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(54) Gas turbine engine airfoil comprising angled cooling passages

(57) An airfoil (104) according to an exemplary as-
pect of the present disclosure includes, among other
things, a first cooling hole (201) with a first cooling pas-
sage (202) arranged at a first angle relative to a chord-
wise axis (D) and a second cooling hole (211) with a

second cooling passage (212) arranged at a second dif-
ferent angle relative to the chordwise axis (D). A radial
projection of the first cooling passage (202) intersects a
radial projection of the second cooling passage (212).
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Description

BACKGROUND

[0001] This application relates generally to cooling
within a gas turbine engine, and more particularly, to air-
foil convective film cooling.
[0002] Typical gas turbine engines include a fan deliv-
ering air into a bypass duct as propulsion air and to be
utilized to cool components. The fan also delivers air into
a core engine where it is compressed in a compressor.
The compressed air is then delivered into a combustion
section where it is mixed with fuel and ignited. Products
of the combustion pass downstream over turbine rotors,
driving them to rotate.
[0003] Some portions of the gas turbine engine can
include variable vanes. It is known to use many rows of
cooling holes distributed on the airfoil surface to provide
film cooling at a single predefined stagnation point. As
known, adjusting the variable vanes alters flow through
the gas turbine engine. Adjusting variable vanes also al-
ters flow to the blades axially downstream of the variable
vanes.
[0004] Adjusting the variable vanes changes the posi-
tion and characteristic shape of the stagnation point
along the surface of the vane.

SUMMARY

[0005] An airfoil according to an exemplary aspect of
the present disclosure includes a first cooling hole with
a first cooling passage arranged at a first angle relative
to a chordwise axis, and a second cooling hole with a
second cooling passage arranged at a second, different
angle relative to the chordwise axis. A radial projection
of the first cooling passage intersects a radial projection
of the second cooling passage.
[0006] In a further embodiment of any of the foregoing
embodiments, at least one of the first and second cooling
holes includes a diffuser.
[0007] In a further embodiment of any of the foregoing
embodiments, the diffuser of the second cooling hole de-
fines a generally quadrilateral cross section
[0008] In a further embodiment of any of the foregoing
embodiments, the diffuser of the first cooling hole defines
a generally elliptical cross section.
[0009] In a further embodiment of any of the foregoing
embodiments, the first cooling hole is on a leading edge
of the airfoil.
[0010] In a further embodiment of any of the foregoing
embodiments, the second cooling hole is on a pressure
side of the airfoil.
[0011] In a further embodiment of any of the foregoing
embodiments, the second cooling hole is on a suction
side of the airfoil.
[0012] In a further embodiment of any of the foregoing
embodiments, the airfoil includes an internal cavity, and
both the first cooling hole and second cooling hole are in

fluid communication with the internal cavity.
[0013] In a further embodiment of any of the foregoing
embodiments, the first cooling hole is arranged at a first
vertical angle relative to a spanwise axis, and the second
cooling hole is arranged a second, different vertical angle
relative to the spanwise axis.
[0014] In a further embodiment of any of the foregoing
embodiments, the difference between the first vertical
angle and the second vertical angle is between about
30° and about 120°.
[0015] In a further embodiment of any of the foregoing
embodiments, the first cooling passage defines a pas-
sage axis and a second inlet of the second cooling hole
is on an opposite side of the passage axis from a second
outlet of the second cooling hole.
[0016] In a further embodiment of any of the foregoing
embodiments, the first cooling hole has a first inlet and
a first outlet and the second inlet is closer to the chordwise
axis than the first inlet and the first outlet is closer to the
chordwise axis than the second outlet.
[0017] In a further embodiment of any of the foregoing
embodiments, a ratio of heat load area to a total internal
surface area of the first and second cooling holes is be-
tween about 0.90 and about 2.20.
[0018] In a further embodiment of any of the foregoing
embodiments, the airfoil is a variable vane.
[0019] In a further embodiment of any of the foregoing
embodiments, the airfoil is a stationary turbine vane.
[0020] In a further embodiment of any of the foregoing
embodiments, the airfoil is a turbine blade.
[0021] A section for a gas turbine engine according to
an example of the present disclosure includes a rotor and
a variable vane positioned downstream of the rotor. At
least one of the rotor and variable vane includes an airfoil
with a plurality of first cooling holes and a plurality of
second cooling holes, each of the first cooling holes hav-
ing a first cooling passage arranged at a first angle rela-
tive to a chordwise axis and each of the second cooling
holes having a second cooling passage arranged at a
second, different angle relative to the chordwise axis. A
radial projection of one of the first cooling passages in-
tersects a radial projection of one of the second cooling
passages.
[0022] In a further embodiment of any of the foregoing
embodiments, each of the plurality first and second cool-
ing holes includes a diffuser.
[0023] In a further embodiment of any of the foregoing
embodiments, at least one of the first cooling passages
defines a passage axis, and a second inlet of at least one
of the second cooling holes is on an opposite side of the
passage axis from a second outlet of the at least one of
the second cooling holes.
[0024] In a further embodiment of any of the foregoing
embodiments, each of the first cooling holes has a first
inlet and a first outlet, and each of the second cooling
holes has a second inlet and a second outlet. The second
inlet is closer to the chordwise axis than the first inlet and
the first outlet is closer to the chordwise axis than the
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second outlet.
[0025] In a further embodiment of any of the foregoing
embodiments, the section is a turbine section.
[0026] The various features and advantages of this in-
vention will become apparent to those skilled in the art
from the following detailed description of an embodiment.
The drawings that accompany the detailed description
can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure 1 schematically shows a gas turbine engine.
Figure 2 schematically shows a turbine section in-
cluding an exemplary airfoil with cooling passages.
Figure 3A illustrates a stagnation point of flow across
the airfoil of Figure 2 at section E-E when the flow
has a neutral incidence angle.
Figure 3B illustrates a stagnation point of flow across
the airfoil of Figure 2 at section of E-E when the flow
has a positive incidence angle.
Figure 3C illustrates a stagnation point of flow across
the airfoil of Figure 2 at section of E-E when the flow
has a negative incidence angle.
Figure 4A illustrates a detailed view of section E-E
of Figure 2.
Figure 4B illustrates the cooling hole configuration
of Figure 4A.
Figure 4C illustrates a cross section view along line
I-I of the airfoil of Figure 4A.
Figure 5 illustrates a cross section view along line
H-H of the airfoil of Figure 4B.

DETAILED DESCRIPTION

[0028] 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 28. 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 within a
nacelle 15, while the compressor section 24 drives air
along a core flow path C for compression and communi-
cation 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 herein are not limited to use with
two-spool turbofans as the teachings may be applied to
other types of turbine engines including three-spool ar-
chitectures.
[0029] 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 bear-

ing 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 applica-
tion.
[0030] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 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 architec-
ture 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 50 that interconnects a second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine engine 20 between the high pressure compressor
52 and the high pressure turbine 54. A mid-turbine frame
57 of the engine static structure 36 is arranged generally
between the high pressure turbine 54 and the low pres-
sure turbine 46. The mid-turbine frame 57 further sup-
ports 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 their longitudinal
axes.
[0031] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 57 includes air-
foils 59 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.
It 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 48 may
be varied. For example, gear system 48 may be located
aft of combustor section 26 or even aft of turbine section
28, and fan section 22 may be positioned forward or aft
of the location of gear system 48.
[0032] 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 (6:1), with an
example embodiment being greater than about ten
(10:1), the geared architecture 48 is an epicyclic gear
train, such as a planetary gear system or other gear sys-
tem, with a gear 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 one 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 pres-
sure 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 archi-
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tecture 48 may be an epicycle gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction 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.
[0033] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
10,668 metres (35,000 feet). The flight condition of 0.8
Mach and 10,668 metres (35,000 ft), with the engine at
its best fuel consumption - also known as "bucket cruise
Thrust Specific Fuel Consumption (’TSFC’)" - is the in-
dustry standard parameter of lbm of fuel being burned
divided by lbf of thrust the engine produces at that min-
imum 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 the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]0.5. The
"Low corrected fan tip speed" as disclosed herein ac-
cording to one non-limiting embodiment is less than
about 350.5 m/second (1150 ft / second).
[0034] Figure 2 illustrates an example turbine section
28 including a cooled component with a convective cool-
ing passage arrangement which may be used in a gas
turbine engine such as engine 20. The example turbine
section 28 includes a rotor 102 that supports a plurality
of turbine blades 103, stationary turbine vanes 160, and
variable vanes 105 each having an airfoil 104. In a dis-
closed example, a component which is cooled is airfoil
104 of a variable vane 105. It should be understood there
are plural circumferentially spaced variable vanes 105.
However, the convective cooling passage arrangement
disclosed herein can extend to other components having
airfoils, including stationary vanes such as stationary
vane 160, rotor blades such as turbine blade 103, inlet
guide vanes (e.g., the airfoils 59 of the mid-turbine frame
57), and airfoils in the compressor section 24 such as
stators 37 and 47 and rotors 35 and 45 (shown in Figure
1). This disclosure may be particularly beneficial when
used in the turbine section 28, as components in this
portion of the engine 20 are exposed to relatively high
temperatures during engine operation. However, other
portions of the engine 20 may benefit from the features
herein.
[0035] Each airfoil 104 of the variable vanes 105 is
rotatable about a spanwise axis D. The airfoil 104 has a
leading edge 106 and a trailing edge 109 spaced in a
chordwise direction. The variable vane 105 can include
a mechanical link 152 attached to an actuator 154. The
actuator 154 is configured to change an angle of inci-
dence of the airfoil 104 relative to the incoming high en-
ergy gas flow 146. The variable vane 105 is supported

within a static structure that includes an outer housing
148 and an inner housing 150.
[0036] The variable vane 105 receives cooling air flow
144 from an inner chamber 110 defined by the inner hous-
ing 150 and/or an outer chamber 112 defined by the outer
housing 148. The air flow 144 is of a relatively cooler
temperature than the high energy gases 146 along core
flow path C. In one example, the airfoil 104 has a plurality
of cooling holes 108 located adjacent to the leading edge
106. Cooling air 144 can be drawn as bleed air from the
compressor section 24 and directed through the cooling
air chambers 112 and 110 to the airfoil 104, and through
the plurality of cooling holes 108 to provide convective
and film cooling of the airfoil 104 during operation. The
blade 103 and/or stationary turbine vane 160 can also
include cooling holes 108.
[0037] Figures 3A, 3B, and 3C show a highly schematic
cross section view of the airfoil 104 of Figure 2 through
line E-E, rotated at various positions relative to the direc-
tion of the high energy gas flow 146. A stagnation point
84 is the point on the airfoil 104 where hot working fluid
velocity is substantially zero, and is typically the point
along the turbine airfoil with the highest thermal loading.
Heat load into the airfoil is a function of both the external
temperature and fluid-boundary layer conditions. In var-
iable vane assemblies, as the airfoil 104 rotates relative
to the direction of the high energy gas flow 146, the stag-
nation point 84 moves from the leading edge 106 to one
of the suction side 72 and the pressure side 70 depending
on the rotational position of the airfoil 104. Accordingly,
the portion of surface of the airfoil 104 having the greatest
relative heat loading changes with rotation of the airfoil
104.
[0038] In a neutral incident orientation (Figure 3A), the
leading edge 106, which is at the confluence of the suc-
tion side 72 and pressure side 70 of the airfoil 104, is
disposed substantially in alignment with the incoming hot
gas flow 146. In this position, the stagnation point 84 will
be at or substantially near leading edge 106. Rotation of
the airfoil 104 about spanwise axis D toward a positive
incidence orientation (Figure 3B) causes the hot gas flow
146 to impact a surface along the pressure side 70. The
stagnation point 84p is therefore located at a position on
the pressure side 70. Likewise, rotation of the airfoil 104
towards a negative incidence (Figure 3C) defines the
stagnation point 84n at the suction side 72.
[0039] In this example, the positive incidence angle of
Figure 3B can be shifted about one-hundred-eighty de-
grees from the negative incidence angle of Figure 3C.
Thus, the maximum stagnation point 84p of Figure 3B
and the maximum stagnation point 84n of Figure 3C de-
fine a range of stagnation points 84 for flow moving
across the airfoil 104.
[0040] Because the stagnation point 84 moves along
the airfoil 104 surface between the suction side 72 and
pressure side 70, the location on surface 100 of the airfoil
104, which may reach a maximum condition, varies.
Moreover, movement of the stagnation point 84 by rota-
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tion of the airfoil 104 may also create an adverse pressure
upon the airfoil 104 that could result in undesirable in-
gestion of hot gases through the cooling holes 108 due
to redistribution of internal cooling flows toward the low-
est external pressure locations.
[0041] Figures 4A-5 show an example airfoil 104 that
includes features to improve the cooling efficiency, and
compensate for the movement of the stagnation point
84. Referring to Figure 4A, a heat load area is defined
as the area extending a distance 150 from the stagnation
point 84 along the surface 100. At stagnation point 84, a
surface pressure ratio defined as static pressure over
total pressure of about 1.0. A point on the surface 100 at
distance 150 has a surface pressure ratio of about 0.95.
The airfoil 104 includes features to improve the overall
cooling to the heat load area.
[0042] Referring to Figures 4A and 4B, the airfoil 104
has a cooling cavity 86 in fluid communication with inner
chamber 110 and/or outer chamber 112 (shown in Figure
2). The cooling cavity 86 communicates cooling air to the
cooling holes 108.
[0043] The cooling holes 108 include first cooling holes
201 and second cooling holes 211. Each of the cooling
holes 201 extends axially through the thickness of airfoil
104. Each cooling hole 201 has an inlet 204 fluidly cou-
pled to cavity 86, an outlet 206 at the surface 100 of the
airfoil 104, and a cooling passage 202 to communicate
cooling air between the inlet 204 and the outlet 206. In
some examples, each cooling hole 201 has a diffuser
203 at the outlet 206.
[0044] Each of the second cooling holes 211 has an
inlet 214 fluidly coupled to cavity 86, an outlet 216 at
surface 100 of airfoil 104, and a cooling passage 212 to
communicate cooling air between inlet 214 and outlet
216. The outlet 216 can be located on a suction side 72,
a pressure side 70, or both, as illustrated in Figure 4A.
Each cooling hole 211 can also have a diffuser 213 at
the outlet 216. In one example, said outlet 216 can be in
a different cavity in the airfoil 104 from outlet 206.
[0045] A chordwise extending axis F is defined per-
pendicular to spanwise axis D, and intersects leading
edge 106. The first cooling passage 202 is arranged at
a first angle relative to chordwise axis D, and the second
cooling passage 212 is arranged at a second, different
angle relative to axis D. The first cooling passage 202 of
first cooling hole 201 defines a passage axis G. The sec-
ond cooling passage 212 is arranged such that an inlet
214 of the second cooling hole 211 is located on an op-
posite side of passage axis G from the outlet 216. A radial
projection of cooling passage 202 intersects a radial pro-
jection of cooling passage 212 within the airfoil thickness.
The same would be true of an outlet 216 on pressure
side 70. In one example, cooling passage 212 passes
beneath at least one cooling passage 202. Of course,
along a radial length of airfoil 104 the first and second
cooling passages 202 and 212 will alternate.
[0046] A pair of the first and second cooling holes 201
and 211 defines a hole cool area being a total internal

surface area of the pair of holes 201, 211. Convective
cooling can occur as the cooling air 144 passes through
cooling holes 201 and 211, and can be dependent on the
total internal surface area of the holes 201, 211. In some
embodiments, a ratio of the heat load area to the hole
cool area is between about 0.90 and about 2.20. In further
embodiments, a ratio of the heat load area to the hole
cool area is between about 0.90 and about 1.10. How-
ever, other ratios of the heat load area to the hole cool
area are contemplated.
[0047] Figure 4C illustrates a partial cross section view
of the airfoil 104 along line I-I of Figure 4A. The first cool-
ing hole 201 defines a first passage axis G. The second
cooling hole 211 defines a second passage axis J. The
first passage axis G is arranged at a first vertical angle
θ1 relative to the spanwise axis D, and the second pas-
sage axis J is arranged at a second vertical angle θ2
relative to the spanwise axis D. First passage axis G and
second passage axis J are arranged at angle α relative
to one another in a vertical or spanwise direction along
axis D.
[0048] In some examples, first vertical angle θ1 and
second vertical angle θ2 are substantially equal to each
other, or angle α is about 0°, such that the cooling holes
201 and 211 are arranged approximately parallel to each
other in a chordwise direction. Rather, angle α is about
0°, such that the cooling holes 201 and 211 are arranged
approximately parallel to each other in a chordwise di-
rection. In other examples, the cooling holes 201 and 211
may have different relative vertical orientations with re-
spect to axis D. For example, angle α or the difference
between angle θ1 and θ2 is between about 30° and about
120°, and in yet other examples angle α or the difference
between angle θ1 and θ2 is between about 75° and about
105°. However, other quantities for angle α abd angles
θ1 and θ2 are contemplated.
[0049] Figure 5 illustrates a partial cross section view
of the airfoil 104 along line H-H of Figure 4B. The first
cooling holes 201 can have a diffuser 203 that is sub-
stantially elliptical in shape. The second cooling holes
211 can have a diffuser 213 that is substantially quadri-
lateral in shape, such as a trapezoid. However, the shape
of diffusers 203 and 213 can be designed to have other
geometries to increase the area of convective cooling of
surface 100. Elliptical diffusers 203 are beneficial at the
leading edge 106, where there is highly transitional flow
over the surface 100. On the pressure side 70 and suction
side 72, this configuration may not be as effective be-
cause the angle of high energy gas flow 146 with respect
to airfoil 104 is not as great on the pressure side 70 and
suction side 72 as the leading edge 106. Chordwise ex-
tending cooling holes 211 with quadrilateral diffusers 213
can be more effective on the pressure side 70 and suction
side 72. Having cooling holes 211 passing beneath cool-
ing holes 201 allows a smaller space between diffusers
203 and 213, improving the amount of convective film
cooling provided to the surface 100 of the airfoil 104.
[0050] The cooling passages 202 and 212 can be stag-
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gered in a radial or spanwise direction such that each of
the second cooling passages 212 pass beneath at least
one of first cooling passages 202. In further examples,
some of the cooling passages 212 pass between two of
the cooling passages 202 in the radial or spanwise di-
rection. The cooling passages 202 and 212 can also be
arranged at different angles relative to spanwise axis D.
[0051] During operation, cooling air 144 enters cavity
86, and inlets 204 and 214. The cooling air in cooling
passages 202 and 212 can receive the heat rejected from
the body of the airfoil 104 by convection. This cooling air
then passes from the cooling passages 202 and 212 out
diffusers 203 and 213 to form a convective film of cooling
over surface 100. The film formed from the cooling air
protects the airfoil from the high temperatures of the high
energy gas flow 146.
[0052] The arrangement of the cooling passages 202
and 212 provides many benefits by having the projection
of cooling passages 202 and 212 intersect in the radial
or spanwise direction, the cooling holes 201 and 211 with-
in the airfoil 104 can be more densely packed, to provide
additional film cooling and convective cooling. This ar-
rangement results in more surface area within each sec-
ond cooling passage 212, and therefore increased over-
all convective cooling provided to the airfoil 104. In some
examples, the additional surface area within the cooling
holes 201 and 211 can increase convective efficiency by
at least 50-220%. Also the arrangement of the cooling
passages allows diffusers 203 and 213 to be positioned
closer together, which can provide enhanced convective
and film cooling for a range of possible stagnation points.
[0053] Although an embodiment of this invention 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 true scope and
content of this disclosure.

Claims

1. An airfoil (104) for a gas turbine engine, comprising:

a first cooling hole (201), having a first cooling
passage (202) arranged at a first angle relative
to a chordwise axis (D);
a second cooling hole (211), having a second
cooling passage (212) arranged at a second,
different angle relative to said chordwise axis
(D), wherein a radial projection of said first cool-
ing passage (202) intersects a radial projection
of said second cooling passage (212).

2. The airfoil (104) as recited in claim 1, wherein at least
one of said first and second cooling holes (201,211)
include a diffuser (203,213).

3. The airfoil (104) as recited in claim 2, wherein said

diffuser (213) of said second cooling hole (211) de-
fines a generally quadrilateral cross section.

4. The airfoil (104) as recited in claim 2 or 3, wherein
said diffuser (203) of said first cooling hole (201) de-
fines a generally elliptical cross section.

5. The airfoil (104) as recited in any preceding claim,
wherein said first cooling hole (201) is on a leading
edge (106) of said airfoil (104).

6. The airfoil (104) as recited in claim 5, wherein said
second cooling hole (211) is:

on a pressure side (70) of said airfoil (104); or:

on a suction side (72) of said airfoil (104).

7. The airfoil (104) as recited in any preceding claim,
wherein said airfoil (104) comprises an internal cavity
(86), and a first inlet (204) of said first cooling pas-
sage (202) and said second inlet (214) of said second
cooling passage (212) are both in fluid communica-
tion with said internal cavity (86).

8. The airfoil (104) as recited in any preceding claim,
wherein said first cooling passage (202) is arranged
at a first vertical angle (θ1) relative to a spanwise axis
(D), and said second cooling passage (212) is ar-
ranged at a second, different vertical angle (θ2) rel-
ative to said spanwise axis (D), and optionally where-
in a difference between said first vertical angle (θ1)
and said second vertical angle (θ2) is between about
30° and about 120°.

9. The airfoil (104) as recited in any preceding claim,
wherein said first cooling passage (202) defines a
passage axis (G), and a second inlet (214) of said
second cooling hole (211) is on an opposite side of
said passage axis (G) from a second outlet (216) of
said second cooling hole (211).

10. The airfoil (104) as recited in any preceding claim,
wherein said first cooling hole (201) has a first inlet
(204) and a first outlet (206), and said second cooling
hole (211) has a second inlet (214) and a second
outlet (216), and said second inlet (214) is closer to
said chordwise axis (D) than said first inlet (204), and
said first outlet (206) is closer to said chordwise axis
(D) than said second outlet (216).

11. The airfoil (104) as recited in any preceding claim,
wherein a ratio of a heat load area to a total internal
surface area of said first cooling hole (201) and said
second cooling hole (211) is between 0.90 and 2.20.

12. The airfoil (104) as recited in any preceding claim,
wherein said airfoil (104):
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is a variable vane (105);
is a stationary turbine vane (160); or
is a turbine blade (103).

13. A section for a gas turbine engine (20), comprising:

a rotor (102); and
a variable vane (105) positioned downstream of
said rotor (102), wherein at least one of said rotor
and said variable vane includes an airfoil (104)
as recited in any preceding claim.

14. The section as recited in claim 13, wherein at least
one of said first cooling passages (202) defines a
passage axis (G), and a second inlet (214) of at least
one of said second cooling holes (211) is on an op-
posite side of said passage axis (G) from a second
outlet (216) of said at least one of said second cooling
holes (211).

15. The section as recited in claim 13 or 14, wherein said
section is a turbine section (28).
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