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COOLED TURBINE BLADES FORA 
GAS-TURBINE ENGINE 

0001. This invention relates to cooled turbine blades for a 
gas-turbine engine having at least one cooling duct extending 
radially, relative to a rotary axis of the gas-turbine engine, 
inside the airfoil and air-supply ducts issuing into said cooling 
duct. 

0002. A turbine blade known from DE 10053356A1 has, 
for efficient inner cooling, an internal leading-edge cooling 
duct of round duct cross-section and cooling-air supply holes 
arranged one above the other over the length of the cooling 
duct and issuing from a coolant duct provided in the blade 
Substantially tangentially into the leading-edge cooling duct 
and generating cooling-air Vortices inside the latter in order to 
obtain a high cooling effect. 
0003 US 2006/0280607 A1 describes a turbine blade hav 
ing a cooling chamber conically tapering in the longitudinal 
direction of the blade. Cooling air is introduced from a cool 
ant duct, adjacent to the leading-edge cooling duct inside the 
blade, from a plurality of injection ducts provided over its 
entire height tangentially into the cooling duct, the conical 
shape of which effects the formation of helical cooling-air 
vortices for absorbing heat. 
0004. A turbine blade having a plurality of radially extend 
ing cooling ducts is known from US 2006/0056967 A1, where 
the cooling medium is passed tangentially, through one or 
more metering holes arranged in a wall separating the lead 
ing-edge cooling duct from the blade root, into the leading 
edge cooling duct and Swirled in the latter. The inner Surfaces 
of the leading-edge cooling duct are provided with guidance 
strips to increase the turbulences in the cooling medium. 
0005. The present invention, in a broad aspect, provides a 
design of rotor blades and/or stator Vanes with inner cooling 
for gas-turbine engines that enables an improved cooling 
effect. 
0006. It is a particular object of the present invention to 
provide solution to the above problematics by a turbine blade 
designed in accordance with the features of patent Claim 1. 
0007 Advantageous developments of the present inven 
tion become apparent from the Sub-claims. 
0008. The basic idea of the invention is that the cooling air 

is blown tangentially at high Velocity into a cooling duct 
extending in the longitudinal direction (e.g. radial direction, 
relative to the rotary axis of the gas-turbine engine) of the 
airfoil, in particular into the leading-edge cooling duct, in 
order to move in a Vortex or cyclone-like form at high cir 
cumferential velocity V, at the cooling duct wall helically in 
the axial direction along the duct. As a result of the high local 
Velocity near the wall and the cooling airflow concentrated on 
the area close to the wall, the Reynolds number increases and 
the boundary layer thickness decreases, such that the inner 
heat transmission and the cooling effect of the cooling 
medium introduced into the blades are considerably 
improved. Due to the resultant reduced cooling air demand, 
the efficiency of the turbine is increased. On the other hand, 
the service life of the blades can be prolonged by an improved 
cooling effect. 
0009. The specific generation of a vortex flow with a cer 
tain minimum strength (Swirl coefficient) in the cooling air 
duct has several effects permitting the required increased heat 
transmission between fluid and wall: 
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0010) 1. Additionally to the axial flow through the cool 
ing air duct, the cooling airflow has a tangential compo 
nent. As a result, the Reynolds number increases and the 
boundary layer thickness decreases. Such that the inner 
heat transmission is considerably improved. 

0011 2. The swirl flow introduced at the lower end of 
the cooling air duct is subject to a pressure equilibrium 
radial to the cooling air duct axis (equation (1)) 

0p pv. (1) 
a - . 

0012 that causes a low pressure on the duct axis and 
a high pressure in the area near the wall. Due to the 
dissipation of the Swirl (weakening of V) with the 
axial length of the cooling air duct, the pressure gra 
dient between the duct centre and the duct wall 
decreases in accordance with equation (1). This leads 
in the central area (close to the axis) of the cooling air 
duct to an axial return flow which in turn results in an 
increased axial forward flow close to the duct wall. 
This effect generates the required high axial and tan 
gential velocities close to the duct wall (as described 
above under item 1), resulting in high heat transfers. 

0013 3. A further effect of the vortex flow with a certain 
minimum strength is the exploitation of boundary layer 
instabilities at concave walls. The resultant Vortex struc 
tures have a high degree of turbulence and thus make a 
major contribution to an increase in heat transfer. The 
formation of vortex structures is based on the velocity 
gradient dV/dr. The centrifugal forces on a flow line 
away from the wall are greater than the centrifugal 
forces of a flow line close to the wall. For that reason, 
inner fluid layers “press’ on layers close to the wall. 
Since the inner layers cannot move outwards as entire 
layers, minor instabilities lead to disintegration of the 
layers and to Vortex formation. These vortices exchange 
fluid in the radial direction (duct centre to wall and vice 
Versa) and thus greatly increase the heat transfer. 
0014 Since the generation of turbulence is based on 
non-stationary boundary layer effects, the manufac 
ture of internal turbulators (ribs) can be dispensed 
with. 

(0015 The strength of the vortex flow (cyclone flow) 
is given by the swirl coefficient. This represents the 
ratio of rotary pulse to axial pulse inside the duct, 
equation (2). The aforementioned effects depend 
heavily on the swirl coefficient. A minimum swirl 
coefficient of SD-2 at the inlet of the duct is necessary 
to effectively use the effects for blade cooling. 

R 2 ? vavar dr (2) 
S = 0 

R. v.2 reir 

0016. This results in a surface ratio of the cross 
sectional Surfaces of the Supply duct to the cross 
sectional Surface of the cooling air duct of at least 1:2. 
For an optimum exploitation of the described effects, 
the swirl coefficient S (in the cross-section of genera 
tion) should be in the range 3-6. 
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0017. The solution in accordance with the present inven 
tion thus provides that the cooling airis introduced via (the) at 
least one air-supply duct in the area of the blade root. This has 
the crucial advantage that Sufficient space is available for the 
provision of the at least one air-supply duct so that it can be 
optimally arranged and dimensioned without impairing the 
flow route and/or affecting the component strength of the 
blade. 
0018. The supply of cooling air from one or several air 
Supply ducts is here either tangential or at least with a Velocity 
component arranged tangentially to the cross-section of the 
cooling duct. The cooling duct itself can, in accordance with 
the present invention, be designed circular or Substantially 
circular. It is also possible to adapt the cross-section of the 
cooling duct in the inflow area (mouth area) of the air-supply 
duct in a suitable manner for optimizing the creation of a 
vortex flow inside the cooling duct. 
0019. If two or more air-supply ducts are used, they can be 
provided at certain positions on the cooling air duct circum 
ference and tangentially thereto. 
0020. In a particularly favourable embodiment of the 
invention, it is provided that the Supply of cooling air through 
the air-supply ducts can have a component axial to the duct 
axis at the inlet into the cooling duct (cyclone duct). 
0021 Supplying of the at least one air-supply duct with 
cooling air is achieved in accordance with the present inven 
tion preferably either through a cavity at the blade root pro 
vided preferably underneath the inner platform of the turbine 
blade, which can be a suction-side or a pressure-side cavity, or 
alternatively the cooling air can be supplied to the at least one 
air-supply duct from the underside of the blade root and 
through it. Here too, the cooling air is introduced into the 
cooling duct with a tangential component. 
0022. It is also possible in accordance with the present 
invention to design the Supply of cooling air via the at least 
one air-supply duct such that a clockwise or counter-clock 
wise direction of rotation is obtained. 
0023. It is furthermore possible in accordance with the 
present invention to additionally arrange cooling ribs, posi 
tioned axially to the duct axis, inside the cooling duct for 
reinforcement of the cyclone flow (vortex formation, vortex 
flow). In addition, it is also possible in accordance with the 
invention to provide conventional rib cooling. Both of these 
measures can also be used to Support the maintenance of the 
Vortex/cyclone as it weakens over the length of the cooling 
duct, and/or to increase the cooling effect. The turbulent rib 
flows result in an increased heat transfer, compensating for a 
weakening of the Swirl/cyclone. 
0024. The cooling concept in accordance with the present 
invention is preferably applied to the leading-edge cooling 
duct of a rotating turbine blade, but can also be used in other 
cooling ducts extending in the blade longitudinal direction 
and for cooling of the stationary guide vanes of the turbine. 
0025. In a further embodiment of the invention, the cool 
ing duct has a Substantially circular cross-sectional area at 
least in the discharge area of the nozzle-shaped air-supply 
ducts for providing the cyclone-like airflow rotating close to 
the wall. 
0026. In an advantageous development of the invention, 
the air-supply ducts may have a curved form in the radial 
direction (relative to the rotary axis of the gas-turbine engine) 
or in the axial direction (relative to the cooling duct) such that 
the pumping effect of the rotating blades is improved and a 
Sufficient cooling-air Supply to the cooling ducts is assured. 
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For a further improved formation of the cyclone-like rotating 
airflow in the cooling duct, the air-supply ducts can addition 
ally have a curved form in the circumferential direction of the 
airflow. 
0027. In an embodiment of the invention, the two opposite 
air-supply ducts issue into the cooling duct at an obtuse angle 
to the longitudinal axis of the cooling duct in order to provide 
for helical cooling-air conveying. The inflow canthus contain 
more or less strong axial components (relative to the longitu 
dinal axis of the cooling duct). 
0028. The two opposite air-supply ducts can be provided 
at a defined point or at two or more points in the longitudinal 
direction of the cooling duct. The air-supply ducts preferably 
issue directly above the bottom of the leading-edge cooling 
duct, starting from a Suction-side and pressure-side cavity at 
the blade root underneath the inner platform of the turbine 
blade. 
0029. In a further embodiment of the invention, the cool 
ing air is drawn out of the cooling duct partly via film cooling 
holes, which improves or may improve the formation of the 
cyclone-like cooling-air movement, and/or at the end of the 
cyclone duct, and/or via air exit openings at the blade tip 
and/or via diversion into an adjacent cooling duct. In particu 
lar with a moderate film cooling air withdrawal of approx. 10 
to 50%, the wall heat transfer can be increased. The effect is 
based on the extraction of the boundary layer flow close to the 
wall, so that the maximum velocity of the tangential and axial 
flow close to the wall is retained. 
0030 The present invention is more fully described in 
light of the accompanying drawing showing a preferred 
embodiment. In the drawing, 
0031 FIG. 1 shows a guide vane and turbine blade 
arrangement of an aircraft engine, 
0032 FIG. 2 is a partial view of a turbine blade with 
tangential cooling-air supply on both sides into the leading 
edge cooling duct, 
0033 FIG.3 is a sectional view in the area of the tangential 
cooling-air Supply into the leading-edge cooling duct, 
0034 FIG. 4 is a schematic representation merely of the 
leading-edge cooling duct characterized by the cyclone 
shaped wall-near course of flow and of the nozzle-shaped 
air-supply ducts provided in the blade root and adjoining the 
cooling duct, 
0035 FIG. 5 is a partially perspective sectional view, simi 
larly to FIG. 2 of an exemplary embodiment with an air 
Supply duct, and 
0036 FIG. 6 is a sectional view along line A-A of FIG. 5. 
0037. As FIG. 1 shows, the turbine of a gas-turbine engine 
includes a plurality of turbine blades 2 connected to a rotor 
disc 1 and guide vanes 4 assigned thereto upstream and 
attached to the engine casing 3, which are cooled by outer 
cooling (film cooling) and by inner cooling with cooling air 
supplied by a compressor and indicated by arrows 5. The 
turbine blade 2 has a blade root 6 held at the rotor disc 1, an 
inner platform 7, an airfoil 8 and an outer platform 9. The 
airfoil 8 designed as a hollow body for inner cooling is pro 
vided with cooling ducts and film cooling holes 10 as well as 
air exit openings 11 on the blade tip. Cooling air (arrow 5) 
from the cavity 13 present underneath the platforms 9 and 
between two adjacent turbine blades 2 passes from two oppo 
site sides (suction and pressure sides) through one each air 
supply duct 12 extending from the opposite sides of the blade 
root 6 into the lower section of a leading-edge cooling duct 14 
extending inside the turbine blade 2 from the blade root 6 to 
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the blade tip along the blade leading edge (FIGS. 2 to 4). The 
cooling air 5 Supplied to the leading-edge cooling duct 14 
flows via film cooling holes 10 intended for outer cooling of 
the airfoil 8 and via the air exit openings 11 to the outside 
and/or into further cooling ducts (not shown) located in the 
airfoil 8. 

0038. It is evident from FIGS. 2 to 4 that the air-supply 
ducts 12 issuing into the leading-edge cooling duct 14 are 
designed tapering in nozzle shape towards their mouth and 
tangentially connected opposite to one another, however off 
set from one another by the diameter of the leading-edge 
cooling duct 14 at the cooling-air inlet area of largely circular 
design (arrow 15) on the bottom 16 of the leading-edge cool 
ing duct 14. Thanks to this arrangement and design of the 
air-supply ducts 12, the cooling air 5 circulates at high cir 
cumferential velocity V, near the inner wall of the leading 
edge cooling duct 14 and additionally moves at an axial 
Velocity V. in helical form, i.e. in the form of a cyclone in the 
direction of the blade tip. The physical effects occurring as a 
result are explained in the foregoing. 
0039. The two nozzle-shaped air-supply ducts 12 dis 
charging at the level of the bottom 16 tangentially into the 
leading-edge cooling duct 14 can have a curved form to 
Support the cyclone-like rotating air movement and further 
more, for controlling the helical axial movement (relative to 
the center axis of the cooling duct 14) of the cooling-air 
cyclone, can also be aligned at an obtuse angle to the longi 
tudinal axis of the leading-edge cooling duct 14 or be 
designed curved in the radial direction for Supporting the 
pumping effect of the rotating blades and for assuring the 
Supply of a high air Volume into the leading-edge cooling 
ducts (the inflow may therefore have more or less strong axial 
components). The controlled formation of an air movement 
that circulates cyclone-like and close to the wall is further 
assisted by a circular cross-sectional design of the leading 
edge duct 14 provided in the tangential entry area of the air. 
0040. Thanks to the high local cooling air velocity V 
achieved near the wall with the aforementioned arrangement 
and design of the air-supply ducts 12 and the resultant low 
boundary layer thickness on the inner wall of the leading 
edge duct 14, and thanks to the high turbulence of the cooling 
air close to the wall on the inner circumference of the cooling 
duct due to non-stationary boundary layer instabilities, the 
heat transmission can be increased and the cooling effect of 
the cooling air 5 supplied into the airfoil 8 can be substantially 
improved. As a result, the cooling-air requirement and hence 
the fuel consumption of the engine can be reduced. On the 
other hand, with a constant cooling-air mass flow the service 
life of the turbine blades or the turbine inlet temperature and 
hence the specific thrust can be increased. 
0041. The present invention is not limited to the embodi 
ment explained in the above. The proposed cooling principle 
can be used not only as described above for rotating turbine 
blades 2, but also for the stationary guide vanes 4 arranged 
according to FIG. 1 upstream of the rotating turbine blades 2. 
The cooling-air Supply into the leading-edge duct can also be 
effected from the blade tip. 
0042. The cooling air is supplied, as described in the 
present design example, at the bottom of the leading-edge 
duct 14 of the turbine blades. It is howeveralso conceivable to 
introduce additional cooling air in the same way, at an axial 
distance (relative to the center axis of the cooling duct 14) 
from the bottom of the cooling duct 14 from a cooling duct 

Mar. 29, 2012 

adjacent to the leading-edge cooling duct 14 oppositely tan 
gentially into said leading-edge duct. 
0043. According to FIG. 1, the cooling air supplied into 
the turbine blade 2 is discharged via film cooling holes 10 and 
air exit openings 11 at the blade tip. However, the cooling air 
rotating at the inner wall of the leading-edge duct can also be 
diverted into one or more adjacent cooling ducts (not shown). 
A circumferential velocity as high as possible of the cooling 
air rotating inside the leading-edge duct, and aboundary layer 
thickness as low as possible with correspondingly high heat 
transmission rate, are already achieved in a smooth leading 
edge cooling duct without film cooling holes 10 and without 
film cooling air removal. A further increase of the heat trans 
fer is achieved with moderate film cooling air removal from 
the cyclone flow. With a cooling duct provided with film 
cooling holes, the wall-near Velocity in the duct is maintained 
or possibly improved, and a higher heat transmission rate is 
achieved compared with known cooling arrangements. The 
effectiveness of film cooling is not impaired by the present 
cooling concept. Furthermore, it is also conceivable that the 
main cooling duct of a turbine blade or guide vane of the 
turbine is cooled in accordance with the cooling principle 
described above. 
0044 FIGS. 5 and 6 show in a clarifying representation a 
design variant having only one air-supply duct 12. The latter 
branches off (see FIG. 5) from a cavity 13 provided in the 
blade root 6 or from an air duct 17. The air-supply duct is, as 
shown in FIG. 5, inclined from the radial direction (center 
axis 18) of the cooling duct 14. This inclination is provided 
additionally to the tangential arrangement (see FIG. 6) in 
order to generate a Swirl (cyclone). 
0045 FIG. 5 furthermore shows a design variant in which 
an air duct 17 is provided parallel to the cooling duct 14 and 
also extends in the radial direction in order to convey further 
cooling air into suitable areas of the blades 2, 8. 

LIST OF REFERENCE NUMERALS 

0046. 1 Rotor disc 
0047. 2 Turbine blade/airfoil 
0048 3 Engine casing 
0049. 4 Guide vanes 
0050) 5 Cooling air, rotating cooling-air layer (arrow) 
0051 6 Blade root 
0052 7 Inner platform 
0053 8 Airfoil 
0054 9 Outer platform 
0055 10 Film cooling hole 
0056 11 Air exit opening 
0057 12 Nozzle shaped air-supply duct 
0.058 13 Cavity 
0059 14 Cooling duct, leading-edge cooling duct 
0060 15 Circular cooling-air inlet area 
0061 16 Bottom of 14 
0062 17 Air duct 
0063. 18 Center axis 

1. Cooled turbine blade for a gas-turbine engine having at 
least one cooling duct extending radially, relative to a rotary 
axis of the gas-turbine engine, inside the airfoil and air-supply 
ducts issuing into said cooling duct, characterized in that the 
cooling duct extends into the blade root in order to generate 
close to the wall a cooling airflow moved at high circumfer 
ential velocity and radially in helical form and that in the area 
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of the blade root at least one nozzle-shaped air-supply duct 
issues into the cooling duct tangentially or with a tangential 
Velocity component. 

2. Cooled turbine blade in accordance with claim 1, char 
acterized in that the air-supply duct is inclined from the radial 
direction in order to generate a flow component extending in 
the longitudinal direction of the cooling duct. 

3. Cooled turbine blade in accordance with claim 1, char 
acterized in that the air-supply duct is connected to a cavity 
provided at the blade root or can be supplied with air via an air 
duct penetrating the blade root. 

4. Cooled turbine blade in accordance with claim 1, char 
acterized in that two or more nozzle-shaped air-supply ducts 
tangentially issue into the cooling duct in opposite direction 
and offset from one another by the diameter of the cooling 
duct. 

5. Cooled turbine blade in accordance with claim 1, char 
acterized in that the cooling duct has a Substantially circular 
cross-sectional area at least in the discharge area of the 
noZZle-shaped air-supply ducts. 

6. Cooled turbine blade in accordance with claim 1, char 
acterized in that the air-supply ducts have a curved form in the 
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radial direction, such that the pumping effect of the rotating 
blades is improved, and additionally a curved form in the 
circumferential direction of the airflow in the cooling duct. 

7. Cooled turbine blade in accordance with claim 1, char 
acterized in that the air-supply ducts issue into the cooling 
duct at an obtuse angle to the longitudinal axis of the cooling 
duct in order to provide for helical cooling-air conveying. 

8. Cooled turbine blade in accordance with claim 1, char 
acterized in that the air-supply ducts issue directly above the 
bottom of the cooling duct. 

9. Cooled turbine blade in accordance with claim 1, char 
acterized in that the air entry openings of the air-supply ducts 
are located in a Suction-side and pressure-side cavity at the 
blade root. 

10. Cooled turbine blade in accordance with claim 1, char 
acterized in that the cooling air is drawn out of the cooling 
duct via film cooling holes and/or via air exit openings at the 
blade tip and/or via diversion into an adjacent cooling duct. 

11. Cooled turbine blade in accordance with claim 1, char 
acterized in that the cooling duct is the leading-edge cooling 
duct of a rotating turbine blade or a stationary guide vane. 
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