may be attached to the
baffle 110 as oppose to the valve plate 58. In such configurations, the valve plate 58
may be sealingly engaged with the second pad 104 when in the first position and
sealingly engaged with the first pad 98 when in the second position.

[0049] As shown in Figures 6 and 7, a cup-shaped baffle 110 may extend from
the inner surface 50 of the first shell 36 into the first fluid passageway 34 and may
define an opening 112 that is in fluid communication with the heat exchanger outlet 42.
The baffle 110 may have a rectangular-shaped plate 111 and flanges 113. The plate
111 may define the opening 112 and the flanges 113 may extend from opposing edges
125 of the plate 111 and may be coupled (e.g., welded) with the inner surface 50 of the
first shell 36. When the valve plate 58 is in the first position, the second pad 104 may
be sealingly engaged with the baffle 110 along a periphery of the opening 112 to
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prevent fluid flow through the second fluid passageway 35. In some configurations,
flanges (not shown) may extend from opposing edges 117 of the plate 111 and may be
coupled (e.g., welded) with the inner surface 50 of the first shell 36. In this way, when
the valve plate 58 is in the first position, fluid in the baffle 110 may not be able to leak
through any gaps between the baffle 110 and the first shell 36.

[0050] The second pad 104 may be made of a wire-mesh material or any other
suitable material that reduces noise as the second pad 104 is sealingly engaged with
the baffle 110 along the periphery of the opening 112. The valve plate 58, the pads 98,
104 and the retainers 102, 108 may also be parallel to a longitudinal axis 113 of the
housing assembly 22 when the valve plate 58 is in the first position (Figure 6). When
the valve plate 58 is in the second position (Figure 7), the first pad 98 may be sealingly
engaged with the valve seat 62 along a periphery of the opening 76 such that fluid is
not allowed to flow through the bypass passageway 34. The first pad 98 may be made
of a wire-mesh material or any other suitable material that reduces noise as the first
pad 98 is sealingly engaged with the valve seat 62 along the periphery of the opening
76. In some configurations, the valve plate 58 may be movable to a third or
intermediate position (i.e., a position between the first position and second positions).
In such configurations, the valve plate 58 may control fluid flow through both the first
fluid passageway 34 and the second fluid passageway 36.

[0051] The heat exchanger assembly 26 may be attached to the first shell 36 at
the top side 44 and may include end cones 115 and a heat exchanger core 116 that are
in fluid communication with each other. Each end cone 115 consists of a single piece
that is deep drawn. As shown in Figures 6 and 7, the end cones 115 and the heat
exchanger core 116 may also cooperate with the heat exchanger inlet 40 and the heat
exchanger outlet 42 to define the second fluid passageway 35. The end cones 115 are
attached to opposing ends of the heat exchanger core 116. One of the end cones 115
may be attached (e.g., welded) to the first shell 36 at a location upstream of the heat
exchanger core 116 and may define an opening 117 that is in fluid communication with
the heat exchanger inlet 40. The opening 117 may be smaller than the heat exchanger
inlet 40 so that a land 119 is formed for welding the first shell 36 to the one of the end
cones 115.

[0052] Another of the end cones 115 may be attached (e.g., welded) to the first

shell 36 at a location downstream of the heat exchanger core 116 and may define an
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opening 118 that is in fluid communication with the heat exchanger outlet 42. The
opening 118 may be smaller than the heat exchanger outlet 42 so that a land 131 is
formed for welding the first shell 36 to the other of the end cones 115. When the valve
plate 58 is in the first position (Figure 6), the valve plate 58 is sealingly engage with the
baffle 110 at the location downstream of the heat exchanger core 116 such that fluid
flow at the location downstream of the heat exchanger core 116 is prevented (i.e., the
opening 118, the opening 112 and the heat exchanger outlet 42 is not in fluid
communication with the outlet 32). In some configurations, the baffle 110 may extend
from the inner surface 50 of the first shell 36 into the first fluid passageway 34 and may
define the opening 112 that is in fluid communication with the heat exchanger inlet 40.
In such configurations, when in the first position, the valve plate 58 may be sealingly
engaged with the baffle 110 at a location upstream of the heat exchanger assembly 26
such that fluid flow into the heat exchanger assembly 26 is prevented. Each end cone
115 may include a curved surface 120 that facilitates fluid flow through the heat
exchanger assembly 26.

[0053] The heat exchanger core 116 is positioned above the top side 44 of the
first shell 36 such that a gap 121 (Figures 4, 6 and 7) exists therebetween. This
reduces heat conducted from the housing assembly 22 to the heat exchanger assembly
26. With references to Figures 6-8, the heat exchanger core 116 may include a top
coolant plate or tube 122, a plurality of interior coolant plates or tubes 123 and a bottom
coolant plate or tube 124 that extend parallel to each other and to the longitudinal axis
113 of the housing assembly 22. The top coolant plate 122 may cooperate with a top
plate 126 of the heat exchanger core 116 to define a first coolant cavity 128. The
bottom coolant plate 124 may cooperate with a bottom plate 130 of the heat exchanger
core 116 to define a second coolant cavity 132. The interior coolant plates 123 may
cooperate with each other such that third coolant cavities 134 are formed
therebetween.

[0054] Working fluid (e.g., engine coolant, engine oil, or transmission fluid) may
enter the cavities 128, 132, 134 via an inlet 136 where the working fluid is circulated
through the cavities 128, 132, 134 before exiting the cavities 128, 132, 134 via an outlet
138. Exhaust gas may flow through passages 140 (Figures 6-8) defined between the
plates 122, 123, 124 and may transfer heat to working fluid circulating through the

cavities 128, 132, 134. In this way, heat recovered by working fluid exiting the cavities
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128, 132, 134 may be used for rapid warm-up of engine coolant to aid in faster
windshield defrosting, improved HVAC (heating, ventilation and air condition) system
performance, and/or to improve fuel economy by reducing viscous losses through
heating of various fluid systems in the vehicle, such as engine oil and transmission
fluid, for example. It should be understood that the coolant cavities 128, 132, 134 are
fluidly isolated from the passages 140.

[0055] As shown in Figures 6 and 7, L-shaped flanges 139 may extend from the
bottom coolant plate 124 of the heat exchanger core 116 and may cooperate with the
bottom plate 130 and respective end cones 115 to define an aperture 141. The heat
exchanger core 116 and the end cones 115 may be attached to each other by welding
at the aperture 141.

[0056] As shown in Figures 5-7, a first U-shaped indentation 142 is formed in the
second shell 38 and extends into the bypass passageway 34. A second indentation
144 is formed in the first shell 36 at the top side 44 and extends into the bypass
passageway 34. The first indentation 142 and the second indentation 144 allow the
housing assembly 22 to flex as the housing assembly 22 expands and the EGHR
system 10 experiences thermal stresses, which prevent damage to the EGHR system
10. For example, the housing assembly 22 may operate at a higher temperature than
the heat exchanger assembly 26 due to exhaust gas flowing through the housing
assembly 22 and working fluid circulating through the heat exchanger assembly 26.
The housing assembly 22 may expand because of the increase temperature, which
causes thermal stress in the system 10 (i.e., due to the temperature difference between
the housing assembly 22 and the heat exchanger assembly 26). The first and second
indentations 142, 144 allow the housing assembly 22 to flex as thermal stress occurs,
which prevents damage to the EGHR system 10.

[0057] With reference to Figures 1, 3, 5 and 8, the actuator assembly 28 may
include a first plate 146, a second plate 148, a bracket 150 (Figures 5 and 8), a coiled
spring 152 (Figures 8) and an actuator 154. The first plate 146 may include a plate
surface 156 and attachment members 158 extending from a periphery of the plate
surface 156. The plate surface 156 may define an opening 159 (Figure 8) extending
therethrough. The attachment members 158 may be attached (e.g., welded) to the
housing assembly 22. As shown in Figure 8, the second plate 148 may include an

inner portion 160, an intermediate portion 162 and flanges 164. The inner portion 160
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may be attached (e.g., welded) to the plate surface 156 of the first plate 146 and may
define an opening 166 extending therethrough. The intermediate portion 162 may
extend outwardly (i.e., away from the housing assembly 22) from the inner portion 160
and may cover a side of the actuator 154 that is facing the housing assembly 22,
thereby reducing the actuator 154 exposure to heat from the housing assembly 22. The
flanges 164 may extend from a periphery of the intermediate portion 162 and may
define openings (not shown) extending therethrough.

[0058] The L-shaped bracket 150 may extend through the openings 159, 166 of
the plate surface 156 and the inner portion 160, respectively, and may be rotatably
attached to the other of the ends 84 of the valve shaft 56 such that rotation of the
bracket 150 causes corresponding rotation of the valve shaft 56 and the valve plate 58.
The bracket 150 may include an end portion 168 that defines a groove 170 therein. A
first end 172 of the spring 152 may be disposed in the groove 170 and a second end
174 of the spring 152 may be engaged to the actuator 154. In this way, the actuator 154
is configured to rotate the valve shaft 56 (via the spring 152 and the bracket 150),
which, in turn, rotates the valve plate 58 between the first and second positions. A
control module (not shown) may communicate with the actuator 154 to rotate the valve
shaft 56 and the valve plate 58 between the first and second positions based at least
partially on a temperature of the engine 16 or working fluid flowing through the heat
exchanger assembly 26, for example. The bracket 150 and the spring 152 may
provide a torturous path from the valve shaft 56 to the actuator 154, which reduces heat
conducted from the valve shaft 56 to the actuator 154. The spring 152 may also reduce
any vibration transferred to the actuator 154 from the valve plate 58 as the valve plate
58 contacts the baffle 110 and the valve body 54.

[0059] The actuator 154 may include mounting portions 176 that may extend
from the actuator 154 and may define openings (not shown) that are aligned with
openings (not shown) of the flanges 164. Bolts 178 may extend through the openings of
the mounting portions 176 and the openings of the flanges 164 to mount the actuator
assembly 28 to a vehicle component (not shown). It should be understood that each
trunnion 60 is adapted to cooperate with the actuator assembly 28 and allow the
actuator assembly 28 to be positioned on either side of the valve seat 62 and the
housing assembly 22 without changes to the housing assembly 22, the valve assembly

24, or the heat exchanger assembly 26.
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[0060] With continued reference to Figures 1-9, assembly of the EGHR system
10 will not be described. First, the end cones 115 are attached to opposing ends of the
heat exchanger core 116. Next, the baffle 110 is attached (e.g., welded) to the inner
surface 50 of the first shell 36 so that the opening 112 is in fluid communication with the
heat exchanger outlet 42.

[0061] Next, the second shell 38 is attached (e.g., welded) to the valve seat 62 of
the valve housing 54. That is, the bottom wall 70 and the bottom 78 of the second shell
38 are attached (e.g., welded) to each other and the side walls 74 and the sides 48 of
the second shell 38 are attached (e.g., welded) to each other. After the valve shaft 56 is
installed in the trunnions 60 of the valve seat 62, then the valve plate 58 is welded to
the valve shaft 56.

[0062] Next, the first shell 36 and the heat exchanger assembly 26 are attached
(e.g., welded) to each other. That is, the first shell 36 and the one of the end cones 115
are welded together via the land 119 so that the opening 117 is in fluid communication
with the heat exchanger inlet 40, and the first shell 36 and the other of the end cones
115 are welded together via the land 131 so that the opening 118 is in fluid
communication with the heat exchanger outlet 42.

[0063] Next, the first and second shells 36, 38 are attached (e.g., welded) to
each other along the joint 49 and are also attached (e.g., welded) to the valve seat 62
at each land 71. Finally, the actuator assembly 28 is attached to the housing assembly
22 and the valve shaft 56 of the valve assembly 24, as described above. The assembly
of the EGHR system 10 as described above reduces overall assembly time and also
reduces manufacturing tolerances between parts of the EGHR system 10.

[0064] Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled in the art. Numerous
specific details are set forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodiments of the present
disclosure. It will be apparent to those skilled in the art that specific details need not be
employed, that example embodiments may be embodied in many different forms and
that neither should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known

technologies are not described in detail.
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[0065] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the

nn

singular forms "a,” "an," and "the" may be intended to include the plural forms as well,
unless the context clearly indicates otherwise. The terms "comprises," "comprising,"
‘including,” and “having,” are inclusive and therefore specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as necessarily requiring their
performance in the particular order discussed or illustrated, unless specifically identified
as an order of performance. It is also to be understood that additional or alternative
steps may be employed.

[0066] When an element or layer is referred to as being "on," “engaged to,”
"connected to," or "coupled to" another element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or intervening elements or layers
may be present. In contrast, when an element is referred to as being "directly on,"
“directly engaged to,” "directly connected to," or "directly coupled to" another element or
layer, there may be no intervening elements or layers present. Other words used to
describe the relationship between elements should be interpreted in a like fashion (e.g.,

nou

‘between” versus “directly between,” “adjacent” versus “directly adjacent,” etc.). As
used herein, the term "and/or" includes any and all combinations of one or more of the
associated listed items.

[0067] Although the terms first, second, third, etc. may be used herein to
describe various elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should not be limited by these
terms. These terms may be only used to distinguish one element, component, region,
layer or section from another region, layer or section. Terms such as “first,” “second,”
and other numerical terms when used herein do not imply a sequence or order unless
clearly indicated by the context. Thus, a first element, component, region, layer or
section discussed below could be termed a second element, component, region, layer
or section without departing from the teachings of the example embodiments.

” 13

[0068] Spatially relative terms, such as “inner,” “outer,” "beneath," "below,"

"lower," "above," "upper," and the like, may be used herein for ease of description to
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describe one element or feature's relationship to another element(s) or feature(s) as
illustrated in the figures. Spatially relative terms may be intended to encompass
different orientations of the device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the figures is turned over, elements
described as "below" or "beneath" other elements or features would then be oriented
"above" the other elements or features. Thus, the example term "below" can
encompass both an orientation of above and below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0069] The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure. Individual elements or features of a particular embodiment are generally not
limited to that particular embodiment, but, where applicable, are interchangeable and
can be used in a selected embodiment, even if not specifically shown or described. The
same may also be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be included

within the scope of the disclosure.
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CLAIMS

What is claimed is:

1. An exhaust gas heat recovery (EGHR) system, comprising:

a housing assembly including first and second shells defining an inlet, an outlet,
and a first exhaust gas passageway in fluid communication with the inlet and the outlet;

a heat exchanger assembly at least partially defining a second exhaust gas
passageway in fluid communication with the inlet and the outlet and including a heat
exchanger core having a working fluid circulating therein, the working fluid being in
thermal communication with exhaust gas in the second exhaust gas passageway; and

a valve assembly disposed within the housing assembly and including a valve
shaft and a valve plate attached to the valve shaft, the valve plate rotatable between a
first position whereat exhaust gas flow through the first exhaust gas passageway is
allowed and exhaust gas flow through the second exhaust gas passageway is
prevented, the valve plate being rotatable to a second position whereat exhaust gas
flow through the second exhaust gas passageway is allowed and exhaust gas flow
through the first exhaust gas passageway is prevented, wherein the first and second
shells are attached to each other at a joint, an axis of the valve shaft being positioned at

the joint of the first and second shells.

2. The EGHR system of Claim 1, wherein the heat exchanger assembly includes
end cones that are disposed at opposing ends of the heat exchanger core and attached

to the first shell of the housing assembly.

3. The EGHR system of Claim 2, wherein a gap exists between the heat exchanger

assembly and the first shell.

4. The EGHR system of Claim 1, wherein the first and second shells cooperate to

define openings at opposing sides of the housing assembly.

5. The EGHR system of Claim 4, wherein the valve assembly includes a valve
housing having trunnions at opposing sides thereof, and wherein the trunnions extend

through the openings at the opposing sides of the housing assembly.
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6. The EGHR system of Claim 5, wherein the trunnions are attached to the first and

second shells at the joint.

7. The EGHR system of Claim 6, wherein a cavity extends at least partially through
each trunnion, and wherein a ring and a bushing are disposed on opposing ends of the

valve shaft and within the cavity.

8. The EGHR system of Claim 1, further comprising an actuator assembly attached

to the valve shaft and mounted to the housing assembly.

9. The EGHR system of Claim 1, further comprising a baffle extending from an
inner surface of the housing assembly into the first exhaust gas passageway and
defining an opening, wherein the valve plate is sealingly engaged with the valve
housing when in the second position and sealingly engaged with the baffle when in the

first position.

10. The EGHR system of Claim 9, wherein the valve plate is sealingly engaged with
the baffle downstream of the heat exchanger assembly when the valve plate is in the
first position such that fluid flow downstream of the heat exchanger assembly through

the second exhaust passageway is reduced.
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