
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2014/0255148 A1 

Burns et al. 

US 20140255148A1 

(43) Pub. Date: Sep. 11, 2014 

(54) 

(71) 

(72) 

(21) 

(22) 

(60) 

GASTURBINE ENGINE CLEARANCE 
CONTROL 

Applicants: Rolls-Royce North American 
Technologies, Inc., Indianapolis, IN 
(US); Rolls-Royce Corporation, 
Indianapolis, IN (US) 

Inventors: Donald W. Burns, Avon, IN (US); 
Daniel K. Vetters, Indianapolis, IN 
(US); Douglas M. Roever, Indianapolis, 
IN (US) 

Appl. No.: 14/143,257 

Filed: Dec. 30, 2013 

Related U.S. Application Data 
Provisional application No. 61/774,283, filed on Mar. 
7, 2013. 

Publication Classification 

(51) Int. Cl. 
FOID 25/6 (2006.01) 

(52) U.S. Cl. 
CPC ...................................... FOID 25/16 (2013.01) 
USPC ............................................ 415/1, 415/173.1 

(57) ABSTRACT 

One embodiment of the present disclosure is a unique gas 
turbine engine having a bearing system and method of oper 
ating the engine. Another embodiment is a unique rotor 
machine. Desired clearances are maintained in the engine and 
rotor and by the method. Other embodiments include appa 
ratuses, systems, devices, hardware, methods, and combina 
tions for rotor machines, such as but not limited to, gasturbine 
engines. 
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GASTURBINE ENGINE CLEARANCE 
CONTROL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and the benefit 
U.S. Provisional Patent Application No. 61/774,283, filed on 
Mar. 7, 2013, the disclosure of which is now expressly incor 
porated herein by reference. 

TECHNICAL FIELD 

0002 The present disclosure relates to rotor machines, 
and in particular clearance control in rotor machines Such as 
gas turbine engines. 

BACKGROUND 

0003 Rotor machines, such as gas turbine engines and 
other rotor machines that effectively control clearances, such 
as bearing clearances, damper clearances and Seal clearances, 
remain an area of interest. Some existing systems have vari 
ous shortcomings, drawbacks, and disadvantages relative to 
certain applications. Accordingly, there remains a need for 
further contributions in this area of technology. 

SUMMARY 

0004 One embodiment of the present disclosure is a 
unique gas turbine engine. Another embodiment is a unique 
method for operating a gas turbine engine. Another embodi 
ment is a unique rotor machine. Other embodiments include 
apparatuses, systems, devices, hardware, methods, and com 
binations for rotor machines, such as but not limited to, gas 
turbine engines. Further embodiments, forms, features, 
aspects, benefits, and advantages of the present application 
will become apparent from the description and figures pro 
vided herewith. 

BRIEF DESCRIPTION OF THE FIGURES 

0005. The description herein makes reference to the 
accompanying drawings wherein like reference numerals 
refer to like parts throughout the several views, and wherein: 
0006 FIG. 1 schematically illustrates some aspects of a 
non-limiting example of a gas turbine engine in accordance 
with an embodiment of the present invention; 
0007 FIG. 2 schematically illustrates some aspects of a 
non-limiting example of a bearing system in accordance with 
an embodiment of the present invention; 
0008 FIG. 3 schematically illustrates some aspects of a 
non-limiting example of a damping system in accordance 
with an embodiment of the present invention; and 
0009 FIG. 4 schematically illustrates some aspects of a 
non-limiting example of a sealing system in accordance with 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF 
REPRESENTATIVE EMBODIMENTS 

0010 For purposes of promoting an understanding of the 
principles of the invention, reference will now be made to the 
embodiments illustrated in the drawings, and specific lan 
guage will be used to describe the same. It will nonetheless be 
understood that no limitation of the scope of the invention is 
intended by the illustration and description of certain embodi 
ments of the invention. In addition, any alterations and/or 
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modifications of the illustrated and/or described embodiment 
(s) are contemplated as being within the scope of the present 
invention. Further, any other applications of the principles of 
the invention, as illustrated and/or described herein, as would 
normally occur to one skilled in the art to which the invention 
pertains, are contemplated as being within the scope of the 
present invention. 
0011 Referring to the drawings, and in particular, FIG. 1, 
Some aspects of a non-limiting example of a rotor machine in 
accordance with an embodiment of the present invention are 
schematically depicted. In one form, the rotor machine is a 
gas turbine engine, referred to hereinas gas turbine engine 10. 
In other embodiments, the rotor machine may be any rotor 
machine having a rotor and at least one of a bearing system, a 
damping system and a sealing system, Such as, for example 
and without limitation, a pump or a compressor. In one form, 
gas turbine engine 10 is an axial flow machine, e.g., an air 
vehicle power plant. In other embodiments, gas turbine 
engine 10 may be a radial flow machine or a combination 
axial-radial flow machine. It will be understood that the 
present invention is equally applicable to various gas turbine 
engine configurations, for example, including turbojet 
engines, turbofan engines, turboprop engines, and turboshaft 
engines having axial, centrifugal and/or axi-centrifugal com 
pressors and/or turbines, as well as hybrid engines. 
0012. In one form, gas turbine engine 10 includes a com 
pressor 12 having a plurality of blades and vanes 14, a diffuser 
16, a combustor 18, a turbine 20 having a plurality of blades 
and Vanes 22, a shaft 24 coupling compressor 12 with turbine 
20, and a system 26. In one form, system 26 includes a bearing 
system 28, a damping system 30 and a sealing system 32. In 
one form, bearing system 28, damping system 30 and sealing 
system 32 are disposed within a Sump housing 34. In other 
embodiments, system 26 may include only one or two of 
bearing system 28, damping system30 and sealing system32. 
In various embodiments, one or more of bearing system 28, 
damping system 30 and sealing system32 may not be located 
within sump housing 34. In the depiction of FIG. 1, bearing 
system 28, damping system 30 and sealing system 32 are 
illustrated as being in a side-by-side relationship. However, it 
will be understood that this illustration is by way of example 
only, and is not intended to reflect any particular orientation or 
location of bearing system 28, damping system30 and sealing 
system 32 in an absolute sense or relative to one another. 
0013 Combustor 18 is in fluid communication with com 
pressor 12 and turbine 20. Turbine 20 is drivingly coupled to 
compressor 12 via shaft 24. Turbine 20 is supported by bear 
ing system 28. Although only a single spool is depicted, it will 
be understood that the present invention is equally applicable 
to multi-spool engines. The number of stages of blades and 
vanes 14 of compressor 12, and the number of blades and 
Vanes 22 of turbine 20 may vary with the application, e.g., the 
power output requirements of a particular installation of gas 
turbine engine 10. In various embodiments, gas turbine 
engine 10 may include one or more fans, additional compres 
sors and/or additional turbines. 
0014. During the operation of gas turbine engine 10, air is 
received at the inlet of compressor 12. Blades and vanes 14 
compress the air received at the inlet of compressor 12. Dif 
fuser 16 is positioned downstream of compressor 12. Diffuser 
16 reduces the velocity of the pressurized air discharged from 
compressor 12. After having been compressed and diffused, 
the air is discharged from diffuser 16 into combustor 18. The 
pressurized air is then mixed with fuel and combusted in 
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combustor 18. The hot gases exiting combustor 18 are 
directed into turbine 20. Turbine 20 extracts energy from the 
hot gases to, among other things, generate mechanical shaft 
power to drive compressor 12 via shaft 24. In one form, the 
hot gases exiting turbine 20 are directed into a nozzle (not 
shown), and provide a thrust output for gas turbine engine 10. 
0015 Compressor 12, turbine 20 and shaft 24 form a rotor 
36. In one form, shaft 24 is coupled to both compressor 12 and 
turbine 20. In other embodiments, shaft 24 may be coupled to 
only one of compressor 12 and turbine 20, and may be integral 
with the other. In still other embodiments, shaft 24 may be 
integral with both compressor 12 and turbine 20. In yet other 
embodiments, rotor 36 may be formed by other components 
in addition to or in place of compressor 12, turbine 20 and 
shaft 24. For example, in some embodiments, one or more fan 
stages and/or additional compressor and/or turbine stages 
may be considered part of rotor 36 in addition to or in place of 
one or more of compressor 12, turbine 20 and shaft 24. In 
Some embodiments, one or more other rotors may be 
employed in addition to or in place of rotor 36, e.g., in single 
or multi-spool gas turbine engines or other types of rotor 
machines. 
0016 Bearing system 28 is operative to react and transmit 
rotor loads from a rotor to another structure. In one form, 
bearing system 28 is operative to react and transmit loads 
from rotor 36 to a static engine structure. In other embodi 
ments, bearing system 28 may be operative to react and trans 
mit loads from a rotor to another component, which may be or 
include another rotor, e.g., Such as an inter-shaft bearing 
system for transmitting loads from one rotor to another rotor. 
Rotor loads may include radial and thrust loads resulting from 
rotor weight and inertial loading, as well as pressure/thrust 
loading and dynamic loading. In the illustrated example, 
bearing system 28 reacts radial loads from an aft portion of 
rotor 36, e.g., primarily loads associated with turbine 20, 
whereas another bearing system 38 Supports a forward por 
tion of rotor 36, e.g., primarily compressor 12 loads, and 
reacts rotor 36 radial and thrust loads from the forward por 
tion of rotor 36. In other embodiments, bearing system 28 
may support compressor 12 in addition to or in place of 
turbine 20 and/or other rotor 36 components (not shown). In 
one or more of various embodiments, bearing system 28 may 
react radial and/or thrust loads for all or part of any rotor 
system, e.g., fan, compressor and/or turbine rotors, of a gas 
turbine engine such as engine 10, or any rotor system of any 
machine. 
0017 Damping system 30 is configured to damp rotor 36 
oscillations, e.g., during startup and operation of engine 10 as 
rotor 36 passes through critical frequencies, and oscillations 
due to rotor 36 unbalance and/or other dynamic loading. In 
one form, damping system 30 is a squeeze film damping 
system. In other embodiments, damping system 30 may be 
one or more of any other type of damping system configured 
to damp rotor 36 oscillations in addition to or in place of a 
Squeeze film damping system. 
0018. In one form, sealing system 32 is a labyrinth seal 
system configured to reduce or prevent the flow of gases 
and/or liquids into or out of Sump housing 34. In other 
embodiments, sealing system32 may be configured to reduce 
or prevent the flow of gases and/or liquids into or out of any 
other part of engine 10 or any rotor machine. In various 
embodiments, sealing system 32 may be another type of 
sealing system, e.g., a carbon ring sealing system or other 
type of sealing system. 
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0019 Referring to FIG. 2, some aspects of a non-limiting 
example of bearing system 28 in accordance with an embodi 
ment of the present invention are schematically depicted. 
Bearing system 28 includes a rolling element bearing in the 
form of a roller bearing 40 disposed within a structure 42. In 
other embodiments, other types of bearings, rolling element 
or otherwise, may be employed. Bearing 40 includes an outer 
race 44, an inner race 46, a plurality of rollers 48 and a 
separator 50. Bearing 40 rotates about a centerline 52, e.g., a 
centerline of engine 10. Outer race 44 is piloted by structure 
42. In one form, structure 42 is a bearing housing configured 
to house bearing 40. In one form, the bearing housing is a 
portion of Sump housing 34. In other embodiments, the bear 
ing housing may not be a part of Sump housing 34 and/or may 
be contained within Sump housing 34. In some embodiments, 
structure 42 may be, may include or may be coupled to a 
damper, such as a squeeze film damper. In one form, inner 
race 46 is mounted on and piloted by a portion of rotor 36, 
e.g., a portion of shaft 24. In other embodiments, one or more 
intervening components may be disposed between rotor 36 
and inner race 46. 

0020. In one form, mounted on or in structure 42 is a 
thermoelectric module (TEM) 54. TEM 54 is coupled to a 
controllable power Supply (not shown) configured to Supply 
power to TEM54. In one form, TEM54 is a Peltier device. In 
other embodiments, other TEM types may be employed. In 
one form, TEM 54 is configured to selectively provide and 
extract heat to/from outer race 44, e.g., via structure 42, or to 
neither provide nor extract heat, e.g., by supplying electrical 
power to TEM 54 in a first direction, a second direction, or by 
not supplying electrical power, respectively. In other embodi 
ments, TEM54 may be configured to selectively provide heat 
only or not provide heat, or may be configured or to selec 
tively extract heat or not extract heat, respectively, to/from 
outer race 44. 

0021 Bearing 40 operates with bearing internal clearance 
40A, e.g., defined by the diameter of outer race 44 adjacent to 
rollers 48, the diameter of rollers 48 and the diameter of inner 
race 46 adjacent to rollers 48. The internal clearance of bear 
ing 40 controls, in part, the tip clearance between rotating 
engine 10 components, such as, for example and without 
limitation, compressor and/or turbine blades, and static 
engine 10 components, such as compressor and/or turbine 
blade tracks. By controlling the diameter of one or both of 
outer race 44 and inner race 46, the bearing internal clearance 
40A of bearing 40 may be altered to control bearing life and 
vibration, and to control tip clearance. In one form, TEM 54 
is configured to achieve a desired value for bearing internal 
clearance 40A by changing a diameter of outer race 44, e.g., 
by Supplying or extracting heat from outer race 44 during the 
operation of engine 10 to increase or reduce bearing internal 
clearance 40A. In other embodiments, TEM 54 or another 
TEM may be positioned and configured to change the diam 
eter of inner race 46 in addition to or in place of changing the 
diameter of outer race 44. In one form, TEM 54 is controlled 
by the controllable power supply to achieve a desired bearing 
internal clearance 40A during the operation of engine 10. 
0022 Referring now to FIG. 3, some aspects of a non 
limiting example of damping system30 in accordance with an 
embodiment of the present invention is schematically 
depicted. In one form, damping system 30 includes a damper 
in the form of a damper ring 60 disposed within a damper 
gland 62. In one form, damper gland 62 is defined diametri 
cally by a structure 64 and a structure 66, which, in conjunc 
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tion with the inner and outer diameters of damper ring 60 
form a damper clearance 68. The damping characteristics of 
damping system 30 are generated, at least in part, by the size, 
e.g., radial extents, of damper clearance 68. In one form, 
structure 64 is a bearing housing, and structure 66 is a bearing 
coupled to rotor 36, e.g., bearing 40. In other embodiments, 
structure 64 and structure 66 may take otherforms. In various 
forms, structure 66 may be located in the same axial plane as 
bearing 40 or another bearing, or may be located in a different 
axial location than bearing 40 or another bearing. In one form, 
the bearing housing is a portion of Sump housing 34. In other 
embodiments, the bearing housing may not be a part of Sump 
housing 34. 
0023. In one form, mounted on or in structure 64 is a 
thermoelectric module (TEM) 70. In various embodiments, 
TEM 70 may be all or a portion of TEM 54, or may be a 
separate TEM. TEM 70 is coupled to a controllable power 
supply (not shown) configured to supply power to TEM 70. In 
one form, TEM 70 is a Peltier device. In other embodiments, 
other TEM types may be employed. In one form, TEM 70 is 
configured to selectively provide and extract heat to/from 
structure 64, which in various embodiments may also selec 
tively provide and extract heat from damper ring 60 and 
structure 66; or to neither provide nor extract heat, e.g., by 
supplying electrical power to TEM 70 in a first direction, a 
second direction, or by not supplying electrical power, 
respectively. In other embodiments, TEM 70 may be config 
ured to selectively provide heat only or not provide heat, or 
may be configured or to selectively extract heat or not extract 
heat, respectively, to/from structure 64, damper ring 60 and/or 
structure 66. 

0024 Damper clearance 68 controls, in part, the tip clear 
ance between rotating engine 10 components, such as, for 
example and without limitation, compressor and/or turbine 
blades, and static engine 10 components, such as compressor 
and/or turbine blade tracks. In addition, as set forth above, 
damper clearance 68 controls, at least in part, the damping 
characteristics of damping system 30. By controlling damper 
clearance 68, the damping characteristics of damping system 
30, and tip clearances may be controlled. In various embodi 
ments, TEM 70 is configured to achieve a desired value for 
damper clearance 68 by changing a diameter of structure 64 
and/or structure 66, and hence damper gland 62; and/or 
changing a diameter of damperring 60 during the operation of 
engine 10 to increase or reduce the damper clearance 68. In 
one form, TEM 70 is controlled by a controllable power 
Supply (not shown) to achieve the desired damper clearance 
68 during the operation of engine 10. In one form, TEM 70 is 
configured to eliminate damper clearance 68 during the 
operation of engine 10, e.g., thus preventing the damping of 
rotor 36 at selected engine 10 operating conditions. In one 
form, TEM 70 is configured to control the size of damper 
clearance 68 during operation of the gas turbine engine to 
achieve a desired damping level of rotor 36. 
0025 Referring to FIG. 4, some aspects of a non-limiting 
example of sealing system 32 in accordance with an embodi 
ment of the present invention is schematically depicted. In 
one form, sealing system32 includes rotating seal component 
80, a stationary seal component 82, and a TEM 84. Seal 
component 80 and seal component 82 form therebetween a 
seal clearance 86. In some embodiments, seal clearance 86 
may be formed between two rotating seal components. In 
Some embodiments, seal component 82 may include an 
abradable portion 88. The sealing characteristics of sealing 
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system 32 are controlled, at least in part, by the size, e.g., 
radial extents, of seal clearance 86. In one form, seal compo 
nent 82 extends from sump housing 34. In other embodi 
ments, seal component 82 may be a portion of or extend from 
another portion of engine 10. 
0026. In one form, TEM 84 is mounted on or in seal 
component 82. In other embodiments, TEM 84 may be loca 
tion in another position. In some embodiments, TEM 84 or 
another TEM may be mounted on or in seal component 80 in 
addition to or in place of seal component 82. TEM 84 is 
coupled to a controllable power Supply (not shown) config 
ured to supply power to TEM 84. In one form, TEM 84 is a 
Peltier device. In other embodiments, other TEM types may 
be employed. In one form, TEM 84 is configured to selec 
tively provide and extract heat to/from seal component 82, or 
to neither provide nor extract heat, e.g., by Supplying electri 
cal power to TEM 70 in a first direction, a second direction, or 
by not supplying electrical power, respectively. In other 
embodiments, TEM 70 may be configured to selectively pro 
vide heat only or not provide heat, or may be configured or to 
selectively extract heat or not extract heat, respectively, 
to/from seal component 82. 
0027. By controlling seal clearance 86, the leakage char 
acteristics of sealing system32 may be controlled. In various 
embodiments, TEM 84 is configured to achieve a desired 
value for seal clearance 86 by changing the inner diameter 
seal of component 82 to increase or reduce seal clearance 86. 
In other embodiments, TEM84 may be configured to increase 
or reduce seal clearance 86 by changing the tip diameter of 
seal component 80 in addition to or in place of seal compo 
nent 82. In one form, TEM 84 is controlled by a controllable 
power Supply (not shown) to achieve a desired seal clearance 
86 during the operation of engine 10. 
0028 Embodiments of the present disclosure include a gas 
turbine engine, comprising: a rotor, at least one of a bearing 
system having a bearing with bearing race and a bearing 
internal clearance; a damper system having a damper dis 
posed in a damper gland and having a damper clearance; and 
a sealing system having a sealing component and a seal clear 
ance; and at least one thermoelectric module configured to 
achieve a desired value for at least one of the bearing internal 
clearance, the damper clearance and the seal clearance by 
changing a diameter of at least one of the bearing race, the 
damper, the damper gland and the sealing component during 
operation of the gas turbine engine. 
0029. In a refinement, the at least one thermoelectric mod 
ule is configured to change a diameter of the bearing race by 
selectively heating and cooling the bearing race. 
0030. In another refinement, the bearing is a rolling ele 
ment bearing. 
0031. In yet another refinement, the bearing is a roller 
bearing. 
0032. In still another refinement, the bearing race is an 
outer bearing race. 
0033. In yet still another refinement, the gas turbine engine 
further comprises a bearing housing configured to house the 
bearing, wherein the at least one thermoelectric module is 
mounted on or in the bearing housing. 
0034. In a further refinement, the damper is a squeeze film 
damper configured to damp rotor oscillations based at least in 
part on a size of the damper clearance. 
0035. In a yet further refinement, the at least one thermo 
electric module is configured to eliminate the damper clear 
ance during operation of the gas turbine engine. 
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0036. In a still further refinement, the at least one thermo 
electric module is configured to control the damper clearance 
during operation of the gas turbine engine to achieve a desired 
damping level. 
0037. In a yet still further refinement, the sealing system is 
a labyrinth seal system. 
0038. In another further refinement, the sealing compo 
nent is a stationary seal of the labyrinth seal system. 
0039. In yet another further refinement, the gas turbine 
engine further comprises at least a second thermoelectric 
module configured to achieve the desired value for at least 
another of the bearing internal clearance, the damper clear 
ance and the seal clearance by changing a diameter of at least 
one of the bearing race, the damper, the damper gland and the 
sealing component during operation of the gas turbine engine. 
0040 Embodiments of the present invention include a 
method for operating a gas turbine engine, comprising: con 
trolling at least one thermoelectric module to achieve a 
desired value for at least one of a bearing internal clearance, 
a damper clearance and a seal clearance by changing a diam 
eter of at least one of a bearing race, a damper, a dampergland 
and a sealing component during operation of the gas turbine 
engine. 
0041. In a refinement, the method further comprises con 

trolling at least one thermoelectric module to reduce the bear 
ing internal clearance by changing the diameter of a bearing 
aCC. 

0042. In another refinement, the method further comprises 
controlling at least one thermoelectric module to change the 
diameter of a damping system to eliminate the damper clear 
ance at at least one selected operating point of the gas turbine 
engine. 
0043. In yet another refinement, the method further com 
prises controlling at least one thermoelectric module to 
change the diameter of a damping system to achieve a desired 
damper clearance at at least one selected operating point of 
the gas turbine engine. 
0044. In still another refinement, the method further com 
prises controlling at least one thermoelectric module to 
change a diameter of a sealing system to reduce a seal clear 
ance at at least one selected operating point of the gas turbine 
engine. 
0045 Embodiments of the present disclosure include a 
rotor machine, comprising: a rotor; at least one of a bearing 
system having a bearing with bearing race and a bearing 
internal clearance; a damper system having a damper dis 
posed in a damper gland and having a damper clearance; a 
sealing system having a sealing component and a seal clear 
ance; and means for achieving a desired value for at least one 
of the bearing internal clearance, the damper clearance and 
the seal clearance by changing a diameter of at least one of the 
bearing race, the damper, the damper gland and the sealing 
component during operation of the rotor machine. 
0046. In a refinement, the means for achieving a desired 
value includes at least one thermoelectric module configured 
to heat at least one of the bearing race, the damper, the damper 
gland and the sealing component during operation of the rotor 
machine. 

0047. In another refinement, the means for achieving a 
desired value includes at least one thermoelectric module 
configured to cool at least one of the bearing race, the damper, 
the damper gland and the sealing component during operation 
of the rotor machine. 
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0048 While the invention has been described in connec 
tion with what is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment(s), 
but on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and 
Scope of the appended claims, which scope is to be accorded 
the broadest interpretation so as to encompass all such modi 
fications and equivalent structures as permitted under the law. 
Furthermore it should be understood that while the use of the 
word preferable, preferably, or preferred in the description 
above indicates that feature so described may be more desir 
able, it nonetheless may not be necessary and any embodi 
ment lacking the same may be contemplated as within the 
Scope of the invention, that scope being defined by the claims 
that follow. In reading the claims it is intended that when 
words such as “a” “an “at least one' and “at least a portion 
are used, there is no intention to limit the claim to only one 
item unless specifically stated to the contrary in the claim. 
Further, when the language “at least a portion' and/or “a 
portion' is used the item may include a portion and/or the 
entire item unless specifically stated to the contrary. 
What is claimed is: 
1. A gas turbine engine, comprising: 
a rotor, 
at least one of a bearing system having a bearing with a 

bearing race and a bearing internal clearance; a damper 
system having a damper disposed in a damper gland and 
having a damper clearance; and a sealing system having 
a sealing component and a seal clearance; and 

at least one thermoelectric module configured to achieve a 
desired value for at least one of the bearing internal 
clearance, the damper clearance and the seal clearance 
by changing a diameter of at least one of the bearing 
race, the damper, the damper gland and the sealing com 
ponent during operation of the gas turbine engine. 

2. The gas turbine engine of claim 1, wherein the at least 
one thermoelectric module is configured to change the diam 
eter of the bearing race by selectively heating and cooling the 
bearing race. 

3. The gas turbine engine of claim 1, wherein the bearing is 
a rolling element bearing. 

4. The gas turbine engine of claim 1, wherein the bearing is 
a roller bearing. 

5. The gas turbine engine of claim 1, wherein the bearing 
race is an outer bearing race. 

6. The gas turbine engine of claim 1, further comprising a 
bearing housing configured to house the bearing, wherein the 
at least one thermoelectric module is mounted on or in the 
bearing housing. 

7. The gas turbine engine of claim 1, wherein the damper is 
a squeeze film damper configured to damp rotor oscillations 
based at least in part on a size of the damper clearance. 

8. The gas turbine engine of claim 7, wherein the at least 
one thermoelectric module is configured to eliminate the 
damper clearance during operation of the gas turbine engine. 

9. The gas turbine engine of claim 7, wherein the at least 
one thermoelectric module is configured to control the 
damper clearance during operation of the gas turbine engine 
to achieve a desired damping level. 

10. The gas turbine engine of claim 1, wherein the sealing 
system is a labyrinth seal system. 

11. The gas turbine engine of claim 10, wherein the sealing 
component is a stationary seal of the labyrinth seal system. 
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12. The gas turbine engine of claim 1, further comprising at 
least a second thermoelectric module configured to achieve 
the desired value for at least another of the bearing internal 
clearance, the damper clearance and the seal clearance by 
changing a diameter of at least one of the bearing race; the 
damper, the damper gland and the sealing component during 
operation of the gas turbine engine. 

13. A method for operating a gas turbine engine, compris 
ing: controlling at least one thermoelectric module to achieve 
a desired value for at least one of a bearing internal clearance, 
a damper clearance and a seal clearance by changing a diam 
eter of at least one of a bearing race, a damper, a dampergland 
and a sealing component during operation of the gas turbine 
engine. 

14. The method of claim 13, further comprising controlling 
at least one thermoelectric module to reduce the bearing 
internal clearance by changing the diameter of the bearing 
aCC. 

15. The method of claim 13, further comprising controlling 
at least one thermoelectric module to change the diameter of 
a damping system to eliminate the damper clearance at at least 
one selected operating point of the gas turbine engine. 

16. The method of claim 13, further comprising controlling 
at least one thermoelectric module to change the diameter of 
a damping system to achieve a desired damper clearance at at 
least one selected operating point of the gas turbine engine. 

17. The method of claim 13, further comprising controlling 
the at least one thermoelectric module to change a diameter of 
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a sealing system to reduce the seal clearance at at least one 
selected operating point of the gas turbine engine. 

18. A rotor machine, comprising: 
a rotor, 
at least one of a bearing system having a bearing with a 

bearing race and a bearing internal clearance; a damper 
system having a damper disposed in a damper gland and 
having a damper clearance; and a sealing system having 
a sealing component and a seal clearance; and 

means for achieving a desired value for at least one of the 
bearing internal clearance, the damper clearance and the 
seal clearance by changing a diameter of at least one of 
the bearing race, the damper, the damper gland and the 
sealing component during operation of the rotor 
machine. 

19. The rotor machine of claim 18, wherein the means for 
achieving a desired value includes at least one thermoelectric 
module configured to heat at least one of the bearing race, the 
damper, the damper gland and the sealing component during 
operation of the rotor machine. 

20. The rotor machine of claim 18, wherein the means for 
achieving a desired value includes at least one thermoelectric 
module configured to cool at least one of the bearing race, the 
damper, the damper gland and the sealing component during 
operation of the rotor machine. 
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