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OBTUSE ANGLE CHEVRON TRIP STRIP

BACKGROUND

[0001] A gas turbine engine typically includes a fan section, a compressor section,
a combustor section and a turbine section. Air entering the compressor section is compressed
and delivered into the combustion section where it is mixed with fuel and ignited to generate
a high-speed exhaust gas flow. The high-speed exhaust gas flow expands through the turbine
section to drive the compressor and the fan section.

[0002] Structures such as turbine blades within the high-speed exhaust gas flow
encounter extreme temperatures and therefore are often provided with cooling features.
Cooling features include internal passages through which cooling air flow. The flow of
cooling air is modified to increase heat transfer properties with structures within the cooling
channels. The structures generate turbulent flow in the cooling air that improves heat
transfer.

[0003] Although structures for improving heat transfer are currently utilized, there
remains need to improve heat transfer to enable operation at increasing temperatures that

provide increased engine operation efficiencies.

SUMMARY

[0004] An airfoil according to an exemplary embodiment of this disclosure,
among other possible things includes a cooling air passage receiving a cooling air flow, and a
chevron including a first rib and a second rib extending from a common tip. An angle
between the first rib and the second rib is greater than ninety (90) degrees.

[0005] In a further embodiment of the foregoing airfoil, the angle between the
first rib and the second rib is less than one-hundred-eighty (180) degrees.

[0006] In a further embodiment of any of the foregoing airfoils, the angle between
the first rib and the second rib is between about ninety-five (95) degrees and one-hundred-
seventy-five (175) degrees.

[0007] In a further embodiment of any of the foregoing airfoils, the first rib and

second rib include a uniform height above a surface of the cooling channel.
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[0008] In a further embodiment of any of the foregoing airfoils, the first rib and
the second rib include an increasing height from the tip towards a first end of the first rib and
a second end of the second rib.

[0009] In a further embodiment of any of the foregoing airfoils, the first rib
includes a first end and the second rib includes a second end and a height of the chevron
increases from the first end toward the second end.

[0010] In a further embodiment of any of the foregoing airfoils, the first rib
includes a first end and the second rib includes a second end and a height of the chevron
decrease from the first end toward the second end.

[0011] In a further embodiment of any of the foregoing airfoils, the first rib and
the second rib are of a common length.

[0012] In a further embodiment of any of the foregoing airfoils, the first rib and
the second rib are of unequal lengths.

[0013] In a further embodiment of any of the foregoing airfoils, the tip is pointed
into cooling air flow.

[0014] In a further embodiment of any of the foregoing airfoils, each of the
cooling air passages includes side walls and the tip of the chevron is spaced apart from a
midpoint between the side walls.

[0015] A turbine engine component according to an exemplary embodiment of
this disclosure, among other possible things includes a cooling channel receiving a cooling air
flow, and a chevron including a first rib and a second rib extending from a common tip,
wherein an angle between the first rib and the second rib is greater than ninety (90) degrees.

[0016] In a further embodiment of the foregoing turbine engine component, the
angle between the first rib and the second rib is less than one-hundred-eighty (180) degrees.

[0017] In a further embodiment of any of the foregoing turbine engine
components, the angle between the first rib and the second rib is between about ninety-five
(95) degrees and one-hundred-seventy-five (175) degrees.

[0018] In a further embodiment of any of the foregoing turbine engine
components, the first rib and second rib include a uniform height above a surface of the

cooling channel.
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[0019] In a further embodiment of any of the foregoing turbine engine
components, the first rib and the second rib varying in height above a surface of the cooling
channel.

[0020] A method of forming a cooling passage according to an exemplary
embodiment of this disclosure, among other possible things includes forming a cooling
passage to direct cooling air, and forming a chevron on a surface of the cooling passage
including a first rib and a second rib extending from a common tip with an angle between the
first rib and the second rib is greater than 90 degrees.

[0021] In a further embodiment of the foregoing method, includes forming the
angle between the first rib and the second rib to be less than one-hundred-eighty (180)
degrees.

[0022] In a further embodiment of any of the foregoing methods, includes
forming the angle between the first rib and the second rib to be between about ninety-five
(95) degrees and about one-hundred-seventy-five (175) degrees.

[0023] Although the different examples have the specific components shown in
the illustrations, embodiments of this disclosure are not limited to those particular
combinations. It is possible to use some of the components or features from one of the
examples in combination with features or components from another one of the examples.

[0024] These and other features disclosed herein can be best understood from the

following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 is a schematic view of an example gas turbine engine.

[0026] Figure 2 is a perspective view of an example turbine blade.

[0027] Figure 3 is a perspective view of cooling air passaged within an airfoil.

[0028] Figure 4 is an enlarged view of an example chevron within a cooling air
passage.

[0029] Figure 5 is a perspective view of example chevron configuration.

[0030] Figure 6 is a perspective view of another example chevron configuration.

[0031] Figure 7a is a schematic view of a chevron within a cooling air passage.
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[0032] Figure 7b is a schematic view of another example chevron within a cooling
air passage.

[0033] Figure 7c is a schematic view of yet another example chevron within a
cooling air passage.

[0034] Figure 8 is a schematic view of a chevron located within a cooling air

passage.

DETAILED DESCRIPTION

[0035] Figure 1 schematically illustrates an example gas turbine engine 20 that
includes a fan section 22, a compressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmenter section (not shown) among other
systems or features. The fan section 22 drives air along a bypass flow path B while the
compressor section 24 draws air in along a core flow path C where air is compressed and
communicated to a combustor section 26. In the combustor section 26, air is mixed with fuel
and ignited to generate a high pressure exhaust gas stream that expands through the turbine
section 28 where energy is extracted and utilized to drive the fan section 22 and the
compressor section 24.

[0036] Although the disclosed non-limiting embodiment depicts a turbofan gas
turbine engine, it should be understood that the concepts described herein are not limited to
use with turbofans as the teachings may be applied to other types of turbine engines; for
example a turbine engine including a three-spool architecture in which three spools
concentrically rotate about a common axis and where a low spool enables a low pressure
turbine to drive a fan via a gearbox, an intermediate spool that enables an intermediate
pressure turbine to drive a first compressor of the compressor section, and a high spool that
enables a high pressure turbine to drive a high pressure compressor of the compressor
section.

[0037] The example engine 20 generally includes a low speed spool 30 and a high
speed spool 32 mounted for rotation about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It should be understood that various

bearing systems 38 at various locations may alternatively or additionally be provided.
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[0038] The low speed spool 30 generally includes an inner shaft 40 that connects
a fan 42 and a low pressure (or first) compressor section 44 to a low pressure (or first) turbine
section 46. The inner shaft 40 drives the fan 42 through a speed change device, such as a
geared architecture 48, to drive the fan 42 at a lower speed than the low speed spool 30. The
high-speed spool 32 includes an outer shaft 50 that interconnects a high pressure (or second)
compressor section 52 and a high pressure (or second) turbine section 54. The inner shaft 40
and the outer shaft 50 are concentric and rotate via the bearing systems 38 about the engine
central longitudinal axis A.

[0039] A combustor 56 is arranged between the high pressure compressor 52 and
the high pressure turbine 54. In one example, the high pressure turbine 54 includes at least
two stages to provide a double stage high pressure turbine 54. In another example, the high
pressure turbine 54 includes only a single stage. As used herein, a “high pressure”
compressor or turbine experiences a higher pressure than a corresponding “low pressure”
compressor or turbine.

[0040] The example low pressure turbine 46 has a pressure ratio that is greater
than about 5. The pressure ratio of the example low pressure turbine 46 is measured prior to
an inlet of the low pressure turbine 46 as related to the pressure measured at the outlet of the
low pressure turbine 46 prior to an exhaust nozzle.

[0041] A mid-turbine frame 58 of the engine static structure 36 is arranged
generally between the high pressure turbine 54 and the low pressure turbine 46. The mid-
turbine frame 58 further supports bearing systems 38 in the turbine section 28 as well as
setting airflow entering the low pressure turbine 46.

[0042] Airflow through the core airflow path C is compressed by the low pressure
compressor 44 then by the high pressure compressor 52 mixed with fuel and ignited in the
combustor 56 to produce high speed exhaust gases that are then expanded through the high
pressure turbine 54 and low pressure turbine 46. The mid-turbine frame 58 includes vanes
60, which are in the core airflow path and function as an inlet guide vane for the low pressure
turbine 46. Utilizing the vane 60 of the mid-turbine frame 58 as the inlet guide vane for low
pressure turbine 46 decreases the length of the low pressure turbine 46 without increasing the
axial length of the mid-turbine frame 58. Reducing or eliminating the number of vanes in the

low pressure turbine 46 shortens the axial length of the turbine section 28. Thus, the
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compactness of the gas turbine engine 20 is increased and a higher power density may be
achieved.

[0043] The disclosed gas turbine engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the gas turbine engine 20 includes a bypass ratio
greater than about six (6), with an example embodiment being greater than about ten (10).
The example geared architecture 48 is an epicyclical gear train, such as a planetary gear
system, star gear system or other known gear system, with a gear reduction ratio of greater
than about 2.3.

[0044] In one disclosed embodiment, the gas turbine engine 20 includes a bypass
ratio greater than about ten (10:1) and the fan diameter is significantly larger than an outer
diameter of the low pressure compressor 44. It should be understood, however, that the
above parameters are only exemplary of one embodiment of a gas turbine engine including a
geared architecture and that the present disclosure is applicable to other gas turbine engines.

[0045] A significant amount of thrust is provided by airflow through the bypass
flow path B due to the high bypass ratio. The fan section 22 of the engine 20 is designed for
a particular flight condition -- typically cruise at about 0.8 Mach and about 35,000 feet. The
flight condition of 0.8 Mach and 35,000 ft., with the engine at its best fuel consumption - also
known as “bucket cruise Thrust Specific Fuel Consumption (“I'SFC’)” - is the industry
standard parameter of pound-mass (Ibm) of fuel per hour being burned divided by pound-
force (Ibf) of thrust the engine produces at that minimum point.

[0046] “Low fan pressure ratio” is the pressure ratio across the fan blade alone,
without a Fan Exit Guide Vane (“FEGV”) system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less than about 1.50. In another non-
limiting embodiment the low fan pressure ratio is less than about 1.45.

[0047] “Low corrected fan tip speed” is the actual fan tip speed in ft/sec divided
by an industry standard temperature correction of [(Tram °R)/ (518.7°R)] 5 The “Low
corrected fan tip speed”, as disclosed herein according to one non-limiting embodiment, is
less than about 1150 ft/second.

[0048] The example gas turbine engine includes the fan 42 that comprises in one
non-limiting embodiment less than about twenty-six (26) fan blades. In another non-limiting

embodiment, the fan section 22 includes less than about twenty (20) fan blades. Moreover, in
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one disclosed embodiment the low pressure turbine 46 includes no more than about 6 turbine
rotors schematically indicated at 34. In another non-limiting example embodiment the low
pressure turbine 46 includes about three (3) turbine rotors. A ratio between the number of fan
blades 42 and the number of low pressure turbine rotors is between about 3.3 and about 8.6.
The example low pressure turbine 46 provides the driving power to rotate the fan section 22
and therefore the relationship between the number of turbine rotors 34 in the low pressure
turbine 46 and the number of blades 42 in the fan section 22 disclose an example gas turbine
engine 20 with increased power transfer efficiency.

[0049] Referring to Figure 2, a turbine blade 62 includes an airfoil 68 extending
upward from a platform 70. The airfoil 68 is exposed to high temperature exhaust gas flow
72 and therefore includes cooling air passages 64 for cooling airflow 66. The cooling airflow
66 is circulated within the passages 64 within the airfoil 68 to transfer heat from the turbine
blade 62 into the cooling airflow 66. Cooling airflow 66 is then exhausted through openings
in the airfoil 68 into the gas flow 72. It should be appreciated that although a turbine blade
62 is disclosed by way of example, other cooled turbine engine components such as turbine
vanes, compressor blades and vanes, blade outer air seals and any other component that
includes cooling air passages will benefit from this disclosure.

[0050] Referring to Figure 3 with continued reference to Figure 2, the airfoil 68
includes an internal cavity 74 that defines the cooling air passages 64 and includes a surface
76 with a plurality of chevrons 78. The chevrons 78 induce turbulence into the cooling
airflow 66 that improves heat transfer. Each of the cooling air passages 64 includes a
different pattern of chevrons 78 to accommodate different heat transfer requirements.
Accordingly, the number and spacing of chevrons 78 within each passage is tailored to heat
transfer requirement for that passage.

[0051] Referring to Figure 4 with continued reference to Figure 3, the chevron 78
includes a tip 80 that faces incoming cooling airflow 66. A first rib 82 and a second rib 84
extend from the tip 80. An angle 86 between the first rib 82 and the second rib 84 is greater
than 90 degrees.

[0052] Previous chevron structures within a cooling channel are provided with
ribs disposed at a right angle, or ninety (90) degrees to provide optimal heat transfer. Heat

transfer was then adjusted by varying spacing between the ninety (90) degree chevrons.
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However, some heat transfer requirements are not fully compatible with the ninety (90)
degree chevron.

[0053] The example chevron 78 includes the angle 86 that is obtuse, or greater
than ninety (90) degrees. Moreover, the angle 86 is less than one-hundred-eighty (180)
degrees to maintain the relative angular orientation to cooling airflow 66. In another
example, the chevron 78 includes the angle 86 that is between about ninety-five (95) degrees
and about one-hundred-seventy-five (175) degrees.

[0054] Referring to Figure 5, the disclosed chevron 78 may also include ribs of
different lengths. The chevron 78 shown in Figure 5 includes a first rib 82 that is first length
98 that is different than a second length 96 of the second rib 96. The second length 96 is
greater than the first length 98. As appreciated, either the first rib 82 or the second rib 84
could be longer than the other to adapt to specific space and heat transfer requirements.

[0055] Referring to Figure 6, the chevron 78 includes a first height 92 at the first
end 88 and a second height 94 at the second end 90. The first height 92 is greater than the
second height 94 such that the overall height tapers downward from the first end 88 to the
second end 90. As appreciated, the height could taper from the second end 90 to the first end
88 to provide a desired heat transfer capability.

[0056] Referring to Figure 7a, the chevron 78 is illustrated in a side view within
the cooling air passage 64. The height 92 is uniform across the entire chevron 78 from the tip
80 to the first and second ends 88, 90.

[0057] Referring to Figure 7b, the chevron 78 is shown with the first height 92 at
the tip 80. The first and second ends 88, 90 are provided at the smaller second height 94 such
that the chevron 78 is provided with a tapered surface from the tip 80 to the ends 88, 90.

[0058] Referring to Figure 7c, the chevron 78 is illustrated with the tip 80
disposed at the reduced second height 94 with the height increasing toward the first and
second ends 88, 90 to the first height. 92. The variation in height provides for tailoring heat
transfer properties of the chevron to accommodate local thermal characteristics.

[0059] Referring to Figure 8, the chevron 78 is illustrated within the cooling air
passage 64 between outer walls 100. A midpoint 102 between the walls 100 is the usual
location about which the chevron 78 is centered to be disposed symmetrically within the

passage 64. The example chevron 78 is mounted in a non-symmetrical location within the

8
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cooling air passage 64. The tip 80 is spaced apart a distance 104 from the midpoint 102 such
that it is biased toward one of the walls 100. The non-symmetric orientation of the chevron
78 generates a non-uniform heat transfer characteristic within the passage 64 that provides for
tailoring heat transfer properties.

[0060] Accordingly, the example chevron 78 provides an obtuse angle between
outward extending first and second ribs 82, 84 to enable tailoring of heat transfer within a
cooling air passage 64. Moreover, disclosed chevron 78 includes non-symmetrical placement
and features such as height and length of each of the first and second ribs 82, 84 to further
vary and tailor heat transfer properties to local portions of the airfoil 68 or other cooled
turbine engine component.

[0061] Although an example embodiment has been disclosed, a worker of
ordinary skill in this art would recognize that certain modifications would come within the
scope of this disclosure. For that reason, the following claims should be studied to determine

the scope and content of this disclosure.
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CLAIMS
What is claimed is:
1. An airfoil comprising:
a cooling air passage receiving a cooling air flow; and
a chevron including a first rib and a second rib extending from a common tip, wherein

an angle between the first rib and the second rib is greater than ninety (90) degrees.

2. The airfoil as recited in claim 1, wherein the angle between the first rib and the

second rib is less than one-hundred-eighty (180) degrees.

3. The airfoil as recited in claim 1, wherein the angle between the first rib and the
second rib is between about ninety-five (95) degrees and one-hundred-seventy-five (175)

degrees.

4, The airfoil as recited in claim 1, wherein the first rib and second rib include a uniform

height above a surface of the cooling channel.

5. The airfoil as recited in claim 1, wherein the first rib and the second rib include an
increasing height from the tip towards a first end of the first rib and a second end of the

second rib.

6. The airfoil as recited in claim 1, wherein the first rib includes a first end and the
second rib includes a second end and a height of the chevron increases from the first end

toward the second end.
7. The airfoil as recited in claim 1, wherein the first rib includes a first end and the

second rib includes a second end and a height of the chevron decrease from the first end

toward the second end.

10
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8. The airfoil as recited in claim 1, wherein the first rib and the second rib are of a

common length.

9. The airfoil as recited in claim 1, wherein the first rib and the second rib are of unequal
lengths.

10. The airfoil as recited in claim 1, wherein the tip is pointed into cooling air flow.

11. The airfoil as recited in claim 1, wherein each of the cooling air passages includes

side walls and the tip of the chevron is spaced apart from a midpoint between the side walls.

12. A turbine engine component comprising:
a cooling channel receiving a cooling air flow; and
a chevron including a first rib and a second rib extending from a common tip, wherein

an angle between the first rib and the second rib is greater than ninety (90) degrees.

13. The turbine engine component as recited in claim 12, wherein the angle between the

first rib and the second rib is less than one-hundred-eighty (180) degrees.
14. The turbine engine component as recited in claim 12, wherein the angle between the
first rib and the second rib is between about ninety-five (95) degrees and one-hundred-

seventy-five (175) degrees.

15. The turbine engine component as recited in claim 12, wherein the first rib and second

rib include a uniform height above a surface of the cooling channel.

16. The turbine engine component as recited in claim 12, wherein the first rib and the

second rib varying in height above a surface of the cooling channel.

11
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17. A method of forming a cooling passage comprising:

forming a cooling passage to direct cooling air; and

forming a chevron on a surface of the cooling passage including a first rib and a
second rib extending from a common tip with an angle between the first rib and the second

rib is greater than 90 degrees.

18. The method as recited in claim 17, including forming the angle between the first rib

and the second rib to be less than one-hundred-eighty (180) degrees.
19. The method as recited in claim 17, including forming the angle between the first rib

and the second rib to be between about ninety-five (95) degrees and about one-hundred-

seventy-five (175) degrees.

12



WO 2014/159800 PCT/US2014/025177

1/5

<C
—
|
A Y
=5 .uuuuuuu‘
-
[{o]
ﬁ_
o 3
~y B
0]
3 g

/zo
56
50
FIG. 1

< O
. S D ©
p
©
M
o
o}
N
s}
< o
~N
< b=d
d—
|
"
.
00
faa) <
o~ J l ﬂ
~
]
. \ .




WO 2014/159800 PCT/US2014/025177

2/5

66



3/5

52
FIG.3

777777

‘

%>>>>»§§§%2>
W>>>>>

-

MWZ

CLLEKLLLLKL

D555 559985

LSS S S5SS5S555S 5

NN




PCT/US2014/025177

WO 2014/159800

JAGTE
6 v6y 08
0688
. 99
¥6 (8 79
JAGIE
6 % 08
- 0688 . ~—gg
¥ 76'C8 75
\7AE
W iy
06'88 f
76787 99
79
26

z8 ¥8
06
% L
6" G ol
Nm\ﬂ 88 Av\y 08
96
78
88
¥ o1
08y (8L
Ny
z8
19

88

9g)



WO 2014/159800 PCT/US2014/025177

5/5

s

100
|
78)

1 04\.“__

FIG.8

84

80
10\
82
64

78) 100/

66




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/025177

A. CLASSIFICATION OF SUBJECT MATTER
F01D 5/18(2006.01)i, F01D 25/12(2006.01)i, F02C 7/18(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
FO01D 5/18; B22D 19/00; FO1D 25/12; F02C 7/18

Documentation searched other than minimum documentation to the extent that such documents are included in 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)
cKOMPASS(KIPO internal) & Keywords: gas turbine engine, obtuse angle, chevron, trip strip, rib, and tip

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012-0328450 A1l (SPANGLER et al.) 27 December 2012 1-4,8-15,17-19
See paragraphs [0014]-[0015], [0021]; and figures 3-4.
Y 5-7,16
Y US 2011-0286857 Al (GLEINER et al.) 24 November 2011 5-7,16

See paragraph [0016]; and figure 4.

A US 5,052,889 A (ABDEL-MESSEH, WILLIAM) 01 October 1991 1-19
See column 3, lines 6-56; and figures 3-4.

A EP 0735240 A1 (GENERAL ELECTRIC COMPANY) 02 October 1996 1-19
See column 14, line 1 — column 15, line 39; and figures 15-18.

A US 2007-0297916 Al (LEVINE et al.) 27 December 2007 1-19
See paragraphs [0018]-[0027]; and figures 2, 4, 6.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
01 July 2014 (01.07.2014) 02 July 2014 (02.07.2014)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division

+ Korean Intellectual Property Office

g

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701, HAN, Joong Sub
Republic of Korea

Facsimile No. +82-42-472-7140 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/US2014/025177
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0328450 Al 27/12/2012 EP 2538026 A2 26/12/2012
JP 2013-007381 A 10/01/2013
US 2011-0286857 Al 24/11/2011 EP 2390024 A2 30/11/2011
EP 2390024 A3 17/04/2013
US 2013-195675 Al 01/08/2013
US 8353329 B2 15/01/2013
US 5052889 A 01/10/1991 EP 0457712 Al 21/11/1991
US 5052889 A 01/10/1991
EP 0735240 Al 02/10/1996 DE 69612319 D1 10/05/2001
DE 69612319 T2 02/05/2002
EP 0735240 Bl 04/04/2001
IN 186935 Al 15/12/2001
JP 03894974 B2 22/03/2007
JP 08-319803 A 03/12/1996
KR 10-0393725 Bl 03/11/2003
US 5536143 A 16/07/1996
US 2007-0297916 Al 27/12/2007 EP 1870561 A2 26/12/2007
EP 1870561 A3 22/12/2010
JP 2008-002464 A 10/01/2008

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 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report

