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ABSTRACT OF THE DISCLOSURE

A method for reducing vortex promotion of a rotor
blade wused 1in high c¢ore PR fans comprises shifting a
curvature distribution of a blade section 1mmediately
adjacent to the hub such that a major turning of the

suction side of the section is located near a trailing edge

of the blade.
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FAN BLADE CURVATURE DISTRIBUTION

FOR HIGH CORE PRESSURE RATIO FAN

L

FIELD OF THE INVENTION

[0001] The present invention relates to an aircraft gas

1l

turbine engine, and more particularly to a rotor blade of

an alrcraft gas turbine engine, with an enhanced profile.

BACKGROUND OF THE INVENTION

[0002] A boost-less gas turbine engine does not include a

boost compressor stage and therefore typically includes a

high core pressure ratio (PR) fan which i1s adapted to

compensate for the missing boost stage.

[0003] Conventional high core PR fan blades are wusually

configured with extreme blade turning immediately above

the fan hub, which creates a wvery acute local angle

between the blade suction sgide and the fan hub towards

the blade trailing edge. Such an acute angle can help

create and/or worsen a corner vortex at the trailing edge

of the blade, potentially adversely affecting the quality

of airflow at the hub area feeding into downstream blade

rows of the compressor, and thereby reducing the overall

engine efficiency and stability. Efforts have been made

to solve this problem. For example United States patent

6,331,100 teaches providing an S-bowed stacking axis

along which centers of gravity of the sections of the

A

blade are aligned, in order to permit ‘the trailing edge

to be oriented substantially normal to the root of the

bowed suction gide and to lean hindward théreabove.

United States patent 6,299,412, issued to Wood et al. on

October 9, 2001, teaches that the airfoil suction side is
laterally or tangentially bowed ‘along the trailing edge

near or adjacent the root at the intersection with the

'AMENDED SHERT
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disk perimeter in order to increase blade efficiency and

improve stall margin.

[0004] Nevertheless,‘ there 1s still a need for improved
approaches and solutions to better solve the corner vortex

problem.

SUMMARY OF THE INVENTION

[0005] One object of the present invention is to provide a

fan blade of an aircraft gas turbine engine, with an

enhanced profile.

[0006] In accordance with one aspect of the present

invention, there is a method provided for reducing vortex
promotion of a rotor blade used in a high core pressure
ratio fans. The blade has a plurality of sections
extending from a hub to a tip thereof. The method
comprises providing a curvature distribution to a first

{

blade section immediately adjacent to the hub such that a

p—

major turning of a suction side of the respective sections

is located near a trailing edge of the blade, thereby

increasing an angle of the section at a suction side

between the trailing edge and a periphery of the hub.

[0007] A predetermined total curvature turning of the
suction side of each section of the rotor blade is

preferably predetermined and 1is unchanged in the step of

providing the curvature distribution.

[0008] In accordance with another aspect of the present

invention, there i1s a rotor blade of a gas turbine engine

affixed to a hub, which comprises a plurality of sections
extending from the hub to a tip of the blade, defining
leading and trailing edges extending between the hub and

tip thereof, and pressure and suction sides joining at the
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respective leading and trailing edges. The respective

sections define different curvature distributions at the

suction side thereof to create a major turning of the

suction side of a first blade section immediately adjacent
to the hub. The major turning of the suction side is

located near the trailing edge relative to the remaining

sections.

[0009] In accordance with a further aspect of the present

invention, there is a high core pressure ratio fan of a gas

turbine engine which comprises a rotor having a hub, and a

plurality of blades e:;{':ending from the hub. Each blade

defines leading and trailing edges extending from the hub

to a tip thereof, and pressure and suction sides extending

between the hub and the tip and adjoining at the respective

leading and trailing edges. Each blade includes . a

plurality of sections thereof with different curvature

distributions at the suction side, thereby forming a curved

surface of the suction side of the blade having a pocket
located in an area of the suction side immediately adjacent
to the hub in a wvicinity of the trailing edge relative to

the remaining area of the suction side, thereby causing the

trailing edge to have a turning portion immediately

adjacent to the hub adapted to increase an angle of the

trailing edge at the suction side relative to a periphery

of the hub.

[0010] The present invention advantageously achieves the

required high core PR profile of a high core pressure ratio

fan while minimizing the promotion of a corner vortex,

thereby improving the airfoil flow quality of the fan, and

thus improving an overall efficiency and stability of the

engine performance.
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[0011] Other features and advantages of the present
invention will be better understood with reference to a

preferred embodiment described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Reference will now be made to the accompanying
drawings, showing by way of illustration the preferred

embodiment thereof, in which:

- [0013] Fig. 1 1s a schematic cross-sectional wview of a

turbofan gas turbine engine for use in aircraft,

i1llustrating one application.of the present invention:;

g

[0014] Fig. 2 is partial perspective view of the high core

PR fan wused 1in the turbofan gas turbine engine,

incorporating one embodiment of the present invention;

[0013] Fig. 3 1is a partial edge-on view of the trailing

gl

edge of a conventional fan blade with the femainder chereof

being omitted in the interests of clarity, showing the
trailing edge of a conventional fan blade having a nominal

curvature distribution in a radial plane;

[0016] Fig. 4 illustrates in respective axial planes, the

-
—
—

rarl

profiles of a number of sections of the conventional

blade of Fig. 3;

[0017] Fig. 5 1s a partial edge-on view of the trailing

edge of a fan blade having a shifted curvature distribution
in a radial plane according to the embodiment of Fig. 2;

-

and

[0018] Fig. 6 illustrates in respective axial planes,

)

profiles of the first four sections of the fan blade of

Fig. 5.
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DETALLED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] A turbofan gas turbine engine illustrated

schematically in Fig. 1 incorporates an embodiment of the

present i1nvention, presented as an example of the

application of the present invention, and includes a
housing or nacelle 10, a low pressure spool assembly seen
generally at 12 which includes a high core pressure ratio

o

fan 14, low pressure compressor 16 and low pressure

turbine 18, and a high pressure spool assembly seen

generally at 20 which includes a high pressuré
compressor 22 and a high pressure turbine 24. There 1is
provided a burner seen generally at 25 which includes an

annular combustor 26 and a plurality of fuel injectors 28

for mixing ligquid fuel with air and inj ectihg the mixed

fuel/air flow into the annular combustor to be ignited for

generating combustion gases. The high core pressure ratio

fan 14 can also be used in other types of turbofan gas

turbine engines, for example, a boost-less gas turbine

engine  which does not include the low  pressure

compressor 16.

[0020] In Fig. 2, a portion of the high core pressure

ratio fan 14 is illustrated and includes an annular hub 32

and a plurality of circumferentially spaced apart rotor

blades or ailrfoils 34 extending radially outwardly from a

periphery 31 of the annular hub 32. The rotor blade 34
includes a leading edge 38 and a trailing edge 40, with

respect to the airflow direction as indicated by arrow 42

passing through and being compressed by the rotor

blades 34. The leading and trailing edges 38, 40 extend

from the periphery 31 of the hub 32 to a tip 36 of the

rotor blade 34. The rotor blade 34 further. includes a

concave pressure side 44 and a convex suction side 46,

joining together at the respective leading and trailing
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edges 38, 40. The rotor blade 34 rotates in a rotational
direction as i1llustrated by arrow 48. The preséure side 44

and the suction side 46 are aerodynamically configured for
maximizing the efficiency of air compression and achieve
desired pressure ratio. For design purposes, the rotor

g

blade 34 1s divided into a number of sections S1, 82, S3,

S4 to Sn stacked finite radially and outwardly from the hub
32 to the tip 36 of the rotor blade 34. It will all be

understood that the sections, as illustrated in Figs. 2 and

5 are enlarged for the purposes of description only.

[0021] Referring to Figs. 2 and 5-6, the rotor blade 34 of
the high core pressure ratio fan 14 includes a high blade
turning in a radial plane, in the sections immediately

above the fan hub 32, as illustrated by sections S1, S2 and

S3 in Fig. 2, and also defines a"trailiﬁg edge angle A at

the suction side 46 with respect to the periphery 31 of the

hub 32, which would have been much more acute ':flan 18

illustrated 1in Figs. 2 and 5 i1f the blade was

conventionally designed. This will be further discussed

with reference to Figs. 3 and 4.

[0022] Fig. 3 1llustrates a prior art high core pressure

ratios rotor blade 34a and an annular hub 32a of a
conventional high core pressure ratio fan 14a, and having a

trailing edge 40a with angle Al. The profiles of sections

Sla, S2a, S3a and S4a are illustrated in Fig. 4 in which Bl
indicates an angle of the suction side of the rotor blade
34a at the leading edge with respect to a plane parallel to

the longitudinal axis. Similarly, B2 indicates an angle of

the suction- side of the rotor blade 34a at the trailing

edge 40a with respect to a plane parallel to the

longitudinal axis. Different sections S1-S4, etc. of the

conventional rotor blade 34a have different angles Bl and
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.

B2. A total blade turning of the suction side curvature oI

each section of rotor blade 34a is determined by angles Bl

and B2.

[0023] Again referring to Figs. 2, 5 and 6, in accordance

with the present invention the curvature distribution in an

the rotor

i1

axial plane, of the individual section o:
blade 34 immediately adjacent to the annular hub 32 (for

example section 81), 1is provided with a ma] or turning

portion 50 of the suction side curvature near the trailing

edge 40. This section 1g referred to as a “back-loaded
section”. Sections adjacent this “back locaded” section
(for example, S2) are preferably “front loaded”, relative

|}

tro 81 such that the turning 52 of S2 is nearer the leading
edge. This front-loading (relative to S1) can be applied

to 52, 53, etc. as requiredﬁ, along with changes for the

back-loading to S1 to “open up” angle A, 1i.e. to make

angle A as large as possible until it i1s sufficient to

alleviate the corner vortex formation for the given fan

blade being designed.

[0024] The fan blade 34 is preferably configured with

sections each defining a major turning portion of the

suction side curvature thereof in an axial plane. These

major turning portions defined by the respective sections

of the rotor blade 34 are preferably positioned in a

sequence gradually approaching the leading edge 38 and the

tip 36 of the rotor blade 34. Thus, the suction side 46 of

the rotor blade 34 forms a pocket 54 (a concave portion as

illustrated in Figure 5) located in an area immediately

adjacent to the hub 32 in a vicinity of the trailing edge

10 relative to the remaining area of the pressure side 44,

thereby causing the trailing edge 40 to have a turning

‘portion immediately adjacent to the hub 32 in order to

increase the angle A of the tralling edge 4.0

: b 2f3
e n = "t 2
"W N !m
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the suctilion side 46 relative to the periphery 31 of the
hub 32.

[00235] In a comparison of Fig. 5 with Fig. 3, it 1is

apparent that the trailing edge 40 of the rotor blade 34

represents a curved line having a tendency to increase the

angle A (relative to Al of Fig. 3) of the section S1 at the

suction side 46 between the trailing edge 40 and the

periphery 31 of the hub 32. A portion of the trailing edge
40 of the rotor blade 34 immediately adjacent to the hub 32

and extending therefrom preferably tends toward a normal

intersection with the hub 32. In contrast, however, the

trailing edge 40a of the prior art rotor blade 34a shown in

A

e

Fig. 3, has a portion thereof immediately adjacent to the

hub 32a and extending therefrom at a relatively acute

angle, as indicated by Al. Although a substantially normal

intersection is shown in Fig. 5, accoxrding to the present

invention any increase in angle A, such that A>Al, offers

improvement over the prior art.

[0026] It should be noted that shifting the curvature

geriie
—

distribution of the guction side of individual sectiong of

the rotor blade 34 should not chanée a total curvature

turning of the suction side 46 of the rotor blade 34. The
total curvature turning 1is nominal or predetermined in
order to achieve a required high core pressure ratio of the

fan 14. For example, the rotor blade 34 1s designed to

achieve the substantially same high core pressure ratio

which the conventional rotor blade 34a of Figs. 3-4 1is
configured to achieve. Thus, the total curvature turning
of the suction side of the individual sections such

as S1, S2, etc. should be substantially equal to the total

curvature turning of the respective sections of

conventional rotor blade 34a, such as Sla, S2a, etc. This
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condition can be assured when the angle Bl and B2 of the

individual sections (only shown with section S1) at leading

and trailing edges 38, 40 of the rotor blade 34, are

substantially equal to the angles Bl, B2 of the
corresponding individual sections (only shown  with
section Sla) at the leading and trailing edges of the prior |

art rotor blade 34a of Fig.4.

[0027] It should also be noted that the drawings are

schematical and are  -exaggerated to more clearly i1llustrate

the present invention but are not intended to illustrate a

proportional physical structure of the embodiment of the

- present invention.

[0028] Modifications and lmprovements to the

—

above-described embodiment of the present invention may

become apparent to those skilled in the art. For example,

the present invention may be employed with removably bladed

fan rotors or integrally-bladed rotors, and with blades of
any profile or sweep angle. The foregoing description is

intended to be exemplary rather than limiting. The scope

of the present invention 1s therefore intended to be

limited solely by the scope of the appended claims.



CA 02566584 2012-06-07

I/WE CLAIM

A method for reducing vortex promotion of a rotor
blade used 1in high core pressure ratio fans, the
blade having a plurality of sections one adjacent
another extending from a hub to a tip thereof,

comprising:

providing a curvature distribution to a first blade
section i1mmediately adjacent to the hub such that
a turning portion of a suction side of the
section 1s located near a trailing edge of the
blade, thereby increasing an angle of the section
at a suction side between the trailing edge and a

periphery of the hub.

A method as claimed in claim 1, further comprising
providing a curvature distribution to a next blade
section immediately adjacent said first section such
that a turning portion of a suction side of said next
blade section is located near a leading edge of the

blade relative to said first section.

A method as claimed in c¢laim 1 wherein a total

curvature turning of the suction side of each section
is predetermined in the step of providing the

curvature distribution.

A rotor blade of a gas turbine engine affixed to a

hub, comprising:

a plurality of sections one adjacent another
extending from the hub to a tip of the blade,
defining leading and trailing edges extending

between the hub and the tip thereof, and pressure
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and suction sides joining at the respective

leading and trailing edges; and

the respective sections defining different curvature
distributions at the suction side thereof to
create a turning portion of the suction side of a
first blade section immediately adjacent to the
hub, the turning portion of the suction side
being located near the trailing edge relative to

the remaining sections.

A rotor blade as claimed 1in claim 4 further
comprising a turning portion of the suction side of a
next blade section immediately adjacent said first
blade section such that the turning portion of the
suction side of said next blade section 1s located
neay the leading edge of the blade relative to said

first section.

A rotor Dblade as claimed in c¢laim 4 wherein the
trailing edge presents in an edge-on view thereof a
curved line having a tendency to increase an angle of
a section immediately adjacent to the hub at the
suction side between the trailing edge thereof and a

periphery of the hub.

A rotor blade as claimed in claim 4 wherein the
trailing edge of a section immediately adjacent to

the hub extends substantially radially and outwardly
from the hub.

A rotor Dblade as claimed in claim 4 wherein the
sections each define a turning portion of the suction

side thereof, each of the turning portions defined by
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the respective sections being positioned 1in a
sequence gradually approaching the leading edge and

the tip of the blade.

9. A high core pressure ratio fan of a gas turbine

engine, comprising:
a rotor having a hub;

a plurality of blades extending from the hub, each
blade defining leading and trailing edges
extending from the hub to a tip thereof, and
pressure and suction sides extending between the
hub and the tip and joining at the respective

leading and trailing edges;

each blade including a plurality of sections one
adjacent another thereof with different curvature
distributions at the suction side, thereby
forming a curved surface of the suction side of
the blade having a pocket located 1n an area of
the suction side immediately adjacent to the hub
in a vicinity of the trailing edge relative to
the remaining area of the suction side, thereby
causing the trailing edge to define a concave
portion at the suction side immediately adjacent
to the hub adapted to increase an angle of the
trailing edge at the suction side relative to a

periphery of the hub.

10. A high core pressure ratio fan as claimed in claim 9
wherein a section of the trailing edge of each blade
immediately adjacent to the hub extending therefrom

is substantially normal with respect to the periphery

of the hub.
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