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METHODS AND STRUCTURE FOR REDUCING LOSSES IN 90 DEGREE WASTE
GATES FOR TURBOCHARGERS
CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to and all benefits of U.S. Provisional Application No.
61/739,229 filed on December 19, 2012, and entitled “Methods And Structure For Reducing
Losses In 90 Degree Waste Gates For Turbochargers.”

FIELD OF THE INVENTION
The invention relates to a turbocharger with an improved waste gate valve and more
particularly, to an improved turbine waste gate design which facilitates the flow of exhaust gases

in a primary flow direction to improve flow through the turbocharger waste gate.

BACKGROUND OF THE INVENTION

Turbochargers are provided on an engine to deliver air to the engine intake at a greater
density than would be possible in a normal aspirated configuration. This allows more fuel to be
combusted, thus boosting the engine’s horsepower without significantly increasing engine
weight.

Generally, turbochargers use the exhaust flow from the engine exhaust manifold, which
enters the turbine housing at a turbine inlet, to thereby drive a turbine wheel, which is located in
the turbine housing. The turbine wheel is affixed to one end of a shaft, wherein the shaft drives a
compressor wheel mounted on the other end of the shaft. As such, the turbine wheel provides
rotational power to drive the compressor wheel and thereby drive the compressor of the
turbocharger. This compressed air is then provided to the engine intake as referenced above.

In designing the turbine stage, sclection of the turbine stage components is made relative
to a preferred performance point. In a simple uncontrolled fixed-nozzle turbocharger system, an
uncontrolled turbocharger is designed so that optimal performance is reached at high engine
speeds. However, at other speeds the turbocharger provides suboptimal boost or air volume to
the engine.

Controlled turbochargers provide improved performance, in that the turbine optimal
operating point is already reached at low or medium engine speeds. Generally in a controlled
system, when the flow rate of exhaust gases increases and the turbocharging pressure becomes
too high, part of the exhaust gases are discharged into the surrounding atmosphere through a
wastegate so as to bypass the turbine.

Typically, the exhaust gas flows through a volute defined within the turbine housing or

casing. Further, a wastegate passage is also provided which is separated from the volute by an
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intermediate wall. To provide for wastegate flow, a wastegate port is provided in the wall which
port is controlled by a wastegate valve.

The wastegate valve is selectively openable and closable during operation of the
turbocharger. In one such arrangement, the flow of exhaust gas through the wastegate passage is
generally parallel to the direction of flow in the volute, at least in the region of the wastegate
passage. Typically, the turbine inlet flow and wastegate flow extend circumferentially in the
direction of the volute. However, the wastegate port opens perpendicular to or substantially at a
right angle to these flow directions and as such the wastegate flow enters the wastegate passage
in a sideward or axial direction and then turns immediately through a right angle so as to flow
circumferentially through the wastegate passage. Hence, this configuration may commonly be
referenced as a 90 degree wastegate although the actual turn angle may vary from a 90 degree
angle to some extent, such that the turn angle between the inlet direction and wastegate flow
direction may be an obtuse angle above 90 degrees or an acute angle below 90 degrees.

The invention relates to an improved wastegate valve for a turbocharger which provides
more efficient flow of the exhaust gas through the wastegate port and the wastegate passage.
More particularly as to the wastegate valve, this valve typically includes a disc-like valve body
which i8 pivotally supported on the turbine housing so as to open and close the wastegate port.
The valve body is moved by an actuator and can pivot into the wastegate port to a first position
which closes the wastegate port, and pivot out of the wastegate port to a second position which
opens the wastegate port. Therefore, a controlled portion of exhaust gas may flow through the
wastegate passage which in turn flows to a turbine outlet, thereby bypassing the turbine.

When in the open position, the valve body has a valve face which faces toward the
wastegate port and is canted at an angle relative to a plane spanning the wastegate port. The
valve face preferably is oriented so that the valve face angles toward the wastegate passage
which serves to redirect the wastegate flow as it passes through the port and turns into the
wastegate passage.

The direction toward the wastegate passage is the primary direction toward which all of
the wastegate flow needs to be directed. However, in known valve bodies of a wastegate valve,
the exhaust gas may spill over the sides of the valve body in non-optimal flow directions
transverse to the wastegate passage direction which therefore creates turbulent fluid flow in this
region and requires that this turbulent flow be further redirected by the sides of the wastegate
passage in order to direct the exhaust gas into the wastegate passage. This reduces the efficiency
of the flow through the wastegate port and can create increased back pressure and efficiency

losses.
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However, the valve body of the inventive wastegate valve includes flow formations
which serve to reduce the flow of exhaust gas in non-optimal directions. These flow formations
serve to optimize or maximize the flow of exhaust gas in the optimal or primary flow direction as
the exhaust gas flow turns through the turn angle.

In a first embodiment, the flow formation is defined by a dished valve face which is
formed by a concave shape provided to the valve face. This concave shape may be a true
concave shape wherein the valve face curves inwardly about the entire periphery of the valve
face. The concave shape also may be a modified concave shape wherein the valve face slopes
from the leading and trailing edges of the valve face to the center thereof while the sides possibly
could have less or no concavity. The term concave will also be understood to apply to an inclined
flat surface that does not have any curvature from the periphery to the center of the valve face.

In a second embodiment, the valve face may be provided with shallow ribs or strakes
which extend parallel to the flow direction and serve to direct flow in the primary direction.

In a third embodiment, the flow formation may be a dam that rises from the valve face
along a portion of the face perimeter. The dam could be on the trailing edge or more preferably,
on the leading edge of the valve face.

As described in further detail herein, these flow formations serve to optimize flow in the
primary direction and reduce non-optimal flow in secondary directions transverse to the primary
direction.

Other objects and purposes of the invention, and variations thereof, will be apparent upon

reading the following specification and inspecting the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cut-away, pictorial view of a representative turbocharger.
Figure 2 is a top view of a wastegate valve.
Figure 3 is a side view of the wastegate valve.
Figure 4 is a side view of a first embodiment of an improved waste gate valve.
Figure 5 is a bottom view of a second embodiment of the waste gate valve.
Figure 6 is a side view thereof.
Figure 7 is a bottom view of a third embodiment of the waste gate valve.
Figure 8 is a side view thereof.
Figure 9 is a pictorial view of a fourth embodiment of the waste gate valve.
Figure 10 is graph showing a comparison of mass flow between an unmodified waste

gate and the inventive waste gate valve of Figure 9.
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Certain terminology will be used in the following description for convenience and
reference only, and will not be limiting. For example, the words "upwardly", "downwardly",
"rightwardly" and "leftwardly" will refer to directions in the drawings to which reference is
made. The words "inwardly" and "outwardly" will refer to directions toward and away from,
respectively, the geometric center of the arrangement and designated parts thereof. Said
terminology will include the words specifically mentioned, derivatives thereof, and words of

similar import.

DETAILED DESCRIPTION

Referring to the cut-away view of Figure 1, a turbocharger 10 is shown which includes a
turbine 11 that defines a turbine housing or casing 12 having a volute 14 extending
circumferentially therein. Turbocharger 10 further includes a compressor 15 which is provided in
combination with the turbine 11 in a conventional manner. The compressor 15 includes a
compressor housing 16 and a compressor volute 17.

The turbocharger 10 has the basic combination of the turbine 11 and the compressor 15
which respectively include a turbine wheel 18 and a compressor wheel 19 that are rotatably
connected by a shaft 21. In turn the shaft 21 is supported by a bearing system 22.

As seen in Figures 1 and 3, the turbine 11 is supplied with exhaust gas through the
turbine inlet 23. The turbine inlet 23 defines a flow direction 24 which extends circumferentially
into the turbine volute 14. The volute 14 further has an intermediate wall 25, shown in Figure 3,
which divides the volute 14 from a wastegate passage 26 which also extends circumferentially
and discharges into the turbine outlet 27.

To divert a portion of the exhaust gas flow from the turbine inlet 23 during operation of
the turbocharger 10, the wall 25 includes a wastegate port 28 which defines a flow direction 29
that is transverse to the direction of inlet flow 24. This flow direction 29 is also transverse to the
primary flow direction 30 extending through the wastegate passage 26.

The flow of exhaust gas flows from the inlet 23 to both the volute 14 and the wastegate
passage 26 wherein the flow directions 24 and 30 are generally parallel to each other, at least in
the region of the wastegate port 28. The wastegate port 28 opens in direction 29 which is
perpendicular to or substantially at a right angle to these flow directions 24 and 30. As such, the
wastegate flow enters the wastegate passage 26 in a sideward or axial direction 29 and then turns
immediately through a right angle so as to flow circumferentially in the primary flow direction
30 through the wastegate passage 26. Hence, this may commonly be referenced as a 90 degree

wastegate although the actual turn angle may vary from a 90 degree angle to some extent, such
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that the turn angle between the inlet direction and wastegate flow direction may be an obtuse
angle above 90 degrees or an acute angle below 90 degrees.

To provide for a controlled wastegate flow, the wastegate port 28 is controlled by a
wastegate valve assembly 31 which includes a wastegate valve 32 that seats within the port 28
and is selectively openable and closable during operation of the turbocharger 10.

As seen in Figure 1, the wastegate valve 32 is shown in the closed position wherein the
exhaust gas is routed into the volute 14 through the turbine inlet 23 and this flow is restricted to
the volute 14 due to the closed condition of the wastegate valve 32. The valve 32 also is
pivotable to the open condition of Figure 3 wherein exhaust gas now is flowable into the
wastegate passage 26. The wastegate valve 32 is operated by an actuator assembly 33 (Figure 1)
which includes an actuator rod 33 that pivots the wastegate valve 32 so as to selectively open and
close the wastegate port 28 and thereby control a flow of a portion of the exhaust gas into the
wastegate passage 26. Therefore, a controlled portion of exhaust gas may flow through the
wastegate passage 26 to the turbine outlet 27, thereby bypassing the turbine 12.

The invention relates to an improved wastegate valve 32 which provides more efficient
flow of the exhaust gas through the wastegate port 28 and the wastegate passage 26. More
particularly as to the wastegate valve 32 shown in Figures 2 and 3, this valve typically includes a
disc-like valve body 34 which is supported on a valve arm 36 which in turn is pivotally
supported on the turbine housing 14 by a pivot rod 37 so as to open and close the wastegate port
28.

The pivot rod 37 is operated by the actuator assembly 33 so as to pivot the valve body 34
into the wastegate port 28 to a closed first position (Figure 1) which closes the wastegate port 28,
and pivot out of the wastegate port 28 to an open second position (Figures 2 and 3) which opens
the wastegate port 28.

The valve body 34 has a valve face 38 which faces towards the wastegate port 28 wherein
an outer perimeter 39 seats against the wall 25 and covers the port 28 when closed. When in the
open position, the valve face 38 faces toward the wastegate port 28 and is canted at an angle A
relative to a plane 40 spanning the wastegate port 28. The valve face 38 preferably is oriented so
that the valve face 38 angles toward the wastegate passage 26 which serves to redirect the
wastegate flow as it passes through the port 28 in direction 29 and turns into the wastegate
passage 26 in direction 30.

The direction 30 extending into the wastegate passage 26 is the primary direction toward
which all of the wastegate flow needs to be directed. However, in known valve bodies of the
wastegate valve 32 as diagrammatically shown in Figures 2 and 3, the exhaust gas may spill over

the sides of the valve body 34 in non-optimal flow directions 41 transverse to the optimal
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direction 30 which therefore creates turbulent fluid flow in this general area 42 and requires that
this turbulent flow be further redirected by the sides of the wastegate passage 26 in order to
redirect the exhaust gas into the wastegate passage 26. This reduces the efficiency of the flow
through the wastegate port 28 and can create increased back pressure.

However, as described relative to Figure 4 and the remaining figures, a valve body 44 of
an inventive wastegate valve 45 includes flow formations which serve to reduce the flow of
exhaust gas in non-optimal directions 41. These flow formations serve to optimize or maximize
the flow of exhaust gas in the optimal or primary flow direction 30 as the exhaust gas flow turns
through a turn angle 47 from the inlet direction 29. The wastegate valve 45 and valve body 44
are also identified in Figure 1 since the general location and appearance are similar to wastegate
valve 32 and valve body 34 and are operated the same.

A first embodiment of the valve body 44 is also designated by reference numeral 50 in
Figure 4. This valve body 50 includes a dished valve face 51 which defines a first configuration
for a flow formation 52. In this embodiment, the flow formation 52 is defined by a concave
shape provided to the valve face 51 wherein a perimeter 53 is provided with a raised edge 55.
This concave shape may be a true concave shape wherein raised edge 55 is annular or a closed
loop and the valve face 51 curves inwardly about the entire perimeter 53 to a dished center
portion 56. The concave shape also may be a modified concave shape wherein the valve face
slopes from the leading and trailing edge portions 55A and 55B of the valve face 51 to the center
portion 56 thereof while the sides possibly could have less or no concavity. The term concave
will also be understood to apply to an inclined flat surface that does not have any curvature from
the periphery to the center of the valve face.

When the valve body 50 is canted in the open position shown, the valve face 51 is
oriented almost horizontal at the leading edge 55A, which facilitates fluid flow in this direction,
and is more vertical near the trailing edge 55B, which impedes fluid flow in this direction.
Therefore, the fluid flow will tend to flow towards the optimal flow direction 30.

In a second embodiment of the valve body 44 as seen in Figures 5 and 6, the valve body
44 is also designated by reference numeral 60. This valve body 60 includes a valve face 61
which i8 provided with shallow ribs or strakes 62 which extend parallel to the flow direction 30
and serve to direct optimal flow in the primary direction 30. A perimeter 63 of the valve body 60
defines an annular, flat sealing surface 64 which is configured to surround the port 28 and abut
against an annular rim 65 defining this port 28. The strakes 62 project downwardly below the
sealing surface 64 and may be inclined in the flow direction as seen in Figure 6. Leading edges
66 of the strakes 62 may be shorter than trailing edges 67 which further encourages flow toward

direction 30.
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The strakes 62 may comprise intermediate strakes 62A that may be formed longer in the
lengthwise direction and thinner in the widthwise direction in comparison to end strakes 62B.
These strakes 62 define flow channels 69 which extend generally in the direction 30. The
bottom surfaces of these channels 69 are canted or inclined when the valve body 60 is in the
open position so as to face toward the wastegate passage 26 which thereby redirects or turns the
fluid flow and encourages exhaust gas flow in this direction 30.

The strakes 62 can be designed to optimize the fluid flow. Thus, the number of strakes
62 and channels 69 can be varied as well as the relative heights and depths thereof, as well as
their widths. The widths for cach can be the same or may vary from cach other.

In a third embodiment shown in Figures 7 and 8§, the valve body 44 is also designated by
reference numeral 70. This valve body 70 includes a valve face 71 wherein the flow formation
may be a dam 72 that rises from the valve face 71 along a portion of a face perimeter 73.

More particularly, the perimeter 73 of the valve body 70 defines an annular, flat sealing
surface 74 which is configured to surround the port 28 and abut against the annular rim 65
defining this port 28 as shown in Figure 6. The flow control dam 72 (Figures 7 and 8) projects
downwardly below the sealing surface 74 and is spaced radially inwardly of the perimeter 73 so
as to define the sealing surface 74. The dam 72 has an arcuate shape when viewed from below
and serves to impede flow from a trailing edge 75 and encourage flow toward a leading edge 76.
In the alternative, the dam 72 of Figures 7 and 8 could be provided on the leading edge 76.
While the dam 72 is continuous and unbroken, the dam 72 could also be slotted to help direct
and regulate gas flow.

Referring to Figure 9, a preferred, fourth embodiment is illustrated. The valve body 44 is
also designated by reference numeral 80. This valve body 80 includes a valve face 81 wherein
the flow formation may be a semicircular or arcuate dam 82 that rises from the valve face 81
along a portion of a face perimeter 83.

The perimeter 83 defines an annular, flat sealing surface 84. The flow control dam 82
projects downwardly below the sealing surface 84 and is spaced radially inwardly of the
perimeter 83 to define an annular sealing surface 85 like sealing surface 74. The dam 82 has an
arcuate shape extending approximately 180 degrees about the circumference of the perimeter 83
and serves to direct fluid flow which actually improves flow in direction 30 over a leading edge
86.

More particularly, the dam 82 has a generally flat, arcuate top edge 87 that has a length
that extends about 180 degrees and defines a uniform or constant height along the length of the
dam 82. The opposite ends of the top edge 87 terminate at sloped edges 88 which extend a short

distance and taper down to the surface 84. While the dam 82 is continuous and unbroken, the
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dam 82 could also be slotted to help direct and regulate gas flow. For example, the dam 82 may
be notched, such as with a V-notch wherein the dam 82 is similar to a V-notch weir or a
combination weir. As such, the top dam edge 87 may have a variable height along the length of
the dam 82, which height can be varied due to the formation of the slots or notches or due to
more arcuate contours formed in the edge 87. In this manner, the flow rate and flow direction of
the exhaust gas may be regulated and controlled by the dam 82.

The above flow formations such as the dam 82 serve to direct or regulate the gas flow in
the preferred direction of flow 30. In support, Figure 10 is a graph showing the performance of
different gate valve shapes. The curves designated as “plain” are for a conventional waste gate
design which has not been modified according to the invention. The inventive waste gate valve
body 80 of Figure 9 is indicated on the graph of Figure 10 by solid lines which indentify a front
wall design (FW) or in other words, a design where the dam 82 is located on the front side
opposite to the pivot side of the valve body 80 defined by the shaft 37.

Figure 10 compares the mass flow versus the variable valve angle defined by the valve
face 81 which varies as the valve body 80 and its valve face 81 pivots open and closed. The
mass flow and valve angle are further compared relative to different expansion ratios (ER) for
the turbocharger. As can be seen, the mass flow follows a more linear increase as the valve
angle increases in comparison to the plain graph line which shows a more curved incline. The
FW design of valve body 80 allows the valve designer to more precisely control the mass flow at
valve angles up to about 20 degrees since the mass flow increases relatively linearly with respect
to the valve angle. After the valve face 81 reaches the 20 degree valve angle, the mass flow
regulation deviates from the roughly linear control. This valve performance is believed to be due
to the improved flow control of the exhaust gas in primary direction 30 wherein flow in
secondary directions is reduced. The design of Figures 9 and 10 therefore provides a further
improvement over the design of Figures 7 and 8.

As can be seen from the above disclosure, the various configurations of these flow
formations serve to optimize flow in the primary direction 30 and reduce non-optimal flow in
secondary directions 41 transverse to the primary direction 30.

Although particular preferred embodiments of the invention have been disclosed in detail
for illustrative purposes, it will be recognized that variations or modifications of the disclosed

apparatus, including the rearrangement of parts, lic within the scope of the present invention.
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CLAIMS

What is claimed is:

1. A wastegate valve assembly (31) for a turbocharger (10) having a wastegate
passage (26) which extends in a first flow direction (30), and a wastegate port (28) which opens
into said wastegate passage (26) to divert a portion of exhaust gas flow to said wastegate passage
(26) wherein said wastegate port (28) defines a second flow direction (29) that is transverse to
said first flow direction (30), said wastegate valve assembly (31) comprising:

a valve body (44) that is scatable with a wastegate port (28) and is selectively openable
and closable, said valve body (44) having a valve face (51), (61), (71), (81) which faces towards
the wastegate port (28) and when said valve body (44) is in the open position, said valve face
(51), (61), (71), (81) is canted at an angle so that said valve body (44) angles toward said
wastegate passage (26), said valve body (44) serving to redirect wastegate exhaust flow passing
through said wastegate port (28) in said second direction (29) by turning wastegate exhaust flow
through a turn angle (47) into said wastegate passage (26) extending in said second direction
(30);

said valve body (44) including flow formations which serve to reduce exhaust gas flow
from said valve body (44) in non-optimal directions (41) transverse to said second flow direction
(30), said flow formations being shaped to encourage exhaust gas flow so as to optimally exit
said valve body (44) in said second flow direction (30) as the exhaust gas flow turns through the

turn angle (47) from said second flow direction (29) to said first flow direction (30).

2. The turbocharger according to Claim 1, wherein said turn angle (47) between said

first and second flow directions is approximately 90 degrees.

3. The turbocharger according to Claim 2, wherein said valve body (44) is pivotable

from a closed position to said canted angle in said open position.

4, The turbocharger according to Claim 1, wherein said valve body (44) includes a

dished valve face (51) defined by a concave shape provided to said valve face (51).

5. The turbocharger according to Claim 4, wherein said valve body (44) has a
perimeter (53) with a raised edge (55) and curves inwardly to a center portion (56), wherein said

valve face (51) facilitates fluid flow towards said second flow direction (30).
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6. The turbocharger according to Claim 1, wherein said valve body (44) has a valve
face (61) which is provided with strakes (62) which extend parallel to the flow direction (30) and

project downwardly below a sealing surface (64).

7. The turbocharger according to Claim 6, wherein said strakes (62) thereby define

flow channels (69) which extend generally in said first flow direction (30).

8. The turbocharger according to Claim 1, wherein said valve body (44) includes a
valve face (71) wherein the flow formations comprise a dam (72) that rises from said valve face

(71) along a portion of a face perimeter (73).

9. The turbocharger according to Claim 8§, said dam (72) has an arcuate shape and is
disposed on one of a trailing edge (75) or a leading edge (76) and serves to impede flow from a

trailing edge (75) and encourage flow toward a leading edge (76).

10. A turbocharger (10) comprising:

a turbine (11) having a volute (14) and a turbine inlet (23) which is supplied with an
exhaust gas flow, said turbine (11) having an intermediate wall (25) defining a wastegate passage
(26) which extends in a first flow direction (30), and a wastegate port (28) which opens into said
wastegate passage (26) to divert a portion of exhaust gas flow from said turbine inlet (23) to said
wastegate passage (26) wherein said wastegate port (28) defines a second flow direction (29) for
diverted exhaust gas that is transverse to said first flow direction (30);

said turbine further including a wastegate valve assembly (31) to provide for a controlled
exhaust gas flow through said waste gate port (28), said wastegate valve assembly (31) including
a valve body (44) that scats with said wastegate port (28) and is selectively openable and
closable, said valve body (44) having a valve face (51), (61), (71), (81) which faces towards said
wastegate port (28) and when said valve body (44) is in the open position, said valve face (51),
(61), (71), (81) is canted at an angle so that said valve face (51), (61), (71), (81) angles toward
the wastegate passage (26) which serves to redirect wastegate exhaust flow passing through said
wastegate port (28) in said second direction (29) by turning wastegate exhaust flow through a
turn angle (47) into the wastegate passage (26) extending in said second direction (30);

said valve face (51), (61), (71), (81) of said valve body (44) including flow formations
which serve to reduce exhaust gas flow from said valve face (51), (61), (71), (81) in non-optimal

directions (41) transverse to said second flow direction (30), said flow formations being shaped

10
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to optimize exhaust gas flow so as to optimally exit said valve face (51), (61), (71), (81) in said
first flow direction (30) as the exhaust gas flow turns through said turn angle (47) from said

second flow direction (29) to said first flow direction (30).

11. The turbocharger according to Claim 10, wherein said valve body (44) includes a

dished valve face (51) defined by a concave shape provided to said valve face (51).

12. The turbocharger according to Claim 10, wherein said valve body (44) has a valve
face (61) which is provided with strakes (62) which extend parallel to the flow direction (30) and

project downwardly below a sealing surface (64).

13.  The turbocharger according to Claim 10, wherein said valve body (44) includes a
valve face (71) wherein the flow formations comprise a dam (72) that rises from said valve face

(71) along a portion of a face perimeter (73).
14.  The turbocharger according to Claim 13, wherein said dam (72) has an arcuate

shape and is disposed on one of a trailing edge (75) or a leading edge (76) and serves to impede

flow from a trailing edge (75) and encourage flow toward a leading edge (76).

11






WO 2014/099328 PCT/US2013/072579

2/5




WO 2014/099328 PCT/US2013/072579

3/5
69 62B

60 44
& 69 /

/ {/ \ 62

62A = —

69"

\ /7
61 / 64

62A |
69 FIG. 5
62B

FIG. 6



WO 2014/099328 PCT/US2013/072579

4/5

75




WO 2014/099328

Mass Flow, kg/sec

5/5

PCT/US2013/072579

Unmodified WG vs, Dam Opposite From Pivot

[.60E-01

1.40E-01

1.20E-01

1.00E-01

8.00E-02

6.00E-02

4.00E-02

2.00E-02

0.00E+00
0.0

10.0

150 20.0 250
Angle, deg

FIG. 10

30.0

35.0

—~4& - ER 1.2 Plain
—a-— ER 2.0 Plain
..... A ER 3.0 Plain
—3¢— ER 4.0 Plain
—%— ER 1.2 FW
wo@own ER 2.0 FW
— vo= ER3.0FW
----ER4.0FW




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2013/072579

A. CLASSIFICATION OF SUBJECT MATTER
F02B 37/12(2006.01)i, F02B 37/18(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)
F02B 37/12;, F02B 37/02, F02B 37/013; FO1B 25/02; F02D 23/00; FO2B 37/18, FO2B 37/16

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

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: wastegate, valve, flow, turbocharger, direction and exhaust

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2011-0173974 A1 (GRABOWSKA, DAVID G.) 21 July 2011 1-14
See abstract; paragraphs [0024]-[0030], [0045]-[00521;
claims 1,9-10 and figures 4-7, 10A-10C.

A JP 2011-179401 A (MITSUBISHI HEAVY IND. LTD.) 15 September 2011 1-14
See abstract; paragraph [0011]; and claim 1.

A KR 10-2012-0017090 A (MITSUBISHI HEAVY INDUSTRIES LTD.) 27 February 2012 1-14
See abstract; and paragraph [0042].

A KR 10-1048911 B1 (MITSUBISHI HEAVY INDUSTRIES LTD.) 12 July 2011 1-14
See abstract,; and claim 1.

A US 5,046,317 A (SATOKAWA, AKIRA) 10 September 1991 1-14
See claim 1 and figure 1.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

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

"L"  document which may throw doubts on priotity ¢claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, nse, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory undetlying the invention

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

"Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
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

18 March 2014 (18.03.2014)

Date of mailing of the international search report

19 March 2014 (19.03.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

HAN, Joong Sub

Telephone No. +82-42-481-5606

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2013/072579
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0173974 Al 21/07/2011 CN 102165166 A 24/08/2011
DE 112009002230 T5 29/09/2011
JP 2012-504727 A 23/02/2012
KR 10-2011-0060934 A 08/06/2011
US 8499557 B2 06/08/2013
WO 2010-039596 A2 08/04/2010
WO 2010-039596 A3 03/06/2010
JP 2011-179401 A 15/09/2011 CN 102472159 A 23/05/2012
EP 2444626 Al 25/04/2012
KR 10-2012-0014934 A 20/02/2012
US 2012-0312010 Al 13/12/2012
WO 2011-108331 Al 09/09/2011
KR 10-2012-0017090 A 27/02/2012 CN 102472160 A 23/05/2012
EP 2444625 Al 25/04/2012
JP 2011-144762 A 28/07/2011
US 2013-0199175 Al 08/08/2013
WO 2011-087069 Al 21/07/2011
KR 10-1048911 B1 12/07/2011 CN 101600868 A 09/12/2009
CN 101600868 B 21/09/2011
EP 2199564 Al 23/06/2010
JP 2009-092026 A 30/04/2009
JP 4885105 B2 29/02/2012
US 2010-0187460 Al 29/07/2010
US 8109257 B2 07/02/2012
WO 2009-048115 Al 16/04/2009
US 5046317 A 10/09/1991 DE 69015449 T2 24/05/1995
ES 2068944 T3 01/05/1995
KR 10-1991-0001222 A 30/01/1991
US 5046317 A 10/09/1991

Form PCT/ISA/210 (patent family annex) (July 2009)



	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 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

