
US 2010.0054929A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0054929 A1 

Ning et al. (43) Pub. Date: Mar. 4, 2010 

(54) TURBINE AIRFOIL CLOCKING (52) U.S. Cl. ......................................... 415/189: 415/194 

(75) Inventors: Wei Ning, Greenville, SC (US); (57) ABSTRACT 
Michael E. Friedman, 
Simpsonville, SC (US); John F. 
Ryman, Greer, SC (US) 

An assembly of airfoils in a compressor of a turbine engine 
that includes at least three axially stacked rows of airfoils: a 
middle airfoil row, a first upstream airfoil row, and a first 
downstream airfoil row. The middle airfoil row may be bor 
dered on each side by the first upstream airfoil row, which 
comprises the first row of airfoils in the upstream direction 
from the middle airfoil row, and the first downstream airfoil 
row, which comprises the first row of airfoils in the down 
stream direction from the middle airfoil row. The first 
upstream airfoil row and the first downstream airfoil row may 
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TURBINEARFOIL CLOCKING 

BACKGROUND OF THE INVENTION 

0001. This present application relates to turbine engines. 
More specifically, but not by way of limitation, the present 
application relates to the positioning of airfoils in one row 
with respect to airfoils in neighboring or nearby rows Such 
that certain operational benefits are achieved. 
0002. A gas turbine engine typically includes a compres 
Sor, a combustor, and a turbine. The compressor and turbine 
generally include rows of airfoils or blades that are axially 
stacked in stages. Each stage generally includes a row of 
circumferentially spaced Stator blades, which are fixed, and a 
set of circumferentially spaced rotor blades, that rotate about 
a central axis or shaft. Generally, in operation, the rotorblades 
in the compressor rotor rotate about the shaft to compress a 
flow of air. The supply of compressed air is used in the 
combustor to combust a supply of fuel. The resulting flow of 
hot gases from the combustion is expanded through the tur 
bine, which causes the turbine rotor blades to rotate about the 
shaft. In this manner, the energy contained in the fuel is 
converted into the mechanical energy of the rotating blades, 
which may be used to rotate the rotor blades of the compres 
Sorand the coils of a generator to generate electricity. During 
operation, because of the extreme temperatures, the velocity 
of the working fluid, and the rotational velocity of the rotor 
blades, the stator blades and the rotor blades, through both the 
compressor and the turbine, are highly stressed parts. 
0003. Often, in both the compressor and the turbine sec 
tions of the turbine engine, rows of stator or rotor blades of 
nearby or neighboring stages are configured with Substan 
tially the same number of circumferentially spaced blades. In 
an effort to improve the aero-efficiency of turbine engines, 
efforts have been made to index or "clock' the relative cir 
cumferential positions of the blades in one row to the circum 
ferential position of the blades in nearby or neighboring rows. 
However, while only minimally or negligibly improving 
engine aero-efficiency, it has been discovered that Such con 
ventional clocking methods generally function to increase the 
mechanical stresses acting on airfoils during operation. Of 
course, increased operational stresses can cause blade fail 
ures, which may result in extensive damage to the gas turbine 
engine. At the very least, increased operational stresses 
shorten the part life of the airfoils, which increases to the cost 
of operating the engine. 
0004. The ever-increasing demand for energy makes the 
objective of engineering more efficient turbine engines an 
ongoing and significant one. However, many of the ways in 
which turbine engines are made more efficient place addi 
tional stress on the airfoils of the compressor and turbine 
sections of the engine. That is, turbine efficiency generally 
may be increased through several means, including greater 
size, firing temperatures, and/or rotational Velocities, all of 
which place greater strain on the airfoils during operation. As 
a result, new methods and systems that reduce the stresses on 
turbine airfoils are needed. A new method or system for 
clocking turbine airfoils that reduces the operational stresses 
acting on airfoils would be an important step toward engi 
neering more efficient turbine engines. 
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BRIEF DESCRIPTION OF THE INVENTION 

0005. The present application thus describes an assembly 
of airfoils in a compressor of a turbine engine that includes at 
least three axially stacked rows of airfoils: a middle airfoil 
row, a first upstream airfoil row, and a first downstream airfoil 
row. The middle airfoil row may be bordered on each side by 
the first upstream airfoil row, which comprises the first row of 
airfoils in the upstream direction from the middle airfoil row, 
and the first downstream airfoil row, which comprises the first 
row of airfoils in the downstream direction from the middle 
airfoil row. The first upstream airfoil row and the first down 
stream airfoil row may have substantially the same number of 
similarly shaped airfoils. The first upstream airfoil row and 
the first downstream airfoil row each may comprise a row of 
rotor blades, which rotate at substantially the same speed 
during operation. The middle airfoil row may comprise a row 
of stator blades, which remains Substantially stationary dur 
ing operation. At least 90% of the airfoils of the first upstream 
airfoil row and at least 90% of the airfoils of the first down 
stream airfoil row may comprise a clocking relationship of 
between 25% and 75% pitch. 
0006. The present application further describes a method 
of operating a turbine engine having a compressor. The com 
pressor may have at least three axially stacked rows of air 
foils: a middle airfoil row, a first upstream airfoil row, and a 
first downstream airfoil row. The middle airfoil row may be 
bordered on each side by the first upstream airfoil row, which 
comprises the first row of airfoils in the upstream direction 
from the middle airfoil row, and the first downstream airfoil 
row, which comprises the first row of airfoils in the down 
stream direction from the middle airfoil row. The first 
upstream airfoil row and the first downstream airfoil row may 
have substantially the same number of similarly shaped air 
foils. The first upstream airfoil row and the first downstream 
airfoil row each may comprise a row of rotor blades, which 
rotate at Substantially the same speed during operation. The 
middle airfoil row may comprise a row of stator blades, which 
remains Substantially stationary during operation. The 
method may include the step of configuring the airfoils of the 
first upstream airfoil row and the airfoils of first downstream 
airfoil row such that at least 90% the airfoils of the first 
upstream airfoil row and at least 90% the airfoils of the first 
downstream airfoil row comprise a clocking relationship of 
between 25% and 75% pitch. 
0007. In a compressor of a gas turbine engine, the com 
pressor comprising at least six axially stacked rows of air 
foils: a first row of rotorblades followed by a first row of stator 
blades followed by a second row of rotor blades followed by 
a second row of stator blades followed by a third row of rotor 
blades followed by a third row of stator blades, wherein the 
first row of rotor blades, the second row of rotor blades, and 
the third row of rotor blades have substantially the same 
number of similarly shaped rotor blades, which, during 
operation, rotate at Substantially the same speed, the present 
application further describes a method of operating a turbine 
engine that includes the steps of configuring the airfoils of 
the first row of rotor blades and the airfoils of the second row 
of rotor blades such that substantially all of the airfoils of the 
first row of rotor blades and substantially all of the airfoils of 
the second row of rotor blades comprise a clocking relation 
ship of between 25% and 75% pitch; and configuring the 
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airfoils of the second row of rotorblades and the airfoils of the 
third row of rotor blades such that substantially all of the 
airfoils of the second row of rotor blades and substantially all 
of the airfoils of the third row of rotor blades comprise a 
clocking relationship of between 25% and 75% pitch. 
0008. These and other features of the present application 
will become apparent upon review of the following detailed 
description of the preferred embodiments when taken in con 
junction with the drawings and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. These and other objects and advantages of this 
invention will be more completely understood and appreci 
ated by careful study of the following more detailed descrip 
tion of exemplary embodiments of the invention taken in 
conjunction with the accompanying drawings, in which: 
0010 FIG. 1 is a schematic representation of an exemplary 
turbine engine in which embodiments of the present applica 
tion may be used; 
0011 FIG. 2 is a sectional view of a compressor in a gas 
turbine engine in which embodiments of the present applica 
tion may be used; 
0012 FIG.3 is a sectional view of a turbine in a gas turbine 
engine in which embodiments of the present application may 
be used; 
0013 FIG. 4 is a schematic representation of neighboring 
rows of airfoils illustrating an exemplary clocking relation 
ship; 
0014 FIG. 5 is a schematic representation of neighboring 
rows of airfoils illustrating an exemplary clocking relation 
ship; 
0015 FIG. 6 is a schematic representation of neighboring 
rows of airfoils illustrating an exemplary clocking relation 
ship; and 
0016 FIG. 7 is a schematic representation of neighboring 
rows of airfoils illustrating an exemplary clocking relation 
ship; and 
0017 FIG. 8 is a schematic representation of neighboring 
rows of airfoils illustrating clocking relationships according 
to exemplary embodiments of the present application. 

DETAILED DESCRIPTION OF THE INVENTION 

0018 Referring now to the figures, FIG. 1 illustrates a 
schematic representation of a gas turbine engine 100. In gen 
eral, gas turbine engines operate by extracting energy from a 
pressurized flow of hot gas that is produced by the combustion 
of a fuel in a stream of compressed air. As illustrated in FIG. 
1, gas turbine engine 100 may be configured with an axial 
compressor 106 that is mechanically coupled by a common 
shaft or rotor to a downstream turbine section or turbine 110, 
and a combustor 112 positioned between the compressor 106 
and the turbine 110. Note that the following invention may be 
used in all types of turbine engines, including gas turbine 
engines, steam turbine engines, aircraft engines, and others. 
Further, the invention described herein may be used in turbine 
engines with multiple shaft and reheat configurations, as well 
as, in the case of gas turbine engines, with combustors of 
varying architecture, for example, annular or can combustor 
configurations. Hereinafter, the invention will be described in 
relation to an exemplary gas turbine engine, as depicted in 
FIG.1. As one of ordinary skill in the art will appreciate, this 
description is exemplary only and not limiting in any way. 
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0019 FIG. 2 illustrates a view of an exemplary multi 
staged axial compressor 118 that may be used in gas turbine 
engine. As shown, the compressor 118 may include a plurality 
of stages. Each stage may include a row of compressor rotor 
blades 120 followed by a row of compressor stator blades 
122. Thus, a first stage may include a row of compressor rotor 
blades 120, which rotate about a central shaft, followed by a 
row of compressor stator blades 122, which remain stationary 
during operation. The compressor stator blades 122 generally 
are circumferentially spaced one from the other and fixed 
about the axis of rotation. The compressor rotor blades 120 
are circumferentially spaced about the axis of the rotor and 
rotate about the shaft during operation. As one of ordinary 
skill in the art will appreciate, the compressor rotor blades 
120 are configured such that, when spun about the shaft, they 
impart kinetic energy to the air or working fluid flowing 
through the compressor 118. As one of ordinary skill in the art 
will appreciate, the compressor 118 may have many other 
stages beyond the stages that are illustrated in FIG. 2. Each 
additional stage may include a plurality of circumferential 
spaced compressor rotor blades 120 followed by a plurality of 
circumferentially spaced compressor Stator blades 122. 
0020 FIG. 3 illustrates a partial view of an exemplary 
turbine 124 that may be used in the gas turbine engine. Tur 
bine 124 may include a plurality of stages. Three exemplary 
stages are illustrated, but more or less stages may present in 
the turbine 124. A first stage includes a plurality of turbine 
buckets or turbine rotor blades 126, which rotate about the 
shaft during operation, and a plurality of nozzles or turbine 
stator blades 128, which remain stationary during operation. 
The turbine stator blades 128 generally are circumferentially 
spaced one from the other and fixed about the axis of rotation. 
The turbine rotor blades 126 may be mounted on a turbine 
wheel (not shown) for rotation about the shaft (not shown). A 
second stage of the turbine 124 is also illustrated. The second 
stage similarly includes a plurality of circumferentially 
spaced turbine stator blades 128 followed by a plurality of 
circumferentially spaced turbine rotor blades 126, which are 
also mounted on a turbine wheel for rotation. A third stage 
also is illustrated, and similarly includes a plurality of cir 
cumferentially spaced turbine stator blades 128 and turbine 
rotor blades 126. It will be appreciated that the turbine stator 
blades 128 and turbine rotor blades 126 lie in the hot gas path 
of the turbine 124. The direction of flow of the hot gases 
through the hot gas path is indicated by the arrow. As one of 
ordinary skill in the art will appreciate, the turbine 124 may 
have many other stages beyond the stages that are illustrated 
in FIG. 3. Each additional stage may include a plurality of 
circumferential spaced turbine stator blades 128 followed by 
a plurality of circumferentially spaced turbine rotor blades 
126. 

0021 Note that as used herein, reference, without further 
specificity, to “rotor blades” is a reference to the rotating 
blades of either the compressor 118 or the turbine 124, which 
include both compressor rotor blades 120 and turbine rotor 
blades 126. Reference, without further specificity, to “stator 
blades” is a reference to the stationary blades of either the 
compressor 118 or the turbine 124, which include both com 
pressor stator blades 122 and turbine stator blades 128. The 
term “airfoil will be used herein to refer to either type of 
blade. Thus, without further specificity, the term “airfoil is 
inclusive to all type of turbine engine blades, including com 
pressor rotor blades 120, compressor stator blades 122, tur 
bine rotor blades 126, and turbine stator blades 128. 
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0022. In use, the rotation of compressor rotor blades 120 
within the axial compressor 118 may compress a flow of air. 
In the combustor 112, energy may be released when the 
compressed air is mixed with a fuel and ignited. The resulting 
flow of hot gases from the combustor 112 then may be 
directed over the turbine rotor blades 126, which may induce 
the rotation of the turbine rotor blades 126 about the shaft, 
thus transforming the energy of the hot flow of gases into the 
mechanical energy of the rotating shaft. The mechanical 
energy of the shaft may then be used to drive the rotation of 
the compressor rotor blades 120, such that the necessary 
Supply of compressed air is produced, and also, for example, 
a generator to produce electricity. 
0023. Often, in both gas turbine compressors 106 and tur 
bines 110, nearby or neighboring rows of airfoils 130 may 
have substantially the same configuration, i.e., have the same 
number of similarly sized airfoils that are spaced similarly 
around the circumference of the row. When this is the case 
and, in addition, when two or more rows operate such that 
there is no relative motion between each (as would be the 
case, for example, between two or more rows of rotor blades 
or two or more rows of stator blades), the airfoils in these rows 
may be “clocked.” As used herein, the term "clocked' or 
"clocking refers to the fixed circumferential positioning of 
airfoils in one row in relation to the circumferential position 
ing of airfoils in nearby rows. 
0024 FIGS. 4 through 7 illustrate simplified schematic 
representations of examples of how rows of airfoils 130 may 
be clocked. These figures include three rows of airfoils 130 
shown side-by-side. The two outer rows of airfoils 130 in 
FIGS. 4 through 7 may each represent a row of rotor blades 
and the row in the middle may representarow of stator blades, 
or, as one of ordinary skill in the art will appreciate, the two 
outer rows may represent a row of stator blades and the row in 
the middle may represent a row of rotor blades. As one of 
ordinary skill in the art will appreciate, the two outer rows, 
whether they are stator blades or rotor blades, have substan 
tially no relative motion between them (i.e., both remain 
stationary or both rotate at the same Velocity during opera 
tion), whereas both of the outer rows have substantially the 
same relative motion in relation to the middle row (i.e., both 
of the outer rows rotate while the middle row remains station 
ary or both of the outer rows remain stationary while the 
middle row rotates). Further, as already described, for clock 
ing to be most effective between the two outer rows, they each 
must be configured similarly. As such, the two outer rows of 
FIG. 4 through 7 can be assumed to have substantially the 
same number of airfoils, and the airfoils on each row can be 
assumed to be similarly sized and spaced around the circum 
ference of each row. 

0025. For the sake of the examples in FIGS. 4 through 7, 
the first outer row of airfoils will be referred to as a first airfoil 
row 134, the middle row of airfoils will be referred to as a 
second airfoil row 136, and the other outer row of airfoils will 
be referred to as a third airfoil row 138. The relative motion of 
the first airfoil row 134 and the third airfoil row 138 is indi 
cated by arrows 140. The flow direction, which may represent 
the direction of flow through either the compressor 118 or the 
turbine 124, whatever the case may be, is indicated by arrows 
142. Note that the exemplary rows of airfoils used in FIGS. 4 
through 7 have been described with the terms “first”, “sec 
ond' and “third”. This description is applicable only to the 
relative positioning of the illustrated rows in regard to the 
other rows in each of the figures, and is not indicative of 
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overall positioning with respect to other rows of airfoils in the 
turbine engine. For example, other rows of airfoils may be 
positioned upstream of “first airfoil row 136' (i.e., the first 
airfoil row 136 is not necessarily the first row of airfoils in the 
turbine engine). 
(0026. The “pitch' of a row of airfoils is used hereinto refer 
to the measurement of the repeating pattern around the cir 
cumference of a particular row. Thus, the pitch may be 
described as the circumferential distance between, for 
example, the leading edge of an airfoil in a particular row and 
the leading edge of either of the neighboring airfoils in the 
same row. The pitch also, for example, may describe the 
circumferential distance between the trailing edge of an air 
foil in a particular row and the trailing edge of either of the 
neighboring airfoils in the same row. It will be appreciated 
that in order for clocking to be more effective, the two rows 
generally will have similar pitch measurements. The first 
airfoil row 134 and the third airfoil row 138, as illustrated, 
have substantially the same pitch, which has been indicated in 
the third airfoil row 138 on FIG. 4 as distance 144. Note also 
that the clocking examples of FIGS. 4 through 7 are provided 
so that a consistent method of describing various clocking 
relationships between nearby or neighboring airfoil rows may 
be delineated and understood. In general, as described more 
fully below, the clocking relationship between two rows will 
be given as the percentage of the pitch measurement. That is, 
it is the percentage of the pitch measurement that indicates the 
distance by which the airfoils on the two rows are clocked or 
offset. Thus, the percentage of the pitch measurement may 
describe the circumferential distance by which, for example, 
the leading edge of an airfoil on a particular row and the 
leading edge of a corresponding airfoil on a second row are 
offset from each other. 

(0027 FIGS. 4 through 7 provide several examples of dif 
ferent clocking relationships between the two outer rows, i.e., 
the first airfoil row 134 and the third airfoil row 138. In FIG. 
4, as will be appreciated, the third airfoil row 138 is offset by 
approximately 0% pitch in relation to the first airfoil row 134. 
Thus, as illustrated, the circumferential position of an airfoil 
130 in the third airfoil row 138 lags the corresponding airfoil 
130 in the first airfoil row 134 by an offset of approximately 
0% of the pitch measurement, which, of course, means the 
airfoil 130 in the third airfoil row 138 maintains substantially 
the same circumferential position as the corresponding airfoil 
130 in the first airfoil row 134. As such, a leading edge of an 
airfoil 130 in the first airfoil row 134 (one of which is iden 
tified with reference number 148) leads the leading edge of 
the corresponding airfoil 130 in the third airfoil row 138 
(which is identified with reference number 150) by a circum 
ferential distance of approximately 0% of the pitch measure 
ment, which means that the leading edges of the correspond 
ing airfoils occupy Substantially the same circumferential 
position. 
(0028. In FIG.5, as will be appreciated, the third airfoil row 
138 is offset by approximately 25% pitch in relation to the 
first airfoil row 134. Thus, as illustrated, the circumferential 
position of an airfoil 130 in the third airfoil row 138 lags 
(given the direction of relative motion of the outer rows) the 
corresponding airfoil 130 in the first airfoil row 134 by an 
offset of approximately 25% of the pitch measurement. As 
such, a leading edge of an airfoil 130 in the first airfoil row 
134 (one of which is identified with reference number 154) 
leads the leading edge of the corresponding airfoil 130 in the 
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third airfoil row 138 (which is identified with reference num 
ber 156) by a circumferential distance of approximately 25% 
of the pitch measurement. 
0029. In FIG. 6, as will be appreciated, the third airfoil row 
138 is offset by approximately 50% pitch in relation to the 
first airfoil row 134. Thus, as illustrated, the circumferential 
position of an airfoil 130 in the third airfoil row 138 lags 
(given the direction of relative motion of the outer rows) the 
corresponding airfoil 130 in the first airfoil row 134 by an 
offset of approximately 50% of the pitch measurement. As 
such, a leading edge of an airfoil 130 in the first airfoil row 
134 (one of which is identified with reference number 158) 
leads the leading edge of the corresponding airfoil 130 in the 
third airfoil row 138 (which is identified with reference num 
ber 160) by a circumferential distance of approximately 50% 
of the pitch measurement. 
0030. In FIG. 7, as will be appreciated, the third airfoil row 
138 is offset by approximately 75% pitch in relation to the 
first airfoil row 134. Thus, as illustrated, the circumferential 
position of an airfoil 130 in the third airfoil row 138 lags 
(given the direction of relative motion of the outer rows) the 
corresponding airfoil 130 in the first airfoil row 134 by an 
offset of approximately 75% of the pitch measurement. As 
such, a leading edge of an airfoil 130 in the first airfoil row 
134 (one of which is identified with reference number 162) 
leads the leading edge of the corresponding airfoil 130 in the 
third airfoil row 138 (which is identified with reference num 
ber 164) by a circumferential distance of approximately 75% 
of the pitch measurement. 
0031. Of course, the airfoils 130 may be clocked differ 
ently (i.e., maintain different offsets between the first and 
third airfoil row) that the relationships described above (i.e., 
0%, 25%, 50%, 75% pitch). While some of the clocking 
relationships described above are within certain embodi 
ments of the current invention (as described in more detail 
below), they are also exemplary and intended to make clear a 
method for describing clocking relationships between several 
nearby or neighboring rows of airfoils. Those of ordinary skill 
in the art will appreciate that other methods may be used to 
describe clocking relationships. The exemplary method used 
herein is not intended to be limiting in any way. Rather, it is 
the relative positioning between nearby airfoils, i.e., the 
clocking relationship, as delineated below and in the claims, 
that is significant, not the method by which the clocking 
relationship is described. 
0032. Through analytical modeling and experimental 
data, it has been discovered that certain clocking configura 
tions provide certain operational advantages to the compres 
sor 118 and the turbine 124. More specifically, it has been 
discovered that the mechanical or operational stresses expe 
rienced by airfoil rows during operation, which may include 
a shaking or rocking of the airfoils, especially stator blades, 
can be significantly affected by the clocking relationships of 
neighboring and/or nearby airfoil rows. Certain clocking rela 
tionships increase the operational stresses acting on a particu 
lar row of airfoils, while other clocking relationships decrease 
the stresses acting on the row. Further, though FIGS. 4-7 show 
only clocking configurations involving 3 rows of airfoils, it 
has been discovered that clocking relationships spanning 
additional rows may be used so that further operational 
advantages may be realized. 
0033 FIG. 8 illustrates clocking configurations according 

to exemplary embodiments of the present invention. FIG. 8 
includes five rows of airfoils shown side-by-side; a first airfoil 
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row 171; a second airfoil row 172; a third airfoil row 173; a 
fourth airfoil row 174; and a fifth airfoil row 175. As one of 
ordinary skill in the art will appreciate, the first airfoil row 
171, the third airfoil row 173, and the fifth airfoil row 175 may 
represent rotor blades, and, between these rows of rotor 
blades, the second airfoil row 172 and the fourth airfoil row 
174 may represent rows of stator blades. Alternatively, the 
first airfoil row 171, the third airfoil row 173, and the fifth 
airfoil row 175 also may represent stator blades. In this case, 
between the rows of stator blades, the second airfoil row 172 
and the fourth airfoil row 174 may represent rotor blades. 
Further, as one of ordinary skill in the art will appreciate, the 
first airfoil row 171, the third airfoil row 173, and the fifth 
airfoil row 175, whether they are each stator blades or rotor 
blades, will have substantially no relative motion between 
them during operation (i.e., all rows either remain stationary 
if they are stator blades or rotate at the same velocity if they 
are rotor blades). Also, the second airfoil row 172 and the 
fourth airfoil row 174, whether they are each stator blades or 
rotor blades, will have substantially no relative motion 
between them during operation (i.e., these two rows either 
remain stationary if they are stator blades or rotate at the same 
velocity if they are rotor blades). Given this, of course, the 
first airfoil row 171, the third airfoil row 173, and the fifth 
airfoil row 175 will have substantially the same relative 
motion in relation to the second airfoil row 172 and the fourth 
airfoil row 174 (i.e., either the first airfoil row 171, the third 
airfoil row 173, and the fifth airfoil row 175 rotate while the 
second airfoil row 172 and the fourth airfoil row 174 remain 
stationary or the three rows remaining stationary while the 
second airfoil row 172 and the fourth airfoil row 174 rotate). 
As one of ordinary skill in the art will appreciate, the rows of 
airfoils in FIG.8 may be located in the compressor 118 or the 
turbine 124 of a turbine engine. 
0034) Further, as already described, generally, for the 
clocking configurations to perform more effectively, the first 
airfoil row 171, the third airfoil row 173, and the fifth airfoil 
row 175 may be configured substantially the same. As such, 
the first airfoil row 171, the third airfoil row 173, and the fifth 
airfoil row 175 of FIG. 8 generally may have the same number 
of airfoils or substantially the same number of airfoils. The 
airfoils on each row also may be substantially the same size 
and Substantially spaced the same around the circumference 
of each row. 

0035. In FIG. 8, according to an exemplary embodiment of 
the current application, the third airfoil row 173 may be 
clocked by approximately 50% pitch in relation to the first 
airfoil row 171. Thus, as illustrated, the circumferential posi 
tion of an airfoil in the third airfoil row 173 lags (given the 
direction of relative motion of the rows) the corresponding 
airfoil in the first airfoil row 171 by an offset of approximately 
50% of the pitch measurement. As such, a leading edge of an 
airfoil in the first airfoil row 171 (one of which is identified 
with reference number 182) leads the leading edge of a cor 
responding airfoil in the third airfoil row 173 (which is iden 
tified with reference number 184) by a circumferential dis 
tance of approximately 50% of the pitch measurement. 
0036 Among other advantages, analytical modeling and 
experimental data have confirmed that clocking configura 
tions of the approximate value depicted between the first 
airfoil row 171 and the third airfoil row 173, i.e., 50% pitch, 
provide a reduction in the stresses that act on the airfoils of the 
second airfoil row 172 during operation, including mechani 
cal stresses Such as shaking and rocking. That is, it has been 
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discovered that a significant reduction in operational stresses 
acting on the airfoils of a particular row may be achieved by 
clocking the two neighboring rows of airfoils, i.e., the row of 
airfoils on each side of the particular row, in a manner con 
sistent with that shown in FIG. 8, and that clocking configu 
rations that are very near to or at the 50% pitch value provide 
an approximate maximum level of stress relief in some 
embodiments and applications. Also, it has been determined 
that clocking values within plus or minus 10% of the 50% 
pitch value provide stress reduction near the maximum stress 
reduction level. (As used herein, 50% pitch +/-10% is a pitch 
range between 45% and 55% pitch.) As one of ordinary skill 
in the art will appreciate, a reduction in operational stresses, 
among other advantageous, may extend the part life of air 
foils, thus, allowing a turbine to operate in a more cost effi 
cient manner. 

0037. In some embodiments, where two airfoil rows are 
clocked, such as the first airfoil row 171 and the third airfoil 
row 173, the first airfoil row 171 may be a row of compressor 
rotor blades 120, the second airfoil row 172 may be a row of 
compressor stator blades 122, and the third airfoil row 173 
may be a row of compressor rotor blades 120. More specifi 
cally, in an exemplary embodiment of the present application, 
the first airfoil row 171 may be the row of compressor rotor 
blades 120 in the fourteenth stage of a compressor, the second 
airfoil row 172 may be the row of compressor stator blades 
122 in the fourteenth stage of the compressor, and the third 
airfoil row 176 may be the row of compressor rotorblades 120 
in the fifteenth stage of the compressor. In some cases of this 
exemplary embodiment, the fourteenth stage and the fifteenth 
stage may be the fourteenth and fifteenth stages of a F-Class 
Compressor of a 7F or 9F Gas Turbine Engine manufactured 
by The General Electric Company of Schenectady, N.Y. 
Additionally, in this example and in some embodiments, the 
compressor may have 17 total stages of airfoils, each stage 
having a single row of rotor blades followed by a single row 
of stator blades. In addition to the 17 stages, the F-Class 
Compressor also may have a row of inlet guide vanes and two 
rows of exit guide vanes. The row of rotor blades in the 
fourteenth stage may have a total of 64 rotor blades and the 
row of rotor blades in the fifteenth stage may have a total of 64 
rotor blades. Finally, in some embodiments, the row of stator 
blades in the fourteenth stage may have a total of 132 stator 
blades, and the row of stator blades in the fifteenth stage may 
have a total of 130 stator blades. It has been found through 
experimental data and analytical modeling that clocking rela 
tionships, as those described and claimed herein, function 
well with the compressor configurations described above in 
this paragraph. 
0038. Additionally, in an alternative embodiment, the first 

airfoil row 171 may be the row of compressor rotorblades 120 
in the fifteenth stage of a compressor, the second airfoil row 
172 may be the row of compressor stator blades 122 in the 
fifteenth stage of the compressor, and the third airfoil row 176 
may be the row of compressor rotor blades 120 in the six 
teenth stage of the compressor. In some cases of this exem 
plary embodiment, the fifteenth stage and the sixteenth stage 
may be the fifteenth and sixteenth stages of a F-Class Com 
pressor of a 7F or 9F Gas Turbine Engine manufactured by 
The General Electric Company of Schenectady, N.Y. Addi 
tionally, in this example and in Some embodiments, the com 
pressor may have 17 total stages of airfoils, each stage having 
a single row of rotor blades followed by a single row of stator 
blades. The row of rotor blades in the fifteenth stage may have 
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a total of 64 rotor blades and the row of rotor blades in the 
sixteenth stage may have a total of 64 rotor blades. Finally, in 
some embodiments, the row of stator blades in the fifteenth 
stage may have a total of 130 stator blades, and the row of 
stator blades in the sixteenth stage may have a total of 132 
stator blades. It has been found through experimental data and 
analytical modeling that clocking relationships, as those 
described and claimed herein, function well with the com 
pressor configurations described above in this paragraph. 
0039 Analytical modeling and experimental data also 
have confirmed that operational advantages and stress reduc 
tions may be achieved through a broader range of clocking 
configurations than those described above, though the advan 
tages, in some embodiments, may not be as great. Operational 
stresses may be reduced within clocking configurations 
between the first airfoil row 171 and the third airfoil row 173 
of approximately 50% pitch +/-50%. (As used herein, 50% 
pitch +/-50% is a pitch range between 25% and 75% pitch.) 
Better results, as described above, may be achieved as the 
offset range nears the 50% pitch level. An offset within a 
range of approximately 50% pitch +/-30% (i.e., a pitch range 
between 35% and 65% pitch) may provide more appreciable 
operational advantages and stress reductions than values out 
side this more narrow range. 
0040 FIG. 8 also includes two additional rows of airfoils. 
The fourth airfoil row 174 and the fifth airfoil row 175. In the 
same manner as that described above for the second airfoil 
row 172, the operational stresses on the fourth airfoil row 174 
may be reduced by clocking the fifth airfoil row 175 in rela 
tion to the third airfoil row 173. In some embodiments, where 
two airfoil rows are clocked to the advantage of a middle 
airfoil row, the middle airfoil row may be a row of stator 
blades and the two clocked airfoil rows may be rows of rotor 
blades. In other embodiments, the middle airfoil row may be 
a row of rotor blades and the two clocked airfoil rows may be 
rows of stator blades. The airfoil rows may be compressor 
airfoil rows or turbine airfoil rows. 

0041 Additionally, it has been discovered that the opera 
tional stresses acting on a particular row of airfoils may be 
further reduced by clocking more than the two neighboring 
airfoil rows, i.e., the airfoils directly to each side. The first 
airfoil row 171, the third airfoil row 173, and the fifth airfoil 
row 175 may be clocked in relation to each other such that the 
row situated in the relative position of the fourth airfoil row 
174 may experience, in Some embodiments, a more signifi 
cant reduction in operational stresses. In this case, the third 
airfoil row 173 may be clocked at approximately 50% pitch in 
relation to the first airfoil row 171, and the fifth airfoil row 175 
may be clocked at approximately 50% pitch in relation to the 
third airfoil row 173. Thus, as illustrated, the leading edge of 
an airfoil in the first airfoil row 171 (see reference number 
182) leads the leading edge of a corresponding airfoil in the 
third airfoil row 173 (see reference number 184) by a circum 
ferential distance of approximately 50% of the pitch measure 
ment, and the leading edge of the airfoil in the third airfoil row 
173 (see reference number 184) leads the leading edge of the 
corresponding airfoil in the fifth airfoil row 175 by a circum 
ferential distance of approximately 50% of the pitch measure 
ment. The range of pitch values that may be used for embodi 
ments involving three clocked rows of airfoils is the same as 
the range of pitch values that may be used for embodiments 
involving two clocked rows of airfoils. That is, an approxi 
mate maximum stress relief to the airfoils located in the fourth 
airfoil row 174 may be achieved when the third airfoil row 
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173 is clocked at approximately 50% pitch in relation to the 
first airfoil row 171 and the fifth airfoil row 175 is clocked by 
approximately 50% pitch in relation to the third airfoil row 
173. 

0042. It has also been determined that other clocking con 
figurations for the first airfoil row 171, the third airfoil row 
173, and the fifth airfoil row 175 that are within the ranges 
described above provide appreciable and significant opera 
tional benefits and reductions in operational stresses to the 
fourth airfoil row 174. As such, a pitch range of between 45% 
and 55% pitch, 35% and 65% pitch, or 25% and 75% pitch all 
may be used with a varying level of success. Further, the 
clocking relationship between the first airfoil row 171 and the 
third airfoil row 173 and the third airfoil row 173 and the fifth 
airfoil row 175 do not have to be the same for operational 
benefits and stress reductions to be realized (though, they may 
be approximately the same). That is, in cases where three 
rows are being clocked, operational benefits and stress reduc 
tions may be realized as long as the clocking relationship 
between the first airfoil row 171 and the third airfoil row 173 
is within one of the ranges discussed above while the clocking 
relationship between the third airfoil row 173 and the fifth 
airfoil row 175 is within one of the ranges discussed above 
(though different than the clocking relationship between the 
first airfoil row 171 and the third airfoil row 173). In short, as 
long as both are within the broadest pitch range—i.e., 
between 25% and 75% pitch—operational benefits will be 
seen. In some embodiments, clocking the first airfoil row 171 
and the third airfoil row 173 and the third airfoil row 173 and 
the fifth airfoil row 175 at or near the same pitch may increase 
the realized operational benefits and stress reductions. 
0043. In some embodiments, where three airfoil rows are 
clocked, the first airfoil row 171, the third airfoil row 173, and 
the fifth airfoil row 175 may be rows of rotor blades and the 
second airfoil row 172 and the fourth airfoil row 174 may be 
rows of stator blades. In other embodiments, the first airfoil 
row 171, the third airfoil row 173, and the fifth airfoil row 175 
may be rows of stator blades and the second airfoil row 172 
and the fourth airfoil row 174 may be a row of rotor blades. In 
either case, the airfoil rows may be located in the compressor 
or the turbine of a turbine engine. As a further advantage, the 
operational stresses acting on the rows of airfoils that are 
clocked in relation to each other, which, might include, for 
example, the first airfoil row 171 and the third airfoil row 173, 
or might include the first airfoil row 171, the third airfoil row 
173, and the fifth airfoil row 175, also may be reduced. 
0044 Additionally, in some embodiments, where three 
airfoil rows are clocked, such as the first airfoil row 171, the 
third airfoil row 173, and the fifth airfoil row 175, the first 
airfoil row 171 may be a row of compressor rotor blades 120, 
the second airfoil row 172 may be a row of compressor stator 
blades 122, the third airfoil row 173 may be a row of com 
pressor rotor blades 120, the fourth airfoil row 174 may be a 
row of compressor stator blades 122, and the fifth airfoil row 
175 may be a row of compressor rotor blades 120. More 
specifically, in an exemplary embodiment of the present 
application, the first airfoil row 171 may be the row of com 
pressor rotor blades 120 in the fourteenth stage of a compres 
sor, the second airfoil row 172 may be the row of compressor 
stator blades 122 in the fourteenth stage of the compressor, 
the third airfoil row 176 may be the row of compressor rotor 
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blades 120 in the fifteenth stage of the compressor, the fourth 
airfoil row 174 may be the row of compressor stator blades 
122 in the fifteenth stage of the compressor, and the fifth 
airfoil row 175 may be the row of compressor rotorblades 120 
in the sixteenth stage of the compressor. In some cases of this 
exemplary embodiment, the fourteenth stage, the fifteenth 
stage, and the sixteenth stage may be the fourteenth, fifteenth, 
and sixteenth stages of a F-Class Compressor of a 7F or 9F 
Gas Turbine Engine manufactured by The General Electric 
Company of Schenectady, N.Y. Additionally, in this example 
and in some embodiments, the compressor may have 17 total 
stages of airfoils, each stage having a single row of rotor 
blades followed by a single row of stator blades. The row of 
rotor blades in the fourteenth stage may have a total of 64 
rotor blades, the row of rotor blades in the fifteenth stage may 
have a total of 64 rotor blades, and the row of rotor blades in 
the sixteenth stage may have a total of 64 rotorblades. Finally, 
in some embodiments, the row of stator blades in the four 
teenth stage may have a total of 132 stator blades, the row of 
stator blades in the fifteenth stage may have a total of 130 
stator blades, and the row of stator blades in the sixteenth 
stage may have a total of 132 stator blades. It has been found 
through experimental data and analytical modeling that 
clocking relationships, as those described and claimed herein, 
function well with the compressor configurations described 
above in this paragraph. 
0045. From the above description of preferred embodi 
ments of the invention, those skilled in the art will perceive 
improvements, changes and modifications. Such improve 
ments, changes and modifications within the skill of the art 
are intended to be covered by the appended claims. Further, it 
should be apparent that the foregoing relates only to the 
described embodiments of the present application and that 
numerous changes and modifications may be made herein 
without departing from the spirit and scope of the application 
as defined by the following claims and the equivalents 
thereof. 
We claim: 
1. An assembly of airfoils in a compressor of a turbine 

engine, the assembly comprising at least three axially stacked 
rows of airfoils: a middle airfoil row, a first upstream airfoil 
row, and a first downstream airfoil row; 

wherein: 
the middle airfoil row is bordered on each side by the 

first upstream airfoil row, which comprises the first 
row of airfoils in the upstream direction from the 
middle airfoil row, and the first downstream airfoil 
row, which comprises the first row of airfoils in the 
downstream direction from the middle airfoil row; 

the first upstream airfoil row and the first downstream 
airfoil row have substantially the same number of 
similarly shaped airfoils; 

the first upstream airfoil row and the first downstream 
airfoil row each comprise a row of rotorblades, which 
rotate at Substantially the same speed during opera 
tion; 

the middle airfoil row comprises a row of stator blades, 
which remains Substantially stationary during opera 
tion; and 

at least 90% of the airfoils of the first upstream airfoil 
row and at least 90% of the airfoils of the first down 
stream airfoil row comprise a clocking relationship of 
between 25% and 75% pitch. 
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2. The assembly of airfoils according to claim 1, wherein 
substantially all of the airfoils of the first upstream airfoil row 
and substantially all of the airfoils of the first downstream 
airfoil row comprise a clocking relationship of between 25% 
and 75% pitch. 

3. The assembly of airfoils according to claim 1, wherein at 
least 90% of the airfoils of the first upstream airfoil row and at 
least 90% of the airfoils of the first downstream airfoil row 
comprise a clocking relationship of between 25.5% and 
74.5% pitch. 

4. The assembly of airfoils according to claim 1, wherein at 
least 90% of the airfoils of the first upstream airfoil row and at 
least 90% of the airfoils of the first downstream airfoil row 
comprise a clocking relationship of between 35% and 65% 
pitch. 

5. The assembly of airfoils according to claim 1, wherein at 
least 90% of the airfoils of the first upstream airfoil row and at 
least 90% of the airfoils of the first downstream airfoil row 
comprise a clocking relationship of between 45% and 55% 
pitch. 

6. The assembly of airfoils according to claim 1, wherein at 
least 90% of the airfoils of the first upstream airfoil row and at 
least 90% of the airfoils of the first downstream airfoil row 
comprise a clocking relationship of approximately 50% 
pitch. 

7. The assembly of airfoils according to claim 1, further 
compr1S1ng: 

a second upstream airfoil row, which borders the first 
upstream airfoil row and comprises the second row of 
airfoils in the upstream direction from the middle airfoil 
row; and 

a third upstream airfoil row, which borders the second 
upstream airfoil row and comprises the third row of 
airfoils in the upstream direction from the middle airfoil 
row; 

wherein: 
the third upstream airfoil row, the first upstream airfoil 

row, and the first downstream airfoil row have sub 
stantially the same number of similarly shaped air 
foils; 

the third upstream airfoil row, the first upstream airfoil 
row, and the first downstream airfoil row each com 
prise a row of rotor blades, which rotate at substan 
tially the same speed during operation; 

the second upstream airfoil row comprises a row of 
stator blades, which remain Substantially stationary 
during operation; and 

at least 90% of the airfoils of the third upstream airfoil 
row and at least 90% of the airfoils of the first 
upstream airfoil row comprise a clocking relationship 
of between 25% and 75% pitch. 

8. The assembly of airfoils according to claim 7, wherein 
substantially all of the airfoils of the third upstream airfoil 
row and substantially all of the airfoils of the first upstream 
airfoil row comprise a clocking relationship of between 25% 
and 75% pitch. 

9. The assembly of airfoils according to claim 7, wherein at 
least 90% of the airfoils of the third upstream airfoil row and 
at least 90% of the airfoils of the first upstream airfoil row 
comprise a clocking relationship of between 25.5% and 
74.5% pitch. 

10. The assembly of airfoils according to claim 7, wherein 
at least 90% of the airfoils of the third upstream airfoil row 
and at least 90% of the airfoils of the first upstream airfoil row 
comprise a clocking relationship of between 35% and 65% 
pitch. 
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11. The assembly of airfoils according to claim 7, wherein 
at least 90% of the airfoils of the third upstream airfoil row 
and at least 90% of the airfoils of the first upstream airfoil row 
comprise a clocking relationship of between 45% and 55% 
pitch. 

12. The assembly of airfoils according to claim 7, wherein 
at least 90% of the airfoils of the third upstream airfoil row 
and at least 90% of the airfoils of the first upstream airfoil row 
comprise a clocking relationship of approximately 50% 
pitch. 

13. The assembly of airfoils according to claim 1, wherein: 
the first upstream airfoil row comprises a row of rotor 

blades in a fourteenth stage of the compressor, 
the middle airfoil row comprises a row of stator blades in 

the fourteenth stage of the compressor, and 
the first downstream airfoil row comprises a row of rotor 

blades in a fifteenth stage of the compressor. 
14. The assembly of airfoils according to claim 13, wherein 

the compressor comprises a F-Class Compressor manufac 
tured by The General Electric Company of Schenectady, N.Y. 
and the turbine engine comprises one of a 7F Gas Turbine 
Engine and a 9F Gas Turbine Engine manufactured by The 
General Electric Company of Schenectady, N.Y. 

15. The assembly of airfoils according to claim 13, wherein 
the row of rotor blades in the fourteenth stage comprises 64 
rotor blades and the row of rotor blades in the fifteenth stage 
comprises 64 rotor blades. 

16. The assembly of airfoils according to claim 15, wherein 
the row of stator blades in the fourteenth stage comprises 132 
stator blades. 

17. The assembly of airfoils according to claim 1, wherein: 
the first upstream airfoil row comprises a row of rotor 

blades in a fifteenth stage of the compressor; 
the middle airfoil row comprises a row of stator blades in 

the fifteenth stage of the compressor, and 
the first downstream airfoil row comprises a row of rotor 

blades in a sixteenth stage of the compressor. 
18. The assembly of airfoils according to claim 17, wherein 

the compressor comprises a F-Class Compressor manufac 
tured by The General Electric Company of Schenectady, N.Y. 
and the turbine engine comprises one of a 7F Gas Turbine 
Engine and a 9F Gas Turbine Engine manufactured by The 
General Electric Company of Schenectady, N.Y. 

19. The assembly of airfoils according to claim 17, wherein 
the row of rotor blades in the fifteenth stage comprises 64 
rotor blades, and the row of rotor blades in the sixteenth stage 
comprises 64 rotor blades. 

20. The assembly of airfoils according to claim 19, wherein 
the row of stator blades in the fifteenth stage comprises 130 
stator blades. 

21. The assembly of airfoils according to claim 7, wherein: 
the third upstream airfoil row comprises a row of rotor 

blades in a fourteenth stage of the compressor, 
the second upstream airfoil row comprises a row of Stator 

blades in the fourteenth stage of the compressor, 
the first upstream airfoil row comprises a row of rotor 

blades in a fifteenth stage of the compressor; 
the middle airfoil row comprises a row of stator blades in 

the fifteenth stage of the compressor, and 
the first downstream airfoil row comprises a row of rotor 

blades in a sixteenth stage of the compressor. 
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22. The assembly of airfoils according to claim 21, wherein 
the row of rotor blades in the fourteenth stage comprises 64 
rotor blades, the row of rotor blades in the fifteenth stage 
comprises 64 rotor blades, and the row of rotor blades in the 
sixteenth stage comprises 64 rotor blades. 

23. The assembly of airfoils according to claim 22, wherein 
the row of stator blades in the fourteenth stage comprises 132 
stator blades, and the row of stator blades in the fifteenth stage 
comprises 130 stator blades. 

24. In a compressor of a turbine engine, the compressor 
comprising at least three axially stacked rows of airfoils: a 
middle airfoil row, a first upstream airfoil row, and a first 
downstream airfoil row; wherein the middle airfoil row is 
bordered on each side by the first upstream airfoil row, which 
comprises the first row of airfoils in the upstream direction 
from the middle airfoil row, and the first downstream airfoil 
row, which comprises the first row of airfoils in the down 
stream direction from the middle airfoil row; wherein the first 
upstream airfoil row and the first downstream airfoil row have 
substantially the same number of similarly shaped airfoils; 
wherein the first upstream airfoil row and the first down 
stream airfoil row each comprise a row of rotor blades, which 
rotate at Substantially the same speed during operation; and 
wherein the middle airfoil row comprises a row of stator 
blades, which remains Substantially stationary during opera 
tion; a method of operating a turbine engine, the method 
comprising: 

configuring the airfoils of the first upstream airfoil row and 
the airfoils of first downstream airfoil row such that at 
least 90% the airfoils of the first upstream airfoil row and 
at least 90% the airfoils of the first downstream airfoil 
row comprise a clocking relationship of between 25% 
and 75% pitch. 

25. The method according to claim 24, further comprising 
the step of configuring the airfoils of the first upstream airfoil 
row and the airfoils of first downstream airfoil row such that 
substantially all of the airfoils of the first upstream airfoil row 
and substantially all of the airfoils of the first downstream 
airfoil row comprise a clocking relationship of between 25% 
and 75% pitch. 

26. The method according to claim 24, further comprising 
the step of configuring the airfoils of the first upstream airfoil 
row and the airfoils of first downstream airfoil row such that 
at least 90% the airfoils of the first upstream airfoil row and at 
least 90% the airfoils of the first downstream airfoil row 
comprise a clocking relationship of between 35% and 65% 
pitch. 

27. The method according to claim 24, further comprising 
the step of configuring the airfoils of the first upstream airfoil 
row and the airfoils of first downstream airfoil row such that 
at least 90% the airfoils of the first upstream airfoil row and at 
least 90% the airfoils of the first downstream airfoil row 
comprise a clocking relationship of between 45% and 55% 
pitch. 

28. The method according to claim 24, further comprising 
the step of configuring the airfoils of the first upstream airfoil 
row and the airfoils of first downstream airfoil row such that 
at least 90% the airfoils of the first upstream airfoil row and at 
least 90% the airfoils of the first downstream airfoil row 
comprise a clocking relationship of approximately 50% 
pitch. 
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29. The method according to claim 24, wherein: 
a second upstream airfoil row borders the first upstream 

airfoil row and comprises the second row of airfoils in 
the upstream direction from the middle airfoil row: 

a third upstream airfoil row borders the second upstream 
airfoil row and comprises the third row of airfoils in the 
upstream direction from the middle airfoil row: 

the third upstream airfoil row, the first upstream airfoil row, 
and the first downstream airfoil row have substantially 
the same number of similarly shaped airfoils; 

the third upstream airfoil row, the first upstream airfoil row, 
and the first downstream airfoil row each comprise a row 
of rotor blades, which rotate at substantially the surface 
speed during operation; and 

the second upstream airfoil row comprises a row of Stator 
blades, which remain Substantially stationary during 
operation; 

further comprising the step of configuring the airfoils of the 
third upstream airfoil row and the airfoils of first 
upstream airfoil row such that at least 90% the airfoils of 
the third upstream airfoil row and at least 90% the air 
foils of the first upstream airfoil row comprise a clocking 
relationship of between 25% and 75% pitch. 

30. The method according to claim 29, further comprising 
the step of configuring the airfoils of the third upstream airfoil 
row and the airfoils of first upstream airfoil row such that 
substantially all of the airfoils of the third upstream airfoil 
row and substantially all of the airfoils of the first upstream 
airfoil row comprise a clocking relationship of between 25% 
and 75% pitch. 

31. The method according to claim 29, further comprising 
the step of configuring the airfoils of the third upstream airfoil 
row and the airfoils of first upstream airfoil row such that at 
least 90% the airfoils of the third upstream airfoil row and at 
least 90% the airfoils of the first upstream airfoil row com 
prise a clocking relationship of between 35% and 65% pitch. 

32. The method according to claim 29, further comprising 
the step of configuring the airfoils of the third upstream airfoil 
row and the airfoils of first upstream airfoil row such that at 
least 90% the airfoils of the third upstream airfoil row and at 
least 90% the airfoils of the first upstream airfoil row com 
prise a clocking relationship of approximately 50% pitch. 

33. The method according to claim 24, wherein: 
the first upstream airfoil row comprises a row of rotor 

blades in a fourteenth stage of the compressor, 
the middle airfoil row comprises a row of stator blades in 

the fourteenth stage of the compressor, and 
the first downstream airfoil row comprises a row of rotor 

blades in a fifteenth stage of the compressor. 
34. The method according to claim 33, wherein the com 

pressor comprises a F-Class Compressor manufactured by 
The General Electric Company of Schenectady, N.Y. and the 
turbine engine comprises one of a 7F Gas Turbine Engine and 
a 9F Gas Turbine Engine manufactured by The General Elec 
tric Company of Schenectady, N.Y. 

35. The method according to claim 33, wherein the row of 
rotor blades in the fourteenth stage comprises 64 rotor blades 
and the row of rotor blades in the fifteenth stage comprises 64 
rotor blades. 

36. The method according to claim 35, wherein the row of 
stator blades in the fourteenth stage comprises 132 stator 
blades. 
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37. The method according to claim 24, wherein: 
the first upstream airfoil row comprises a row of rotor 

blades in a fifteenth stage of the compressor; 
the middle airfoil row comprises a row of stator blades in 

the fifteenth stage of the compressor, and 
the first downstream airfoil row comprises a row of rotor 

blades in a sixteenth stage of the compressor. 
38. The method according to claim 37, wherein the row of 

rotor blades in the fifteenth stage comprises 64 rotor blades, 
and the row of rotor blades in the sixteenth stage comprises 64 
rotor blades. 

39. The method according to claim 38, wherein the row of 
stator blades in the fifteenth stage comprises 130 stator 
blades. 

40. The method according to claim 29, wherein: 
the third upstream airfoil row comprises a row of rotor 

blades in a fourteenth stage of the compressor, 
the second upstream airfoil row comprises a row of Stator 

blades in the fourteenth stage of the compressor, 
the first upstream airfoil row comprises a row of rotor 

blades in a fifteenth stage of the compressor; 
the middle airfoil row comprises a row of stator blades in 

the fifteenth stage of the compressor, and 
the first downstream airfoil row comprises a row of rotor 

blades in a sixteenth stage of the compressor. 
41. The method according to claim 40, wherein the row of 

rotor blades in the fourteenth stage comprises 64 rotor blades, 
the row of rotor blades in the fifteenth stage comprises 64 
rotor blades, and the row of rotor blades in the sixteenth stage 
comprises 64 rotor blades. 

42. The method according to claim 41, wherein the row of 
stator blades in the fourteenth stage comprises 132 stator 
blades, and the row of stator blades in the fifteenth stage 
comprises 130 stator blades. 

43. In a compressor of a gas turbine engine, the compressor 
comprising at least six axially stacked rows of airfoils: a first 
row of rotor blades followed by a first row of stator blades 
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followed by a second row of rotor blades followed by a 
second row of stator blades followed by a third row of rotor 
blades followed by a third row of stator blades; wherein the 
first row of rotor blades, the second row of rotor blades, and 
the third row of rotor blades have substantially the same 
number of similarly shaped rotor blades, which, during 
operation, rotate at Substantially the same speed; a method of 
operating a turbine engine, the method comprising the steps 
of: 

configuring the airfoils of the first row of rotor blades and 
the airfoils of the second row of rotor blades such that 
substantially all of the airfoils of the first row of rotor 
blades and substantially all of the airfoils of the second 
row of rotor blades comprise a clocking relationship of 
between 25% and 75% pitch; and 

configuring the airfoils of the second row of rotor blades 
and the airfoils of the third row of rotor blades such that 
substantially all of the airfoils of the second row of rotor 
blades and substantially all of the airfoils of the third row 
of rotor blades comprise a clocking relationship of 
between 25% and 75% pitch. 

44. The method according to claim 43, further comprising 
the step of 

configuring the airfoils of the first row of rotor blades and 
the airfoils of the second row of rotor blades such that 
substantially all of the airfoils of the first row of rotor 
blades and substantially all of the airfoils of the second 
row of rotor blades comprise a clocking relationship of 
approximately 50% pitch; and 

configuring the airfoils of the second row of rotor blades 
and the airfoils of the third row of rotor blades such that 
substantially all of the airfoils of the second row of rotor 
blades and substantially all of the airfoils of the third row 
of rotor blades comprise a clocking relationship of 
approximately 50% pitch. 
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