
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

38
3 

43
4

A
2

��&����������
(11) EP 2 383 434 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
02.11.2011 Bulletin 2011/44

(21) Application number: 11250416.2

(22) Date of filing: 01.04.2011

(51) Int Cl.:
F01D 5/14 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 28.04.2010 US 768822

(71) Applicant: United Technologies Corporation
Hartford, CT 06101 (US)

(72) Inventors:  
• Praisner, Thomas J.

Colchester, CT 06415 (US)
• Estes, Matthew B.

South Windsor, CT 06074 (US)
• Jurek, Renee J.

Colchester, CT 06415 (US)

(74) Representative: Hall, Matthew Benjamin
Dehns 
St. Bride’s House 
10 Salisbury Square
London EC4Y 8JD (GB)

(54) High pitch-to-chord turbine airfoils

(57) A low pressure turbine engine component (18)
for use in an engine (10), for propelling a vehicle such
as an aircraft is formed by a disk portion (20) and a plu-
rality of low pressure turbine blades (21) extending out-
wardly from the disk portion (20). Each of the low pres-
sure turbine blades (21) has an airfoil portion (25) with
an axial chord (31) length and a trailing edge (29). The
low pressure turbine blades (21) are spaced apart so that
there is a pitch-to-chord ratio greater than 1.4, wherein
the pitch is a distance (35) between the trailing edges
(29) of adjacent ones of the low pressure turbine blades
(21) and the chord is the axial chord (31) length of the
blades (21).
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Description

[0001] The present disclosure relates to a low pressure
turbine engine component having a high pitch-to-chord
turbine airfoil configuration.
[0002] In typical low pressure turbines used in aircraft
engines, the airfoils are arranged so that they have an
axial chord length. Further, adjacent ones of the airfoils
are arranged to have a pitch which is the distance in a
tangential direction between the trailing edges of adja-
cent blades. Typically, the airfoils are configured to have
a pitch-to-chord ratio which is well below 1.3.
[0003] According to a first aspect of the present inven-
tion, there is provided a low pressure turbine engine com-
ponent for use in an aircraft engine comprising a disk
portion, a plurality of turbine blades extending outwardly
from said disk portion, each of said turbine blades having
an airfoil portion with an axial chord length and a trailing
edge, and said turbine blades being spaced apart so that
there is a pitch-to-chord ratio greater than 1.4, wherein
said pitch is a distance between the trailing edges of ad-
jacent ones of said turbine blades and said chord is the
axial chord length of said blades and the pitch-to-chord
ratio is measured at the mid-span of the blades.
[0004] According to a second aspect of the present
invention there is provided a gas turbine engine for pro-
pelling a vehicle comprising at least one compressor
stage and at least one low pressure turbine stage, and
said at least one low pressure turbine stage being formed
by a disk portion, a plurality of low pressure turbine blades
extending outwardly from said disk portion, each of said
turbine blades having an airfoil portion with an axial chord
length and a trailing edge, and said turbine blades being
spaced apart so that there is a pitch-to-chord ratio greater
than 1.4, wherein said pitch is a distance between the
trailing edges of adjacent ones of said turbine blades and
said chord is the axial chord length of said blades, and
wherein the pitch-to-chord ratio is measured at the mid-
span of the turbine blades. Preferably, said at least one
compressor stage and said at least one low pressure
turbine stage are connected by a shaft and a gear box
is associated with said shaft so that said at least one low
pressure turbine stage may be decoupled from said at
least one compressor stage.
[0005] Other details of the high pitch-to-chord turbine
airfoils are set forth in the attached detailed description
and the accompanying drawings. Certain preferred em-
bodiments of the present invention will now be described
in greater detail by way of example only and with refer-
ence to the accompanying drawings, in which:

Fig. 1 is a sectional view of a gas turbine engine;
Fig. 2 is an illustration of a turbine blade configuration
having a pitch-to-chord ratio greater than 1.4; and
Fig. 3 is an illustration of a conventional turbine blade
configuration having a pitch-to-chord ratio less than
1.3.

[0006] Referring now to the drawings, Fig. 1 illustrates
a geared gas turbine engine which may be used to propel
a vehicle such as an aircraft. The engine is generally
indicated at 10 and comprises, in axial flow series, an air
intake 11; a propulsive fan 12, an intermediate pressure
compressor 13, and a high pressure compressor 14 for
compressing air which has been taken into the engine;
a combustor 15, a turbine arrangement comprising a high
pressure turbine 16, an intermediate pressure turbine 17,
and a low pressure turbine 18; and an exhaust nozzle
19. As can be seen from Fig. 1, the low pressure turbine
18 has a disk portion 20 and a plurality of rows of low
pressure turbine blades 21 extending outwardly there-
from. The low pressure turbine 18 may be shrouded or
unshrouded. The low pressure turbine 18 is connected
to the fan 12 by a shaft 60. Incorporated into the shaft/
spool 60 is a gearbox 62 which allows the shaft/spool 60
as well as the low pressure turbine 18 to be decoupled
from the fan 12. When decoupled from the fan 12, the
low pressure turbine 18 rotates at a much higher speed
than ordinary low pressure turbines in engines where the
low pressure turbines can not be decoupled from the fan
12. As a result, the velocity ratio, i.e. the ratio of the ve-
locity of the air exiting the outlet 66 compared to the ve-
locity of the air entering through the inlet 64, is much
higher than the non-geared turbine engines. In fact, non-
geared turbine engines do not have the high velocity ra-
tios seen in the geared turbine engines. As a result, they
operate in a different fluid dynamic regime.
[0007] Each low pressure turbine blade 21 may have
a root portion (not shown). Further, each low pressure
turbine blade 21 may be mounted to the disk portion 20
via the root portion using any suitable attachment system
known in the art. The low pressure turbine blades 21 may
be formed from any suitable material known in the art,
such as a nickel based superalloy. If desired, each low
pressure turbine blade 21 may also have a platform (not
shown).
[0008] Each low pressure turbine blade 21 has an air-
foil portion 25 which has a leading edge 27 and a trailing
edge 29. Each low pressure turbine blade 21 has an axial
chord 31 which is the distance from the leading edge 27
to the trailing edge 29 in an axial direction 24.
[0009] In accordance with the instant disclosure, ad-
jacent ones of the low pressure turbine blades 21 used
to form the low pressure turbine 18 are spaced apart in
a pitchwise direction 33 to have a minimum pitch-to-chord
ratio above 1.4. As used herein, the term "pitch" refers
to the distance 35 between the trailing edges 29 of ad-
jacent turbine blades 21 in the pitchwise direction 33,
which is the tangential direction, at the mid-span of the
low pressure turbine blades.
[0010] Fig. 2 illustrates the spacing of a pair of low
pressure turbine blades 21 in accordance with the
present disclosure at a pitch-to-chord ratio of more than
1.4. Fig. 3 illustrates the spacing of a pair of low pressure
turbine blades 21’ in a conventional design at a pitch-to
chord ratio of less than 1.3.
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[0011] Using a pitch to chord ratio of greater than 1.4
is advantageous for a number of reasons. First, the use
of such a configuration reduces cost and weight of the
turbine engine component because of the reduced airfoil
count. An additional benefit is improved efficiency. For
example, if active cooling is required for specific applica-
tions, the use of an arrangement having a pitch-to-chord
ratio above 1.4 would result in reduced turbine airfoil cool-
ing air requirements due to the fewer number of low pres-
sure turbine blades 21, which in turn improves the effi-
ciency of the low pressure turbine engine component.
Additionally, having fewer turbine blades 21 will result in
reduced leakage air and less parasitic loss. High pitch to
chord airfoil designs when used in a low pressure turbine
may also enable total stage weight to be reduced which
would also translate into reduced TSFC. Total engine
cost would also be reduced since there would be fewer
low pressure turbine blades 21 to cast, grind, machine,
hole drill, and coat. Using fewer low pressure turbine
blades 21 is also advantageous because it allows the
airfoil portions 25 of the blades 21 to be coated more
easily due to the fact that the geometry would have an
improved line of sight.
[0012] It is apparent that there has been provided by
the present disclosure a high pitch-to-chord ratio turbine
engine component. While the turbine engine component
has been described in the context of specific embodi-
ments thereof, other unforeseeable alternatives, modifi-
cations, and variations may become apparent to those
skilled in the art having read the foregoing description.
Accordingly, it is intended to embrace those alternatives,
modifications, and variations as fall within the broad
scope of the appended claims.

Claims

1. A low pressure turbine engine component (18) for
use in an aircraft engine (10) comprising:

a disk portion (20);
a plurality of low pressure turbine blades (21)
extending outwardly from said disk portion (20);
each of said low pressure turbine blades (21)
having an airfoil portion (25) with an axial chord
(31) length and a trailing edge (29); and
said low pressure turbine blades (21) being
spaced apart so that there is a pitch-to-chord
ratio greater than 1.4, wherein said pitch is a
distance (35) between the trailing edges (29) of
adjacent ones of said turbine blades (21) and
said chord is the axial chord (31) length of said
blades (21) and wherein the pitch-to-chord ratio
is measured at the mid-span of the low pressure
turbine blades (21).

2. The turbine engine component (18) of claim 1,
wherein said plurality of blades (21) is arranged in a

row.

3. The turbine engine component (18) of claim 1,
wherein said plurality of blades (21) are arranged in
a plurality of rows and said blades (21) in each row
have said pitch-to-chord ratio greater than 1.4.

4. The turbine engine component (18) of claim 1, 2 or
3, wherein each said blade (21) is formed from a
nickel based superalloy material.

5. A gas turbine engine (10) for propelling a vehicle,
said engine comprising:

at least one compressor stage (13, 14) and at
least one low pressure turbine stage (18), the at
least one low pressure turbine stage comprising
a low pressure turbine engine component as
claimed in any preceding claim;
said at least one compressor stage (13, 14) and
said at least one low pressure turbine stage (18)
being connected by a shaft (60);
a gearbox (62) associated with said shaft (60)
so that said at least one low pressure turbine
stage (18) may be decoupled from said at least
one compressor stage (13, 14).
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