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Fluid-Cooled Manifolds and Engine Systems

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Patent Application No. 16/855,990,
filed April 22, 2020, entitled “Flud-Cooled Manifolds and Engine Systems,” and U.S.
Provisional Application No. 62/957.681, filed January 6, 2020, entitled “Flud-Cooled
Manifolds and Engine Systems.” The entire disclosure contents of each of these applications

are herewith incorporated by reference into the present application.

BACKGROUND

[0002] As an internal combustion engine 1s operated, the exhaust typically leaves the
engine at an elevated temperature. Rather than simply emit the exhaust into the atmosphere
and allow the energy to go to waste, there are various ways 1n which the energy in the
exhaust can be captured and utilized. For example, a turbocharger can be driven by the
exhaust 1n order to pressurize intake air into the engine. With the pressurized intake air,

additional fuel can also be added to the engine 1n order to produce more power.

[0003] As the power output of the engine increases, the exhaust temperature will typically
also increase. While increases 1n the temperature of the exhaust represent additional energy
that might be recaptured, higher temperatures may approach or exceed the operating limits of
the materials of the exhaust components or of the turbocharger. Thus, the turbocharger cannot
be operated where the exhaust temperature exceeds an operating threshold, which puts a limat

on the overall power output of the engine.

[0004] Unless otherwise indicated herein, the description provided 1n this section 1s not

prior art to the claims and 1s not admitted to be prior art by inclusion in this section.
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SUMMARY

[0005] The present disclosure describes implementations that relate to a fluid-cooled
manifold. Beneficially, embodiments described herein may provide the ability to increase the
power output of an engine without damaging exhaust components of the engine or a

turbocharger associated with the engine.

[0006] In a first aspect, the present disclosure describes a fluid-cooled manifold for
cooling exhaust from an engine. The fluid-cooled manifold includes a plurality of exhaust
runners including a first exhaust runner and a second exhaust runner, where the first exhaust
runner 1s detached from the second exhaust runner. Each of the plurality of exhaust runners
includes a runner body having an inlet end and an outlet end, an exhaust conduit extending
through the runner body from an exhaust inlet opening at the inlet end of the runner body to
an exhaust outlet opening at the outlet end of the runner body, and a coolant passage
extending through the runner body from a coolant inlet opening to a coolant outlet opening.
The fluid-cooled manifold also includes an exhaust collection manifold including a plurality
of inlets. Each inlet of the exhaust collection manifold 1s coupled to the exhaust outlet
opening of a respective one of the plurality of exhaust runners. Further, the fluid-cooled
manifold also includes a coolant feed pipe and a coolant exit pipe. The coolant feed pipe
includes a plurality of outlets, where each outlet of the coolant feed pipe 1s coupled to the
coolant inlet of a respective one of the plurality of exhaust runners. The coolant exit pipe
includes a plurality of inlets, where each inlet of the coolant exit pipe 1s coupled to the

coolant outlet of a respective one of the plurality of exhaust runners.

[0007] In an embodiment of the fluid-cooled manifold, for each exhaust runner of the
plurality of exhaust runners, the coolant passage 1s concentrically disposed around the

exhaust conduit.
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[0008] In another embodiment of the fluid-cooled manifold, for each exhaust runner of the
plurality of exhaust runners, the coolant passage has an annular cross section that surrounds

the exhaust conduit and that extends along a majority of a length the exhaust conduut.

[0009] In another embodiment of the fluid-cooled manifold, for each exhaust runner of the
plurality of exhaust runners, the coolant inlet opening 1s disposed at the inlet end of the
exhaust runner and the coolant outlet opening 1s disposed at the outlet end of the exhaust

Iunner.

[0010] In another embodiment of the fluid-cooled manifold, for each exhaust runner of the
plurality of exhaust runners, the coolant inlet opening 1s disposed at the outlet end of the
exhaust runner and the coolant outlet opening 1s disposed at the inlet end of the exhaust

unner.

[0011] In another embodiment of the flmd-cooled manifold, the plurality of exhaust

runners includes a third exhaust runner and a fourth exhaust runner.

[0012] In another embodiment of the flmd-cooled manifold, each exhaust runner of the
plurality of exhaust runners 1s detached from the other exhaust runners of the plurality of

exhaust runners.

[0013] In another embodiment of the flud-cooled manifold, each exhaust runner of the
plurality of exhaust runners has the same shape as the other exhaust runners of the plurality of

exhaust runners.

[0014] In another embodiment of the fluid-cooled manifold, the coolant feed pipe and the

coolant exit pipe have the same shape.

[0015] In another aspect, the disclosure describes an engine system. The engine system

includes a plurality of exhaust ports including a first group of exhaust ports. The engine
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system also includes a first fluid-cooled manifold coupled to the engine configured to receive
exhaust from the first group of exhaust ports. The first flmd-cooled manifold includes a first
ogroup of exhaust runners including a first exhaust runner and a second exhaust runner. The
first exhaust runner 1s detached from the second exhaust runner. Each of the first group of
exhaust runners includes a runner body having an inlet end and an outlet end, an exhaust
conduit extending through the runner body from an exhaust inlet opening at the inlet end of
the runner body to an exhaust outlet opening at the outlet end of the runner body, wherein the
exhaust inlet 1s coupled to a respective exhaust port of the first group of exhaust ports, and a
coolant passage extending through the runner body from a coolant inlet opening to a coolant
outlet opening. The first fluid-cooled manifold also includes an exhaust collection manifold
including a plurality of inlets. Each inlet of the exhaust collection manifold 1s coupled to the
exhaust outlet opening of a respective one of the first group of exhaust runners. The first
flurd-cooled manifold also includes a coolant feed pipe including a plurality of outlets and a
coolant exit pipe including a plurality of inlets. Each outlet of the coolant feed pipe 1s
coupled to the coolant inlet of a respective one of the first group of exhaust runners. Each
inlet of the coolant exit pipe 1s coupled to the coolant outlet of a respective one of the first

ogroup of exhaust runners.

[0016] In an embodiment of the engine system, for each exhaust runner of the first group of
exhaust runners of the first fluid-cooled manifold, the coolant passage 1s concentrically

disposed around the exhaust passage.

[0017] In another embodiment of the engine system, for each exhaust runner of the first
oroup of exhaust runners of the first fluid-cooled manifold, the coolant passage has an
annular cross section that surrounds the exhaust passage and that extends along a majority of

the exhaust passage.
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[0018] In another embodiment of the engine system, the engine system further includes a
turbocharger, where the first fluid-cooled manifold 1s coupled to the turbocharger and 1s

configured to deliver cooled exhaust to the turbocharger.

[0019] In another embodiment of the engine system, the plurality of exhaust ports of the
engine further includes a second group of exhaust ports and the engine system further
includes a second fluid-cooled manifold. The second fluid-cooled manifold includes a
second group of exhaust runners. Each exhaust runner of the second group of exhaust
runners including an exhaust inlet coupled to a respective exhaust port of the second group of

exhaust ports.

[0020] In another embodiment of the engine system, each of the exhaust runners of the first

oroup of exhaust runners and the second group of exhaust runners has the same shape.

[0021] In another aspect, the disclosure describes a coolant circulation system for an
engine. The coolant circulation system includes a pump configured to circulate coolant
through the coolant circulation system. A first cooling line 1s 1n fluid communication with
the pump, where the first cooling line includes engine coolant passages extending through a
portion of the engine. A first junction 1s downstream of the first cooling line. A first cold
return line extends from the first junction to the pump. A first hot return line extends from
the first junction to the pump, where the first hot return line passes through a heat exchanger
configured to cool the coolant 1n the first hot return line. A first thermostat 1s disposed at the
first yjunction and configured to direct a portion of flow from the first cooling line to the first
cold return line or the first hot return line based on a temperature of the coolant at the first
junction. A second cooling line 1s in fluid communication with the pump, where the second
cooling line includes manifold coolant passages extending through a first cooled exhaust

manifold. A second junction 1s downstream of the second cooling line. A second cold return



WO 2021/141867 PCT/US2021/0121235

line extends from the second junction to the pump. A second hot return line extends from the
second junction to the pump, where the second hot return line passes through the heat
exchanger so as to cool the coolant in the second hot return line. A second thermostat 1s
disposed at the second junction and 1s configured to direct a portion of flow from the second
cooling line to the second cold return line or the second hot return line based on a

temperature of the coolant at the second junction.

[0022] In an embodiment of the coolant circulation system, each manifold coolant passage
of the first cooled exhaust manifold 1s an annular passage concentrically disposed around a

respective exhaust passage of the first cooled exhaust manifold.

[0023] In another embodiment of the coolant circulation system, the second cooling line

also includes engine coolant passages extending through a portion of the engine.

[0024] In another embodiment of the coolant circulation system, the first cooling line

includes coolant passages extending through an engine head of the engine.

[0025] In another embodiment of the coolant circulation system, the manifold coolant
passages extending through the first cooled exhaust manifold are part of a first portion of the
second cooling line. A second portion of the second cooling line includes manifold coolant
passages extending through a second cooled exhaust manifold, and the first portion of the

second cooling line runs parallel to the second portion of the second cooling line.

[0026] The foregoing summary 1s illustrative only and 1s not intended to be 1n any way
limiting. In addition to the illustrative aspects, implementations, and features described
above, further aspects, implementations, and features will become apparent by reference to

the figures and the following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included to provide a further understanding
of the disclosure, are incorporated 1n and constitute a part of this specification, illustrate
embodiments of the disclosure, and together with the detailed description serve to explain the
principles of the disclosure. No attempt 1s made to show structural details of embodiments of
the disclosure 1n more detail than may be necessary for a fundamental understanding of the

embodiments of the disclosure and various ways 1n which 1t may be practiced.

[0028] FIG. 1 1s a perspective view of a fluid-cooled manifold according to an embodiment

of the disclosure;

[0029] FIG. 2 1s an exploded view of the fluid-cooled manifold according to FIG. 1;

[0030] FIG. 3 1s a cross-sectional view of an exhaust runner of the fluid-cooled manifold

according to FIG. 1;

[0031] FIG. 4 1s a schematic depiction of the fluid-cooled manifold according to FIG. 1;

[0032] FIG. 5 1s a schematic depiction of a flud-cooled manifold according to another

embodiment of the disclosure;

[0033] FIG. 615 a1s a schematic depiction of a fluid-cooled manifold according to another

embodiment of the disclosure;

[0034] FIG. 7 1s a schematic depiction of a flud-cooled manifold according to another

embodiment of the disclosure;

[0035] FIG. 8 1s a perspective view of an engine system according to an embodiment of the

disclosure;

[0036] FIG. 9 1s a schematic depiction of the engine system according to FIG. 8; and
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[0037] FIG. 101s a schematic depiction of a coolant circulation system according to

another embodiment of the disclosure.

DETAILED DESCRIPTION

[0038] Exemplary apparatus and systems are described herein. It should be understood that
the word “exemplary™ 1s used herein to mean “serving as an example, instance, or
1llustration.” Any embodiment or feature described herein as “exemplary™ or an “example™ 1s
not necessarily to be construed as preferred or advantageous over other embodiments or
features. The exemplary embodiments described herein are not meant to be limiting. It will be
readily understood that certain aspects of the disclosed apparatus and systems can be
arranged and combined 1n a wide vanety of different configurations, all of which are

contemplated herein.

[0039] FIG. 1 illustrates a fluid-cooled manifold 100 1n accordance with example
embodiment of the disclosure that 1s configured to receive and cool exhaust from an engine.
An exploded view of the fluid-cooled manifold 100 1s shown in FIG. 2. The fluid-cooled
manifold 100 may include a plurality of exhaust runners 102A-102D, including a first
exhaust runner 102A, a second exhaust runner 102B, a third exhaust runner 102C, and a
fourth exhaust runner 102D. The exhaust runners 102A-102D may be disposed 1n a line, as
shown 1n FIG. 1, where the first exhaust runner 102A and the second exhaust runner 102B
are positioned toward the center of the fluid-cooled manifold 100, whereas the third exhaust
runner 102C and the fourth exhaust runner 102D are positioned on the periphery of the fluid-
cooled manifold. As discussed in more detail below, the first exhaust runner 102 A and the

second exhaust runner 102B may be detached from one another.

[0040] Each of the exhaust runners 102A-102D may be configured to attach to an engine in

order to receive exhaust from the engine, as described in more detail below. For example,
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each exhaust runner 102A-102D 1s configured to attach an exhaust port associated with a
cylinder of the engine. In some embodiments the fluid-cooled manifold 1s configured such
that each exhaust runner 102A-102D 1s paired with one cylinder of the engine. In other
embodiments, each of the exhaust runners may be associated with more than one cylinder of
the engine. On the other hand, in other embodiments, more than one exhaust runner may be
associated with a cylinder of the engine. For example, in some embodiments, two exhaust
runners may be associated with each cylinder of the engine. In such embodiments, an adapter
may be positioned between the fluid-cooled manifold and the exhaust ports of the engine 1n
order to combine or divide exhaust from the exhaust ports for introduction into the fluid-

cooled manifold.

[0041] The fluid-cooled manifold 100 may also include an exhaust collection manifold 140
that receives exhaust from the exhaust runners 102A-102D and directs the exhaust
downstream, as explained in more detail below. The exhaust collection manifold 140 may
include a plurality of inlets 142A-142D, as shown 1n FIG. 2, that are respectively coupled to
the exhaust runners 102A-102D. Further, the fluid-cooled manifold 100 may also include a
coolant feed pipe 150 and a coolant exit pipe 154. The coolant feed pipe 150 may include a
plurality of outlets 152A-152D, as shown 1n FIG. 2, that are respectively coupled to the
exhaust runners 102A-102D. Likewise, the coolant exit pipe 154 may include a plurality of
inlets 156 A-156D, also shown 1in FIG. 2, that are respectively coupled to the exhaust runners
102A-102D. The coolant feed pipe 150 and coolant exit pipe 154 may be part of a coolant
circulation system that 1s configured to circulate a coolant through the fluid-cooled manifold,
as explained in more detail below. Accordingly, the coolant feed pipe 150 may include an
inlet 158 A for recerving coolant that 1s circulated through the coolant circulation system.
Further, the coolant feed pipe 150 may be configured to deliver the coolant to the exhaust

runners 102A-102D through the feed pipe outlets 152A-152D. Likewise, the coolant exit
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pipe 154 may be configured to receive the coolant from the exhaust runners 102A-102D via
the exit pipe inlets 156A-156D and include an outlet 158B to continue circulation of the

coolant through the coolant circulation system.

[0042] A side cross-sectional view of one of the exhaust runners 102 (e.g., exhaust runner
102A) of flmd-cooled manifold 100 1s shown 1in FIG. 3. As explained in more detail below,
the exhaust runners may all have a similar configuration. As shown in FIG. 3, exhaust runner
102 may 1nclude a runner body 104 having an inlet end 110 and an outlet end 120. The inlet
end 110 may include a first attachment surface 112 configured to be secured against the
engine so as to surround an exhaust port of the engine. Further, the inlet end 110 may also
include an exhaust inlet opening 114 that provides fluid access to an exhaust conduit 106 that
extends through the runner body 104. The exhaust inlet opening 114 extends through the first
attachment surface 112. The outlet end 120 may include a second attachment surface 122
that 1s attached to a respective inlet 142A-142D of the inlets of the exhaust collection
manifold 140. In various embodiments, a seal, such as a gasket, may be included between the
second attachment surface 122 and the respective inlet 142A-142D of the exhaust collection
manifold 140. The outlet end 120 of each exhaust runner may also include an exhaust outlet
opening 124 that extends through the second attachment surface 122 and provides fluid
access to the exhaust conduit 106. Thus, the exhaust conduit 106 may run through the runner
body 104 from the exhaust inlet opening 114 at the inlet end 110 to the exhaust outlet

opening 124 at the outlet end 120.

[0043] The exhaust runner 102 may also include a coolant passage 108 that extends
through the runner body 104 from a coolant inlet opening 116 to a coolant outlet opening

126. To recerve coolant from the coolant feed pipe 150, the coolant inlet opening 116 may be
coupled to a respective one of the feed pipe outlets 152A-152D (as shown in FIG. 2). After
passing through the exhaust runner 102 the coolant may exit the coolant passage 108 via the

10
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coolant outlet opening 126 and flow 1nto the coolant exit pipe 154 via a respective one of the

exit pipe inlets 156 A-156D (as shown 1n FIG. 2).

[0044] With further reference to FIG. 3, in some embodiments, the coolant passage 108 of
each of the exhaust runners 102 may be concentrically disposed around the exhaust conduit
106. For example, the exhaust conduit 106 of each exhaust runner 102 may extend from the
inlet end 110 to the outlet end 120 along a path through the runner body 104, and the coolant
passage 108 may concentrically surround the exhaust conduit 106 along the path from the
inlet end 110 to the outlet end 120. Moreover, the exhaust conduit 106 may be defined
within an interior wall 130 that 1s formed by a portion of the runner body 104. The interior
wall 130 may then be surrounded by an exterior wall 132 of the runner body 104, thereby
defining the coolant passage 108 between the interior wall 130 and the exterior wall 132.
Accordingly, the coolant passage 108 1s positioned concentrically around the exhaust conduit
106. Having the coolant passage 108 be concentrically disposed around the exhaust conduit
106 allows a large area of heat transfer between the exhaust conduit 106 and the coolant
passage 108. Accordingly, such a configuration may provide more heat transfer from the
exhaust within the exhaust conduit 106 to the coolant in the coolant passage 108 than a

coolant passage without a concentric configuration operating under similar conditions.

[0045] In some embodiments, the coolant passage 108 of each exhaust runner 102 has an
annular cross section that surrounds the exhaust conduit 106 and extends along a majority of
a length of the exhaust condut 106. In other words, in some embodiments, the coolant
passage 108 completely surrounds the exhaust conduit 106 without any connection between
interior wall 130 and the exterior wall 132 of the runner body. Moreover, in some
embodiments, the annular cross section of the coolant passage 108 extends over substantially
the entire exhaust conduit 106, except at the ends of the exhaust runner 102 around the

exhaust inlet opening 114 and the exhaust outlet opening 124. In other embodiments,

11
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partitions may extend between the interior wall 130 and the exterior wall 132 such that the
coolant passage 108 1s not completely annular along a majority of the exhaust condut 106.
Such partitions may provide added stability or control the flow direction of any coolant

running through the coolant passage 108.

[0046] In some embodiments, the coolant inlet opening 116 of the coolant passage 108 of
each exhaust runner 102 may be disposed at the inlet end 110 of the exhaust runner 102 and
the coolant outlet opening 126 may be disposed at the outlet end 120 of the exhaust runner
102. In such a configuration, the exhaust and the coolant will run 1n parallel through the
exhaust runner 102. In other embodiments, the coolant inlet opening 116 of the coolant
passage 108 of each exhaust runner 102 may be disposed at the outlet end 120 of the exhaust
runner 102 and the coolant outlet opening 126 may be disposed at the inlet end 110 of the
exhaust runner, such that the exhaust and coolant run 1in counter flow. Providing the coolant
inlet opening 116 and the coolant outlet opening 126 at the ends of the exhaust runner 102
allows for a greater area of thermal contact between the exhaust conduit 106 and the coolant
passage 108. Still, in other embodiments, due to geometric or other constraints, the coolant
inlet opening 116 and/or the coolant outlet opening 126 may be disposed at another location,

such as toward the center of the exhaust runner 102.

[0047] In some embodiments, the coolant inlet opening 116 1s configured such that coolant
flowing through the coolant inlet opening 116 flows perpendicular to the interior wall 130
that defines the exhaust conduit 106 so as to impinge upon the interior wall 130. Further, 1n
some embodiments the coolant passage 108 1s configured so as to form a swirling flow of
coolant within the coolant passage 108, such that the coolant swirls around the exhaust
conduit 106. These and other configurations of the flow pattern of coolant within the coolant

passage 108 can assist in promoting heat transfer between the exhaust and the coolant.

12
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[0048] In some embodiments, the fluid-cooled manifold includes four exhaust runners. For
example, the fluid-cooled manifold 100 shown in FIG. 1 has four exhaust runners 102A-
102D arranged in arow. The first exhaust runner 102A and second exhaust runner 102B are
positioned toward the center of the row of exhaust runners 102A-102D, while the third
exhaust runner 102C and fourth exhaust runner 102D are positioned at the ends of the row of
exhaust runners 102A-102D. A schematic depiction of fluid-cooled manifold 100 1s also
shown 1n FIG. 4 for comparison to schematic depictions of other fluid-cooled manifolds
discussed below. FIG. 4 illustrates the four exhaust runners 102A-102D. Each of the exhaust
runners 102A-102D delivers exhaust from the engine to the exhaust collection manifold 140.
As the exhaust passes through the exhaust runners 102A-102D 1t 1s cooled by the coolant that
1s circulated through the exhaust runners 102A-102D. Further, the coolant 1s received in the
exhaust runners 102A-102D from a coolant feed pipe 150 that 1s coupled to each of the
exhaust runners 102A-102D. Likewise, the coolant returns to the coolant circulation system

via the coolant exit pipe 154, which 1s also coupled to each of the exhaust runners 102A-

102D.

[0049] In other embodiments, the fluid-cooled manifold includes a different number of
exhaust runners. Accordingly, such embodiments may be configured to operate with engines
having a different number of exhaust ports. For example, FIG. 5 shows a schematic depiction
of a fluid-cooled manifold 500 that includes only two exhaust runners, including first exhaust
runner 502A and second exhaust runner 502B. Both the first exhaust runner 502A and the
second exhaust runner 502B deliver exhaust from the engine to the exhaust collection
manifold 540. Again, as the exhaust passes through the exhaust runners 502A-502B 1t 1s
cooled by the coolant that 1s circulated through the exhaust runners 502A-502B. A coolant
feed pipe 550 1s coupled to both the first exhaust runner 502A and the second exhaust runner

502B 1n order to deliver coolant to both exhaust runners 502A-502B. Likewise, the coolant

13
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returns to the coolant circulation system via the coolant exit pipe 554, which 1s also coupled

to both of the exhaust runners 502A-502B.

[0050] As another example, FIG. 6 shows a schematic depiction of a fluid-cooled manifold
600 that includes six exhaust runners. Simular to fluud-cooled manifold 100, fluid-cooled
manifold 600 includes a first exhaust runner 602A and a second exhaust runner 602B that are
located at the center of a row of exhaust runners 602A-602F. Further, a third exhaust runner
602C and a fourth exhaust runner 602D are disposed at the end of the row of exhaust runners
602A-602F. In addition, a fifth exhaust runner 602E and a sixth exhaust runner 602F are
located at intermediate positions between the center and the ends of the row. Each of the
exhaust runners 602A-602D delivers exhaust from the engine to the exhaust collection
manifold 640. As the exhaust passes through the exhaust runners 602A-602D 1t 1s cooled by
coolant being circulated through the exhaust runners 602A-602F. Further, the coolant 1s
recerved 1n the exhaust runners 602A-602F from a coolant feed pipe 650 that 1s coupled to
each of the exhaust runners 602A-602F. Likewise, the coolant returns to the coolant

circulation system via the coolant exit pipe 654, which 1s coupled to each of the exhaust

runners 602A-602F .

[0051] In some embodiments, the first exhaust runner 1s detached from the second exhaust
runner. For example, in each of the embodiments of the fluid-cooled manifold 100, 500, 600
shown 1n FIGS. 1-6, the first exhaust runner 102A, 502A, 602A 1s detached from the
respective second exhaust runner 102B, 502B, 602B. The term “detached.” as used herein,
refers to a situation where two components are neither directly coupled to one another, nor
part of a larger construction formed as a single integral piece. Thus, the detached first and
second exhaust runners, e.g., 102A, 102B, are neither directly coupled to one another, nor are
they part of a larger construction that includes the exhaust runners, e.g., 102A, 102B, in a
single integral piece. Further, in some embodiments, the detached exhaust runners are

14
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separated from one another by a space. In other embodiments, the detached exhaust runners

may abut one another while not being directly coupled to one another.

[0052] In some embodiments, each of the exhaust runners 102A-102D 1s detached from all
of the other exhaust runners 102A-102D of the fluid-cooled manifold 100. For example, 1n
flurd-cooled manifold 100, exhaust runners 102A-102D are arranged 1n a row, but none of the
exhaust runners 102A-102D are attached to one another. In contrast, each exhaust runner
102A-102D 1s detached from the others. Instead, the exhaust runners 102A-102D are
connected to one another via their attachment to the exhaust collection manifold 140, coolant

feed pipe 150 and coolant exit pipe 154.

[0053] The use of exhaust runners 102A-102D that are detached from one another allows
the portion of the fluid-cooled manifold 100 that includes two different fluid paths, 1.e., the
exhaust runners 102A-102D that include both the exhaust conduit 106 and the coolant
passage 108, to be manufactured as a group of smaller individual components. Including
separate passages that accommodate different fluids within the body of a manifold 1s
complicated. Further, providing a single large manifold with various passages for different
exhaust streams as well as additional passages for coolant channels that cool the exhaust
streams would add considerable complexity. By designing the manifold as several different
components, including individual and detached exhaust runners that each include a single

exhaust conduit 106, the manufacturing can be simplified.

[0054] In other embodiments, at least some of the exhaust runners are attached to one
another. For example, FIG. 7 depicts an embodiment of a fluid-cooled manifold 700 that
includes four exhaust runners 702A-702D arranged 1n a row, stmilar to the flmd-cooled
manifold 100 shown in FIG. 1. The first exhaust runner 702A and second exhaust runner

702B are positioned toward the center of the row, while the third exhaust runner 702C and
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fourth exhaust runner 702D are positioned at the ends of the row. As with the previously
described embodiments, each of the exhaust runners 702A-702D delivers exhaust from the
engine to the exhaust collection manifold 740, receives coolant from a coolant feed pipe 750
and returns the coolant to a coolant exit pipe 754. Similar to the other embodiments, the first
exhaust runner 702A 1s detached from the second exhaust runner 702B. However, the first
exhaust runner 702A 1s attached to third exhaust runner 702C, as 1dentified in regions 703 A.
In particular, the first exhaust runner 702 A 1s attached to third exhaust runner 702C at the
inlet end and at the outlet end. For example, the first exhaust runner 702A may be formed 1n
a single integral piece with the third exhaust runner 702C. The second exhaust runner 702B
may also be attached to the fourth exhaust runner 702D, as 1dentified 1n regions 703B. For
example, the second exhaust runner 702B may be formed 1n a single integral piece with the
fourth exhaust runner 702D, as shown 1n FIG. 7. In some embodiments, the exhaust runners
are attached to one another 1n pairs, allowing a fluid-cooled manifold to be constructed with

any even number of exhaust runners.

[0055] In contrast to the embodiment of FIG. 1, where all of the exhaust runners 102 A-
102D are detached from one another, and the embodiment of FIG. 7, where some of the
exhaust runners 702A-702D are attached to one another, in other embodiments, all of the
exhaust runners are attached to one another. For example, in some embodiments, all of the

exhaust runners of the fluid-cooled manifold are formed 1n a single integral piece.

[0056] In some embodiments, the exhaust runners 102A-102D have a similar

configuration. For example, in some embodiments, the height and width of each of the
exhaust runners 102A-102D may be the same. Likewise, in some embodiments, the length of
the exhaust conduit 106 and/or the length of the coolant passage 108 of each of the exhaust
runners 102A-102D may be the same. Further, in some embodiments, each of the exhaust

runners 102A-102D may have the same shape. For example, each of exhaust runners 102 A-
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102D 1n fluid-cooled manifold 100, shown in FIGS. 1 and 2 have the same shape. Two
components that have the “same shape,” as the phrase 1s used herein, refers to components
that are manufactured using the same method or tools, such that the components are
interchangeable. For example, two components having the same shape may be molded or
cast in the same die. Differences between components having the same shape may be based

on manufacturing tolerances or variations caused by installation.

[0057] The use of exhaust runners 102A-102D that have the same shape simplifies
manufacturing, as a smaller, less complicated component can be reproduced several times to
form a substantial portion of the fluid-cooled manifold 100. Moreover, in fluid-cooled
manifolds where each of the exhaust runners has the same shape, the fluid-cooled manifold
can be redesigned by adding or removing one or more exhaust runner. Accordingly,
accommodating engines with different numbers of cylinders can be achieved without

redesigning the entire manifold.

[0058] Although there are advantages in having each exhaust runner have the same shape,
in some embodiments, the exhaust runners 102A-102D may have different configurations and
different shapes. For example, in some embodiments, the exhaust runners 102A-102D may
bend at different angles, or have bends with different radiuses of curvature. Other aspects of
the shape and configuration of the exhaust runners 102A-102D may also differ. Differences
1in the geometries of the exhaust runners may be beneficial to meet space constraints or for

other reasons.

[0059] In some embodiments, each exhaust runner 102 has a symmetrical configuration
and 1s substantially symmetrical about a central plane of the exhaust runner. For example,
the exhaust conduit 106 may follow the central plane of the exhaust runner 102 and be

surrounded by the coolant passage 108 on both sides of the central plane. Further, in some
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embodiments, both the coolant inlet opening 116 and the coolant outlet opening 126 may be
positioned on the central plane of the exhaust runner 102. By providing the exhaust runners
102A-102D with a symmetrical configuration, the exhaust runners 102A-102D may operate
independently of the overall onientation and position of the fluid-cooled manifold with
respect to the engine. Thus, the exhaust runners 102A-102D can be implemented 1n a fluid-
cooled manifold 100 configured to couple to the right side of an engine, or the same exhaust
runners 102A-102D can be implemented 1n a fluid-cooled manifold 100 configured to couple

to the left side of an engine.

[0060] In some embodiments, the central plane of each of the exhaust runners 102A-102D
may be parallel within the fluid-cooled manifold 100. By providing the exhaust runners
102A-102D with a parallel alignment throughout the fluid-cooled manifold 100, the size of
the flud-cooled manifold 100 can be modified to cooperate with engines having more or
fewer cylinders simply by adding or removing exhaust runners. The relative position or
angle of one exhaust runner does not need to be modified with respect to neighboring exhaust
runners as the number of exhaust runners changes, since the respective orientation 1s always

parallel.

[0061] In some embodiments, the coolant feed pipe 150 and the coolant exit pipe 154 may
have the same shape. Such a configuration simplifies manufacture of the fluid-cooled
manifold 100, since both the coolant feed pipe 150 and the coolant exit pipe 154 can be

formed by the same part, stmilar to the various exhaust runners 102A-102D.

[0062] The above-described components of the fluid-cooled manifold 100 may be
composed of a variety of different materials. For example, the components may be formed of
metal, such as steel or aluminum. Likewise the above-described components may be formed

of a plastic material. Further, in some embodiments, different components are formed of
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different materials. For example, in some embodiments, the exhaust runners 102A-102D
may be formed of steel, while the coolant feed pipe 150 and the coolant exit pipe 154 are
formed of plastic. The flud-cooled manifold 100 may include additional components to
those that have been described, such as fasteners, seals, sensors or any other components that

may be advantageous.

[0063] The fluid-cooled manifold 100 may be manufactured using a variety of different
methods. For example, the exhaust runners 102 may be molded or cast. Likewise, the
exhaust collection manifold 140, coolant feed pipe 150, and coolant exit pipe 154 may also
be molded or cast. Further, each of these components can be machined from a block of
material, or manufactured by an additive manufacturing process. Other methods of

manufacture are also possible.

[0064] In another aspect, the disclosure provides an engine system. FIG. 8 illustrates an
engine system 860 according to an embodiment of the disclosure. The engine system 860
may 1nclude an engine 862, at least one fluid-cooled manifold 800, a turbocharger 866, and a
radiator 868. A schematic depiction of the engine system 860 1s shown 1n FIG. 9 to illustrate
various features of the depicted embodiment. Engine system 860, as shown 1n FIG. 9,
includes an engine 862 that may include a plurality of exhaust ports 864A-864H, including a
first group of exhaust ports 864A-864D. A first fluid-cooled manifold 800 may be coupled to
the engine 862 and configured to receive exhaust from the first group of exhaust ports 864 A-
864D. The first fluid-cooled manifold 800 may be configured according to any of the above-
described embodiments. For example, the first fluid-cooled manifold 800 may include a first
group of exhaust runners 802A-802D that are detached from one another. Each of the first
oroup of exhaust runners 802A-802D of the first fluid-cooled manifold 800 may be coupled

to a respective one of the first group of exhaust ports 864A-864D of the engine 862.
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[0065] The first fluid-cooled manifold 800 may also include an exhaust collection manifold
840 including a plurality of inlets 842A-842D, where each inlet 842A-842D of the exhaust
collection manifold 840 1s coupled to an exhaust outlet opening of a respective one of the first
ogroup of exhaust runners 802A-802D. The first fluid-cooled manifold 800 may also include
a coolant feed pipe 850 and a coolant exit pipe 854. As described above with respect to
various embodiments of the fluid-cooled manifold, the coolant feed pipe 850 may be
configured to supply coolant to the first group of exhaust runners 802A-802D and the coolant
exit pipe 854 may be configured to recerve coolant from the first group of exhaust runners

802A-802D.

[0066] In some embodiments of the engine system 860, the engine 862 includes a second
oroup of exhaust ports 864E-864H. A second fluid-cooled manifold 801 may be coupled to
the engine 862 and configured to receive exhaust from the second group of exhaust ports
864E-864H. The second fluid-cooled manifold 801 may be configured according to any of
the above-described embodiments. For example, each of the second group of exhaust runners
802E-802H of the second fluid-cooled manifold 801 may be coupled to a respective one of
the second group of exhaust ports 864E-864H of the engine 862. Further, the second fluid-
cooled manifold 801 may also include an exhaust collection manifold 841 including a
plurality of inlets 843 A-843D, where each inlet 843A-843D of the exhaust collection
manifold 841 1s coupled to an exhaust outlet opening of a respective one of the second group
of exhaust runners 802E-802H. The second fluid-cooled manifold 800 may also include a
coolant feed pipe 851 and a coolant exit pipe 855. As described above with respect to various
embodiments of the fluid-cooled manifold, the coolant feed pipe 851 may be configured to
supply coolant to the second group of exhaust runners 802E-802H and the coolant exit pipe
855 may be configured to receive coolant from the first group of exhaust runners 802E-802H.

A second fluid-cooled manifold 801 may be particularly useful where the exhaust ports
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864A-864H of the engine 862 are disposed 1n two groups, for example in a V8 engine, where

the exhaust ports 864 A-864H are disposed on either side of the engine 862.

[0067] In some embodiments of the engine system, each of the exhaust runners 802A-802H
of both the first group and the second group has the same configuration. Accordingly, the
first flmd-cooled manifold 800 and the second fluid-cooled manifold 801 may be formed
from ei1ght exhaust runners 802 that are all manufactured as the same part. Likewise, in some
embodiments the exhaust collection manifold 840 of the first fluid-cooled manifold 800 and
the exhaust collection manifold 841 of the second fluid-cooled manifold 801 may be have the
same shape and be manufactured as the same part. Further, in some embodiments, the
coolant feed pipe 850 of the first fluid-cooled manifold 800 and the coolant feed pipe 851 of
the second flud-cooled manifold 801 may have the same shape and be manufactured as the
same part. Simularly, in some embodiments, the coolant exit pipe 854 of the first fluid-cooled
manifold 800 and the coolant feed pipe 851 of the second fluid-cooled manifold 801 may also
have the same shape and be manufactured as the same part. Indeed, 1n some embodiments,
each of the coolant feed pipe 850 of the first fluid-cooled manifold 800, the coolant feed pipe
851 of the second fluid-cooled manifold 801, the coolant exit pipe 854 of the first fluid-
cooled manifold 800, and the coolant feed pipe 851 of the second fluid-cooled manifold 801,
may have all the same shape and be manufactured as the same part. The stmilarity of the
shape of these components and the ability to use the same part in both manifolds and/or as
more than one component of both manifolds simplifies manufacturing, as the overall list of
components 1s reduced and the complexity of each part 1s also reduced. Rather than a system
having more unique components, or larger more complex components, the system can be

fabricated from the reuse of several smaller, ssmpler components.

[0068] In some embodiments, the engine system 860 may include a turbocharger 866,
where the first fluid-cooled manifold 800 1s coupled to the turbocharger 866 and 1s
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configured to deliver cooled exhaust to the turbocharger 866. By cooling the exhaust prior to
delivering the exhaust to the turbocharger 866, the engine 862 may be run at higher power
loads. In contrast, if the exhaust 1s delivered directly to the turbocharger 866 when the engine
862 1s operating at high loads, the exhaust temperature may be high enough to damage
components of the turbocharger 866. For example, in some instances, when an engine 862 1s
operated with a turbocharger 866 at high loads, the exhaust temperature may be higher than
700 °C. Many materials commonly used 1n turbochargers cannot withstand such high
temperatures and will begin to crack or melt. Reducing the temperature of the exhaust allows

the engine to continue running at high loads without damaging the engine or turbocharger.

[0069] In some embodiments, the fluid-cooled manifolds 800, 801 may reduce the
temperature of the exhaust by more than 100°C. Such a decrease in temperature can allow
the engine to be run at high power output without damaging the turbocharger. As an
example, an 8.8L V8 engine operated while using a turbocharger and a pair of the fluid-
cooled manifolds of the disclosure can be operated at over 200kW without damaging the

turbocharger.

[0070] In some embodiments, the engine system 860 may include a radiator 868. The
radiator 868 can be used to reduce the temperature of the coolant coming from the exhaust
runners 802A-802H and allow lower temperature coolant to be recirculated back to the
exhaust runners 802A-802H. The lower temperature of the coolant allows the coolant to

remove a greater amount of energy from the exhaust within the fluid-cooled manifolds 800,

301.

[0071] In another aspect, the disclosure provides a coolant circulation system for an engine.
FIG. 10 1llustrates a schematic depiction of a coolant circulation system 1070 according to an

embodiment of the disclosure. The coolant circulation system 1070 may include a pump
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1072 configured to circulate coolant through the coolant circulation system 1070. The
coolant circulation system 1070 may also include a first cooling line 1074 that 1s in flmd
communication with the pump 1072. The first cooling line 1074 may include engine coolant
passages 1076 extending through a portion of an engine 1062, such as the engine block 1078
and the engine head 1080. The first cooling line 1074 may lead to a first junction 1082 where
a first thermostat 1084 1s disposed. The first thermostat 1084 may be configured to direct a
portion of flow from the first cooling line 1074 to a first cold return line 1086 or a first hot
return line 1088. The first cold return line 1086 may extend from the first junction 1082 back
to the pump 1072. On the other hand, the first hot return line 1088 may extend from the first
junction 1082 through a heat exchanger 1068, such as a radiator, that 1s configured to cool the

coolant 1n the first hot return line 1088.

[0072] The first thermostat 1084 allows the coolant to continue circulating through the
engine coolant passages 1076 and returning to the pump 1072 without passing through the
heat exchanger 1068 until the coolant reaches a predetermined temperature. Once the coolant
temperature 1s at or above the predetermined temperature at the first thermostat 1084, the first
thermostat 1084 will route at least a portion of the coolant through the heat exchanger 1068

before 1t 1s returned to the pump 1072 and engine 1062.

[0073] The coolant circulation system 1070 may also include a second cooling line 1090
that 1s 1n fluid communication with the pump 1072 and includes manifold coolant passages
1008 extending through a first cooled exhaust manifold 1000. The second cooling line 1090
may lead to a second junction 1092 where a second thermostat 1094 1s disposed. The second
thermostat 1094 may be configured to direct a portion of flow from the second cooling line
1090 to a second cold return line 1096 or a second hot return line 1098. The second cold
return line 1086 may extend from the second junction 1092 back to the pump 1072. On the
other hand, the second hot return line 1098 may extend from the second junction 1092
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through the heat exchanger 1068 that 1s configured to cool the coolant in the second hot

return line 1098.

[0074] Similar to the first thermostat 1084, the second thermostat 1094 allows the coolant
to continue circulating through the manifold coolant passages 1008 and returning to the pump
1072 without passing through the heat exchanger 1068 until the coolant reaches a
predetermined temperature. Once the coolant temperature 1s at or above the predetermined
temperature at the second thermostat 1094, the second thermostat 1094 will route at least a
portion of the coolant through the heat exchanger 1068 before 1t 1s returned to the pump 1072

and the manifold coolant passages 1008.

[0075] The coolant can be any of a number of heat transfer fluids configured to circulate
through the coolant circulation system and cool the exhaust. In embodiments, the coolant
may be a liqud, a gas, or a two-phase flow. In some embodiments the coolant includes
water. Further, in some embodiments, the coolant may include additives, such as anti-

corrosion additives and anti-freeze additives.

[0076] In some embodiments of the coolant circulation system 1070, the second cooling
line 1090 may include engine coolant passages 1076 1n addition to the manifold coolant
passages 1008. For example, the second cooling line 1090 may include passages through the
engine block 1078 before the second cooling line 1090 branches off to the manifold coolant

passages 1008 through the fluid-cooled manifold 1000.

[0077] In some embodiments of the coolant circulation system 1070, the first cooling line
1074 may have a first portion that includes the manifold coolant passages 1008 extending
through the first fluid-cooled manifold 1000. Further, the first cooling line 1080 may also

include a second portion that includes manifold coolant passages 1009 extending through the
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second fluid-cooled manifold 1001. The first portion of the first cooling line 1080 may run

parallel to the second portion of the first cooling line 1080.

[0078] In some embodiments, the coolant circulation system 1070 may include an orifice
downstream of the fluid-cooled manifold(s). The orifice may be configured to avoid
diverting too much coolant from the engine and to increase coolant pressure in the fluid-
cooled manifolds. Due to the higher coolant pressure, the boiling temperature of the coolant
may be increased, such that phase change of the coolant 1s reduced and heat transfer to the

coolant 1s enhanced.

[0079] Examples given above are merely illustrative and are not meant to be an exhaustive
list of all possible embodiments, applications or modifications of the invention. Thus,
various modifications and variations of the described apparatus and systems will be apparent
to those skilled in the art without departing from the scope and spirit of the disclosure.
Although the disclosure has been described in connection with specific embodiments, 1t
should be understood that the claims should not be unduly limited to such specific

embodiments.

[0080] The termunology used herein 1s used for the purpose of describing particular
embodiments only, and 1s not intended to limit the scope of the invention. It also 1s to be
noted that, as used herein and 1n the appended claims, the singular forms “a,” “an,” and “the”
include the plural reference unless the context clearly dictates otherwise. Thus, for example,

a reference to “‘an exhaust runner’ 1s a reference to one or more exhaust runners and

equivalents thereof known to those skilled in the art.

[0081] Unless defined otherwise, all technical and scientific terms used herein have the
same meanings as commonly understood by one of ordinary skill in the art to which the

invention pertains. It should be noted that the features 1llustrated 1n the drawings are not
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necessarily drawn to scale, and features of one embodiment may be employed with other

embodiments as the skilled artisan would recognize, even 1f not explicitly stated herein.

[0082] Any numerical values recited herein include all values from the lower value to the
upper value 1n increments of one unit provided that there 1s a separation of at least two units
between any lower value and any higher value. As an example, if 1t 1s stated that the
concentration of a component or value of a process variable such as, for example, size, angle
s1ze, pressure, time and the like, 1s, for example, from 1 to 90, specifically from 20 to 80,
more specifically from 30 to 70, 1t 1s intended that values such as 15 to 85, 22 to 68, 43 to 51,
30 to 32, etc. are expressly enumerated 1n this specification. For values which are less than
one, one unit 1s considered to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only
examples of what 1s specifically intended and all possible combinations of numerical values
between the lowest value and the highest value enumerated are to be considered to be

expressly stated 1n this application 1n a similar manner.

[0083] Particular apparatus, systems, and components are described, although any
apparatus, systems, and components similar or equivalent to those described herein can be

used 1n the practice of the claims.
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CLAIMS

1. A fluid-cooled manifold for cooling exhaust from an engine, the cooled
manifold comprising:

a plurality of exhaust runners including a first exhaust runner and a second exhaust
runner, wherein the first exhaust runner 1s detached from the second exhaust runner, each of
the plurality of exhaust runners comprising:

a runner body having an inlet end and an outlet end,

an exhaust conduit extending through the runner body from an exhaust inlet
opening at the inlet end of the runner body to an exhaust outlet opening at the outlet
end of the runner body, and

a coolant passage extending through the runner body from a coolant inlet
opening to a coolant outlet opening:

an exhaust collection manifold including a plurality of inlets, wherein each inlet of the
exhaust collection manifold 1s coupled to the exhaust outlet opening of a respective one of the
plurality of exhaust runners;

a coolant feed pipe including a plurality of outlets, wherein each outlet of the coolant
feed pipe 1s coupled to the coolant inlet of a respective one of the plurality of exhaust
runners; and

a coolant exit pipe including a plurality of inlets, wherein each inlet of the coolant exit

pipe 1s coupled to the coolant outlet of a respective one of the plurality of exhaust runners.

2. The flmd-cooled manifold according to claim 1, wherein for each exhaust
runner of the plurality of exhaust runners, the coolant passage 1s concentrically disposed

around the exhaust conduit.
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3. The flmd-cooled manifold according to claim 2, wherein for each exhaust
runner of the plurality of exhaust runners, the coolant passage has an annular cross section
that surrounds the exhaust conduit and that extends along a majority of a length the exhaust

conduit.

4. The flmd-cooled manifold according to claim 1, wherein for each exhaust
runner of the plurality of exhaust runners, the coolant inlet opening 1s disposed at the inlet
end of the exhaust runner and the coolant outlet opening 1s disposed at the outlet end of the

exhaust runner.

5. The flmd-cooled manifold according to claim 1, wherein for each exhaust
runner of the plurality of exhaust runners, the coolant inlet opening 1s disposed at the outlet
end of the exhaust runner and the coolant outlet opening 1s disposed at the inlet end of the

exhaust runner.

6. The fluid-cooled manifold according to claim 1, wherein the plurality of

exhaust runners includes a third exhaust runner and a fourth exhaust runner.

7. The fluid-cooled manifold according to claim 6, wherein each exhaust runner
of the plurality of exhaust runners 1s detached from the other exhaust runners of the plurality

of exhaust runners.

8. The fluid-cooled manifold according to claim 1, wherein each exhaust runner
of the plurality of exhaust runners has the same shape as the other exhaust runners of the

plurality of exhaust runners.

9. The flmd-cooled manifold according to claim 1, wherein the coolant feed pipe

and the coolant exit pipe have the same shape.
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10. An engine system comprising:

an engine comprising a plurality of exhaust ports including a first group of exhaust
ports; and

a first flmd-cooled manifold coupled to the engine and configured to receive exhaust
from the first group of exhaust ports, the first fluid-cooled manifold comprising:

a first group of exhaust runners including a first exhaust runner and a second
exhaust runner, wherein the first exhaust runner 1s detached from the second exhaust
runner, each of the first group of exhaust runners comprising:

a runner body having an inlet end and an outlet end.,
an exhaust conduit extending through the runner body from an exhaust
inlet opening at the inlet end of the runner body to an exhaust outlet opening at

the outlet end of the runner body, wherein the exhaust inlet 1s coupled to a

respective exhaust port of the first group of exhaust ports, and

a coolant passage extending through the runner body from a coolant
inlet opening to a coolant outlet opening,

an exhaust collection manifold including a plurality of inlets, wherein each
inlet of the exhaust collection manifold 1s coupled to the exhaust outlet opening of a
respective one of the first group of exhaust runners,

a coolant feed pipe including a plurality of outlets, wherein each outlet of the
coolant feed pipe 1s coupled to the coolant inlet of a respective one of the first group
of exhaust runners, and

a coolant exit pipe including a plurality of inlets, wherein each inlet of the
coolant exit pipe 1s coupled to the coolant outlet of a respective one of the first group

of exhaust runners.
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11. The engine system according to claim 10, wherein for each exhaust runner of
the first group of exhaust runners, the coolant passage 1s concentrically disposed around the

exhaust passage.

12. The engine system according to claim 11, wherein for each exhaust runner of
the first group of exhaust runners, the coolant passage has an annular cross section that

surrounds the exhaust passage and that extends along a majority of the exhaust passage.

13. The engine system according to claim 10 further comprising a turbocharger,
wherein the first fluid-cooled manifold 1s coupled to the turbocharger and 1s configured to

deliver cooled exhaust to the turbocharger.

14. The engine system according to claim 10, wherein the plurality of exhaust
ports of the engine further includes a second group of exhaust ports, and

wherein the engine system further comprises a second fluid-cooled manifold
including a second group of exhaust runners, each exhaust runner of the second group of
exhaust runners including an exhaust inlet coupled to a respective exhaust port of the second

oroup of exhaust ports.

15. The engine system according to claim 13, wherein each of the exhaust runners
of the first group of exhaust runners and the second group of exhaust runners has the same

shape.

16. A coolant circulation system for an engine, the coolant circulation system
comprising:

a pump configured to circulate coolant through the coolant circulation system:;

a first cooling line 1n fluid communication with the pump, the first cooling line

including engine coolant passages extending through a portion of the engine;
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a first junction downstream of the first cooling line;

a first cold return line extending from the first junction to the pump;

a first hot return line extending from the first junction to the pump, the first hot return
line passing through a heat exchanger configured to cool the coolant 1n the first hot return
line;

a first thermostat disposed at the first junction and configured to direct a portion of
flow from the first cooling line to the first cold return line or the first hot return line in
response to a temperature of the coolant at the first junction;

a second cooling line 1n fluid communication with the pump, the second cooling line
including manifold coolant passages extending through a first cooled exhaust manifold;

a second junction downstream of the second cooling line;

a second cold return line extending from the second junction to the pump;

a second hot return line extending from the second junction to the pump, the second
hot return line passing through the heat exchanger so as to cool the coolant in the second hot
return line; and

a second thermostat disposed at the second junction and configured to direct a portion
of flow from the second cooling line to the second cold return line or the second hot return

line 1n response to a temperature of the coolant at the second junction.

17. The coolant circulation system according to claim 16, wherein each manifold
coolant passage of the first cooled exhaust manifold 1s an annular passage concentrically

disposed around a respective exhaust passage of the first cooled exhaust manifold.

18. The coolant circulation system according to claim 16, wherein the second

cooling line also includes engine coolant passages extending through a portion of the engine.
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19.  The coolant circulation system according to claim 16, wherein the first cooling

line includes coolant passages extending through an engine head of the engine.

20. The coolant circulation system according to claim 16, wherein the manifold
coolant passages extending through the first cooled exhaust manifold are part of a first
portion of the second cooling line,

wherein a second portion of the second cooling line includes manifold coolant
passages extending through a second cooled exhaust manifold, and

wherein the first portion of the second cooling line runs parallel to the second portion

of the second cooling line.

32



PCT/US2021/0121235

WO 2021/141867

1/8

100

FiG, 1



PCT/US2021/0121235

00

2/8

T
\\l - - -
wpr alpr——————

f.wA.\
- A

R

1424

WO 2021/141867
1420

d
D

1H84A

1020

Fila. 2

- .0..\

».
O\
Xy
‘Yl



PCT/US2021/0121235

WO 2021/141867

3/8

12

124

120

120

N
o
<<

i, 3



PCT/US2021/0121235

WO 2021/141867

4/8

100

140

lllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllll

mEn ‘

.f...af
R R R R R W R R B R B R R W W ?

‘.’””””””””

llllllllllllllllllllllllllllllllllllllll

. . . . Y. Y k. Yk Y Yk YEc. VEE k. Yk YEE Yk Yk YEE k. e

i.l.f

FIG. 4

500

540

504

| |
m m

Q
L()
L

V

...../a, .ﬂﬂf
/ L A A AR R R AR R A A A AR A AR AN
'- a"“““““““““

- #”#’#xﬂf#”#’#’#’xﬂf /

5028

S502A

FIG. 5



PCT/US2021/0121235

WO 2021/141867

5/8

600

\

640

E E

Afm‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u‘u’/
N

.’.’.’.’.’.’.’.’.’.’.’.’.’.’.’x
-

.""""""""""

llllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllll

-
L0

(o

XN
ﬁ;mf'; L\

D

602E

FIG. 6

700

/03B

703A

(e

Boar
m

I,,.

lllllllllllllllllllllllllllllllllll

W Y, T T Y T T T R T T R R R

lllllllllllllllllllllllllllllllllll

gﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ .
.

//A

.l,,,,

#ﬂ#ﬂ:f:f#ﬂ:fmﬂuﬂuﬂuﬁuﬁu‘hﬂuﬂuﬂu’ /

.‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r‘r’.

lllll

lllll

ir

FIG. 7



PCT/US2021/0121235

WO 2021/141867

6/8

360

e e Y
‘e |

l. .\

' ot Sl

“ K\\\\\\ b
- 4

p '

v ¥a
\\\\\

.....:
\\I&.W o J\.\u\- . lntau\un(aw\v\(f.((hﬂliv
ST A T A Ty il o e
' st 4 P A s e
\,\w G~ L o ol
cq-... \u.\ -f!ban!\\. v, Vap - Fon A --sl
\r. N\t.to { Ll l-.. o)al
v - S o o o o o o o o o o o o .
-

-

- -, _‘..i.i..l..i.i..l..i.i..l..i.i.l\
- »
«

- II
. -

I 5

868

\ |
)
.‘
.\
L
L d
»
v
1 J
»
s i
»
:
)
¥ « =

“““““““

. .
..............................

> S it

800

FIG. 8



WO 2021/141867 PCT/US2021/0121235

//8

842C  842A Bot

8428 342D ,/

854 | 802C 802A 840 807R

flzEerr

3800

n | o7 ol
Il d e

3950
=00 866

. 362
NN N R
N P }

arangun nun mu— g

LT

Ji R i) B




PCT/US2021/0121235

WO 2021/141867

8/8

1070

1092

1098

1096

»

10838

..........

o e Gries
i Sl &2
\!C ..Ivlv-l. .. - ‘\\" " \‘ r
IIO * 'Q . 0. .IC \U- “ \‘ I"
o A0 2% 2
\\.1 : . -1l0.‘. ‘. ‘h\\l’.‘n * .. v- v- v. -0‘".%\\“
\”...tQ! \‘..0 " .c ‘C .1 \-\‘-
. L .. . . \l ................. -. P hl" l‘-
%Iﬁ\”.” -D & & & 4 & “ “vm\ .l\.’ \0
. . e aaa a s 4 C v v s oa o
+ - . () \‘ .
\n- . -.-0 \‘Q\ -\
w' 4 e i B
R N BTN R RN M A
ln”. -I-.. . II\. ’ ‘.\ I. L " \ l.‘.. lv
l"l. r l-..r..'" ‘C . . \-l(’. I!‘n 1. a
et 4 e
‘-. \h.“ X vql. l..! 01..0.0.- ”0‘ \‘\0.”'“. =
o T .
.-. . ...0 o.v.vao.o 0...”.”.!.“ﬂ“l“ﬂ..lv“@l«lv'.\”\\l\\v
.” so- ' ] 0.0-\0-”
L] . ' |
\”;- i -lv X -
* ’

L
4% % % by v rvremmw o
P A A

L

A

- '

r e -

&

- % = b
....... po
l‘ *

.

._u..

v .

-

4

BSS

By

RN

e e

\\\\\

(‘(’Q“Q\\.\”

v r o

s
..\.l.l
A

* v
-

<
DICH

o

AR

A

oo .

“u
AR

\\\\\

‘‘‘‘‘
DY

.
M‘.-t-c.l\lt-\ltwcso.c.!.o.s e

.

AN '

. 4 b+
L
‘.

1068

Y

0
lv!.-vv‘QU

Chﬁ“. .\C ' v -‘h"\\l“

r r+
- = F P PP
v

n”\\uﬁﬂi.!gt. v C.

4444444444

\\\\\\\\\\\\

NQ'\
=

L4

i,

e

CParets

Dol

44444

+* a -

e

' PR
. - . - T MM N
I SRS I N R >

r s msn
-

0
+* * v
- L]
r e v
- - + ra
- LN
- r h e
- LI
- 9 a0
v
B - . .

.o
!Ilnva

rw a9
..

DO D I

-
- .
v

.

e

O

e
s
ERYA

ros

‘m
.+
v .

Fa'e'n'a"vPa"s

1062

1076

1078

FIG. 10



A.

INTERNATIONAL SEARCH REPORT

CLASSIFICATION OF SUBJECT MATTER

International application No.

PCT/US2021/012125

FO1IN 3/04(2006.01)i; FO1P 3/12(2006.01)i; FO1P 5/10(2006.01)i;: FO1P 7/16(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FOIN 3/04(2006.01); FOIN 1/00(2006.01); FOIN 3/02(2006.01); FOIN 3/10(2006.01); FOIN 7/10(2006.01);

FOIP 3/14(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included 1n the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

e KOMPASS(KIPO internal) & keywords: exhaust manifold, runner, coolant passage, feed pipe, exit pipe

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 6397589 B1 (BESON et al.) 04 June 2002 (2002-06-04)

Y column 2, lines 4-58, column 9, lines 30-64, column 10, lines 4-56, column 11, lines 11- 1-15

52 and figures 2-4

KR 10-2000-0033681 A (DAEWOO MOTOR CO., LTD.) 15 June 2000 (2000-06-15)

Y claim 1 and figures 3-4 1-15
JP 2005-214029 A (MAZDA MOTOR CORP.) 11 August 2005 (2005-08-11)

A paragraphs [0050]-[0063] and figures 1-3 1-15
US 8650864 B2 (WAGGONER et al.) 18 February 2014 (2014-02-18)

A column 4, line 10 - column 6, line 32 and figures 1-2 1-15
US 9695721 B2 (CATERPILLAR INC.) 04 July 2017 (2017-07-04)

A column 3, lines 15-35 and figures 4-5 1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

[
~
e

[
~
B
|

- s [ o8
~ ~n  ©n ~

N o v I W S - S
L L N N
B R |

Special categories of cited documents:

* document defining the general state of the art which 1s not considered

to be of particular relevance

’ document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which 1s
cited to establish the publication date of another citation or other
special reason (as specified)

 document referring to an oral disclosure, use, exhibition or other

IMEAns

document published prior to the international filing date but later than
the priority date claimed

G&T”

46): 29

later document published after the international filing date or priority
date and not 1n conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document 1s taken alone

* document of particular relevance; the claimed invention cannot be

considered to 1nvolve an 1nventive step when the document 1s
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

’ document member of the same patent family

Date of the actual completion of the international search

27 May 2021

Name and mailing address of the ISA/KR

Date of mailing of the international search report

28 May 2021

Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon HWANG, Chan Yoon
35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3347
Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/US2021/012125
| Pat§nt document Publication date Patent family member(s) Publication date
cited 1n search report (day/month/year) (day/month/year)
US 6397589 Bl 04 June 2002 AU 7340500 A 26 March 2001
WO 01-16468 Al 08 March 2001
KR 102000-0033681 A 15June2000  Nome
CJP 2005214020 A 11 August2005 P 4483313 B2 16June2010
""" US 8650864 B2  I8Febmary2014  US  2013-0098007 Al 25 April2013
""" US 9695721 B2 04July2017  CN 106194376 A 07 December2016
CN 106194376 B 07 January 2020
DE 102016109770 Al 01 December 2016
US 2016-0348564 Al 01 December 2016

Form PCT/ISA/210 (patent family annex) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2021/012125

Box No. II1 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Group I: claims 1-9 are directed to a tluid-cooled manitold for cooling exhaust from an engine, and claims 10-15 are
directed to an engine system comprising a first fluid-cooled manifold coupled to the engine.
Group II: claims 16-20 are directed to a coolant circulation system for an engine.

1. EI As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned 1n the claims; it 1s covered by claims Nos.: 1-15

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified 1n the 1nvitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

