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(57) Abrege(suite)/Abstract(continued):

iInner row of blades (70) and surrounding the tips (/6) of the plurality of airfoils (72) thereof, and an outer row of blades (90)
iIncluding a plurality of circumferentially spaced airfolls (92) integrally formed with the splitter (80). There are more airfolls in the outer
row of blades (90) than In the inner row of blades (70).
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BLISK

ABSTRACT OF THE DISCLOSURE

A blisk (20) for use in a turbine engine (10).
The blisk (20) includes an annular disk (60), an inner row
of blades (70) including a plurality of circumferentially
spaced airfoils (72) integrally formed with the disk (60),
an annular splitter (80) integrally formed with the inner

row of blades (70) and surrounding the tips (76) of the

plurality of airfoils (72) thereof, and an outer row of
blades (90) including a plurality of circumferentially
spaced airfoils (92) integrally formed with the splitter

(80) . There are more airfoils in the outer row of blades

(90) than in the inner row of blades (70).
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BLISK

BACKGROUND OF THE INVENTION

The present 1invention relates generally to
integrally formed bladed disks or "blisks" for turbine
engines, and more particularly to a blisk having an
integral splitter.

A conventional gas turbine engine includes a high
pressure compressor for compressing alir traveling through
the engine, a combustor downstream from the compressor for
heating the compressed air, and a high pressure turbine
downstream from the combustor for driving the high pressure
compressor. One type of engine, known as a bypass turbofan
engine, also has a low pressure turbine downstream from the
high pressure turbine for driving a fan upstream from the
high pressure compressor. In a variable cycle engine, the
first stage of the high pressure compressor 1s a core
driven fan stage. The flowpath of the wvariable cycle
engine is split at the core driven fan stage so 1t has
concentric inner and outer ducts. The amount of air
passing through the outer duct can be adjusted to change
the thrust and fuel consumption of the engine.

As disclosed in U.S. Patent No. 5,988,980, a core
driven fan stage includes inner and outer airfoils positioned

in the inner and outer ducts, respectively. A generally



10

15

20

25

CA 02355428 2001-08-16

13DV13535

cylindrical splitter positioned between the inner and outer
airfoils forms part of the inner flowpath surface of the
outer duct and part of the outer flowpath surface of the
inner duct. Some prior art core driven fans are formed
from a single piece of material so the 1inner and outer
airfoils, the splitter and a disk are integral. Such an
integrally bladed disk 1is commonly referred to as a
"blisk".

In the past, core driven fan stage blisks have
been made with an equal number of inner and outer airfoils
so each outer airfoil is radially aligned with a
corresponding inner airfoil. Further, each outer airfoil
of the prior art blisks has a midspan chord length which 1s
almost as long as (i.e., greater than 80 percent of) the
midspan chord 1length of the 1inner airfoils. As those
skilled in the art will appreciate, the midspan chord
length is a straight line distance measured from a point at
a leading edge of the airfoil halfway along its span (1.e.,
radial height) to a point at a trailing edge of the airfoil
halfway along its span. Because the outer airfoil chord
lengths of the prior art blisks are soO long relative to the
inner airfoil chord lengths, the leading and trailing edges
of the inner airfoils have high stresses, particularly at
the tips of the inner airfoils. Previous attempts CO
reduce these stresses have included forming a groove 1n thne

leading and trailing edges of the splitter as disclosed 1n

U.S. Patent No. 5,988, 980.

SUMMARY OF THE INVENTION
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Among the several features of the present
invention may be noted the provision of a blisk for use 1n
a turbine engine. The blisk includes an annular disk
having a hub surrounding a central opening, a web extending
generally radially outward from the hub and a rim
surrounding the web. In addition, the blisk comprises an
inner row of blades including a plurality of

circumferentially spaced airfoils integrally formed with

the disk. Each of the airfoils of the inner row of blades
extends generally radially outward from a root positioned
adjacent the rim of the disk to a tip opposite the root.
Further, the blisk includes an annular splitter integrally
formed with the inner row of blades and surrounding the
tips of the plurality ot airfoils thereof. The splitter
has an inner surface facing the tips of the plurality ot
Jirfoils of the inner row of blades and an outer surface
opposite the inner surface. still further, the Dblisk
includes an outer row of blades including a plurality of
~circumferentially spaced airfoils integrally formed with
the splitter. Each of the airfoils of the outer row of
blades extends generally radially outward from a root
positioned adjacent the outer surface of the splitter to a
tip opposite the root. There are more airfoils 1in the

cuter row of blades than 1in rhe inner row of blades.

Other features of the present invention willl be

in part apparent and 1n part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial vertical cross section of a

gas turbine engine having a blisk of the present invention;
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Fig. 2 1is a cross section of the blisk;

Fig. 3 is an aft facing perspective of a sector
of a blisk of the present invention;

Fig. 4 1is a forward facing perspective of the
sector of the blisk; and

Fig. 5 is a schematic of an inner airfoil profile

and an outer airfoil profile of the blisk.
Corresponding reference characters 1indicate

corresponding parts throughout the several views of the

drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings and in particular
to Fig. 1, a variable cycle gas turbine engine (partially
shown) is designated in its entirety by the reference
number 10. The engine 10 has a stator (generally
designated by 12) and a high pressure or CcoOre rotor
(generally designated by 14) rotatably mounted on the
stator. The core rotor 14 includes an integrally bladed
disk or "blisk", generally designated by 20, which 1s the

subject of the present invention.

The stator 12 includes a frame, generally
designated by 30, upstream from the blisk 20. The frame 30
includes an outer duct, generally designated Dby 32,
defining an outer flowpath passageway 34 and an inner duct,
generally designated Dy 36, defining an inner flowpath
passageway 38. A plurality of circumferentially spaced
outer variable pitch stator vanes 40 and a plurality of
circumferentially spaced inner variable pitch stator vanes

42 are pivotally mounted 1n the outer flowpath passageway
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34 and the inner flowpath passageway 38, respectively, for
directing flow upstream from the blisk 20. A plurality ot
circumferentially spaced outer stationary stator vanes 44
is mounted downstream from the blisk for directing flow
through the outer passageway 34, and a plurality of
circumferentially spaced inner variable pitch stator vanes
46 is pivotally mounted downstream from the blisk 20 for
directing flow through the inner passageway 38. The amount
of air passing through the outer passageway 34 can be
adjusted to change the thrust and fuel consumption of the
engine 10. As the features of the stator 12 are
~onventional, they will not be described in further detail.

As illustrated in Fig. 2, the blisk 20 includes
an annular disk, generally designated by 60, having a hub
62 surrounding a central opening 64, a web 66 extending
generally radially outward from the hub and a rim 68
surrounding the web. an inner row of blades, generally
designated by 70, including a plurality of
circumferentially spaced airfoils 72, is integrally formed
with the disk 60 as part of the rim 68. Each of the
Jirfoils 72 of the inner row of blades 70 extends generally
radially outward from a root /4 positioned adjacent the rim
68 of the disk 60 to a tip 76 opposite the root. The blisk
~0 also includes an annular splitter, generally designated
by 80, integrally formed with the inner row of blades 70
and surrounding the tips 76 of the airfoils 72. The
splitter 80 has an 1nner surface 82 facing inward toward
the tips 76 of the airfoils 72 of the inner row of blades
70 and an outer surface 84 opposite the inner surface. An

outer row of Dblades 90 including a plurality of
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circumferentially spaced airfoils 92 1is integrally formed

with the splitter 80. Each of the airfoils 92 of the outer
row of blades 90 extends generally radially outward from a
root 94 positioned adjacent the outer surface 84 of the
splitter 80 to a tip 96 opposite the root. The blisk 20
also i1ncludes an arm 98 which extends rearward to a flange
100 configured for connecting the blisk to a shaft 102
which extends axially through the engine 10 to the high
pressure turbine (not shown).

As shown 1n Figs. 3 and 4, there are more
alrfoils 92 1n the outer row of blades 90 than there are
airfoils 72 1n the 1nner row of Dblades 70. In one
embodiment, there are twilice as many ailrfoils 92 1in the
outer row of blades 90 as there are in the 1inner row of
blades 70. In the 1i1llustrated embodiment, half of the
airfoils 92 1n the outer row of blades 90 are positioned
directly radially outboard from the airfoils 72 1n the
inner row of blades 70, and the other half of the airfoils
in the outer row of blades are positioned halfway between
the first half of the airfoils. As will be appreciated by
those skilled 1n the art, this configuration minimizes
stress 1n the splitter 80 and maximizes fatigue life.

As 1llustrated i1n Fig. 5, each airfoil 92 in the
outer row of blades 90 has a midspan chord length 110 less
than about 75 percent of a midspan chord length 112 of the
alrfoils 72 1in the 1nner row of blades 70. In one
embodiment, the midspan chord length 110 of the outer
airfoils 92 1is less than about 60 percent of the midspan

chord 1length 112 of the 1inner airfoils 72. In one

embodiment, the midspan chord length 110 of the outer
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alrfoils 92 1s about 54 percent of the midspan chord length
112 of the 1inner airfoils 72. As will be appreciated by
those skilled 1n the art, the stresses 1in the 1inner
airfoils 72 are reduced by reducing the chord length 110 of
the outer airfoils 92. The fatigue life of the airfoils 1is
improved by decreasing their peak stresses. In addition,
increasing the number of outer airfoils provides 1ncreased
tip airfoil solidity which may  provide increased
performance relative to a blisk having an equal number of
inner and outer airfoils.

As 1llustrated in Fig. 2, the splitter 80 has a
thickness 120 at a leading edge 122, a thickness 124 at a
trailing edge 126 and a thickness 128 halfway between the
leading and trailing edges. To further reduce loading on
the inner row of blades 70, the thicknesses 120, 124 at the
leading and trailing edges 122, 126, respectively, are
thinner than the thickness 128 of the sgsplitter 80
immediately inboard from the outer row of blades 90. As
will be appreciated by those skilled 1n the art, the
thickness 128 of the splitter 80 inboard from the blades 90
can be optimized to obtain a desired fatigue life.

Although the blisk 20 may be made using other
methods without departing from the scope of the present
invention, 1in one embodiment the blisk 1s formed from a
single piece of material (e.g., by milling on a numerically
controlled machine) so that the inner and outer airfoils,
the splitter and a disk are integral. Further, the blisk

20 may be made of any conventional material used to

manufacture gas turbine engine rotor components (e.g., a
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titanium or nickel base alloy) without departing from the
scope of the present 1invention.

Although the blisk 20 described above 1s used 1in
a compressor section of the engine as a core driven fan
stage, those skilled in the art will appreciate that the
present invention may also be applied to other portions of

a gas turbine engine 10 such as 1in the fan section or the

turbine section.

When introducing elements  of the present

invention or the preferred embodiment(s) thereof, the

articles "a", "an", "the" and "said" are 1ntended to mean
that there are one or more of the elements. The terms
"comprising", "including" and "having" are 1intended to be

inclusive and mean that there may be additional elements

other than the listed elements.

As various changes could be made 1n the above
constructions without departing from the scope of the
invention, it is intended that all matter contained 1in the
above description or shown 1in the accompanying drawings

shall be interpreted as illustrative and not 1in a limiting

Selse.
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CLAIMS

What i1is claimed is:

1. A Dblisk for wuse 1in a turbine engine
comprising:

an annular disk having a hub @ surrounding a
central opening, a web extending generally radially outward
from the hub and a rim surrounding the web;

an inner row of blades 1including a plurality of
circumferentially spaced airfoils integrally formed with
the disk, each of said airfoils of said inner row of blades
extending generally radially outward from a root positioned
adjacent the rim of the disk to a tip opposite the root;

an annular splitter integrally formed with the
inner row of blades and surrounding the tips of said
plurality of airfoils thereof, said splitter having an
inner surface facing the tips of the plurality of airfoils
of the inner row of blades and an outer surface opposite
sailid inner surface; and

an outer row of blades including a plurality of
circumferentially spaced airfoils integrally formed with
the splitter, each of said airfoils of said outer row of
blades extending generally radially outward from a root
positioned adjacent the outer surface of the splitter to a
tip opposite the root, wherein there are more airfoils 1n
said outer row of blades than in said inner row of blades
and each airfoil in said outer row of blades has a midspan
chord length less than about 75 percent of a midspan chord

length of the airfoils in said inner row of blades.

9
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2. A blisk as set forth in claim 1 wherein there

are twice as many airfoils in said outer row of blades as

in said inner row of blades.

3. A blisk as set forth in claim 2 wherein each
of one half of the airfoils in said outer row of blades is
positioned directly radially outboard from one of the

alrfoils in said inner row of blades.

4. A Dblisk as set forth in claim 1 wherein the
midspan chord length of each airfoil in said outer row of
blades 1s less than about 60 percent of the midspan chord

length of the airfoils in said inner row of blades.

5. A blisk as set forth in claim 4 wherein the
midspan chord length of each airfoil in said outer row of
blades is about 54 percent of the midspan chord length of

the airfoils in said inner row of blades.

6. A blisk as set forth in claim 1 wherein the
splitter has a thickness at a leading edge, a thickness at
a trailing edge and a thickness halfway between the leading
and trailing edges, and wherein the thickness halfway
between the leading and trailing edges 1s greater than the

thicknesses at the leading and trailing edges.

7. A blisk as set forth in claim 1 wherein said

inner and outer rows of blades are configured for use as a

core driven fan stage.

8 . A blisk as set forth 1in c¢laim 1 in

combination with the turbine engine.

10
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