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(54) Gas turbine nozzle vane segment

(57) A vane segment 160 for a gas turbine engine
having a rotational axis 20, the vane segment 160 com-
prising an outer platform 62 having an inner gas washed
surface, an inner platform 64 having an outer gas washed
surface and at least two aerofoils 72 extending from the
outer gas washed surface to the inner gas washed sur-
face. The inner platform 64 further having an inner side,
a first circumferential end 86 and a second circumferen-
tial end 88 and an inner rail 90 located on the inner side,
the inner rail 90 extends along the inner side in a generally
circumferential direction between the first circumferential

end and the second circumferential end. The inner rail
90 comprises a slot arrangement 112 extending radially
inwardly, the slot arrangement 112 comprises two fingers
116, 118 extending from the inner rail 90 and defining a
slot 120 therebetween, the slot 120 is open at a radially
inward end and has a centre-line 122. The slot 120 is
located on the inner rail 90 a distance 124 to the cen-
tre-line from one of the first or second circumferential
ends 86, 88 between 5% and 30% of the length of the
inner rail 90.
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Description

FIELD OF INVENTION

[0001] The present invention relates to a vane seg-
ment, particularly a nozzle guide vane segment, and a
stator arrangement particularly but not exclusively for a
turbine of a gas turbine engine.

BACKGROUND OF INVENTION

[0002] Turbines in gas turbine engines have nozzle
guide vanes (NGVs) which direct gases onto down-
stream rotor blades at an appropriate angle for optimum
performance. A NGVs stage can include an annular array
of NGV segments that each have a number of aerofoils
mounted to common radially inner and outer platforms.
The NGV segments are circumferentially arranged about
the engine axis to form the stator vane stage. This ar-
rangement reduces parts count, sealing joints, working
gas leakage and complexity of fixtures.
[0003] These NGVs are rigidly attached to an outer
casing and securely locate a separate radially inner struc-
ture or diaphragm. The diaphragm forms a seal against
an axially adjacent rotating assembly and therefore need
to be held securely. The mechanical connection between
the vane segments and diaphragm is usually formed us-
ing bolt or dowels mounted through holes incorporated
within a rail underneath the NGV inner platform. The plat-
form and its rail are subject to the hot gases from the
combustor and a significant thermal gradient exists from
the gas washed surface of the platform to the inner sur-
face of the rail. The thermal gradient causes high stresses
to develop in the rail. The existing holes, or slots, form
stress concentration features which reduce the NGV’s
fatigue life.

SUMMARY OF INVENTION

[0004] One objective of the present invention is to in-
crease the life of a vane segment. Another objective is
to reduce stress concentrations in the vane segment and
particularly in the rail. Another objective is to securely
locate a radially inward structure, particularly a dia-
phragm.
[0005] To address the problems of known stator vane
arrangements described above and to meet the afore-
mentioned objectives there is provided a vane segment
for a gas turbine engine having a rotational axis, the vane
segment comprising an outer platform having an inner
gas washed surface, an inner platform having an outer
gas washed surface and at least two aerofoils extending
from the outer gas washed surface to the inner gas
washed surface, the inner platform further having an in-
ner side, a first circumferential end and a second circum-
ferential end and an inner rail located on the inner side,
the inner rail extends along the inner side in a generally
circumferential direction between the first circumferential

end and the second circumferential end and wherein the
inner rail comprises a slot arrangement extending radially
inwardly, the slot arrangement comprises two fingers ex-
tending from the inner rail and defining a slot therebe-
tween, the slot is open at a radially inward end and has
a centre-line, the slot is located on the inner rail a distance
to the centre-line from one of the first or second circum-
ferential ends between 5% and 30% of the length of the
inner rail.
[0006] The slot may be located on the inner rail a dis-
tance to the centre-line from one of the first or second
circumferential ends of approximately 10% of the length
of the inner rail.
[0007] The aerofoils have a leading edge and the slot
arrangement may be located on the inner rail between
one of the first or second circumferential ends and its
respective first intersection of the leading edge and the
inner platform.
[0008] The vane segment may comprise four aerofoils
equally spaced from one another in a circumferential di-
rection.
[0009] In another aspect of the present invention there
is provided a stator arrangement for a gas turbine engine,
the stator arrangement may have an outer casing, a vane
segment as described above and a diaphragm, the vane
segment comprises on an outer side of the outer platform
a forward outer rail and a rearward outer rail for securing
the vane segment to corresponding features of the outer
casing, wherein the slot arrangement engages with cor-
responding features formed on the diaphragm to locate
and secure the diaphragm.
[0010] The diaphragm may comprise a groove formed
between two ring members and that radially extends from
the diaphragm, the slot arrangement engage into the
groove to resist relative movement between the vane
segment and the diaphragm in at least the circumferential
and/or radial directions.
[0011] At least one of the two ring members defines a
hole and the slot arrangement is aligned with the hole
and is secured via a dowel.
[0012] The stator arrangement comprises an annular
array of vane segments and comprising seals between
circumferentially adjacent inner platforms and circumfer-
entially adjacent outer platforms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above mentioned attributes and other fea-
tures and advantages of this invention and the manner
of attaining them will become more apparent and the in-
vention itself will be better understood by reference to
the following description of embodiments of the invention
taken in conjunction with the accompanying drawings,
wherein

FIG. 1 shows part of a turbine engine in a sectional
view and in which the present invention may be in-
corporated,
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FIG. 2 is a view from upstream of a known nozzle
guide vane segment and looking generally axially
rearwardly,

FIG.3 is a view looking radially outwardly and from
an upstream side of a known nozzle guide vane seg-
ment,

FIG.4 is a view from upstream of an inventive vane
segment and looking generally axially rearwardly,

FIG.5 is a view from upstream of an inventive stator
arrangement incorporating the vane segment of FIG.
4 and the view is angled from the rotational axis of
the engine.

DETAILED DESCRIPTION OF INVENTION

[0014] FIG. 1 shows an example of a gas turbine en-
gine 10 in a sectional view. The gas turbine engine 10
comprises, in flow series, an inlet 12, a compressor sec-
tion 14, a combustor section 16 and a turbine section 18
which are generally arranged in flow series and generally
about and in the direction of a longitudinal or rotational
axis 20. The gas turbine engine 10 further comprises a
shaft 22 which is rotatable about the rotational axis 20
and which extends longitudinally through the gas turbine
engine 10. The shaft 22 drivingly connects the turbine
section 18 to the compressor section 14.
[0015] In operation of the gas turbine engine 10, air
24, which is taken in through the air inlet 12 is compressed
by the compressor section 14 and delivered to the com-
bustion section or burner section 16. The burner section
16 comprises a burner plenum 26, one or more combus-
tion chambers 28 and at least one burner 30 fixed to each
combustion chamber 28. The combustion chambers 28
and the burners 30 are located inside the burner plenum
26. The compressed air passing through the compressor
14 enters a diffuser 32 and is discharged from the diffuser
32 into the burner plenum 26 from where a portion of the
air enters the burner 30 and is mixed with a gaseous or
liquid fuel. The air/fuel mixture is then burned and the
resulting combustion gas 34 or working gas from the com-
bustion is channelled through the combustion chamber
28 to the turbine section 18.
[0016] The turbine section 18 comprises a number of
blade carrying discs 36 attached to the shaft 22. In the
present example, two discs 36 each carry an annular
array of turbine blades 38. However, the number of blade
carrying discs could be different, i.e. only one disc or
more than two discs. In addition, guiding vanes 40, which
are fixed to a stator 42 of the gas turbine engine 10, are
disposed between the stages of annular arrays of turbine
blades 38. Between the exit of the combustion chamber
28 and the leading turbine blades 38, inlet guiding vanes
44 are provided and turn the flow of working gas onto the
turbine blades 38.
[0017] The combustion gas from the combustion

chamber 28 enters the turbine section 18 and drives the
turbine blades 38 which in turn rotate the shaft 22. The
guiding vanes 40, 44 serve to optimise the angle of the
combustion or working gas on the turbine blades 38.
[0018] The turbine section 18 drives the compressor
section 14. The compressor section 14 comprises an ax-
ial series of vane stages 46 and rotor blade stages 48.
The rotor blade stages 48 comprise a rotor disc support-
ing an annular array of blades. The compressor section
14 also comprises a casing 50 that surrounds the rotor
stages and supports the vane stages 48. The guide vane
stages include an annular array of radially extending
vanes that are mounted to the casing 50. The vanes are
provided to present gas flow at an optimal angle for the
blades at a given engine operational point. Some of the
guide vane stages have variable vanes, where the angle
of the vanes, about their own longitudinal axis, can be
adjusted for angle according to air flow characteristics
that can occur at different engine operations conditions.
[0019] The casing 50 defines a radially outer surface
52 of the passage 56 of the compressor 14. A radially
inner surface 54 of the passage 56 is at least partly de-
fined by a rotor drum 53 of the rotor which is partly defined
by the annular array of blades 48 and will be described
in more detail below.
[0020] The present invention is described with refer-
ence to the above exemplary turbine engine having a
single shaft or spool connecting a single, multi-stage
compressor and a single, one or more stage turbine.
However, it should be appreciated that the present in-
vention is equally applicable to two or three shaft engines
and which can be used for industrial, aero or marine ap-
plications.
[0021] The terms upstream and downstream refer to
the flow direction of the airflow and/or working gas flow
through the engine unless otherwise stated. The terms
forward and rearward refer to the general flow of gas
through the engine. The terms axial, radial and circum-
ferential are made with reference to the rotational axis
20 of the engine.
[0022] FIG. 2 is a view from upstream of a known noz-
zle guide vane segment 60 and looking generally axially
rearwardly. A number of these vane segments 60 are
arranged about the engine’s rotational axis 20 to make
up an annular array of segments and the annular array
of vanes 40 shown in FIG.1.
[0023] FIG.3 is a view looking radially outwardly and
from an upstream side of a known nozzle guide vane
segment 80. A number of these vane segments 80 are
arranged about the engine’s rotational axis 20 to make
up an annular array of segments and the annular array
of vanes 44 shown in FIG.1.
[0024] For the two known examples shown and de-
scribed with reference to FIGs. 2 and 3, the same refer-
ence numerals will be used for each and which are in-
tended to denote the same features and which have sim-
ilar functionality. Difference between the two known vane
segments will be highlighted.
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[0025] These known vane segments 60, 80 each com-
prise an outer platform 62 and an inner platform 64 and
a number of aerofoils 66; four in the case of vane seg-
ments 60 and two in the case of vane segment 80. The
aerofoils 66 each have a pressure surface 68 and a suc-
tion surface 70, which can just been seen but otherwise
is the opposing side to the pressure side as is conven-
tional. The pressure surface 68 and the suction surface
70 meet at a leading edge 72 and downstream at a trailing
edge 74. The outer platform 62 has an inner gas washed
surface 76 and the inner platform 64 has an outer gas
washed surface 78. A gas path or passage 82 is defined
between the pressure surface 68, the suction surface 70,
the inner gas washed surface 76 and the outer gas
washed surface 78.
[0026] The inner platform 64 has an inner side 84, a
first circumferential end 86 and a second circumferential
end 88. An inner rail 90 is located on the inner side 84
and extends along the inner side 84 in a generally cir-
cumferential direction between the first circumferential
end 86 and the second circumferential end 88. The inner
rail 90 comprises a slotted tang 92 having two fingers 94,
96 defining a slot 98 therebetween. The slot 98 is straight
and has a centre-line 100. The centre-line 100 has a cir-
cumferential location of approximately the mid-span of
the inner rail 90 as shown in FIG.2. In FIG.3 the slot 100
or the centre-line 100 is shown off-set from the mid-span
or circumferential length of the inner rail 90 and is posi-
tioned between adjacent aerofoil 66 to enable cooling air
passages 102 to be located either side of the slot and
immediately radially inward of the aerofoil to which it
feeds coolant.
[0027] The vane segments 60, 80 have, on their outer
side 104 of the outer platform 62 a forward outer rail 106
and a rearward outer rail 108. The forward outer rail 106
and the rearward outer rail 108 engage with and secure
the vane segment 60, 80 to corresponding features of
the stator 42 or outer casing. The inner rail 90 and slotted
tang 92 of the vane segments 60, 80 engage respective
diaphragms 45 and 43 shown in FIG.1. The diaphragms
45, 43 are securely held in place by the annular array of
vane segments so that adjacent or neighbouring rotating
shafts or rotor discs 36 can be effectively sealed against
undesirable gas leakage. A dowel or bolt is located
through a hole in the diaphragm 45, 43 and engages the
slot 98.
[0028] During operation of the gas turbine engine very
hot gases from the combustor 16 are channelled through
the gas passages 82 of the vane segments. A severe
thermal gradient will exist from the gas washed outer
surface 78 of the inner platform 64 to a radially inner
surface 110 of the inner rail 90. This thermal gradient
causes significant stresses, particularly circumferential
stresses, within the inner rail. The stresses are at their
greatest in the mid-span location of the inner rail 90 and
it is at or about this mid-span location that the slotted
tang 92 is positioned. It has been found that the slotted
tang 92 creates stress concentrations and which exac-

erbate the stresses induced by the thermal gradient in
the inner rail and which reduce the life of the vane seg-
ment.
[0029] The present invention is a vane segment 160
and a stator arrangement 162 incorporating the vane
segments and is now described with reference to FIGS.
4 and 5. The vane segment 160 and the stator arrange-
ment 162 replace the annular array of guide vanes 40
and diaphragm 43 and it will be immediately apparent
that the invention can be applied to the guide vanes 44
and associated diaphragm 45 shown and described with
reference to FIGS.1-3 above. Features shown and de-
scribed with reference to FIGS.4 and 5 that are the same
as the features of FIGS.2 and 3 have been given the
same reference numerals and their form and function is
the same unless otherwise stated.
[0030] FIG.4 is a view from upstream of an inventive
vane segment 160 and looking generally axially rear-
wardly. A number of these vane segments 160 are ar-
ranged about the engine’s rotational axis 20 to make up
an annular array of segments and the annular array of
vanes 40 shown in FIG.1. FIG.5 is a view from upstream
of an inventive stator arrangement 162 incorporating the
vane segment 160 and the view is angled from the rota-
tional axis 20. The stator arrangement 162 also includes
a diaphragm 164 adapted to receive and be secured to
the vane segments 160.
[0031] The invention relates to a slot arrangement 112
circumferentially offset from the centre of the vane seg-
ment. Specifically, the slot arrangement 112 is located
adjacent to a free end 86, 88 of the vane segment 160,
as opposed to either at the centre-span of the inner rail
90 or located in-between vane aerofoils 72 in contrast to
the known arrangements described earlier.
[0032] As mentioned earlier, the temperature gradient
induces circumferential bending stresses within the inner
rail 90. These stresses are highest in the mid-span region
of the inner rail 90 and decrease towards the free ends
or the circumferential ends 86, 88 of the inner rail 90. The
present invention relates to locating a slot arrangement
112 close to one of the free ends 86, 88, the stress at
the slot arrangement 112 is significantly reduced be-
cause of the reduction in nominal stress in the inner rail
90 at this different location.
[0033] The vane segment 160 has the inner rail 90
comprising the slot arrangement 112 which extends ra-
dially inwardly. The slot arrangement 112 comprises two
fingers 116, 118 extending from the inner rail 90 and
which define a slot 120 therebetween. The slot 120 is
open at a radially inward end and has a centre-line 122.
The slot 120 is located on the inner rail 90 a distance 124
to the centre-line 122 from one of the first or second cir-
cumferential ends 86, 88. The distance 124 can be be-
tween 5% and 30% of the length of the inner rail 90 and
is preferentially approximately 10% of the length of the
inner rail 90. One of the fingers 118 may be stepped away
from the end face of the platform and/or inner rail 90. In
cases where the inner rail 90 is stepped from the circum-
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ferential end of the platform 64 the distances quoted here-
in can instead be in relation to the circumferential length
of the platform 64 and measured from the circumferential
end 86, 88 of the platform 64. It is possible for some
embodiments of the present invention for the slot ar-
rangement 112 to be flush with the circumferential end
of the inner rail and/or platform rather than stepped cir-
cumferentially inwardly from the end 86 as shown in FIG.
4.
[0034] As mentioned earlier, the aerofoils 66 have a
leading edge 72 and an intersection 114 of the leading
edge 72 and the inner platform 64 surface. The slot ar-
rangement 112 is located on the inner rail 90 between
one of the first or second circumferential ends 86, 88 and
its respective first intersection 114 of the leading edge
72 and the inner platform 64. In other words the centre-
line 122 of the slot arrangement 112 is located between
one of the circumferential ends 86, 88 and the circum-
ferentially outer aerofoil 66 and in particular its leading
edge 72. The extent of the distance between this inter-
section the circumferential end 88 is shown in FIG.4 as
distance 126.
[0035] The stator arrangement 162 includes an outer
casing shown as 42 in FIG.1, the vane segment 160 and
the diaphragm 164. The vane segment 160 as described
earlier comprises on the outer side 104 of the outer plat-
form 62 the forward outer rail 106 and the rearward outer
rail 108. The forward outer rail 106 and the rearward outer
rail 108 secure the vane segment 160 to corresponding
features of the outer casing 42 as is known in the art.
The annular array of vane segments 160 form a rigid
connection to the casing 42 and therefore securely hold
the diaphragm 164 in its desired location relative to neigh-
bouring rotating discs 36. The slot arrangement 112 en-
gages into a groove 130 formed between two ring mem-
bers 132, 134 that radially extend from the diaphragm
164. In other configurations other corresponding location
features can be formed on the diaphragm to locate and
secure the diaphragm with the vane segments.
[0036] The groove 130 generally extends in a radial
direction and is open at its radially outer limit. The groove
130 has a width in the axial direction and the slot arrange-
ment 112 is sized to closely fit into the groove 130 and
be slid circumferentially along the groove. The two ring
members 132, 134 define corresponding holes 136. The
vane segments 160 are located so that the slot centre-
line 122 is aligned with the holes 136 and a dowel, pin
or bolt 138 is inserted. The slot arrangement 112 prevents
or resists relative movement between the vane segment
160 and the diaphragm 162 in the circumferential, radial
and axial directions.
[0037] Referring back to FIG.4 the each vane segment
160 in the annular array comprise seals (not shown)
which are located in seal grooves 140 formed in the cir-
cumferential ends 66, 68 of the platforms 64, 62. The
seals prevent hot gases escaping the passages 82 and
ingressing to the radially internal spaces below the inner
platform.

[0038] While the invention has been illustrated and de-
scribed in detail for a preferred embodiment the invention
is not limited to these disclosed examples and other var-
iations can be deducted by those skilled in the art in prac-
ticing the claimed invention.

Claims

1. A vane segment (160) for a gas turbine engine hav-
ing a rotational axis (20), the vane segment (160)
comprising
an outer platform (62) having an inner gas washed
surface,
an inner platform (64) having an outer gas washed
surface and
at least two aerofoils (72) extending from the outer
gas washed surface to the inner gas washed surface,
the inner platform (64) further having an inner side,
a first circumferential end (86) and a second circum-
ferential end (88) and an inner rail (90) located on
the inner side, the inner rail (90) extends along the
inner side in a generally circumferential direction be-
tween the first circumferential end and the second
circumferential end and wherein
the inner rail (90) comprises a slot arrangement (112)
extending radially inwardly, the slot arrangement
(112) comprises two fingers (116, 118) extending
from the inner rail (90) and defining a slot (120) ther-
ebetween, the slot (120) is open at a radially inward
end and has a centre-line (122),
the slot (120) is located on the inner rail (90) a dis-
tance (124) to the centre-line from one of the first or
second circumferential ends (86, 88) between 5%
and 30% of the length of the inner rail (90).

2. A vane segment (160) as claimed in claim 1 wherein
the slot (120) is located on the inner rail (90) a dis-
tance to the centre-line (122) from one of the first or
second circumferential ends (86, 88) of approxi-
mately 10% of the length of the inner rail (90).

3. A vane segment (160) as claimed in any one of
claims 1-2 wherein the aerofoils have a leading edge
(72) and the slot arrangement (112) is located on the
inner rail (90) between one of the first or second cir-
cumferential ends (86, 88) and its respective first in-
tersection (114) of the leading edge (72) and the in-
ner platform (64).

4. A vane segment (160) as claimed in any one of
claims 1-3 wherein the vane segment (160) compris-
es four aerofoils equally spaced from one another in
a circumferential direction.

5. A stator arrangement for a gas turbine engine having
a rotational axis, the stator arrangement having an
outer casing, a vane segment (160) as claimed in
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any one of claims 1-4 and a diaphragm (162),
the vane segment (160) comprises on an outer side
of the outer platform (62) a forward outer rail and a
rearward outer rail for securing the vane segment
(160) to corresponding features of the outer casing,
wherein the slot arrangement (112) engages with
corresponding features formed on the diaphragm to
locate and secure the diaphragm.

6. A stator arrangement as claimed in claim 10 wherein
the diaphragm (164) comprises a groove (130)
formed between two ring members (132, 134) and
that radially extends from the diaphragm (164)
the slot arrangement (112) engage into the groove
(130) to resist relative movement between the vane
segment (160) and the diaphragm in at least the cir-
cumferential and/or radial directions.

7. A stator arrangement as claimed in any one of claims
5-6 wherein at least one of the two ring members
(132, 134) defines a hole (136) and the slot arrange-
ment (112) is aligned with the hole (136) and is se-
cured via a dowel (138).

8. A stator arrangement as claimed in any one of claims
5-7 wherein the stator arrangement comprises an
annular array of vane segments (160) and compris-
ing seals between circumferentially adjacent inner
platforms (62) and circumferentially adjacent outer
platforms (64).

9 10 
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