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of the first and second fan blades includes a mean
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Description

TECHNICAL FIELD

[0001] Exemplary embodiments of the present disclo-
sure relate generally to gas turbine engines and, in one
embodiment, a fan blade or vane of a gas turbine engine
with improved bird impact capability.

BACKGROUND

[0002] In a gas turbine engine, air is compressed in a
compressor and compressor air is then mixed with fuel
and combusted in a combustor to produce a high-tem-
perature and high-pressure working fluid. This working
fluid is directed into a turbine in which the working fluid is
expanded to generate power. The generated power
drives the rotation of a rotor within the turbine through
aerodynamic interactions between the working fluid and
turbine blades or airfoils. The rotor can be used to drive
rotations of a propeller or to produce electricity in a
generator.
[0003] In an aircraft, gas turbine engines can be used
to generate thrust for the aircraft and are typically sup-
ported in nacelles underneath horizontal wings or in
nacelles disposed next to vertical wings. In either case,
a concern for gas turbine engine health is the prospect of
bird impacts on blades or vanes at leading or forward
sections of gas turbine engines. This concern is heigh-
tenedwhencertainmaterials areused for thosebladesor
vanes, such as ceramicmatrix composites (CMC), which
are particularly susceptible to damage from impacts. A
further issue is that modifications to the blades or vanes
to mitigate damage from impacts cannot have an exces-
sively negative aerodynamic effect on airflows entering
the gas turbine engines.
[0004] Accordingly, a need exists for a fan blade or
vane of a gas turbine engine with improved bird impact
capability and limited negative aerodynamic effects.

BRIEF DESCRIPTION

[0005] According to an aspect of the invention, a gas
turbine engine is provided and includes a first fan blade
including a suction surface, a second fan blade compris-
ing a pressure surface and neighboring the first fan blade
and a throat region interposed between the suction sur-
face of the first fan blade and the pressure surface of the
second fan blade. The throat region includes a passage
throat located at a minimum distance between the pres-
sure and suction surfaces. The first and second fan
blades are configured such that a pre-compression re-
gion is defined in the throat region ahead of the passage
throat. Each of the first and second fan blades includes a
mean camber line defining a flattened suction surface.
[0006] In an embodiment of the above, each of the first
and second fan blades includes an airfoil section that is
defined on anaxisymmetric surfacewith a symmetry axis

of the surface aligned with a gas-path center-line axis.
[0007] In a further embodiment of any of the above,
each of the first and second fan blades has a symmetric
thickness distribution with a single thickness maxima.
[0008] According to an aspect of the invention, a fan
blade of a gas turbine engine is provided and includes a
body having an airfoil shape and exhibiting a range of
thickness-over-chord (T/B) values of approximately
0.0761 at about 20% span to approximately 0.0465 at
about 50% span, an average location of max thickness
(LMT) of approximately 0.3778 at about 0‑20% span and
an average of leading edge (LE) thickness at 10% chord-
over-total chord of approximately 0.0494 at 0‑20% span.
[0009] In an embodiment of the above, in about a
0%‑20% span, the airfoil shape exhibits an average
T/B of approximately 0.0887 (‑8% to +8%), in about a
20%-50%span, theairfoil shapeexhibits anaverageT/B
of approximately 0.0596 (‑8% to +8%), in about a 50% -
90% span, the airfoil shape exhibits an average T/B of
approximately 0.0394 (‑8%to+8%)and inabout a90% to
100% span, the airfoil shape exhibits an average T/B of
approximately 0.0296 (‑8% to +8%).
[0010] In a further embodiment of any of the above, in
about a 0%‑20% span, the airfoil shape exhibits an
average LMT of approximately 0.378 (‑8% to +8%), in
about a 20% - 50% span, the airfoil shape exhibits an
average LMT of approximately 0.406 (‑8% to +8%), in
about a 50% - 90% span, the airfoil shape exhibits an
average LMTof approximately 0.478 (‑8% to +8%) and in
about a 90% to 100% span, the airfoil shape exhibits an
average LMTof approximately 0.587 (‑8% to +8%).
[0011] In a further embodiment of any of the above, in
about a 0%‑20% span, the airfoil shape exhibits an
average LE thickness at 10% chord-over-total chord of
approximately 0.0494 (‑12% to +12%), in about a 20% -
50% span, the airfoil shape exhibits an average LE
thicknessat10%chord-over-total chordofapproximately
0.0292 (‑5% to +10%), in about a 50% - 90% span, the
airfoil shape exhibits an average LE thickness at 10%
chord-over-total chord of approximately 0.0198 (‑5% to
+10%)and inabout a90%to100%span, theairfoil shape
exhibits anaverageLE thicknessat 10%chord-over-total
chord of approximately 0.0135 (‑8% to +8%).
[0012] In a further embodiment of any of the above, ,
the airfoil section exhibits an increasing radial LE angle
on a given X-R plane from about a 25% (‑5% to +5%)
span to about a 75% (‑5% to +5%) span.
[0013] In a further embodiment of any of the above, the
airfoil section exhibits an inflection in the radial LE angle
distribution at about the 75% (‑5% to +5%) span above
which the radial LE angle decreases relative to the angle
at about the 75% (‑5% to +5%) span.
[0014] In a further embodiment of any of the above, the
airfoil section exhibits an increasing radial LE angle on a
given Y-R plane from about a 35% (‑5% to +5%) span to
about an 85% (‑5% to +5%) span.
[0015] In a further embodiment of any of the above, the
airfoil section exhibits an inflection in the radial LE angle
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distribution at about the 85% (‑5% to +5%) span above
which the radial LE angle decreases relative to the angle
at about the 85% (‑5% to +5%) span.
[0016] In a further embodiment of any of the above, the
airfoil section exhibits a thickness-to-chord value at a
10% chord location at about 0% LE span of approxi-
mately 0.0688 (‑15% to +15%), which tapers to approxi-
mately 0.0442 (‑12% to +12%) at 11% LE span.
[0017] In a further embodiment of any of the above, the
airfoil section exhibits a chord distribution that has an
inflection point between about 50%and about 70%span,
the inflection point having a magnitude approximately
1.45 - 1.55 times a magnitude of the chord at 0% span,
and approximately 1 - 1.1 times amagnitude of the chord
at 100% span.
[0018] According to an aspect of the invention, an air-
foil is provided and includes a suction surface exhibiting
droop over a first 5%of airfoil chord, after which a suction
surface metal-angle distribution is approximately flat
along a flat suction surface region, up to approximately
‑5% of a chord location where an adjacent airfoil covers
the airfoil. Following the flat suction surface region, the
suction surface metal-angle distribution exhibits a nearly
constant-angle region between ‑5%and +5%of an airfoil
covered-passage starting position. Following the nearly
constant-angle region, the suction surface metal-angle
distribution is approximately linear along a linear section,
except at front and end points of this region, where the
linear section blends into the nearly constant-angle re-
gion and trailing-edge locations, respectively.
[0019] In an embodiment of the above, an increase in a
section maximum-thickness is evidenced on a pressure
surface only.
[0020] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a partial cross-sectional view of a gas
turbine engine;

FIG. 2 is a perspective view of an airfoil section of a
flan blade in accordance with embodiments;

FIG. 3 is a side view of the airfoil section of FIG. 2 in
accordance with embodiments;

FIG. 4 is a schematic illustration of a flow passage
formedbyneighboring fanblades in accordancewith
embodiments;

FIG. 5 is a graphical depiction of a range of thick-
ness-over-chord (T/B) values of an airfoil section in

accordance with embodiments;

FIGS. 6A and 6B are graphical illustrations of radial
leading edge angles of an airfoil section in accor-
dance with embodiments;

FIGS. 7A and 7B are graphical illustrations of radial
leading edge angles of an airfoil section in accor-
dance with embodiments;

FIG. 8 is a graphical depiction of a leading edge
thickness distribution of an airfoil section in accor-
dance with embodiments; and

FIGS. 9A‑9C illustrate a custom tailored airfoil to
compensate for the required increases inairfoil thick-
ness for impact-damage resistancewhileminimizing
the negative effects of this thickness on the airfoil
aerodynamics in accordance with embodiments.

[0022] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

DETAILED DESCRIPTION

[0023] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein byway of exemplification andnot limitation
with reference to the Figures.
[0024] FIG. 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 sec-
tion 26 and a turbine section 28. Alternative engines
might include other systems or features. The fan section
22 drives air along a bypass flow path B in a bypass duct,
while the compressor section 24 drives air along a core
flow path C for compression and communication into the
combustor section 26 and 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 herein are not limited to use with two-spool
turbofans as the teachingsmay be applied to other types
of turbine engines including three-spool architectures.
[0025] The exemplary gas turbine 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 systems38at various locationsmayalternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0026] 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
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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 fan42at a lower speed than the lowspeed spool
30. The high speed spool 32 includes an outer shaft 50
that interconnects a high pressure compressor 52 and
high pressure turbine 54. A combustor 56 is arranged in
the gas turbine engine 20 between the high pressure
compressor 52 and the high pressure turbine 54. The
engine static structure 36 is arranged generally between
the high pressure turbine 54 and the lowpressure turbine
46. The engine static structure 36 further supports the
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 long-
itudinal axis A which is collinear with their longitudinal
axes.
[0027] The core airflow is compressed by the low
pressure compressor 44 and then the high pressure
compressor 52, is mixed and burned with fuel in the
combustor 56 and is then expanded over the high pres-
sure turbine 54 and the low pressure turbine 46. The high
and lowpressure turbines 54 and46 rotationally drive the
low speed spool 30 and the high speed spool 32, respec-
tively, in response to the expansion. It will be appreciated
that each of the positions of the fan section 22, compres-
sor section 24, combustor section 26, turbine section 28,
and fan drive gear system 48 may be varied. For exam-
ple, geared architecture 48 may be located aft of the
combustor section 26 or even aft of the turbine section
28, and the fan section 22 may be positioned forward or
aft of the location of geared architecture 48.
[0028] The gas turbine engine 20 in one example is a
high-bypass geared aircraft engine. In a further example,
the gas turbine engine 20 bypass ratio is greater than
about six (6), with an example embodiment being greater
than about ten (10), the geared architecture 48 is an
epicyclic gear train, such as a planetary gear system
or other gear system, with a gear reduction ratio of great-
er than about 2.3 and the low pressure turbine 46 has a
pressure ratio that is greater than about five. In one
disclosedembodiment, the gas turbine engine20bypass
ratio is greater than about ten (10:1), the fan diameter is
significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater thanabout five5:1. Lowpressure
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 embo-
diment of a geared architecture engine and that the
present disclosure is applicable to other gas turbine
engines including direct drive turbofans.
[0029] A significant amount of thrust is provided by the

bypass flow B due to the high bypass ratio. The fan
section 22 of the gas turbine engine 20 is designed for
a particular flight condition--typically cruise at about 0.8
Mach and about 35,000 feet (10,688 meters). The flight
condition of 0.8Mach and 35,000 ft (10,688meters), with
the engine at its best fuel consumption--also known as
"bucket cruise Thrust Specific Fuel Consumption
(’TSFC’)"--is the industry standard parameter of lbm of
fuel being burned divided by lbf 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 one
non-limiting embodiment is less than about 1.45. "Low
corrected fan tip speed" is theactual fan tip speed in ft/sec
dividedbyan industry standard temperature correction of
[(Tram °R)/(518.7 °R)]0.5. The "Low corrected fan tip
speed" as disclosed herein according to one non-limiting
embodiment is less than about 1150 ft/second (350.5
m/sec).
[0030] As will be described below, a fan blade is pro-
vided for use with the gas turbine engine 20 of FIG. 1 as
well as other similar assemblies. Fan blades are typically
made out of a variety ofmaterials, includingmetal or fiber
composites.When fiber composites are used fan blades,
the fan blades need to have increased thickness relative
to ametal blade,which tends to result in a decrease in fan
efficiency. To make a fan blade out of fiber composite
materials that also has a high level of aerodynamic
efficiency requires that the thickness, chord and camber
distributions of the fan blade all be tailored to enable the
fan blade to withstand bird impacts while still delivering
world class performance over full operating ranges.
[0031] Thus, fan blade design is provided for, but not
limited to, an 81" fan blade assembly with 16 blades, an
average span of 27 inches per fan blade, a fan duct
pressure ratio of 1.38 and a tip speed of 1050 ft/sec at
cruise conditions, which ismade out of carbon composite
material or other similar materials. This new fan blade
design incorporates thickness and camber distributions
that improvebird impact capabilitywhileminimizingaero-
dynamic performance debit. The fan blade is an airfoil
that combines both a high maximum thickness distribu-
tion with a forward location of maximum thickness with
increased thickness in the forward portion of the airfoil in
order to reduce stresses in the front portiondue to thebird
impact.Equally important, theairfoil incorporatesahighly
tailored camber distribution over the whole airfoil, opti-
mized in both the core and duct regions, in order to
maximize flow capacities and the efficiency of the fan
bladeoverentire operatingenvelopes. This is particularly
relevant in the region of span that affects the flow going
into the core stream, which is dependent on the bypass
ratio for a particular application (in an exemplary case,
thespanaffected is from0%toapproximately18%span).
[0032] With continued reference to FIG. 1 and with
additional reference to FIGS. 2 and 3 and FIG. 4, a fan
blade 201 is provided. FIGS. 2 and 3 are isometric and
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side views of a portion of the fan blade 201 that is
configured to be disposed within a high-temperature
andhigh-pressureflowpathof, for example, agas turbine
engine, such as the gas turbine engine 20 of FIG. 1. FIG.
4 is an illustration of a pair of adj acent airfoils showing a
pre-compression region, a passage throat and a flat
suction-surface in the post-throat diffuser region.
[0033] As shown in FIGS. 2 and 3, the fan blade 201
includes a body 202 with an airfoil shaped section (here-
inafter referred to as the "airfoil section") 210. The airfoil
section 210 has a root 211, a tip 212, leading and trailing
edges 213 and 214 that extend between the root 211 and
the tip 212 and pressure and suction surfaces 215 and
216 (see FIG. 4).
[0034] As shown in FIG. 4, the fan blade 201 can be
provided as a first fan blade 2011 and a second fan blade
2012 neighboring the first fan blade 2011 with a throat
region220 interposedbetween thesuctionsurface216of
the first fan blade 2011 and the pressure surface 215 of
the second fan blade 2012. The throat region 220 in-
cludes a passage throat 221 that is located at aminimum
distancebetween thepressure surface215of the second
fan blade 2012 and the suction surface 216 of the first fan
blade 2011. In accordance with embodiments, the first
and second fan blades 2011 and 2012 are configured
such that a pre-compression region 230 is defined in the
throat region 220 ahead of the passage throat 221 and
each of the first and second fan blades 2011 and 2012
includes a mean camber line MCL defining a flattened
suction surface. In addition, each of the first and second
fanblades2011and2012 includesanairfoil section that is
defined on an axisymmetric surfacewith a symmetry axis
of thesurfacealignedwithagas-path center-lineaxis and
eachof the first andsecond fanblades2011and2012has
a symmetric thickness distributionwith a single thickness
maximum. This configuration maximizes flow-capacities
and minimizes losses of the airfoil sections, while simul-
taneously maximizing a length of the passage ’diffuser’
region between the passage throat 221 and the airfoil
trailing-edges 213.
[0035] FIG. 5 is a graphical plot of a maximum thick-
ness versus chord distribution for a fan blade, suchas the
fan blade 201 of FIGS. 2 and 3. The graphical plot shows
that the maximum thickness versus chord distribution is
relatively reduced between 0 and 50% span and parti-
cularly in the regionbetween20%and50%span.FIG. 6A
is planar view of the leading edge (LE) of an airfoil (i.e., of
fanblade201) along theX-RplaneandFIG. 6B is aplot of
the angle of the LE on the X-R plane and illustrates that
LE angle distribution in the X-R plane is correlated to bird
impact capability of the blade (i.e., the fan blade 201).
FIG. 7A is a planar view of the LE of the airfoil (i.e., of fan
blade201)along theY-Rplaneand illustrateshowangles
that are plotted in FIG. 7Bare calculated. FIG. 7B is a plot
of the angle of the LE on the Y-R plane and illustrates that
the LE angle distribution in the Y-R plane is correlated to
the bird impact capability of the blade (i.e., the fan blade
201). FIG. 8 is a plot of a distribution of airfoil thickness at

10% chord divided by the total chord (i.e., for fan blade
201). FIG. 8 illustrates that a thickness in the front portion
of theblade is relatively largeparticularly in the0%to90%
span.
[0036] With reference to FIGS. 5‑8, the airfoil section
210exhibitsa rangeof thickness-over-chord (T/B) values
of approximately 0.0761 at about 20% span to approxi-
mately 0.0465 at about 50%span, an average location of
max thickness (LMT) of approximately 0.3778 at about
0‑20% span and an average of leading edge (LE) thick-
ness at 10% chord-over-total chord of approximately
0.0494at0‑20%span (values listedhereinare calculated
for values interrogated at 5% increments along a span of
the airfoil 201; this regime will continue throughout the
following description). More specifically, in about a
0%‑20%span, the airfoil section 210 exhibits an average
T/B of approximately 0.0887 (‑8% to +8%), in about a
20% - 50% span, the airfoil section 210 exhibits an
average T/B of approximately 0.0596 (‑8% to +8%), in
about a 50% - 90% span, the airfoil section 210 exhibits
an average T/B of approximately 0.0394 (‑8% to +8%)
and in about a 90% to 100% span, the airfoil section 210
exhibits an average T/B of approximately 0.0296 (‑8% to
+8%).Further, inabout a0%‑20%span, theairfoil section
210 exhibits an average LMT of approximately 0.378
(‑8% to +8%), in about a 20% - 50% span, the airfoil
section 210 exhibits an average LMT of approximately
0.406 (‑8% to+8%), in about a 50% - 90%span, the airfoil
section 210 exhibits an average LMT of approximately
0.478 (‑8% to +8%), and in about a 90% to 100% span,
the airfoil section 210 exhibits an average LMT of ap-
proximately 0.587 (‑8% to+8%).Also, in about a0%‑20%
span, the airfoil section 210 exhibits an average LE
thickness of approximately 0.0494 (‑12% to +12%), in
about a 20% - 50% span, the airfoil section 210 exhibits
anaverageLE thicknessof approximately 0.0292 (‑5% to
+10%), in about a 50% - 90% span, the airfoil section 210
exhibits an average LE thickness of approximately
0.0198 (‑5% to +10%), and in about a 90% to 100%span,
the airfoil section 210 exhibits an average LE of approxi-
mately 0.0135 (‑8% to +8%).
[0037] In accordance with further embodiments, an
angle of the LE, as assessed between adjacent sections
stacked radially upon each other, affects how the incom-
ingbird is impacted (and, i.e., sliced) by the fanblade201.
For this fan blade 201, a first region of the airfoil section
210, which starts at about 35% span and extends to 75%
span, but is not limited to these locations, is characterized
in that the radial LE angle on a plane defined by X and R
has increasing value from about a 25% (‑5% to +5%)
span to about a 75% (‑5% to +5%) span (see FIG. 6A)
with an inflection in the radial LE angle distribution at
about 75% (‑5% to +5%), but not limited to that location,
above which there is a second region in which the radial
LE angle decreases relative to the angle at about 75%
(‑5% to+5%)span (seeFIG.6B).Here, apositiveangle is
defined by two radially adjacent sections, and the upper
section is axially aft of the lower section (see FIG. 6A).
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Additionally or alternatively, for the radial LE angle on a
plane defined by Y and R, a region of the airfoil section
210 that starts at about 35% (‑5% to +5%) span has an
increasing radial angle to about 85% (‑5% to +5%) span
(see FIG. 7A) with an inflection in the radial LE angle
distribution at about the 85% (‑5% to +5%) span above
which the radial LE angle decreases relative to the angle
at about the 85% (‑5% to +5%) span (see FIG. 7B). Here,
a negative angle is defined by two radially adjacent
sections, and theupper section is farther into thedirection
of rotation relative to the lower section (see FIG. 6A).
[0038] The radial LE angles affect bird impact capabil-
ity because the non-uniform radial LE shape profile al-
lows a varying amount of blade material to cut into the
bird, with varying amounts of energy transferred from the
bird to the blade. Also, the force at the impact location is
distributed in three coordinate directions due to the
angled LE shape profile, and dissipates the energy into
more advantageous areas of the airfoil.
[0039] With reference to FIG. 8, the airfoil section 210
also exhibits a thickness-to-chord value at a 10% chord
location at about 0% LE span of approximately 0.0688
(‑15% to +15%), which tapers to approximately 0.0442
(‑12% to +12%) at 11% LE span.
[0040] In addition, the airfoil section 210 exhibits a
chord distribution that has an inflection point between
about 50% and about 70% span, the inflection point
having a magnitude approximately 1.45 - 1.55 times a
magnitudeof thechordat 0%span, andapproximately 1 -
1.1 times a magnitude of the chord at 100% span.
[0041] FIG. 9A is a plot of an airfoil (i.e., of fan blade
201) cross section in a transonic region of the airfoil and
illustrates droop and flatness of the suction surface over
the front portionof theairfoil aswell asnearbyamaximum
thickness location on the airfoil the suction side surface
remains flat but the pressure side surface deflects out-
wards as it accommodates increased thickness. FIG. 9B
are plots of the metal angle distribution of the suction
side, meanline and pressure side of the airfoil shown in
FIG. 9A and illustrate a bump on the suction-side angle
distribution near 40% chord of the airfoil as well as the
nearly linear suction-side angle distribution in the aft
portion of the airfoil. In addition, the thickness distribution
over the chord of this airfoil section is also shown in the
lower right plot, which shows that the airfoil has consid-
erably increased thickness particularly in the front portion
of the airfoil and at the max thickness location. FIG. 9C
illustrates a corresponding predicted isentropic Mach
number distribution over the surface of the airfoil section
of FIG. 9A.
[0042] With reference to FIGS. 9A, 9B and 9C and in
accordance with embodiments, the airfoil section 210
can be tailored, especially in a sensitive transonic region
of the airfoil span, to compensate for required increases
in airfoil thickness for impact-damage resistance while
minimizing negative effects on aerodynamics. Such a
tailored airfoil section 210 is illustrated in FIGS. 9A and
9B with a resultant surface isentropic mach-number

loading plot illustrated in FIG. 9C, computed at the airfoil
aerodynamic design point.
[0043] As shown in FIG. 9B in particular, the airfoil
suction surface exhibits droop over the first 5% of airfoil
chord, after which the suction surface metal-angle dis-
tribution is kept approximately flat, up to approximately
‑5% of the chord location where the adjacent airfoil
’covers’ the airfoil. Following the flat suction-surface re-
gion, the suction-surface metal-angle distribution exhi-
bits a nearly constant-angle region between ‑5% & +5%
of theairfoil covered-passagestartingposition. Following
the nearly constant-angle region, the suction-surface
metal-angle distribution is approximately linear, except
at the front and endpoints of this region where the linear
section blends into the nearly constant-angle region and
trailing-edge locations respectively.With thedesired suc-
tion-surface now achieved, the thickness distribution is
applied such that the increase in sectionmaximum-thick-
ness is evidenced on the pressure-surface only. The
chordwise location of section maximum-thickness is po-
sitioned as optimally as possible to balance the favorable
effect of moving the chordwise location of section max-
imum-thickness closer to the leading-edge for impact-
damage resistance, versus the unfavorable effect mov-
ing thechordwise locationof sectionmaximum-thickness
forward has on airfoil operating range, loss and shock-
boundary-layer interaction (if a shock is present). The
combination of the features described herein creates a
pressure-surfacemetal-angle distribution that displays a
pronounced concave distribution between the position of
maximum-thickness and the trailing-edge as shown in
FIG. 9B.
[0044] As additional embodiments, the airfoil section
210 is formed to create a slight pre-compression region
before the airfoil passage shockwave as shown in the
circled feature in theMach-number plot of FIG. 9C. Here,
pre-compression acts to slightly reduce the pre-shock
Mach number thus reducing airfoil loss and making
shock-boundary-layer-interaction less likely. The combi-
nation of the features described herein result in a con-
cavity that transfers loading (difference in suction versus
pressure surface Mach-number, or equivalently static-
pressure) from the suction-surface to the pressure-sur-
face, as indicatedby the twodownwardpointingarrows in
FIG. 9C at approximately 45% and 80% of airfoil chord
respectively.
[0045] The transfer of the airfoil loading in this manner
allows the airfoil to accommodate increased airfoil thick-
ness requirements, without compromising sensitive suc-
tion-surface aerodynamics. Transferring the loading to
the pressure-surface aft region also helps to reduce air-
foil profile loss, as the equivalent loading is occurring at a
lower overall passageMach number (profile losses scale
with the cube of the boundary-layer edge velocity, so
small reductions in the boundary-layer-edge velocity can
yield useful gains in loss reduction).
[0046] The resultant effect of these geometric features
in combination is an efficient airfoil section 210 and a
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resulting blade passage that exhibits low loss and high
stalling static-pressure-rise capability. It also suppresses
the formation of passage loss cores, when the trailing-
edgemean camber linemetal-angle is below ~7 degrees
or greater than ~20 degrees.
[0047] Benefitsof the featuresdescribedhereinare the
provision of a fan blade in which a thickness distribution
and a tailored camber distribution are incorporated into
the fan bladedesignallowing for the fanblade to bemade
out of a composite material and remain competitive for
aerodynamic performance. The thickness distribution
reduces tensile and compressive stresses experienced
during a bird impact event, while the camber distribution
enablesworld-classperformancebyminimizing thepres-
sure and shock losses, therefore maximizing efficiency.
[0048] The term "about" is intended to include the
degree of error associated with measurement of the
particular quantity based upon the equipment available
at the time of filing the application.
[0049] The terminology used herein is for the purpose
of describing particular embodiments only and is not
intended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one ormore other features, integers, steps, opera-
tions, element components, and/or groups thereof.
[0050] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closurewithout departing from the essential scope there-
of. Therefore, it is intended that thepresent disclosurenot
be limited to the particular embodiment disclosed as the
best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include
all embodiments falling within the scope of the claims.

Claims

1. A gas turbine engine, comprising:

a first fan blade (2011) comprising a suction
surface (216);
a second fan blade (2012) comprising a pres-
sure surface (215) and neighboring the first fan
blade (2011); and
a throat region (220) interposed between the
suction surface (216) of the first fan blade

(2011) and the pressure surface (215) of the
second fan blade (2012), the throat region
(220) comprising a passage throat (221) located
at a minimum distance between the pressure
and suction surfaces (216),
the first and second fan blades (2011, 2012)
being configured such that a pre-compression
region is defined in the throat region (220) ahead
of the passage throat (221) and each of the first
and second fan blades (2011, 2012) comprising
a mean camber line defining a flattened suction
surface (216).

2. Thegas turbine engine according to claim1,wherein
each of the first and second fan blades (2011, 2012)
comprises an airfoil section (210) that is defined on
an axisymmetric surface with a symmetry axis of the
surface aligned with a gas-path center-line axis.

3. The gas turbine engine according to claim 1 or 2,
wherein each of the first and second fan blades
(2011, 2012) has a symmetric thickness distribution
with a single thickness maximum.

4. A fan blade of a gas turbine engine, comprising:
a body (202) having an airfoil shape and exhibiting:

a range of thickness-over-chord (T/B) values of
approximately 0.0761 at about 20% span to
approximately 0.0465 at about 50% span,
an average location of max thickness (LMT) of
approximately 0.3778 at about 0‑20%span, and
an average of leading edge (LE) thickness at
10% chord-over-total chord of approximately
0.0494 at 0‑20% span.

5. The fan blade according to claim 4, wherein:

in about a 0%‑20% span, the airfoil shape ex-
hibits an average T/B of approximately 0.0887
(‑8% to +8%),
in about a 20% - 50% span, the airfoil shape
exhibits an average T/B of approximately
0.0596 (‑8% to +8%),
in about a 50% - 90% span, the airfoil shape
exhibits an average T/B of approximately
0.0394 (‑8% to +8%), and
in about a 90% to 100% span, the airfoil shape
exhibits an average T/B of approximately
0.0296 (‑8% to +8%).

6. The fan blade according to claim 4 or 5, wherein:

in about a 0%‑20% span, the airfoil shape ex-
hibits an average LMT of approximately 0.378
(‑8% to +8%),
in about a 20% - 50% span, the airfoil shape
exhibits an average LMTof approximately 0.406
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(‑8% to +8%),
in about a 50% - 90% span, the airfoil shape
exhibits an average LMTof approximately 0.478
(‑8% to +8%), and
in about a 90% to 100% span, the airfoil shape
exhibits an average LMTof approximately 0.587
(‑8% to +8%).

7. The fan blade according to claim 4, 5 or 6, wherein:

in about a 0%‑20% span, the airfoil shape ex-
hibits an average LE thickness at 10% chord-
over-total chord of approximately 0.0494 (‑12%
to + 12%),
in about a 20% - 50% span, the airfoil shape
exhibits an average LE thickness at 10% chord-
over-total chordof approximately 0.0292 (‑5% to
+10%),
in about a 50% - 90% span, the airfoil shape
exhibits an average LE thickness at 10% chord-
over-total chordof approximately 0.0198 (‑5% to
+10%), and
in about a 90% to 100% span, the airfoil shape
exhibits an average LE thickness at 10% chord-
over-total chordof approximately 0.0135 (‑8% to
+8%).

8. The fan blade according to any of claims 4 to 7,
wherein the airfoil section (210) exhibits an increas-
ing radial LEangle onagivenX-Rplane fromabout a
25% (‑5% to +5%) span to about a 75% (‑5% to +5%)
span.

9. The fan blade according to any of claims 4 to 8,
wherein the airfoil section (210) exhibits an inflection
in the radial LE angle distribution at about the 75%
(‑5% to +5%) span above which the radial LE angle
decreases relative to the angle at about the 75%
(‑5% to +5%) span.

10. The fan blade according to any of claims 4 to 9,
wherein the airfoil section (210) exhibits an increas-
ing radial LE angle on a givenY-R plane fromabout a
35% (‑5% to +5%) span to about an 85% (‑5% to
+5%) span.

11. The fan blade according to any of claims 4 to 10,
wherein the airfoil section (210) exhibits an inflection
in the radial LE angle distribution at about the 85%
(‑5% to +5%) span above which the radial LE angle
decreases relative to the angle at about the 85%
(‑5% to +5%) span.

12. The fan blade according to any of claims 4 to 11,
wherein the airfoil section (210) exhibits a thickness-
to-chord value at a 10% chord location at about 0%
LE span of approximately 0.0688 (‑15% to +15%),
which tapers to approximately 0.0442 (‑12% to +

12%) at 11% LE span.

13. The fan blade according to any of claims 4 to 12,
wherein the airfoil section (210) exhibits a chord
distribution that has an inflection point between
about 50% and about 70% span, the inflection point
having a magnitude approximately 1.45 - 1.55 times
a magnitude of the chord at 0% span, and approxi-
mately1 -1.1 timesamagnitudeof thechordat100%
span.

14. An airfoil, comprising:

a suction surface (216) exhibiting droop over a
first 5% of airfoil chord, after which a suction
surface metal-angle distribution is approxi-
mately flat along a flat suction surface region,
up to approximately ‑5% of a chord location
where an adjacent airfoil covers the airfoil,
wherein:

following the flat suction surface region, the
suction surface metal-angle distribution ex-
hibits a nearly constant-angle region be-
tween ‑5% and +5% of an airfoil covered-
passage starting position, and
following the nearly constant-angle region,
the suction surface metal-angle distribution
is approximately linear along a linear sec-
tion, except at front and end points of this
region, where the linear section blends into
the nearly constant-angle region and trail-
ing-edge locations, respectively.

15. The airfoil according to claim 14, wherein an in-
crease in asectionmaximum-thickness isevidenced
on a pressure surface (215) only.
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