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(57) A compressor blade (5) extending spanwise from a hub section (6) to a tip section (7) and having intermediate
airfoil cross sections (S), said cross sections having a stagger angle (y) comprised between a chord (¢) and a meridional
axis (m), characterized in that the blade (5) has a spanwise stagger angle distribution y(s) defined as a function of the
relative span (s) of the blade by the equation:

Y(s)= y(0)+s[y(1) - y(0)] + [y(1)/y(0)]*WSA(s),

where WSA(s) is a weighted stagger angle defined, as a function of the relative span, by a curve comprised between
the following equations:

WSAmin(s) = - 43.5987s® + 108.76701s°> - 69.1667s7 -

22.5948s% + 27.9252s% - 1.3318s;

and

WSAmax(S) = =20s? + 20s.
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Description

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to a compressor blade for a compressor of a gas turbine power plant.
[0002] More particularly, the present invention relates to a modified spanwise distribution of the stagger angle of a
compressor blade.

Description of prior art

[0003] Asisknown, agas turbine power generation plant (herein after: "the plant") comprises an upstream compressor,
a combustor assembly and a downstream turbine.

[0004] The terms downstream and upstream as used herein refer to the direction of the main gas flow passing through
the plant.

[0005] The plant includes a stator and a rotor housed within the stator and comprising a compressor section with a
plurality of rows of compressor blades and a turbine section with a plurality of turbine blades.

[0006] The compressor blades extend spanwise from a hub section to a tip section which radially faces the stator and
is separated therefrom by a tip gap.

[0007] The main goal of a compressor design, along with high efficiency, is a high operating range. The operating
range of a compressor blade is limited by aerodynamic losses in the region of the tip gap.

[0008] Efficiency and operating range are contradictory requirements: efficiency is maximized at high loadings, but in
these conditions the operating range is decreased.

[0009] Known prior art solutions to achieve high efficiency and operating range include so called "casing treatments",
i.e. casing structures in the area of the rotating blades configured to reduce aerodynamic blockage. Although this tech-
nology has been known since the early days of turbomachinery, it is not widely used because of the cost of additional
parts and servicing needs.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide a compressor blade with a modified design aimed at reducing
aerodynamic blockage in the tip region.

[0011] According to the present invention, this object is attained by a compressor blade extending spanwise from a
hub section to a tip section and having intermediate airfoil cross sections, said cross sections having a stagger angle
comprised between a chord and a meridional axis, characterized in that the blade has a spanwise stagger angle distri-
bution y(s) defined as a function of the relative span (s) by the equation

Y(s)= y(0)+s[y(1) - y(0)] + [y(1)/y(0)]*WSA(s),

where WSA(s) is a weighted stagger angle defined, as a function of the relative span, by a curve comprised between
the following equations:

WSAnmin(s) = — 43.5987s6 + 108.76701s°> - 69.1667s* -22.5948s3

+ 27.9252s5? - 1.3318s;

and

WSAmax(S) = =20s? + 20s.

Blades with a stagger spanwise distribution in this range proved to have a greater operating range due to lower aero-
dynamic losses in the tip region, where the stagger angle increases less than in the prior art.

[0012] According to a preferred embodiment of the invention, the weighted stagger angle distribution curve has a
maximum in the range of relative span (s) between s=0.4 and s=0.6, and preferably at s=0.5, which means that the
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stagger angle distribution diverges from a linear progression from the hub section up to an intermediate portion of the
blade, and then progressively converges with the linear progression at the tip.

[0013] Preferably, the curve has a downward concavity in the range between the maximum and a zero point at s=1;
this has the effect that the non-linear component of the stagger angle distribution decreases sharply in the tip region.
[0014] Preferably, the stagger angle does not increase in the tip region of the blade, which reduces aerodynamic
blockage and thus increases operating range.

[0015] The presentinvention also relates to a compressor including at least a compressor stage comprising a circum-
ferential row of blades as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For a better comprehension of the present invention, a preferred embodiments thereof will be described here-
after, by way of a non-limiting example and referring to the attached drawings, where:

Figure 1 is schematic elevation view of a compressor blade;

Figure 2 is a cross section of a compressor blade;

Figure 3 is a diagram showing limit curves for weighted stagger angle spanwise distribution in accordance with the
present invention;

Figure 4 is a diagram showing embodiments of the weighted stagger angle spanwise distribution according to the
invention against the prior art;

Figure 5 is a diagram showing stage compression characteristic curves comparing the blade geometry according
to the invention to the prior art; and

Figure 6 is a diagram showing the stagger angle spanwise distribution of a blade according to an embodiment of
the present invention compared to the prior art, as well as airfoil section comparisons at different relative spans.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

[0017] Referring now to figure 1, a compressor 1 for a gas turbine power plant (not shown) includes a stator 2 and a
rotor 3. Rotor 3 includes a hub 4 and plurality of circumferential rows of blades 5, only one of which is schematically
shown. Blade 5 is fixed to hub 4 in a known manner, and extends from a hub section 6 to a tip section 7.

[0018] Stator 2 includes a casing 8 housing the rotor in a rotation-free manner and a plurality of circumferential rows
of vanes (not shown)fixed to casing 8.

[0019] A tip gap 9 separates tip section 7 of each blade 5 from casing 8.

[0020] Blade 5 can be thought of as composed by a plurality of radially stacked cross sections S, each of which
constitutes an airfoil (fig. 2). Itis to be noted thatin figure 1 both hub 4 and casing 8 are schematically shown as cylindrical,
and therefore flow lines 14 are parallel to the rotor axis and so are blade cross section. In actual compressors, this is
generally not the case, and cross sections are taken along flow lines that are not parallel to the rotor axis.

[0021] Referring to fig. 2, a stagger angle y of the airfoil is defined between a chord ¢ and a meridional axis m, where
chord cis the line connecting point L of intersection between leading edge 15 and camber line 16 to point T of intersection
between trailing edge 17 and camber line 16.

[0022] According to the present invention, a distribution or progression of stagger angle y from hub section 6 to tip
section 7 of blade 5 is defined as a function of the relative span s(r):

s(r) = h(r)/H [1]

where h(r) is the distance of the cross section with respect to the hub cross section (i.e. the difference between the cross
section mean radius and the hub section mean radius, radiuses being measured from the rotor axis) and H is the total
height of the blade 5, i.e. the difference between the tip section mean radius and the hub section mean radius.

[0023] Such stagger angle distribution is given by the sum of a linear distribution from hub section to tip section and
a non-linear distribution in the form:

Y(s)= y(0)+s[y(1) - y(0)]+ [y(1)/y(0)]*WSA(s) [2]

[0024] Parameter WSA or "Weighted Stagger Angle" is defined as follows (from [2]):
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WSA(s)= [y(s) -s(y(1) = y(0)) - y(0)]* y(0)/y(1). [2A]

[0025] WSA(s) is, by definition, a function that equals 0 at the hub section (where s(r)=0 and j(s) = »(0) and at the tip
section (where s(r)=1 and y(s) = »(1)).

[0026] According to the present invention, WSA(s) is a function comprised between the limit curves defined by the
following equations:

WSAmin(s) = - 43.5987s° + 108.76701s° - 69.1667s* -
22.5948s3 + 27.9252s% -1.3318s; [3]
and
WSAmax (S) = _2052 + 205 [4]

[0027] Limits curves WSA,,;, (s) and WSA,,,., (s) are shown in fig. 3, and the hatched area therebetween defines the
range for WSA(s), so that, for each value of s, the following relation applies:

WSAmax(S) 2 WSA(S) 2 WSAmJ_n(S) [5]

[0028] As can be noted from figure 3, both curves WSA,,i,(s) and WSA,,,..(s) have their maximum at about s=0.5,
and have a downwards concavity from the maximum to the zero point at S=1.

[0029] Figure 4 discloses three examples of curves WSA1, WSA2, WSA3 in accordance with the present invention,
which lie within the area between curves WSA,,i,(s) and WSA,,. (s), as opposed to comparative curves WSA4, WSAS
according to the prior art. Each of the curves according to the invention has a maximum in the range between s=0.4 and
s=0.6, and preferably at about s=0.5. The following table includes values for each of the curves WAS1 to WSAS, as well
as WSA,,in(s) and WSA,,,.«(s), for values of s ranging from 0 to 1 by 0.1 increments. The table also includes the deriving
values of stagger angle y(s) for each of the curves.

s | WSA1 | WSA2 | WSA3 | WSA4 | WSA5 | WSA,,;, | WSA,.. | 1 72 13 4 /5

0| 000| 000 000 000 0,00 0,00 0,00 | 47,41 | 48,25 | 47,35 | 47,32 | 47,05
01| 023 071| 131 -028| 0,05 0,12 1,80 | 48,37 | 49,76 | 49,53 | 48,08 | 48,37
02| 093 153 251 -032| 016 0,59 3,20 | 49,85 | 51,41 | 51,59 | 49,12 | 49,76
03| 168 227| 351 -027| 0,32 1,18 420 | 51,39 | 52,96 | 5342 | 50,29 | 51,23
04| 218| 278| 426| -010| 0,53 1,65 4,80 | 52,66 | 54,25| 54,97 | 51,59 | 52,74
05| 238 298| 463| 004| 068 1,89 500 | 53,57 | 55,17 | 56,07 | 52,87 | 54,18
06| 227| 282| 449 003| 064 1,83 4,80 | 54,13 | 55,70 | 56,60 | 53,96 | 55,39
07| 190| 235| 386| -004| 049 1,55 4,20 | 54,40 | 55,86 | 56,57 | 54,97 | 56,45
08| 135 165| 280| -015| 0,22 1,12 3,20 | 54,45 | 5576 | 56,04 | 5594 | 57,37
09| 068 082 145/ -016| 0,03 0,62 1,80 | 54,37 | 5551 | 55,19 | 57,03 | 58,38

1| 000| 000 000 000 000 0,00 0,00 | 54,28 | 5528 | 54,21 | 58,32 | 59,60

[0030] As can be readily seen comparing the two sets of curves, according to the invention the contribution of the non-
linear portion of y(s) decreases sharply in the tip region and, compared to prior art bladed designs having the same hub
and tip stagger angle values, the stagger angle does not increase or even decreases in the tip region.

[0031] This is reflected in figure 6, which discloses the spanwise distribution of stagger angle yin a representative
blade according to the invention (curve yA) and in a corresponding prior art blade (curve yB).

[0032] A direct comparison between cross sections S, and Sg of the two blades at values s =0, s = 0.5 and s=1 are
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shown in the right hand side of the figure. The stagger angle distribution according to the invention is characterized by
a "flatter" tip region were the stagger angle tends not to increase as in the prior art.

[0033] Figure 5 discloses characteristic curves (stage compression ratio CR against flow coefficient ®) for a repre-
sentative compressor stage. Different design variants have been assessed (curves A, B, C) and are compared to a prior
art embodiment(curve D).

[0034] As can be clearly seen, prior art compressor stage features a maximum in the design area, with a substantial
decrease of compression ratio for lower flow rates, while compressor stages according to the present invention show a
much more extended operating range with limited decrease of compression ratio at reduced flows.

[0035] Although the invention has been explained in relation to its preferred embodiments as mentioned above, it is
to be understood that modifications and variations can be made without departing from the scope of the appended claims.

Claims
1. A compressor blade (5) extending spanwise from a hub section (6) to a tip section (7) and having intermediate airfoil
cross sections (S), said cross sections having a stagger angle () comprised between a chord (c) and a meridional

axis (m), characterized in that the blade (5) has a spanwise stagger angle distribution y(s) defined as a function
of a relative span (s) of the blade by the equation:

Y(s)= y(0)+s[y(1) - y(0)] + [y(1)/y(0)]*WSA(s),

where WSA(s) is a weighted stagger angle defined, as a function of the relative span, by a curve comprised between
the following equations:

WSAmin(s) = - 43.5987s® + 108.76701s°> - 69.1667s7 -

22.5948s% + 27.9252s% - 1.3318s;

and

WSAmax(S) = =20s? + 20s.

2. Ablade as claimed in claim 1, characterized in that said curve has a maximum in the range of relative span (s)
between s=0.4 and s=0.6.

3. Ablade as claimed in claim 1, characterized in that said curve has a maximum at a value of relative span (s) of
about s=0.5.

4. Ablade as claimed in claim 2 or 3, characterized in that said curve has a downward concavity in the range between
said maximum and a zero point at s=1.

5. A blade as claimed in any of the preceding claims, characterized in that the stagger angle (») does not increase
in the tip region of the blade.

6. A compressor including at least a compressor stage comprising a circumferential row of blades according to any of
the preceding claims.



WSA [degree]

EP 3 502 482 A1

N

B

}\lll‘lllll

______________________

__________________

1 1 1
0.0 0.2 04 0.6

1
08 1.0

WSA

max



WSA []

CR

EP 3 502 482 A1

S~
\__O

AN
NN

—
©

D FIG. 5



EP 3 502 482 A1




10

15

20

25

30

35

40

45

50

55

EP 3 502 482 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 17 20 9156

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X GB 2 323 896 A (GEC ALSTHOM LTD [GB]) 1-6 INV.
7 October 1998 (1998-10-07) FO4D29/32
* page 6, line 14 - page 7, line 3 * FO1D5/14
* page 8, lines 1-3, 26-28 * FO4D29/66
* figures 1, 5 * FO4D29/68
X US 2005/031454 Al (DOLORESCO BRYAN KEITH |1-6
[US] ET AL) 10 February 2005 (2005-02-10)
* paragraph [0012] *
* figure 4 *
X US 2011/150660 Al (MICHELI MARCO [CH] ET |1,5,6
AL) 23 June 2011 (2011-06-23)
A * paragraphs [0016], [0017] * 4
* figure 5; table 1 *
A US 2011/286856 Al (MICHELI MARCO [CH] ET |1-6

AL) 24 November 2011 (2011-11-24)
* paragraphs [0016], [0017] *
* figure 5; table 1 *

TECHNICAL FIELDS
SEARCHED (IPC)

The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

The Hague

4 June 2018 De Tobel, David

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

10




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 502 482 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 20 9156

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

04-06-2018
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2323896 A 07-10-1998  NONE
US 2005031454 Al 10-02-2005 CN 1580495 A 16-02-2005
EP 1505302 Al 09-02-2005
JP 4667787 B2 13-04-2011
JP 2005054798 A 03-03-2005
US 2005031454 Al 10-02-2005
US 2011150660 Al 23-06-2011 CN 102108880 A 29-06-2011
US 2011150660 Al 23-06-2011
US 2011286856 Al 24-11-2011  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"



	bibliography
	abstract
	description
	claims
	drawings
	search report

