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(54) Transition piece for a gas turbine engine, corresponding system and method

(57) Disclosed herein are apparatus, method, and
system for cross sectional area convergence reduction
and selection of a transition piece (200) of a gas turbine
engine. In an embodiment, an aft end cross sectional

area (210) is determined for a transition piece and a for-
ward end cross sectional area (205) is determined for
the transition piece. The transition piece may be fabri-
cated based on a constant slope of cross sectional area
change between the aft end and the forward end.
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Description

[0001] The subject matter disclosed herein relates
generally to combustion systems and more specifically
hot gas flow.
[0002] In a typical can annular gas turbine engine, a
plurality of combustors are arranged in a generally an-
nular array about the engine. The combustors receive
pressurized air from the engine’s compressor, add fuel
to create a fuel and air mixture, and combust the mixture
to produce hot gases. The hot gases exiting the combus-
tors are utilized to turn a turbine, which is coupled to a
shaft that drives a generator for generating electricity.
[0003] The hot combustion gas is conveyed from the
combustor liner to the turbine by a transition piece or
duct. The hot combustion gas flowing through the tran-
sition piece subjects the duct structure to very high tem-
peratures and can lead to premature deterioration that
requires repair and replacement of the transition ducts.
A significant crack or other deterioration in a single area
of an otherwise relatively undamaged transition piece
may have a significant impact on gas turbine perform-
ance and may require replacement of the entire transition
piece.
[0004] Disclosed herein are apparatuses, methods,
and systems for transition piece cross sectional area con-
vergence reduction and selection. In an embodiment, a
method determines an aft end cross sectional area for a
transition piece and a forward end cross sectional area
for the transition piece. The transition piece may be fab-
ricated based on a constant slope of cross sectional area
change between the aft end and the forward end.
[0005] In an embodiment, a system has a first proces-
sor and a first memory. The first memory may be com-
municatively coupled to the first processor said first mem-
ory having stored therein computer-readable instructions
that, if executed by the first processor, cause the proc-
essor to perform operations comprising determining an
aft end cross sectional area for a transition piece; deter-
mining a forward end cross sectional area based on the
aft end cross sectional area for the transition piece; de-
termining the constant slope of cross sectional area
change between the aft end and the forward end; and
fabricating the transition piece based on the constant
slope of cross sectional area.
[0006] In an embodiment, a transition piece comprises
a cross sectional area along the length of the transition
piece that stays within +/- 3% of a constant slope cross
section area, wherein the constant slope cross sectional
area is based on an aft end cross sectional area meas-
urement and a corresponding forward end cross section-
al area measurement at a respective length.
[0007] This Brief Description of the Invention is provid-
ed to introduce a selection of concepts in a simplified
form that are further described below in the Detailed De-
scription. This Brief Description of the Invention is not
intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used

to limit the scope of the claimed subject matter. Further-
more, the claimed subject matter is not limited to limita-
tions that solve any or all disadvantages noted in any
part of this disclosure.
[0008] A more detailed understanding may be had from
the following description, given by way of example in con-
junction with the accompanying drawings wherein:

Figure 1 is an exemplary illustration of a transition
piece;

Figure 2 is an exemplary illustration of a transition
piece;

Figure 3 an exemplary graph that illustrates the
change of the cross sectional areas of transition piec-
es from aft to forward end;

Figure 4 illustrates a non-limiting, exemplary method
of implementing transition piece cross sectional area
convergence as disclosed herein; and

Figure 5 is an exemplary block diagram representing
a general purpose computer system in which as-
pects of the methods and systems disclosed herein
thereof may be incorporated.

[0009] Figure 1 is an exemplary illustration of a transi-
tion piece 100. Transition piece 100 has a forward (inlet)
end 105 and an aft (outlet) end 110. Hot gases flow into
inlet 105 and flow through the length of transition piece
100. The hot gases exit transition piece 100 at outlet 110.
[0010] It has been shown that the life limiting area of
a transition piece often has higher temperatures placed
on it than other areas of the transition piece. These higher
temperatures may cause a higher strain range for every
start to stop cycle of the turbine. Over time, these strain
cycles may accumulate and become the transition
piece’s life limit. These higher temperatures may also
cause oxidation of the transition piece material. Over
time, this oxidation may accumulate and become the
transition piece’s life limit. As stated herein, regardless
of the relatively undamaged nature of the other portions
of the transition piece, the entire transition piece is re-
placed when significant damage (e.g., cracking) is done
to a particular area of the transition piece.
[0011] There are certain respective cross sectional ar-
eas of a transition piece at the forward (fwd) and aft end.
Traditionally, as a rule of thumb, the forward end cross
sectional area of a transition piece is 15% larger than the
outlet (i.e., aft end) of the transition piece. The 15% rule
of thumb is used for transition pieces in order to reduce
recirculation in the transition piece. Figure 2 is an exem-
plary illustration of a transition piece 200. An inlet cross
sectional area may be taken at 205 and an outlet cross
sectional area may be taken at 210. Traditionally the per-
centage decrease of the inlet cross sectional area at 205
compared to the outlet cross sectional area at 210 would
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conform to the 15% rule of thumb. Traditionally the middle
section 215 has a cross sectional area that diverges sub-
stantially before reaching the final 15% rule of thumb per-
centage.
[0012] Analysis has shown that hot spots are created
within a transition piece because areas may diverge with-
in the middle section of the transition piece and cause
recirculation zones. As disclosed herein, reduction of a
transition piece cross sectional area from forward end to
aft end in a constant rather than divergent manner may
substantially reduce hot spots. In an embodiment, reduc-
ing that amount of cross sectional area  convergence
from the 15% rule of thumb (e.g., the aft having a cross
sectional area that is 6% less than the fwd) and/or main-
taining within a tolerance range of at most +/- 3% may
increase the life of a transition piece.
[0013] Figure 3 is an exemplary graph that illustrates
the change of the cross sectional areas of transition piec-
es from aft to forward end. Axis y 302 denotes the cross
sectional area of a transition piece and axis x 303 denotes
the length of the transition piece from aft end to fwd end.
Line 305 is a line that has a constant slope, wherein the
cross sectional area changes constantly along the length
from aft to forward end. The ideal or reference line 305
(hereinafter reference line) may be determined using
standard algebraic equations and the like once the aft
and fwd end cross sectional area and length are deter-
mined. Curve 310 is a curve that is out of the discussed
+/- 3% range along the length of the transition piece. For
example, point 311 shows that the transition piece rep-
resented by curve 310 has an approximate cross sec-
tional area of 208 at length 15, while the transition piece
represented by reference line 305 has an approximate
cross sectional area of 188 at length 15. Using the afore-
mentioned measurements point, 311 of curve 310 diverg-
es by approximately 10 percent at the same length of the
reference line 305.
[0014] Curve 315 is a curve that is within the discussed
+/- 3% range along the length of the transition piece. For
example, point 316 shows that the transition piece rep-
resented by curve 315 has an approximate cross sec-
tional area of 192 at length 15, while the transition piece
represented by line 305 has an approximate cross sec-
tional area of 188 at length 15. Using the aforementioned
measurements, point 316 diverges by approximately 2.1
% from the reference line 305.
[0015] A computer generated or physical manifesta-
tion of a transition piece may be created based on a pre-
determined calculated constant change cross sectional
area reference line. An example of a physical manifes-
tation may be a physical transition piece mold that con-
forms to the reference line with +/- 3% divergence in cross
sectional area. Measurements of cross sectional area
may be taken at every 1/10 interval of the length of the
entire transition piece. More frequent measurements
may be taken for more data points and better results
when creating a transition piece.
[0016] Figure 4 illustrates a non-limiting, exemplary

method of implementing transition piece cross sectional
area convergence as disclosed herein. Method 400 may
be performed by computing equipment including mobile
devices (e.g., tablet computers), servers, or any other
device that can execute computing functions.
[0017] In an embodiment at block 405, a transition
piece aft shape and end cross sectional area may be
determined. The aft end cross sectional area determina-
tion may be based on characteristics of a corresponding
stage one nozzle (SIN). At block 410 the transition piece
fwd end shape and cross sectional area may be deter-
mined. The fwd end cross sectional area may be based
on the aft end cross sectional area. At block 415, the
constant slope of cross sectional area change along the
length of the transition piece between aft end and fwd
end may be determined. At block 420, a transition piece
may be created based on the constant slope of the cross
sectional area and remaining within a +/- 3% tolerance
level.
[0018] Experiments have shown that if care is taken to
make sure the cross sectional area is within +/- 3% of a
constant change cross sectional area reference line, then
hot spots may be reduced and the life of the transition
piece may be extended. Although a 15% rule of thumb
is discussed herein for cross sectional area change of
aft and fwd ends, other percentages may be appropriate.
Experiments have shown that the 15% rule of thumb can
be lowered (for example to 5%) with better results in tran-
sition piece life when the divergence of the cross sec-
tional area along the length of the transition piece is within
+/-3%. The closer the divergence of the cross sectional
area is to 0% there may be less need to reduce the cross
sectional area from the fwd to aft end and the 15% rule
of thumb percentage may trend to 0% while giving supe-
rior results.
[0019] The technical effect of the method is the fabri-
cation of a physical manifestation (e.g., metal) of a tran-
sition piece or the creation of a computer generated rep-
resentation of a transition piece in a turbine system. Tests
of the transition piece may be done using physical tran-
sition pieces with test equipment, computer specifica-
tions of a transition piece and corresponding computer
analysis, or the like. Tests may be done on a particular
transition piece design, such as a transition piece made
for one or more generator models, and implemented in
a physical form or digital form. Although  measurements
are described as being taken at the forward and aft end,
it is reasonable to take measurements within an approx-
imate area of either end.
[0020] Figure 5 and the following discussion are in-
tended to provide a brief general description of a suitable
computing environment in which the methods and sys-
tems disclosed herein and/or portions thereof may be
implemented. Although not required, the methods and
systems disclosed herein may be described in the gen-
eral context of computer-executable instructions, such
as program modules, being executed by a computer,
such as a client workstation, server or personal compu-
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ter. Generally, program modules include routines, pro-
grams, objects, components, data structures and the like
that perform particular tasks or implement particular ab-
stract data types. Moreover, it should be appreciated that
the methods and systems disclosed herein and/or por-
tions thereof may be practiced with other computer sys-
tem configurations, including hand-held devices, multi-
processor systems, microprocessor-based or program-
mable consumer electronics, network PCs, minicomput-
ers, mainframe computers and the like. The methods and
systems disclosed herein may also be practiced in dis-
tributed computing environments where tasks are per-
formed by remote processing devices that are linked
through a communications network. In a distributed com-
puting environment, program modules may be located in
both local and remote memory storage devices.
[0021] Figure 5 is a block diagram representing a gen-
eral purpose computer system in which aspects of the
methods and systems disclosed herein and/or portions
thereof may be incorporated. As shown, the exemplary
general purpose computing system includes a computer
520 or the like, including a processing unit 521, a system
memory 522, and a system bus 523 that couples various
system components including the system memory to the
processing unit 521. The system bus 523 may be any of
several types of bus structures including a memory bus
or memory controller, a peripheral bus, and a local bus
using any of a variety of bus architectures. The system
memory includes read-only memory (ROM) 524 and ran-
dom access memory (RAM) 525. A basic input/output
system 526 (BIOS), containing the basic routines that
help to transfer information between elements within the
computer 520, such as during start-up, is stored in ROM
524.
[0022] The computer 520 may further include a hard
disk drive 527 for reading from and writing to a hard disk
(not shown), a magnetic disk drive 528 for reading from
or writing to a removable magnetic disk 529, and an op-
tical disk drive 530 for reading from or writing to a remov-
able optical disk 531 such as a CD-ROM or other optical
media. The hard disk drive 527, magnetic disk drive 528,
and optical disk drive 530 are connected to the system
bus 523 by a hard disk drive interface 532, a magnetic
disk drive interface 533, and an optical drive interface
534, respectively. The drives and their associated com-
puter-readable media provide non-volatile storage of
computer readable instructions, data structures, program
modules and other data for the computer 520.
[0023] Although the exemplary environment described
herein employs a hard disk, a removable magnetic disk
529, and a removable optical disk 531, it should be ap-
preciated that other types of computer readable media
which can store data that is accessible by a computer
may also be used in the exemplary operating environ-
ment. Such other types of media include, but are not lim-
ited to, a magnetic cassette, a flash memory card, a digital
video or versatile disk, a Bernoulli cartridge, a random
access memory (RAM), a read-only memory (ROM), and

the like.
[0024] A number of program modules may be stored
on the hard disk, magnetic disk 529, optical disk 531,
ROM 524 or RAM 525, including an operating system
535, one or more application programs 536, other pro-
gram modules 537 and program data 538. A user may
enter commands and information into the computer 520
through input devices such as a keyboard 540 and point-
ing device 542. Other input devices (not shown) may in-
clude a microphone, joystick, game pad, satellite disk,
scanner, or the like. These and other input devices are
often connected to the processing unit 521 through a
serial port interface 546 that is coupled to the system
bus, but may be connected by other interfaces, such as
a parallel port, game port, or universal serial bus (USB).
A monitor 547 or other type of display device is also con-
nected to the system bus 523 via an interface, such as
a video adapter 548. In addition to the monitor 547, a
computer may include other peripheral output devices
(not shown), such as speakers and printers. The exem-
plary system of Figure 5 also includes a host  adapter
555, a Small Computer System Interface (SCSI) bus 556,
and an external storage device 562 connected to the SC-
SI bus 556.
[0025] The computer 520 may operate in a networked
environment using logical connections to one or more
remote computers, such as a remote computer 549. The
remote computer 549 may be a personal computer, a
server, a router, a network PC, a peer device or other
common network node, and may include many or all of
the elements described above relative to the computer
520, although only a memory storage device 550 has
been illustrated in Figure 5. The logical connections de-
picted in Figure 5 include a local area network (LAN) 551
and a wide area network (WAN) 552. Such networking
environments are commonplace in offices, enterprise-
wide computer networks, intranets, and the Internet.
[0026] When used in a LAN networking environment,
the computer 520 is connected to the LAN 551 through
a network interface or adapter 553. When used in a WAN
networking environment, the computer 520 may include
a modem 554 or other means for establishing communi-
cations over the wide area network 552, such as the In-
ternet. The modem 554, which may be internal or exter-
nal, is connected to the system bus 523 via the serial
port interface 546. In a networked environment, program
modules depicted relative to the computer 520, or por-
tions thereof, may be stored in the remote memory stor-
age device. It will be appreciated that the network con-
nections shown are exemplary and other means of es-
tablishing a communications link between the computers
may be used.
[0027] Computer 520 may include a variety of compu-
ter readable storage media. Computer readable storage
media can be any available media that can be accessed
by computer 520 and includes both volatile and nonvol-
atile media, removable and non-removable media. By
way of example, and not limitation, computer readable
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media may comprise computer storage media and com-
munication media. Computer storage media include both
volatile and nonvolatile, removable and non-removable
media implemented in any method or technology for stor-
age of information such as computer readable instruc-
tions, data structures, program modules or other data.
Computer storage media include, but are not limited to,
RAM, ROM, EEPROM, flash  memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or
other optical disk storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store
the desired information and which can be accessed by
computer 520. Combinations of any of the above should
also be included within the scope of computer readable
media that may be used to store source code for imple-
menting the methods and systems described herein. Any
combination of the features or elements disclosed herein
may be used in one or more embodiments.
[0028] In describing preferred embodiments of the
subject matter of the present disclosure, as illustrated in
the Figures, specific terminology is employed for the sake
of clarity. The claimed subject matter, however, is not
intended to be limited to the specific terminology so se-
lected, and it is to be understood that each specific ele-
ment includes all technical equivalents that operate in a
similar manner to accomplish a similar purpose.
[0029] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

Claims

1. A method comprising:

determining an aft end cross sectional area
(210) for a transition piece (200) of a gas turbine
engine;
determining a forward end cross sectional area
(205) for the transition piece;
and
fabricating the transition piece based on a con-
stant slope of cross sectional area change be-
tween the aft end and the forward end.

2. The method of claim 1, wherein the transition piece
is within +/- 3% of the constant slope of cross sec-

tional area along the length of the transition piece.

3. The method of claim 1, wherein the transition piece
is within an average +/-3% of the constant slope of
cross sectional area along the length of the transition
piece.

4. The method of any preceding claim, wherein the for-
ward end cross sectional area is taken near the at-
tachment point of the combustor liner and the tran-
sition piece.

5. The method of any preceding claim, wherein the aft
end cross sectional area is taken near the aft frame.

6. A transition piece (200) for a gas turbine engine com-
prising a cross sectional area along the length of the
transition piece that stays within +/- 3% of a constant
slope cross sectional area, wherein the constant
slope cross sectional area is based on an aft end
cross sectional area measurement (210) and a cor-
responding forward end cross sectional area meas-
urement (205) at a respective length.

7. The transition piece of claim 6, wherein the transition
piece is within an average +/- 3% of the constant
slope of cross sectional area along the length of the
transition piece.

8. The transition piece of claim 6 or claim 7, wherein
the forward end cross sectional area is taken near
the attachment point of the combustor liner of the
gas turbine engine and the transition piece.

9. The transition piece of any one of claims 6-8, wherein
the aft end cross sectional area is taken near the aft
frame of the gas turbine engine.

10. A system comprising:

a first processor adapted to execute computer-
readable instructions; and
a first memory communicatively coupled to said
first processor, said first memory having stored
therein computer-readable instructions that, if
executed by the first processor, cause the proc-
essor to perform operations comprising:
determining an aft end cross sectional area for
a transition piece of a gas turbine engine;
determining a forward end cross sectional area
based on the aft end cross sectional area for the
transition piece;
determining the constant slope of cross section-
al area change between the aft end and the for-
ward end; and
creating the transition piece based on the con-
stant slope of cross sectional area.
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11. The system of claim 10, wherein the transition piece
is within +/- 3% of the constant slope of cross sec-
tional area along the length of the transition piece.

12. The system of claim 10, wherein the transition piece
is within an average +/-3% of the constant slope of
cross sectional area along the length of the transition
piece.

13. The system of any one of claims 10-12, wherein the
forward end cross sectional area is taken near the
attachment point of the combustor liner and the tran-
sition piece.

14. The system of any one of claims 10-13, wherein the
aft end cross sectional area is taken near the aft
frame.

15. The system of any one of claims 10-14, wherein com-
puter-readable instructions include taking a cross
sectional area measurement of the transition piece
at every one-tenth interval of the length of the tran-
sition piece.
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