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1
HIGH PRESSURE ROTOR DISK

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED [APPLICA-
TION] APPLICATIONS

This application is a broadening reissue of U.S. Pat. No.
10,119,400 (filed as U.S. application Ser. No. 13/713,257),
which claims priority to U.S. Provisional Application No.
61/707,009 filed on Sep. 28, 2012.

BACKGROUND

A gas turbine engine typically includes a fan section, and
a core engine section including a compressor section, a
combustor section and a turbine section. Air entering the
compressor section 1s compressed and delivered into the
combustion section where 1t 1s mixed with fuel and 1gnited
to generate a high-speed exhaust gas flow. The high-speed
exhaust gas flow expands through the turbine section to
drive the compressor and the fan section. The compressor
section typically includes low and high pressure compres-
sors, and the turbine section includes low and high pressure
turbines.

Turbine and compressor rotor disks operate at high speeds
and support blades. Exhaust gases produced 1n the combus-
tor drive a rotor disk within the turbine section and thereby
rotation of a corresponding rotor disk within the compressor
section. The turbine disk 1s attached to drive a shaift that 1n
turn drives the compressor or the fan section.

Engine manufactures continuously seek improvements to
thermal, weight and propulsive efliciencies. Improvements
to engine architectures have enabled higher speeds and
operation at increased temperatures. Accordingly, it 1s desir-
able to develop rotor disks that perform at higher speeds and
greater temperatures.

SUMMARY

A gas turbine engine according to an exemplary embodi-
ment of this disclosure, among other possible things
includes a compressor section including a high pressure
compressor and a low pressure compressor. A combustor 1s
in fluild communication with the compressor section. A
turbine section 1s 1n fluid communication with the combus-
tor. The turbine section includes a high pressure turbine
driving the high pressure compressor and a low pressure
turbine driving the low pressure compressor. At least one of
the high pressure turbine and the high pressure compressor
includes a disk having a bore diameter (D) related to a bore
width (W) according to a ratio (D/W) between about 1.25
and about 1.65.

In a further embodiment of the foregoing gas turbine
engine, the ratio (D/W) 1s between about 1.35 and about
1.53.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (D/W) 1s about 1.45.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (D/W) 1s equal to 1.45.
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In a further embodiment of any of the foregoing gas
turbine engines, the disk includes an outer diameter (OD)
related to the bore diameter (D) according to a ratio (OD/D)
that 1s between about 2.95 and about 3.235.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (OD/D) 1s between about 3.04 and
3.20.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (OD/D) 1s about 3.15.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (OD/D) 1s equal to 3.13.

In a further embodiment of any of the foregoing gas
turbine engines, the disk includes a live rim diameter (d)
related to the bore diameter (D) according to a ratio (d/D)
that 1s between about 2.25 and about 3.00.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (d/D) 1s between about 2.50 and
about 2.75.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (d/D) 1s about 2.69.

In a further embodiment of any of the foregoing gas
turbine engines, the ratio (d/D) 1s equal to about 2.69.

A rotor disk for a gas turbine engine according to an
exemplary embodiment of this disclosure, among other
possible things imncludes an outer diameter (OD) related to a
bore diameter (D) according to a ratio (OD/D) that 1s
between about 2.95 and about 3.25.

In a further embodiment of the foregoing rotor disk, the
ratio (OD/D) 1s between about 3.04 and 3.20.

In a further embodiment of any of the foregoing rotor
disks, the ratio (OD/D) 1s about 3.15.

In a further embodiment of any of the foregoing rotor
disks, the bore diameter (D) 1s related to a bore width (W)
according to a ratio (D/W) between about 1.25 and about
1.63.

In a further embodiment of any of the foregoing rotor
disks, the ratio (ID/W) 1s between about 1.53 and about 1.55.

In a further embodiment of any of the foregoing rotor
disks, the ratio (D/W) 1s about 1.45.

In a further embodiment of any of the foregoing rotor
disks, the disk includes a live rim diameter (d) related to the
bore diameter (D) according to a ratio (d/D) that 1s between
about 2.25 and about 3.00.

In a further embodiment of any of the foregoing rotor
disks, the ratio (d/D) 1s between about 2.50 and about 2.75.

In a further embodiment of any of the foregoing rotor
disks, the ratio (d/D) 1s about 2.69.

A method of fabricating a rotor disk for a gas turbine
engine according to an exemplary embodiment of this
disclosure, among other possible things includes forming a
bore which includes a bore diameter (D) and a live rim
diameter (d) with a ratio (d/D) of the live rim diameter (d)
to the bore diameter (D) being between about 2.25 and about
3.00, forming at least one lug for mounting a blade at a live
rim diameter (d), and forming an outer diameter (OD).

In a further embodiment of the foregoing method,
includes forming the disk to include a ratio (OD/D) of the
outer diameter (OD) to the bore diameter (D) between about
2.95 and about 3.25.

In a further embodiment of any of the foregoing methods,
includes forming a bore including a bore diameter (D) and
a bore width (W) 1n a direction parallel to an axis of intended
rotation. The bore diameter (D) 1s related to the bore width
(W) according to a ratio (D/W) that 1s between about 1.25
and 1.63.

Although the different examples have the specific com-
ponents shown in the illustrations, embodiments of this
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disclosure are not limited to those particular combinations.
It 1s possible to use some of the components or features from
one of the examples in combination with features or com-
ponents from another one of the examples.

These and other features disclosed herein can be best
understood from the following specification and drawings,
the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of an example gas turbine
engine.

FIG. 2 1s a cross-section of an example rotor disk for a gas
turbine engine;

FIG. 3 15 a front view of the example rotor disk for a gas
turbine engine.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates an example gas turbine
engine 20 that includes a fan section 22, a compressor
section 24, a combustor section 26 and a turbine section 28.
Alternative engines might include an augmenter section (not
shown) among other systems or features. The fan section 22
drives air along a bypass tlow path B while the compressor
section 24 draws air 1n along a core flow path C where air
1s compressed and communicated to a combustor section 26.
In the combustor section 26, air 1s mixed with fuel and
ignited to generate a high pressure exhaust gas stream that
expands through the turbine section 28 where energy 1is
extracted and utilized to drive the fan section 22 and the
compressor section 24.

Although the disclosed non-limiting embodiment depicts
a turbofan gas turbine engine, 1t should be understood that
the concepts described herein are not limited to use with
turbofans as the teachings may be applied to other types of
turbine engines; for example a turbine engine including a
three-spool architecture in which three spools concentrically
rotate about a common axis and where a low spool enables
a low pressure turbine to drive a fan via a gearbox, an
intermediate spool that enables an intermediate pressure
turbine to drive a first compressor of the compressor section,
and a high spool that enables a high pressure turbine to drive
a high pressure compressor of the compressor section.

The example engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It
should be understood that various bearing systems 38 at
various locations may alternatively or additionally be pro-
vided.

The low speed spool 30 generally includes an 1nner shaft
40 that connects a fan 42 and a low pressure (or {first)
compressor section 44 to a low pressure (or first) turbine
section 46. The inner shaft 40 drives the fan 42 through a
speed change device, such as a geared architecture 48, to
drive the fan 42 at a lower speed than the low speed spool
30. The high-speed spool 32 includes an outer shaft S0 that
interconnects a high pressure (or second) compressor section
52 and a high pressure (or second) turbine section 54. The
inner shaft 40 and the outer shaft 50 are concentric and rotate
via the bearing systems 38 about the engine central longi-
tudinal axis A.

A combustor 56 1s arranged between the high pressure
compressor 32 and the high pressure turbine 54. In one
example, the high pressure turbine 34 includes at least two
stages to provide a double stage high pressure turbine 54. In
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4

another example, the high pressure turbine 54 includes only
a single stage. As used herein, a “high pressure” compressor
or turbine experiences a higher pressure than a correspond-
ing “low pressure” compressor or turbine.

The example low pressure turbine 46 has a pressure ratio
that 1s greater than about five (5). The pressure ratio of the
example low pressure turbine 46 1s measured prior to an inlet
of the low pressure turbine 46 as related to the pressure
measured at the outlet of the low pressure turbine 46 prior
to an exhaust nozzle.

A mid-turbine frame 58 of the engine static structure 36
1s arranged generally between the high pressure turbine 54
and the low pressure turbine 46. The mid-turbine frame 58
turther supports bearing systems 38 in the turbine section 28
as well as setting airflow entering the low pressure turbine
46.

Airflow through the core flow path C 1s compressed by the
low pressure compressor 44 then by the high pressure
compressor 32 mixed with fuel and 1gnited in the combustor
56 to produce high speed exhaust gases that are then
expanded through the high pressure turbine 54 and low
pressure turbine 46. The mid-turbine frame 58 includes
vanes 60, which are 1n the core airflow path and function as
an 1nlet guide vane for the low pressure turbine 46. Utilizing
the vane 60 of the mid-turbine frame 58 as the inlet guide
vane for low pressure turbine 46 decreases the length of the
low pressure turbine 46 without increasing the axial length
of the mid-turbine frame 58. Reducing or eliminating the
number of vanes 1n the low pressure turbine 46 shortens the
axial length of the turbine section 28. Thus, the compactness
of the gas turbine engine 20 is increased and a higher power
density may be achieved.

The disclosed gas turbine engine 20 1n one example 1s a
high-bypass geared aircrait engine. In a further example, the
gas turbine engine 20 includes a bypass ratio greater than
about si1x (6), with an example embodiment being greater
than about ten (10). The example geared architecture 48 1s
an epicyclical gear train, such as a planetary gear system,
star gear system or other known gear system, with a gear
reduction ratio of greater than about 2.3.

In one disclosed embodiment, the gas turbine engine 20
includes a bypass ratio greater than about ten (10:1) and the
fan diameter 1s significantly larger than an outer diameter of
the low pressure compressor 44. It should be understood,
however, that the above parameters are only exemplary of
one embodiment of a gas turbine engine including a geared
architecture and that the present disclosure is applicable to
other gas turbine engines.

A significant amount of thrust is provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 1s designed for a particular flight condition—
typically cruise at about 0.8 Mach and about 35,000 {feet.
The tlight condition of 0.8 Mach and 35,000 ft., with the
engine at its best fuel consumption—also known as “bucket
cruise Thrust Specific Fuel Consumption (‘*TSFC’)"—is the
industry standard parameter of pound-mass (Ilbm) of fuel per
hour being burned divided by pound-force (1bt) of thrust the
engine produces at that minimum point.

“Low fan pressure ratio” 1s the pressure ratio across the
fan blade alone, without a Fan Exit Guide Vane (“FEGV™)
system. The low fan pressure ratio as disclosed herein
according to one non-limiting embodiment 1s less than about
1.50. In another non-limiting embodiment the low fan
pressure ratio 1s less than about 1.45.

“Low corrected fan tip speed” 1s the actual fan tip speed
in ft/sec divided by an industry standard temperature cor-

rection of [(Tram ° R)/(518.7° R)]°. The “Low corrected
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fan tip speed”, as disclosed herein according to one non-
limiting embodiment, 1s less than about 1150 {t/second.
The example gas turbine engine includes the fan 42 that
comprises 1n one non-limiting embodiment less than about
twenty six (26) fan blades. In another non-limiting embodi-
ment, the fan section 22 includes less than about twenty (20)
fan blades. Moreover, 1n one disclosed embodiment the low
pressure turbine 46 includes no more than about six (6)
turbine rotors schematically indicated at 34. In another

non-limiting example embodiment the low pressure turbine
46 1ncludes about three (3) turbine rotors. A ratio between
the number of fan blades 42 and the number of low pressure
turbine rotors 1s between about 3.3 and about 8.6. The
example low pressure turbine 46 provides the driving power
to rotate the fan section 22 and therefore the relationship
between the number of turbine rotors 34 in the low pressure
turbine 46 and the number of blades 42 1n the fan section 22
disclose an example gas turbine engine 20 with increased
power transier efliciency.

As appreciated, although an engine for mounting and
powering an aircraft 1s described and shown, the present
disclosure may also provide benefits to land based and
industrial gas turbine engines.

Referring to FIGS. 2 and 3, with continued reference to
FIG. 1, an example rotor disk 62 1s shown and includes a
plurality of lugs 72 for supporting blades 74 (FIG. 3). The
example rotor disk 62 1s provided as part of the high pressure
turbine 54. However, the example rotor disk may also be part
of the high pressure compressor 52.

The rotor disk 62 supports the turbine blades 74 that are
driven by high speed exhaust gases generated in the com-
bustor section 26. The example turbine disk 62 includes an
outer diameter 64, a live rim diameter 66 and a bore 78
having a bore diameter 70. The bore 78 includes a width 68
in a direction parallel to the axis A.

The bore diameter 70 1s that diameter between an inner
most surface of the bore 78 about the axis A. The live rim
disk diameter 66 1s the diameter that extends between
bottom and radially inward surfaces of the disk lugs 72. The
turbine blades 74 are supported within the disk lugs 72 by
corresponding mating profiles disposed at an interface 76.

The bore width 68 of the rotor disk 62 in this example 1s
the greatest width on the main body of the rotor disk 62. The
greatest width of the main body of the rotor disk 62 does not
include additional widths associated with appendages, arms
or other structures that extend from the main body of the
rotor disk 62. The example bore width 68 1s disposed at a
distance spaced apart from the axis A determined to provide
desired performance properties and to accommodate high
rotational speeds encountered during operation. The
example distance 1s defined as the bore diameter 70 (D).

The speed at which the high pressure turbine rotor disk 62
operates 1s accommodated at least 1n part by a relationship
between the live rim diameter 66 (d) to the bore diameter 70
(D) defined by a ratio of the live rim diameter 66 to the bore
diameter 70 (1.e., d/D). In the disclosed example embodi-
ment the ratio 1s between about 2.25 and about 3.00. In
another disclosed example embodiment, the ratio d/D 1s
between about 2.50 and about 2.75. In another disclosed
example embodiment the ratio d/D 1s about 2.69.

The disk 62 includes the bore width 68 (W). The bore
width 68 (W) 1s the width at the bore 78 parallel to the axis
A. In one non-limiting embodiment, a relationship between
the bore width 68 (W) and the bore diameter 70 (D) 1s
defined by a ratio of D/W. In a disclosed example the ratio
D/W 1s between about 1.25 and about 1.65. In another
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disclosed embodiment the ratio of D/W 1s between about
1.35 and about 1.55. In a further embodiment the ratio of
D/W 1s about 1.45.

The outer diameter 64 (OD) 1s related to the bore diameter
70 (D) by a ratio of the outer diameter 64 (OD) to the bore
diameter 70 (D) (1.e., OD/D). In one example the ratio OD/D
1s between about 2.95 and 3.235. In another embodiment the
ratio (OD/D) 1s between about 3.04 and 3.20. In a further
embodiment the ratio (OD/D) 1s about 3.13.

The example rotor disk for a gas turbine engine 1s
tabricated by forming a bore including the bore diameter (D)
and the bore width (W) 1n a direction parallel to an axis of
intended rotation according to the above disclosed ratio.
Additional processing steps are performed to form at least
one lug 72 at the live rim diameter 66 (d). Further, the outer
diameter 64(0OD) 1s formed according to the above defined
ratios. Fabrication further includes forming the rotor disk to
include the ratio (OD/D) of the outer diameter (OD) to the
bore diameter (D) as disclosed above. The fabrication fur-
ther includes forming the rotor disk to include the ratio (d/D)
of the live nm diameter (d) to the bore diameter (D) as
disclosed above.

The example rotor disk 62 is fabricated from a material
capable of withstanding rotational speeds and temperatures
encountered during operation of the gas turbine engine. The
rotor disk 62 can be formed from any material or combina-
tion of materials such as for example nickel-based alloys and
carbon steels. Moreover, 1t 1s within the contemplation of
this disclosure that the example rotor disk 62 may be
fabricated utilizing known fabrication and machining pro-
cesses verified to enable operation of a completed rotor disk
62 within desired performance parameters within the gas
turbine engine. For example, the rotor disk 62 may be
fabricated as a casting or forging followed by machining to
obtain the desired shape and features.

The example rotor disk includes relationships that enable
performance at high rotational speeds in the high tempera-
ture environment of the high pressure turbine 54.

Although an example embodiment has been disclosed, a
worker of ordinary skill i this art would recognize that
certain modifications would come within the scope of this
disclosure. For that reason, the following claims should be
studied to determine the scope and content of this disclosure.

What 1s claimed 1s:

h, w w w WAW = L [ ] = [ ) [ ] w w
. .

' Sor-aRd-atow-pressure-compressor

L]
L3 . T - ] LY - - ! E Y L] LY . T . Tam - L ] C Y - - - L ullk W . . Tam - -
w vaw w - e w ] 1 - w ¥ ¥ w _
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[3. The gas turbine engine as recited in claim 1, wherein
the ratio (D/W) is 1.45.]
4. [The gas turbine engine as recited in claim 1] 4 gas
turbine engine comprising:
a compressor section including a high pressure compres-
sor and a low pressuve compressor;
a combustor in fluid communication with the compressor

section; and
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a turbine section in fluid communication with the com-
bustor, wherein the turbine section includes a high
pressure turbine driving the high pressure compressor
and a low pressure turbine driving the low pressure
compressor, wherein at least one of the high pressure
turbine and the high pressure compressor includes a
disk having a bore diameter (D) related to a bore width
(W) according to a ratio (D/W) between 1.25 and 1.65,
and wherein the disk includes an outer diameter (OD)
related to the bore diameter (D) according to a ratio
(OD/D) that 1s between 2.95 and 3.25.

5. The gas turbine engine as recited in claim 4, wherein

the ratio (OD/D) 1s between 3.04 and 3.20.
6. The gas turbine engine as recited in claim 4, wherein
the ratio (OD/D) 1s 3.15.

7. [The gas turbine engine as recited in claim 1] 4 gas

turbine engine comprising:

a compressor section including a high pressure compres-
sor and a low pressure compressor;

a combustor in fluid communication with the compressor
section; and

a turbine section in fluid communication with the com-
bustor, wherein the turbine section includes a high
pressure turbine drviving the high pressuve compressor
and a low pressure turbine drviving the low pressure
compressor, wherein at least one of the high pressure
turbine and the high pressure compressor includes a
disk having a bore diameter (D) related to a bore width
(W) according to a ratio (D/W) between 1.25 and 1.65,
and wherein the disk includes a live rim diameter (d)
related to the bore diameter (D) according to a ratio
(d/D) that 1s between 2.25 and 3.00.

8. The gas turbine engine as recited 1n claim 7, wherein

the ratio (d/D) 1s between 2.50 and 2.75.
9. The gas turbine engine as recited 1n claim 7, wherein
the ratio (d/D) 1s 2.69.
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[11. The rotor disk as recited in claim 10, wherein the ratio
(OD/D) is between 3.04 and 3.20.]

[12. The rotor disk as recited in claim 10, wherein the ratio
(OD/D) is 3.15]

[13. The rotor disk as recited in claim 10, wherein the bore
diameter (D) 1s related to a bore width (W) according to a
ratio (D/W) between 1.25 and 1.65.]

[14. The rotor disk as recited in claim 13, wherein the ratio
(D/W) 1s between 1.53 and 1.55]

[15. The rotor disk as recited in claim 13, wherein the ratio
(DAY) is 1.45]

- I il [ ] - W el [ - L] [ . T - L - . - - L E Y
w b s ] - ] L L) K ¥ ]

3

LT L & = e 7 L - w 1! 1 4 - | ¥ ¥ . - .
-

[17. The rotor disk as recited in claim 16, wherein the ratio
(d/D) is between 2.50 and 2.75.]

[18. The rotor disk as recited in claim 16, wherein the ratio
(d/D) 1s 2.69.]
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[21. The method as recited in claim 19, including forming
a bore mncluding a bore diameter (D) and a bore width (W)
in a direction parallel to an axis of intended rotation, wherein
the bore diameter (D) i1s related to the bore width (W)
according to a ratio (D/W) that is between 1.25 and 1.65.]

22. The gas turbine engine as set forth in claim 4, wherein
the ratio (D/W) is between 1.35 and 1.55.

23. The gas turbine engine as rvecited in claim 4, wherein
the ratio (D/W) is 1.45.

24. The gas turbine engine as set forth in claim 7, wherein
the ratio (D/W) is between 1.35 and 1.5)5.

25. The gas turbine engine as rvecited in claim 7, wherein
the ratio (D/W) is 1.45.

26. A gas turbine engine, comprising:

a high speed shaft mounted for rotation about a longitu-
dinal axis;

a low speed shaft coupled to a fan of a fan section, the low
speed shaft mounted for rvotation concentrically with
the high speed shaft, the low speed shaft configured to
rotate at a lower speed than the high speed shaft;

a rotor disk of a turbine attached to the high speed shaft,
the votor disk of the turbine having a first bore diameter
(D)) related to a first bove width (W) according to a
first ratio (D ,/W,) between 1.25 and 1.65; and

a rotor disk of a compressor attached to the high speed
shaft, the votor disk of the compressor having a second
bore diameter (D,) related to a compressor outer
diameter (OD,) according to a second ratio (OD./D,)
between 2.95 and 3.25;
whevrein the fan has less than 26 fan blades; and

further comprising a speed change device, wherein a
low pressure turbine attached to the low speed shaft
is configured to drive the fan through the speed
change device at a lower speed than the low speed
shaft.

27. The gas turbine engine as rvecited in claim 26, wherein
the fan section has a low fan pressure vatio measured across
the fan blades alone of less than 1.45 at a flight condition of
0.8 Mach and 35,000 ft., wherein the fan section has a low
corrected fan tip speed less than 1,150 ft./sec at the flight
condition of 0.8 Mach and 35,000 ft., and wherein the low
corrected fan tip speed is an actual fan tip speed divided by
(Tram © RY(518.7° R))*~.

28. The gas turbine engine as set forth in claim 26,
wherein the turbine is a two stage turbine.

29. The gas turbine engine as set forth in claim 26,
wherein the ratio (D ,/W ) is between 1.35 and 1.55.

30. The gas turbine engine as vecited in claim 26, wherein
the ratio (D /W) is 1.45.

31. The gas turbine engine as vecited in claim 26, wherein
the ratio (OD,/D,) is between 3.04 and 3.20.

32. The gas turbine engine as vecited in claim 26, wherein
the ratio (OD D)) is 3.15.

33. A gas turbine engine, comprising:

a high speed shaft mounted for rotation about a longitu-

dinal axis;

a low speed shaft coupled to a fan of a fan section, the low
speed shaft mounted for rvotation concentrically with
the high speed shaft, the low speed shaft configured to
rotate at a lower speed than the high speed shaft;

a rotor disk of a turbine attached to the high speed shaft,
the votor disk of the turbine having a first bore diameter
(D) related to a first bove width (W) according to a
first vatio (D ,/W,) between 1.25 and 1.65;
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a rotor disk of a compressor attached to the high speed
shaft, the votor disk of the compressor having a second
bore diameter (D,) related to a compressor outer
diameter (OD,) according to a second ratio (OD./D,)
between 2.95 and 3.25; 5
wherein the fan has less than 26 fan blades; and
wherein the fan section has a low fan pressure ratio

measured acrvoss the fan blades alone of less than
1.45 at a flight condition of 0.8 Mach and 35,000 ft.,
wherein the fan section has a low corrected fan tip 10
speed less than 1,150 ft./sec at the flight condition of
0.8 Mach and 35,000 ft., and wherein the low cor-
rected fan tip speed is an actual fan tip speed divided

by (Tram ° RY(518.7° R)?~.

34. The gas turbine engine as set forth in claim 33, 15

wherein the turbine is a two stage turbine.

35. The gas turbine engine as set forth in claim 33,

wherein the ratio (D ,/W,) is between 1.35 and 1.55.
36. The gas turbine engine as rvecited in claim 33, wherein
the ratio (D,/W,) is 1.45. 20
37. The gas turbine engine as vecited in claim 33, wherein

the ratio (OD,/D,) is between 3.04 and 3.20.

38. The gas turbine engine as rvecited in claim 33, wherein

the ratio (OD,/D,) is 3.15.
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