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Description

[0001] The present invention relates to gas turbine en-
gines, and, more specifically, to a stator of a gas turbine
engine.
[0002] In a gas turbine engine, air is pressurized in a
compressor and mixed with fuel and ignited in a combus-
tor for generating combustion gases having high temper-
atures. Energy is extracted from the combustion gases
in stages of a turbine. The turbine powers the compressor
and produces useful work, such as driving a generator
to produce power, for example.
[0003] Since turbines are continuously exposed to the
combustion gases during operation, cooling of turbine
components is required. Bleeding a portion of the pres-
surized air from the compressor and channeling it
through the turbine components often provides cooling
air to accomplish cooling of turbine components. How-
ever, the cooling air is at a premium with respect to overall
turbine performance, since useful work has already been
done to the cooling air in the compressor. Therefore, it
is desirable for turbine performance that an amount of
air bled for nozzle cooling be kept to a minimum.
[0004] A typical gas turbine directly receives combus-
tion gases from the combustor and includes an initial
stage stator and a corresponding initial stage rotor having
a plurality of rotor blades or airfoils extending radially
outward from a supporting disk. Nozzles disposed
around a circumference of each stator stage direct a flow
of the combustion gases toward a row of corresponding
rotor blades. After the combustion gases pass through
the initial stage stator and the initial stage rotor, subse-
quent stage stators then direct the combustion gases
through a corresponding row of rotor blades extending
from corresponding subsequent stage rotors. The sub-
sequent stage stators receive lower temperature com-
bustion gases than the initial stage stator and therefore
have different cooling requirements. Additionally, individ-
ual nozzles within each of the initial and subsequent sta-
tor stages often receive combustion gases at different
temperatures.
[0005] The nozzles of the turbine are designed for du-
rability with extensive lives measured in hours and/or cy-
cles of operation. Such extended life is difficult to achieve
since the nozzles are subject to various differential tem-
peratures during operation, which create thermal stress-
es on the nozzles. Additionally, nozzles are subjected to
oxidation or erosion, which are temperature driven, and
coating spallation (when applicable), which is driven by
both temperature and thermal stress. Suitable nozzle
cooling is required to limit thermal stresses and peak met-
al temperatures to ensure a useful life. However, tem-
perature distributions and heat transfer coefficients of the
combustion gases channeled through each nozzle vary
significantly and increase the difficulty of providing suit-
able nozzle cooling.
[0006] Ensuring that suitable nozzle cooling is provid-
ed to each nozzle is a difficult problem. Turbines often

experience localized areas of high temperature within a
particular stage. Circumferential and radial variations in
combustion exit temperatures create the localized areas
of high temperature. An area having a highest tempera-
ture relative to surrounding areas is referred to as a hot-
streak. Location of a hot streak and the dynamics thereof
are not easily predictable, thus applying sufficient cooling
to areas in the hot streak is problematic and potentially
expensive since complex cooling systems are often re-
quired. Rotor blades are typically not significantly impact-
ed by the presence of a circumferential hot streak since
their exposure to temperatures associated with the hot
streak is limited by rotation of the rotor blades. However,
nozzles of a particular stator stage may be exposed to
hot streak conditions for extended periods and endure
high temperatures and thermal stresses, which shorten
nozzle life.
[0007] Since hot streak conditions must be consid-
ered, nozzle design engineers typically design all nozzles
to be able to withstand worst-case temperatures associ-
ated with exposure to hot streak conditions. Additionally,
maintenance practices have been developed to inspect
and replace nozzles after a certain number of running
hours, or to extract nozzles and swap their locations in
an effort to equalize accumulated part life consumption
among the nozzles.
[0008] Designing a worst-case nozzle capable of ex-
tended exposure to hot streak conditions requires addi-
tional expense and/or cooling flow requirements. Fur-
thermore, maintenance practices requiring routine re-
placement or relocation of nozzles add to both expense
and system down time, and the need for additional cool-
ing flow diminishes turbine performance.
[0009] Accordingly, it is desired to develop a method
and system for reducing the impact of hot streak condi-
tions on turbine design to decrease cooling requirements
for turbines, which may in turn decrease nozzle manu-
facturing expense, reduce turbine down time due to noz-
zle inspection or replacement, and enhance turbine per-
formance.
[0010] Exemplary embodiments of the invention in-
clude a method for distributing effects of a circumferential
hot streak condition in a turbine. The method includes
communicating a control signal to a rotator moving a sta-
tor ring with the rotator in response to the control signal.
[0011] Further exemplary embodiments of the inven-
tion include a turbine having a turbine stator stage rotat-
able in response to a control signal.
[0012] Another exemplary embodiment of the inven-
tion includes a system to move stator nozzles. The sys-
tem includes a turbine and a rotator. The turbine includes
a turbine stator stage rotatable in response to a control
signal. The rotator is in operable communication with the
stator stage and configured to rotate the stator stage in
response to the control signal.
[0013] The above, and other objects, features and ad-
vantages of the present invention will become apparent
from the following description read in conjunction with

1 2 



EP 1 854 960 A1

3

5

10

15

20

25

30

35

40

45

50

55

the accompanying drawings, in which like reference nu-
merals designate the same elements.
[0014] Referring now to the drawings wherein like el-
ements are numbered alike in the several FIGURES:

FIG. 1 is a sectional view of a turbine taken along a
longitudinal axis of the turbine according to an ex-
emplary embodiment;

FIG. 2 is a portion of a section cut of a turbine taken
along a radial axis showing a perspective view of a
turbine stator stage according to an exemplary em-
bodiment;

FIG. 3 is a block diagram illustrating a system for
rotating a turbine stator ring according to an exem-
plary embodiment; and

FIG. 4 is a block diagram illustrating a method for
rotating a turbine stator ring according to an exem-
plary embodiment.

[0015] FIG. 1 is a sectional view of a turbine taken
along a longitudinal axis of the turbine according to an
exemplary embodiment. FIG. 2 is a portion of a section
cut of a turbine taken along a radial axis showing a per-
spective view of a turbine stator stage according to an
exemplary embodiment. Referring to FIGS. 1 and 2, the
turbine 100 includes a turbine casing 10, a first stage
stator 12, a first stage rotor 14, a second stage stator 16,
a second stage rotor 18, a third stage stator 20 and a
third stage rotor 22. Stator and rotor stages 12 through
22 are alternately arranged within the turbine casing 10,
such that each of the first, second and third stage stators
12, 16 and 20 is disposed proximate to a corresponding
one of the first, second and third stage rotors 14, 18 and
22, respectively. Although the turbine 100 of this exem-
plary embodiment includes three stages of both stator
and rotor, it should be noted that any number of stages
may be used in employing the principles discussed here-
after.
[0016] Each one of the first, second and third stage
rotors 14, 18 and 22 includes a supporting disk 30 mount-
ed on a shaft (not shown) and rotor airfoils 34. The rotor
airfoils 34 are mechanically connected to the supporting
disk 30, such that the supporting disk 30 may rotate with
the shaft in response to a force from combustion gases
or another working fluid passing over the rotor airfoils 34.
Rotation of the shaft may then be translated as an output
to power a compressor (not shown) and produce useful
work, for example, in an engine or generator.
[0017] In an exemplary embodiment, each one of the
first, second and third stage stators 12, 16 and 20 in-
cludes stator airfoils or nozzles 38 and a stator ring 40.
The nozzles 38 of each one of the first, second and third
stage stators 12, 16 and 20 are mechanically connected
to a corresponding stator ring 40. The nozzles 38 of the
first, second and third stage stators 12, 16 and 20 are

disposed proximate to the corresponding rotor airfoils 34
of the first, second and third stage rotors 14, 18 and 22,
respectively. Thus, the nozzles 38, which are substan-
tially static from a perspective of each one of the first,
second and third stage rotors 14, 18 and 22, direct a flow
of the combustion gases over corresponding rotor airfoils
34. In an exemplary embodiment, each one of the first,
second and third stage stators 12, 16 and 20 is non-
responsive to the force from combustion gases or anoth-
er working fluid.
[0018] FIG. 3 is a block diagram illustrating a system
for rotating the stator ring 40 according to an exemplary
embodiment. Referring now to FIGS. 1-3, in this exem-
plary embodiment, the stator ring 40 is rotatably mounted
within the turbine casing 10. A rotator 44 is in operable
communication with the stator ring 40. The rotator 44
may be in operable communication with more than one
stator ring 40. The rotator 44 is an apparatus configured
to cause a rotation of the stator ring 40 in response to a
control signal 46 from a controller 48. In an exemplary
embodiment, the stator ring 40, although rotatable, is
configured to rotate slowly about a longitudinal axis of
the turbine 100 to ensure that the nozzles 38 appear sub-
stantially static from the perspective of each one of the
first, second and third stage rotors 14, 18 and 22. Al-
though any aerodynamically feasible rotation speed of
the stator ring 40 is possible, in another exemplary em-
bodiment, the stator ring 40 rotates at a speed of less
than about one revolution per minute (RPM). The stator
ring 40 rotates, for example, in a direction shown by arrow
50, though any direction of rotation is possible.
[0019] In an exemplary embodiment, the rotator 44 in-
cludes any of a number of suitable means to provide a
force to rotate the stator ring 40. Examples of a suitable
rotator 44 include, but are not limited to, an electric motor,
a ratchet assembly, and a combustion engine. The rota-
tor 44 may be disposed at the turbine 100 or disposed
remote from the turbine 100 and in operable communi-
cation with the turbine 100 via, for example, a series of
shafts and gears, belts, etc. Furthermore, the rotator 44
may derive power from an output of the turbine 100 via
a drive assembly having, for example, a series of shafts
and reduction gears, etc. The rotator 44 provides the
force to rotate the stator ring 40 in response to the control
signal 46 from the controller 48. In another exemplary
embodiment, the stator ring 40 may be rotated by a force
from a working fluid, for example, a combustion gas, and
the rotator 44, responsive to either an active or passive
control signal 46, provides a resistive force to slow rota-
tion of the stator ring 40. Additionally, it should be noted
that although FIG. 1 shows only the first stage stator 12
as having the stator ring 40, the stator ring 40 is disposed
at each stator stage for which rotation is desired.
[0020] The controller 48 provides the control signal 46
to actuate the rotator 44 and thereby rotate the stator ring
40. The controller 48 includes any of many suitable
means to provide the control signal 46 to the rotator 44.
Examples of a suitable controller 48 include, but are not
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limited to, a timer, a delay, a logic circuit, a speed regu-
lator and an external actuator that may be controlled by
an operator, such as a switch. In an exemplary embod-
iment, a timer is employed to index or rotate the stator
ring 40 at a selected time interval via an electric motor.
In another exemplary embodiment, a ratchet assembly
indexes the stator ring 40 controlled by a delay between
ratchet operations. In another exemplary embodiment, a
logic circuit directs an electric motor to index the stator
ring 40 in response to selected criteria. In another exem-
plary embodiment, the stator ring 40 is rotated at a con-
stant differential speed with respect to a speed of a rotor
stage via an electric motor controlled by a speed regu-
lator. In yet another exemplary embodiment, an operator
actuates a switch to engage a series of shafts and gears
to rotate the stator ring 40. Other examples, although not
listed herein, are also envisioned.
[0021] The control signal 46 may be communicated to
the rotator 44, for example, by an electrical, mechanical,
optical or fluid means of transmission. The control signal
46 is either a continuously applied signal, such as, for
example, an enablement to continuously rotate a ratchet
on a delay, or a discretely applied signal, such as, for
example, a spring loaded switch having a rotate and a
non-rotate position. The control signal 46 may be active
or passive.
[0022] FIG. 4 is a block diagram illustrating a method
for distributing effects of a circumferential hot streak con-
dition in a turbine according to an exemplary embodi-
ment. The method includes communicating a control sig-
nal to a rotator at block 60 and moving a stator ring with
the rotator in response to the control signal at block 62.
[0023] By rotating the stator ring 40, the effects of a
circumferential hot streak are distributed evenly among
the nozzles 38. Thus, design considerations for the noz-
zles 38 do not require a designer to design an expensive
nozzle capable of withstanding circumferential hot streak
conditions. Additionally, cooling requirements may be
decreased or simplified resulting in cost savings and/or
enhanced turbine performance. Furthermore, complicat-
ed and time consuming maintenance practices aimed at
evenly distributing circumferential hot streak effects
among the nozzles 38 may also be avoided.
[0024] It is envisioned that the rotator 44 is capable of
operable communication with one or more stator rings
40. Alternatively, a number of rotators 44 may be less
than or equal to a number of stator rings 40. Since cir-
cumferential hot streak conditions are experienced to a
greater degree by turbine components disposed closest
to an output of the combustor, and cooling requirements
are generally decreased as distance from the combustor
is increased, it may be desired to rotate the stator ring
40 of only those stator stages that are disposed closest
to the output of the combustor, as shown in FIG. 1.
[0025] Furthermore, in an exemplary embodiment the
controller 48 is configured to apply the control signal 46
to the rotator 44 only during periods that the turbine 100
is off-line. In an alternative exemplary embodiment, the

controller 48 is configured to apply the control signal 46
to the rotator 44 during periods that the turbine 100 is on-
line.
[0026] In addition, while the invention has been de-
scribed with reference to exemplary embodiments, it will
be understood by those skilled in the art that various
changes may be made and equivalents may be substi-
tuted for elements thereof without departing from the
scope of the invention. In addition, many modifications
may be made to adapt a particular situation or material
to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims. Moreover, the use of the terms first, second, etc.
do not denote any order or importance, but rather the
terms first, second, etc. are used to distinguish one ele-
ment from another. Furthermore, the use of the terms a,
an, etc. do not denote a limitation of quantity, but rather
denote the presence of at least one of the referenced
item.

PARTS LIST

[0027]

Claims

1. A method for distributing effects of a circumferential

10 turbine casing

12 first stage stator

14 first stage rotor

16 second stage stator

18 second stage rotor

20 third stage stator

22 third stage rotor

30 supporting disk

34 rotor airfoils

38 stator airfoils or nozzles

40 stator ring

44 rotator

46 control signal

48 controller

60 block

62 block

100 turbine
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hot streak condition in a turbine (100), the method
comprising:

communicating a control signal (46) to a rotator
(44) (60); and
moving a stator ring (40) with the rotator (44) in
response to the control signal (46) (62).

2. The method of claim 1, wherein the moving the stator
ring (40) comprises one of:

transmitting a rotational force to the stator ring
(40) via the rotator (44); and
resisting a rotational force on the stator ring (40)
via the rotator (44), the rotational force being
communicated to the stator ring (40) by a work-
ing fluid.

3. The method of claim 1 or claim 2, wherein the moving
the stator ring (40) comprises rotating the stator ring
(40) about a longitudinal axis of the turbine (100).

4. The method of any preceding claim, further compris-
ing producing the control signal (46) at a controller
(48).

5. The method of claim 4, wherein the producing the
control signal (46) at the controller (48) comprises
at least one of:

producing a continuous control signal (46); and
producing a discrete control signal (46).

6. A turbine (100) comprising:

a stator stage (12, 16, 20) rotatable in response
to a control signal (46).

7. The turbine (100) of claim 6, further comprising a
rotor stage (14, 18, 22) disposed proximate to the
stator stage (12, 16, 20) and rotatable in response
to a flow of the working fluid, wherein the stator stage
(12, 16, 20) is rotatable at a selected differential
speed with respect to a speed of rotation of the rotor
stage (14, 18, 22).

8. The turbine (100) of claim 6 or claim 7, wherein the
stator stage (12, 16, 20) is configured to rotate con-
tinuously.

9. The turbine (100) of claim 8, wherein the stator stage
(12, 16, 20) rotates continuously at a speed of less
than about one revolution per minute.

10. The turbine (100) of claim 6 or claim 7, wherein the
stator stage (12, 16, 20) is rotatable at discrete in-
tervals.
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