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(57) Abrege/Abstract:

A gas turbine engine includes a fan with a plurality of fan blades rotatable about an axis, and a compressor section that includes at
least first and second compressor sections. An average exit temperature of the compressor section Is between about 1000 °F and
about 1500 °F. The engine also Iincludes a combustor that is In fluid communication with the compressor section, and a turbine

section that is In fluid communication with the combustor. A geared architecture Is driven by the turbine section for rotating the fan
about the axis.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



1 0

CA 02923326 2016-03-08

ABSTRACT

A gas turbine engine includes a fan with a plurality of fan blades rotatable
about an axis, and a compressor section that includes at lcast first and second
compressor sections. An average exit temperature of the compressor section IS
between about 1000 °F and about 1500 °F. The engine also includes a combustor
(hat is in fluid communication with the compressor section, and a turbine section that
< i fluid communication with the combustor. A geared architecture is driven by the

turbine section for rotating the fan about the axis.
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GFEARED TURBOFAN ENGINE WITH HIGH
COMPRESSOR EXIT TEMPERATURE

BACKGROUND

A gas turbine engine typically includes a fan section, a compressor section, a
combustor section and a turbine section. Air entering the compressor section 1S
compressed and delivered into the combustion section where it is mixed with fuel
and ignited 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 compressors, and
the turbine section includes low and high pressure turbines.

The high pressure turbine drives the high pressure compressor through an
outer shaft to form a high spool, and the low pressure turbine drives the low pressure
compressor through an inner shaft to form a low spool. The fan section may also be
driven by the low inner shatt.

A speed reduction device such as an epicyclical gear assembly may be
utilized to drive the fan section such that the fan section may rotate at a specd
different than the turbine section so as to increase the overall propulsive efficiency of
the engine. In such engine architectures, a shaft driven by one of the turbine sections
provides an input to the epicyclical gear assembly that drives the fan section at a
reduced speed such that both the turbine section and the fan scction can rotate at
closer to optimal speeds.

Under certain operational conditions, the compressor section of geared
turbofan engines can be subjected to high exit temperatures. Although geared
turbofan architectures have provided improved propulsive efficiency at high
temperatures, turbine engine manutfacturers continue to seek further improvements to
engine performance including improvements to thermal, transfer and propulsive

efficiencies.

SUMMARY

[0001] In a featured embodiment, a gas turbine engine includes a fan with

a plurality of fan blades rotatable about an axis, and a compressor section that

eludes at least first and second compressor sections. An average exit temperature of
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the compressor section is between about 1000 °F and about 1500 °F. The engine also
eludes a combustor that is in fluid communication with the compressor section, and
+ turbine section that is in fluid communication with the combustor. A geared
architecture is driven by the turbine section for rotating the fan about the axis.

[0002] In another embodiment according to the previous embodiment, the
average exit temperature is between about 1100 °F and about 1450 °F-.

[n another embodiment according to any of the previous embodiments, the
fan drives air along a bypass flow path in a bypass duct defined between a fan nacelle
and a core nacelle, and wherein a bypass ratio is greater than about ten.

In another embodiment according to any of the previous embodiments, the
gearcd architecture has a gear ratio that is greater than about 2.4.

In another embodiment according to any of the previous embodiments, the
first compressor section comprises a low pressure COmpressor and the second
compressor section comprises a high pressur¢ compressor, and wherein the turbine
section comprises a low pressure turbine that drives the low pressure compressor via
a first shaft and a high pressure turbine that drives the high pressure compressor via a
second shaft, and wherein the geared architecture couples the first shaft to the fan.

[n another embodiment according to any of the previous embodiments, the
high pressure compressor includes a plurality of stages with each stage comprising a
disk with a plurality of blades extending radially outwardly from a rim of the disk,
and wherein the plurality of stages includes at least a first stage having a first blade
and disk configuration and a second stage having a second blade and disk
configuration that is different than the first blade and disk configuration.

n another embodiment according to any of the previous embodiments, the
first blade and disk configuration comprises a plurality of slots to receive the
plurality of blades and including a plurality of rim cavities for honeycomb seals, and
wherein the second blade and disk configuration comprises integrally formed blades
such that there are no rim cavities or associated honeycomb scals.

In another embodiment according to any of the previous embodiments, the
first stage is positioned forward of the second stage.

In another embodiment according to any of the previous embodiments, an

nducer forms an additional compression section positioned in front of the high and

low pressure compressors.
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In another embodiment according to any of the previous embodiments, the
inducer is configured to rotate at a speed common with that of the fan.

In another embodiment according to any of the previous embodiments, the
inducer is configured to rotate at a higher speed than the fan through an additional
output of the geared architecture.

[n another featured example embodiment, a gas turbine engine includes a fan
including a plurality of fan blades rotatable about an axis, a compressor section
including at least a first compressor section rotating at a first speed and a second
compressor section rotating at a second speed greater than the first speed. An
average exit temperature of the second compressor section is between about 1000 *F
and about 1500 °F. A combustor is in fluid communication with the compressor
cection and a turbine section is in fluid communication with the combustor. A geared
architecture is driven by the turbine section for rotating the fan about the axis.

In another embodiment according to any of the previous embodiments, the
average exit temperature of the second compressor section is between about 1100 °F
and about 1450 °F.

[n another embodiment according to any of the previous embodiments, the
fan drives air along a bypass flow path in a bypass duct defined between a fan nacelle
and a core nacelle, and wherein a bypass ratio is greater than about ten. In another
embodiment according to any of the previous embodiments, the geared architecture
has a gear ratio that is greater than about 2.4.

[n another embodiment according to any of the previous embodiments, the
turbine section comprises a first turbine scction that drives the first compressor
coction via a first shaft at the first speed and a second turbine section that drives the
second compressor section via a second shaft at the second speed, and wherein the
ocared architecture couples the first shaft to the fan.

In another embodiment according to any of the previous embodiments, the
second compressor section includes a plurality of stages with each stage comprising a
disk with a plurality of blades extending radially outwardly from a rim of the disk,
and wherein the plurality of stages includes at lcast a first stage having a first blade
and disk configuration and a second stage having a second blade and disk
configuration that is different than the first blade and disk configuration.

in another embodiment according to any of the previous embodiments, the

first blade and disk configuration comprises a plurality of slots to receive the
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plurality of blades and including a plurality of rim cavities for honeycomb seals, and
wherein the second blade and disk configuration comprises integrally formed blades
such that there are no rim cavities or associated honeycomb seals.

In another embodiment according to any of the previous embodiments, the
first stage is positioned forward of the second stage.

In another embodiment according to any of the previous embodiments, the
operating temperature is defined at Sea Level, end of takeoff power and at a rated
thrust for the gas turbine engine.

In another embodiment according to any of the previous embodiments, an
intermediate section drives a compressor rotor.

In another embodiment according to any of the previous embodiments, the
geared architecture is positioned intermediate the fan and a compressor rotor driven
by a low pressure turbine.

In another embodiment according to any of the previous embodiments, the
ocared architecture is positioned intermediate a low pressure turbine and a

compressor rotor driven by the low pressure turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to the following
detailed description when considered in connection with the accompanying drawings
wherein:

Figure 1 schematically illustrates a geared turbotan engine embodiment.

Figure 2 illustrates a compressor section of the engine of FFigure |.

Figure 3 is a chart showing operating conditions for three different engines
having high compressor exit temperatures that are operable with the subject
invention.

Figure 4 illustrates a blisk with a rim cavity configuration.

Figure 5 illustrates a blisk without rim cavities.

Figure 6 is a schematic representation of a compressor section with an
inducer.

Figure 7 shows another embodiment.

Figure 8 shows yet another embodiment.
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DESCRIPTION

Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a
fan section 22, a compressor section 24, a combustor section 26 and a turbine section
8. Alternative engines might include an augmentor section (not shown) among
other systems or features. The fan section 22 drives air along a bypass flow path B in
a bypass duct defined between a fan nacelle 15 and a core nacelle 16, while the
compressor section 24 drives air along a core tlow path C for compression and
communication into the combustor section 26 then expansion through the turbine
section 28. Although depicted as a two-spool turbofan gas turbine engine In the
disclosed non-limiting embodiment, it should be understood that the concepts
described hercin are not limited to use with two-spool turbofans as the teachings may
be applied to other types of turbine engines including three-spool architectures.

The exemplary 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 provided, and the location of bearing systems 38 may be varied as
appropriate to the application.

The low speed spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor 44 and a low pressure turbine 46.
The inner shaft 40 is connected to the fan 42 through a speed change mechanism,
which in exemplary gas turbine engine 20 is illustrated as a geared architecture 48 to
drive the fan 42 at a lower speed than the low speed spool 30. The high speed spool
17 includes an outer shaft 50 that interconnects a high pressure compressor 52 and
high pressure turbine 54. A combustor 56 is arranged in exemplary gas turbine 20
between the high pressure compressor 52 and the high pressure turbine 54. A mid-
turbine frame 58 of the engine static structure 36 is arranged generally between the
high pressure turbine 54 and the low pressure turbine 46. The mid-turbine frame 38
further supports bearing systems 38 in the turbine section 28. The inner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing systems 38 about the engine
central longitudinal axis A which is collinear with thelr longitudinal axes.

The core airflow is compressed by the low pressure compressor 44 then the

high pressure compressor 52, mixed and burned with fuel in the combustor 56, then
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expanded over the high pressure turbine 54 and low pressure turbine 46. The mid-
furbine frame 58 includes airfoils 60 which are in the core airflow path C. The
turbines 46. 54 rotationally drive the respective low speed spool 30 and high speed
spool 32 in response to the expansion. will be appreciated that each of the
positions of the fan section 22, compressor section 24, combustor section 26, turbine
section 28. and fan drive gear system 50 may be varied. For example, gear system 50
may be located aft of combustor section 26 or even aft of turbine section 28, and fan
scction 22 may be positioned forward or aft of the location of geared architecture 48.
The engine 20 in one example is a high-bypass geared aircraft engine. In a
further example, the engine 20 bypass ratio is greater than about six (6), with an
example embodiment being greater than about ten (10), the geared architecture 48 1s
an epicyclic gear train, such as a planetary gear system or other gear system, with a
scar reduction ratio of greater than about 2.3 and the low pressure turbine 46 has a
pressure ratio that is greater than about five. In onc disclosed embodiment, the
engine 20 bypass ratio is greater than about ten (10:1), the fan diameter is
significantly larger than that of the low pressure compressor 44, and the low pressure
turbine 46 has a pressure ratio that is greater than about five 5:1. Low pressure
turbine 46 pressure ratio is pressure measured prior to inlet of low pressure turbine
46 as related to the pressure at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an epicycle gear train, such as a
planetary gear system or other gear system, with a gear reduction ratio of greater than
about 2.3:1. It should be understood, however, that the above parameters are only
exemplary of one embodiment of a geared architecture engine and that the present
invention is applicable to other gas turbine engines including direct drive turbofans.
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 is designed for a particular
flight condition -~ typically cruise at about 0.5 Mach and about 35,000 feet. The
flight 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 Ibm of fuel being burned divided
by Ibf of thrust the engine produces at that minimum point. “Low fan pressure ratio”
is 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 onc

non-limiting embodiment is less than about 1.45. “Low corrected fan tip speed™ is
6
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the actual fan tip speed in ft/sec divided by an industry standard temperature
correction of [(Tram °R) / (518.7 °R)]"”. The “Low corrected fan tip speed” as
disclosed herein according to one non-limiting embodiment is less than about 1150 ft
/ second.

The example gas turbine engine includes the fan 42 that comprises In onc
non-limiting embodiment less than about 26 fan blades. In another non-limiting
embodiment, the fan section 22 includes less than about 20 fan blades. Moreover, In
one disclosed embodiment the low pressure turbine 46 includes no more than about 6
turbine rotors schematically indicated at 34. In another non-limiting example
embodiment the low pressure turbine 46 includes about 3 turbine rotors. A ratio
between the number of fan blades and the number of low pressure turbine rotors is
hotween 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
qumber of turbine rotors 34 in the low pressure turbine 46 and the number of blades
0 the fan section 22 disclose an example gas turbine engine 20 with increased power
transfer efficiency.

Referring to Figure 2 with continued reterence to Figure 1, the disclosed
geared turbofan engine 20 includes a compressor section 24 that has rotors and at
lcast two sections rotating at two different speeds. In the disclosed example, onc of
the compressor sections is the high pressure compressor 52 and one is a low pressure
compressor 44, The example high pressure compressor 52 operates at an average
exit temperature referred to in this disclosure as T3. The example high pressure
compressor 52 operates at a very high T3. In this example the T3 is determined at
Sea Level. end of takeoff power and at the rated thrust for the engine for the
conditions. In one disclosed embodiment, at takeoff power, the 13 temperature
exceeds about 1560 °R (Rankin), which is approximate 1100°F. In one disclosed
example, the T3 temperature is between about 1000 °F and about 1500 °F. In other
disclosed embodiment, the T3 temperature is above about 1100 °F and up to about
1450 °F-.

The configuration of the example disclosed geared turbofan engine includes
a bypass ratio of greater than about 10 and a gear ratio between the fan and the fan-
drive turbine that is greater than about 2.4. In this example the fan drive turbine is the
low pressure turbine 46; however other fan drive turbine configurations are within

the contemplation of this disclosure. Operating conditions for three different engines
7
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having ratios greater than 2.4 are shown in Figure 3. The example geared turbofan
engine’s compressor section 24 is capable of operating cfficiently at these conditions.

The example geared turbofan engine’s compressor section 24 includes at least
two separately rotating sections that rotate at two different rotational speeds and the
fan drive turbine 46 drives the fan 42 through the geared architecture 48 at a reduced
speed. The fan drive turbine 46 may also drive both the fan 42 and the forward or
low pressure compressor 44 through the geared architecture 48 at a reduced speed
with the low pressure compressor 44 driven by a hub of the low speed shaft 40.

In another disclosed configuration, the geared turbofan engine may include an
inducer 70 (shown schematically in Figure 6), which is an additional, third
compression section in front of the other two sections of the compressor. In one
example, the inducer 70 comprises a blade that can be a slotted blade or a blisk,
which comes off of a hub 72 that is coupled to rotate with the fan 42. Optionally, the
inducer 70 may be configured to rotate at a difterent higher speed through an
additional output of the fan drive gearbox.

The second or rear compressor of the compressor section (the high pressure
compressor 52 in this disclosed example) has bladed disks 80 (also referred to in the
industry as integrally bladed rotors or blisks) where a disk 82 and the associated
blades 84 are machined out of the same raw material and no dovetails, slots or other
fastening features are required to fix the blades 84 to the disk 82 (Figure 5). Further,
no honeycomb seals are required in the example high pressure compressor 52 and no
fim cavities are present with the bladed disks 80, i.e. the rim is flush with the
gaspath.

In blade and disk configurations that have rim cavities, air in the compressor
' entrained into the rim cavities and this air is locally pumped up to approximately
50,000 ¢’s in the boundary layer along the disk rim. This pumping or “windage,” as
is referred to in the art, yields a locally higher air temperature at the rim of the disk
downstream of the first stage or cavity and further heating occurs In subsequent
stages and cavities such that the next cavity is hotter than the proceeding cavity, and
the next, and the next. The heating ultimately affects the last disk and stage in the
compressor section 24 and limits the temperature at which the compressor can be

operated because of a number of factors.  Factors that limit the temperature at which

the compressor can be operated include thermal mechanical fatigue, low cycle fatigue
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stemming from the thermal discontinuities between the rim of the disk and the disk
bore, and other material and structural considerations.

As such, the subject compressor section 24 uses the bladed disks 80 at
stage(s) located at the rear of the high pressure compressor 52 as indicated at 90 In
Figure 2. This eliminates local boundary layer pumping at this location.

A further feature of the example compressor section includes a bladed disk
and seal configuration 92 that is used in stage(s) located at the front of the high
pressure compressor 52 as indicated at 88 in Figure 2. The bladed disk and seal
configuration 92, shown in Figure 4, includes a disk 94 with associated blades 96 that
neludes rim cavities 98 with honeycomb seals. The bladed discs 92 at this location
reduce weight of both the disk rim and disk bore by reducing the amount of material
turning at high speed in the rim beyond the self-sustaining radius. Further, because
1o attachment features are required for compressor blades, no intra-stage leakage
through the attachment feature occurs.

Labyrinth or honeycomb seals are used with corresponding vanes because the
example vanes have a variable angle for managing a variety of engine speeds and
flicht conditions. Variable vanes provide for adapting compressor operation to
current operating conditions and thereby improve compressor efficiency. Moreover
in one example the forward, or first compressor (in this example the forward or first
compressor is the low pressure compressor 44) also includes bladed disks. Note that
£ the inducer 70 is utilized, then bladed disks may be utilized in the second
compressor and not the forward-most cOmpressor.

The reduction in leakage and the reduction in pumping enable the last stage of
the compressor section to operate within desired temperature parameters and
therefore be a practical and desirable commercially viable configuration. In this
example the desired temperature range for a life typically set at 15,000 takeoff cycles
or at least 7000 cycles includes the T3 temperature (HPC average exit temperature)
above about 1100 F and up to 1450 deg F at operating conditions of Sea Level, end
of takeoff power, at the rated thrust for the engine at this condition.

Moreover, the disclosed compressor section includes a configuration that
further enables the increased operating temperature ranges over the desired high
number of takeoff cycles. The example low pressure COmpressor 44 and high
pressure compressor 52 include an inner flow path wall and an outer flow path wall

that define the successive decrease in area (indicated at 100) to comprcess incoming
9
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airflow (see Figure 2). As appreciated the flow path walls are defined by platform
sections of each of the stages in the corresponding compressors. The mner flow path
wall is sloped progressively toward the outer flow path wall. The outer flow path
wall is generally of a uniform diameter and slopes little if at all. The limited slope
and curvature of the outer flow path wall provides a configuration that limits leakage
due to bending and thermal changes in compressor airfoils. Bending or thermal
changes in airfoils with the limited changes to the outer flow path wall result in
significantly little leakage and thercfore enable improved efficiency and operation at
the increased operational levels.

Figure 7 shows an embodiment 200, wherein there is a fan drive turbine 208
driving a shaft 206 to in turn drive a fan rotor 202. A gear reduction 204 may be
positioned between the fan drive turbine 208 and the fan rotor 202. This gear
reduction 204 may be structured and operate like the gear reduction disclosed above.
A compressor rotor 210 is driven by an intermediate pressure turbine 212, and a
second stage compressor rotor 214 is driven by a turbine rotor 216. A combustion
section 218 is positioned intermediate the compressor rotor 214 and the turbine
section 216.

Figure 8 shows yet another embodiment 300 wherein a fan rotor 302 and a
first stage compressor 304 rotate at a common speed. The gear reduction 306 (which
may be structured as disclosed above) 1s intermediate the compressor rotor 304 and a
shaft 308 which is driven by a low pressure turbine section.

Although an example embodiment has been disclosed, a worker of ordinary
skill in 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.
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CLAIMS:

l. A gas turbine engine comprising:

a fan including a plurality of fan blades rotatable about an axis;

a compressor section including at least a first compressor section and a second
compressor section, and wherein the first compressor section comprises a low pressure
compressor and the second compressor section compriscs a high pressure compressor, and
wherein components of the second compressor section are configured to operate at an
average exit temperature that 1s between about 1000 °F and about 1500 °F;

a combustor in fluid communication with the compressor section;

a turbine section in fluid communication with the combustor, wherein the turbine
section comprises a low pressure turbine that drives the low pressure compressor via a first
shaft and a high pressure turbine that drives the high pressure compressor via a second shatft;

a gearcd architecture driven by the turbine section for rotating the tan about the axis,
and wherein the geared architecture couples the first shaft to the fan; and

an inducer forming an additional compression section positioned in front of the high

and low pressure compressors.

2. The gas turbine engine according to claim 1 wherein the average exit temperature is

between about 1100 °F and about 1450 °F.

3. The gas turbine engine according to claim 1 wherein the tan drives air along a bypass
flow path in a bypass duct defined between a fan nacelle and a core nacelle, and wherein a

bypass ratio 1s greater than about ten.

4, The gas turbine engine according to claim 1 wherein the geared architecture has a

gear ratio that is greater than about 2.4,
. The gas turbine engine according to claim | wherein the high pressure compressor
Includes a plurality of stages with each stage comprising a disk with a plurality of blades

extending radially outwardly from a rim of the disk, and wherein the plurality of stages

includes at least a [irst stage having a first blade and disk configuration and a second stage
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having a second blade and disk configuration that is different than the first blade and disk

configuration.

6. The gas turbine engine according to claim 5 wherein the first blade and disk
configuration comprises a plurality of slots to receive the plurality of blades and including a
plurality of rim cavities for honeycomb seals, and wherein the second blade and disk

configuration comprises integrally formed blades.

7. The gas turbine engine according to claim 6 wherein the first stage is positioned

forward of the second stage.

8. The gas turbine engine according to claim 1 wherein the inducer 1s configured to

rotate at a speed common with that of the fan.

9. The gas turbine engine according to claim 1 wherein the inducer is configured to

rotate at a higher speed than the fan through an additional output of the geared architecture,

10. A gasturbine engine comprising:

a fan including a plurality of fan blades rotatable about an axis;

a compressor section including at least a first compressor section rotating at a first
spced and a second compressor scction rotating at a second speed greater than the first speed,
wherein an average exit temperature of the second compressor section 1s between about
1000 °F and about 1500 °F;

a combustor in fluid communication with the compressor section;

a turbine section in fluid communication with the combustor, wherein the turbine
section comprises a first turbine that drives the first compressor section via a first shait and a
second turbine that drives the second compressor section via a second shaft;

a geared architecture driven by the turbine section for rotating the fan about the axis,
wherein the geared architecture couples the tirst shaft to the fan; and

an inducer forming an additional compression section positioned in tront of the first

and second compressor sections.

1.  The gas turbine engine according to claim 10 wherein the average exit temperature of

the sccond compressor scction 1s between about 1100 °F and about 1450 °F.

12
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12. The gas turbine engine according to claim 10 wherein the fan drives air along a

bypass flow path in a bypass duct defined between a fan nacelle and a core nacelle, and

wherein a bypass ratio is greater than about ten.

[3. The gas turbine engine according to claim 10 wherein the geared architecture has a

gear ratio that is greater than about 2.4.

14.  The gas turbine engine according to claim 10) wherein the second compressor section
includes a plurality of stages with cach stage comprising a disk with a plurality ot blades
extending radially outwardly from a rim of the disk, and wherein the plurality of stages
includes at least a first stage having a first blade and disk configuration and a second stage

having a second blade and disk configuration that is different than the first blade and disk

configuration.

[S.  The gas turbine engine according to claim 14 wherein the first blade and disk
configuration comprises a plurality of slots to receive the plurality of blades and including a
plurality of rim cavities for honeycomb seals, and wherein the second blade and disk

configuration comprises integrally formed blades.

16. The gas turbine engine according to claim 15 wherein the first stage is positioned

forward of the second stage.

17. The gas turbine engine according to claim 10 wherein the operating average

exit temperature is determined at Sea Level, end of takeoff power, and at a rated thrust for the

gas turbine engine.,

18. The gas turbine engine as sct forth in claim 1, including an intermediatc prcssure

turbinc scction that drives a compressor rotor.

19.  The gas turbine engine as set forth in claim 1, wherein the geared architecture 1s

positioned intermediate the fan and a compressor rotor driven by the low pressure turbine.

13
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20.  The gas turbine enginc as set forth in claim |, wherein the geared architecture is
positioned upstream of the low pressure turbine and downstream of a compressor rotor driven

by the low pressure turbine.

21, The gas turbine engine according to claim I, wherein the fan is configured to operate

at a redline speed of at least 3200 rpm at the average exit temperature.

22.  The gas turbine engine according to claim 21 wherein the first compressor section is
configured to rotate at a redline speed of at least 10,000 rpm and the second compressor
section Is configured to rotate at a redline speed of at least 22,000 rpm at the average exit

temperature.

23.  The gas turbine engine according to claim 1 wherein the turbine section includes the
low pressure turbine that is a fan drive turbine coupled to drive the geared architecture, an
intermediate pressure turbine configured to drive a first compressor rotor, and a turbine rotor

of the high pressure turbine that 1s configured to drive a second compressor rotor.

24, The gas turbine engine as set forth in claim | wherein the average exit temperature is
determined at Sea Level, end of takeoff power, and at a rated thrust for the gas turbine

engine.

14
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