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[57] ABSTRACT 
The rotor blade body has a ?rst ?ow path extending 
parallel to and immediately downstream of the blade 
front. This path passes through a trough-shaped inden 
tation in the blade tip before terminating in an air exit 
in the zone of the trailing edge. One or more secon 
dary ?ow paths also pass through the blade body and 
terminate in the zone of the trailing edge. These sec 
ondary ?ow paths reverse the ?ow either by 90° or 
180° and are of larger intermediate ?ow cross 
sectional area. Restrictors can be provided in the exits 
for the secondary paths to obtain high exit velocities. 

3 Claims, 9 Drawing Figures 
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COOLED ROTOR BLADE FOR A GAS TURBINE 

This invention relates to a cooled rotor bladezfor a 
gas turbine. 
Generally, in order to achieve cooling of the rotor 

blades, both guide blades and rotor blades, in an oper 
ating turbine, two contradictory conditions must be ba‘ 
sically satis?ed. First, good cooling requires high coef 
?cients of heat transmission which, in turn, involve 
high flow velocities and relatively high pressure losses. 
Second, the amount of cooling air required by each 
blade should be as small as possible because the cooling 
air branched off, for example, from a compressor rep 
resents a loss in a certain sense and results in a deterio 

ration of the ef?ciency of the entire process. Moreover, 
in practice it frequently occurs that the pressure gradi 
ent available between the cooling air entry into the 
blade and the cooling air exit from the blade is rela 
tively low. Thus, the required velocities cannot be ob 
tained or, if obtained because a high consumption of 
cooling air can be tolerated, is done only with diffi 
culty. 

In order to overcome these basic problems, it has 
been known to provide constructions in which the cool 
ing air is passed once through the blade through a plu— 
rality of ducts radially of the machine from the interior 
to the exterior. The required velocities can be easily 
obtained with this system but require relatively large 
quantities of air. Moreover, the cooling capacity of the 
air in this system is only very incompletely utilized. 

It has also been known to provide rotor blades which 
have shroud bands with labyrinth projections in a gap 
between the casing in which the rotor blades are in— 
stalled and the blade tips in order to reduce gap losses. 
If these blades are cooled in the manner described 
above, the cooling air is discharged into the inner cav 
ity of the shroud band after ?owing through the individ 
ual blades in the radial direction before being dis 
charged rearwardly in the same direction as the work 
ing gas. 
Accordingly, it is an object of the invention to 

achieve an optimum cooling of rotor blades with a rela 
tively low consumption i.e. a small quantity of cooling 
air and a relatively low available pressure gradient. 

It is another object of the invention to provide a rotor 
blade of cast construction which can be cooled effec 
tively. 
Brie?y, the invention provides a rotor blade having 

a blade front or nose, a trailing edge and a blade tip at 
one radial end with a coolant flow path located imme 
diately downstream of and parallel to the blade front or 
nose which terminates in a trough-shaped indentation 
in the blade tip. In addition, a coolant exit is provided 
at the end of the indentation on the suction side of the 
blade body in the zone of the trailing edge. 
The trough-shaped indentation, whose air exit on the 

trailing edge has a relatively large exit cross-section, 
enables the low pressure prevailing at the trailing edge 
of the blade to be transposed practically directly to the 
end of the flow path so that the entire pressure gradient 
is available for this relatively short distance. By con 
trast to known constructions, this results in increased 
velocities and therefore better coefficients of heat 
transfer. A further advantage of the construction is due 
to the fact that the provision of the air exit on the suc 
tion side of the blade allows the maximum available 
pressure gradient to be utilized for coolingthe blade 
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2 
front. The maximum duct velocity, at the minimum 
cooling duct cross-section, and therefore the maximum 
cooling effect may thus be produced with a given 
amount of cooling air. The entire pressure gradient is 
thereby available for the actual cooling section in the 
aforementioned rotor blades with shroud bands. In this 
known construction, however, all the disadvantages as 
sociated with a shroud band, such as an additional mass 
which is subject to centrifugal forces and as a result im 
poses a substantial load on the blade root, must be tol 
erated. Furthermore, in this known construction it is 
not possible to transfer the lowest pressure prevailing 
on the suction side of the blade onto the end of the ?ow 
path. A further disadvantage of the known construction 
is due to the increased manufacturing costs because 
blades with a shroud band cannot be produced as an 
integral casting i.e. as a one-piece casting. ‘ 
While the above described flow path particularly 

cools the blade front, two possibilities are available for 
cooling the remaining parts of the blade. To this end, 
means are provided to de?ne a second flow path which 
extends parallel to the ?rst ?ow path and leads to an air 
exit in the zone of the trailing edge. The exit for this 
flow path extends over the height of the ‘blade and is lo 
cated downstream of a reversal in the flow path 
through which the flow can be reversed 180°. In the 
other case, a second and third ?ow path are provided, 
parallel to the ?rst ?ow path in the blade, in order to 
lead the air to exits after being deflected through 90°. 
In this case, each of the exits for the secondary flow 
path cover a part of the blade height and are disposed 
in the zone of the trailing edge. Which of the two possi 
bilities is more favorable must be determined in rela 
tion to the circumstances governing the individual case, 
for example, in accordance with the amount of heat to 
be dissipated, the available pressure gradient and the 
blade length. connection, have 

Dividing the air over the two or three flow paths may 
be advantageously performed by means of restrictors in 
the air exits of the second and third flow paths. These 
restrictors can also be adapted for individual adjust 
ment on the basis of tests. In this connection, it is ad 
vantageous if the second and third flow paths, have a 
flow with the least possible losses as far as the restric 
tors and if, practically, the entire nominal pressure gra 
dient occurs at the restrictor positions of the aforemen 
tioned flow paths. 

If any adequate pressure gradient is available for the 
second and third ?ow paths, it will be advantageous to 
provide the air exits thereof on the delivery side of the 
blade because flow discharge on this side is more ad 
vantageous and simpler in terms of flow. By contrast, 
the provision of the aforementioned air exits on the 
suction side will provide a better cooling action be 
cause, on the one hand, a higher pressure gradient is 
available which enables higher velocities and higher 
thermal transfer coef?cients to be achieved while, on 
the other hand, film cooling on the suction side is more 
effective because of the higher thermal transfer coeffi 
cients on the suction side. This ?lm cooling is known 
to be the result of the cooling air which flows along the 
surface of the blade. 

It is, of course, also possible to provide the air exits 
in the trailing edge itself. 
To achieve a further improvement of heat dissipa 

tion, it may be advantageous if the second and third 
?ow paths have boundary walls at least over a part of 
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their length which are provided, at least partially, with 
?ns. 

It is generally known that cast blades are preferable 
to forged and welded blades more particularly because 
of their higher high~temperature resistance. their mate 
rials and because of the greater simplicity of manufac 
ture or because of the absence for any need of ?nish~ 
machining. The blade of the invention is therefore ad 
vantageously constructed so that the blade represents 
a precision casting in its entirety i.e. the blade is a one 
piece casting. 
These and other objects and advantages of the inven 

tion will become more apparent from the following de 
tailed description and appended claims taken in con 
junction with the accompanying drawings in which: 

FIG. 1 illustrates a longitudinal sectional view taken 
on line I——I of FIG. 2 of a rotor blade according to the 
invention; 
FIGS. 2 and 3 illustrate views taken on line II—II and 

III-III of FIG. 1, respectively; 
FIG. 4 illustrates a sectional view taken on line 

IV—lV of FIG. 3; 
FIG. 5 illustrates a plan view of the rotor blade of 

FIG. 1 taken in the direction of the arrow A in FIG. 1; 
FIG. _6 illustrates a plan view of the rotor blade of 

FIG. 7 in the direction of the arrow A of FIG. 7; 
FIG. 7 illustrates a longitudinal sectional view taken 

on line VI-VI of FIG. 8 of a second embodiment of a 
rotor blade according to the invention; 
FIG. 8 illustrates a sectional view taken on line VII 

~VII of FIG. 7; and 
FIG. 9 illustrates a detail view of a modi?cation of 

the construction shown in FIG. 8. 
Referring to FIG. 1, the cooled rotor blade is dis 

posed to move in a flow duct 1 indicated by an outer 
?ller ring segment 4 of a casing (not shown) and which 
receives flow from the right (arrow B) as viewed. The 
rotor blade is secured in a rotor ring which is screened 
relative to the duct 1 by heat exchange segments 5 
which provide protection against hot gases. The heat 
exchange segments 5 in the same way as the ?ller ring 
segment 4 comprise material of high‘temperature resis 
tance while the ring is constructed of less expensive fer 
ritic material. 
The rotor blade is made of one-piece construction 

and has three separate parallel ?ow paths for a coolant 
such as cooling air which extend from an aperture 8 
disposed in the blade root and fed with cooling air by 
channels. The ?rst relatively narrow flow duct 9 ex 
tends parallel to and directly downstream of the blade 
front or nose 10. The duct 9 also extends into a trough 
shaped indentation 11 at the blade tip. The indentation 
11 communicates with a relatively wide air exit 12 on 
the suction side of the blade in a socket 13 (FIG. 5) 
which surrounds the air exit 12 in the manner ofa wall 
following the blade profile contour. The flow cross 
section of the indentation 11 and of the air exit 12 are 
broad. This means that the pressure at the duct end 14 
is low because the gas-side pressure at the suction side 
of the trailing edge 17 comes into effect practically at 
the duct end 14. The entire pressure gradient between 
the aperture 8 and the flow duct 1 on the suction side 
of the trailing edge 17 of the blade may thus be utilized 
for cooling the particularly hot front of the blade. 
Second and third flow paths 15 and 16 are provided 

which are less direct and in this example, while being 
simultaneously deflected through 90°, extend from the 
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4 
aperture 8 to air exits 19, 20 in the zone of the traling 
edge 17. The second flow path 15, separated from the 
third flow path 16 by a bulkhead l8, cools the trailing 
edge 17 of the outer zone of the blade while the third 
path 16 supplies the inner part of the trailing edge 17, 
closer to the blade root, with cooling air. 

In the blade illustrated in FIG. 1, the air exits 19, 20 
are disposed on the delivery side of the blade so that 
the ?ow conditions are improved. It is, of course, also 
possible to dispose the air exits I9, 20 on the suction 
side of the blade if it is necessary to utilize the maxi 
mum available pressure gradient in order to achieve ad 
equate cooling of the trailing edge (see FIG. 8). For the 
sake of completeness, it should be mentioned that the 
air exits 19, 20 may also be disposed in the trailing edge 
itself (FIG. 9). In order to improve the cooling action, 
it is also possible to provide the flow paths 15, 16 with 
cooling ?ns, at least over a part of the boundary walls 
de?ning the paths but this is not separately shown. 
The flow paths 15, 16 are constructed so that flow 

therethrough as far as the air exits 19, 20 takes place 
at relatively low velocities and therefore substantially 
without pressure loss. The terminology “practically 
without pressure loss” means that the second, and on 
occasion, the third flow path in the middle part of the 
blade is constructed, relative to the quantity of cooling 
air flowing through, so that the pressure produced by 
centrifugal force at least approximately compensates 
the flow resistance as far as the radially outer deviation. 
The aforementioned available pressure gradient is 
therefore almost entirely consumed in the air exits 19, 
20. To this end, the air exits 19, 20 are provided with 
restrictor and guide elements 21, 22 so that the air dis 
tribution in the air exits 19, 20 is at least approximately 
uniform over the blade height, accompanied by high 
?ow velocities and therefore large coef?cients of heat 
transfer. All these features result in uniform and good 
cooling of the trailing edge 17 of the blade with rela 
tively small quantities of cooling air and with relatively 
low available pressure gradients. 

Distribution of the air over the three different flow 
paths may be varied to some extent by varying the re 
strictor and guide members 21, 22. This distribution 
must be de?ned from case to case and depends on 
given conditions, for example flow, pressures, given 
temperature and their distribution. 

Referring to FIG. 7, the rotor blade can also be con 
structed without the need of the third flow path. As 
shown, apart from the inflow from the left (arrow C) 
such a rotor blade differs from the blade described in 
FIG. 1 by the absence of the third flow path 16. Also, 
the second flow duct 15 incorporates a reversal 
through 180°. To this end. the flow duct 15 initially ex 
tends radially outwardly in the middle part of the blade 
and then leads through a reversal chamber 23 through 
180° into a second portion 25 disposed over the entire 
height of the blade to return to the blade root. The two 
part flow paths 15, 25 are separated from each other by 
a bulkhead 24. In this embodiment, the second ?ow 
path is subject to low pressure losses, at least as far as 
the reversal. Thus, practically the entire gradient is 
available for uniformly distributed discharge on the 
trailing edge over the entire height of the blade, a fea 
ture which cannot readily be achieved against the ac 
tion of centrifugal force. As shown in FIG. 6, the blade 
tip is of similar construction as above as indicated by 
like reference characters. 
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The embodiment of FIG. 7 which involves more dif? 
culties for the uniform distribution of the second 
stream of cooling air is suitable more particularly for 
smaller machines with blades of lower height and for 
machines with a lower peripheral velocity. 
Both embodiments (FIGS. 1 and 7) are advanta 

geously produced as separate castings by the precision 
casting method so that in addition to the advantages al 
ready mentioned, it is possible to utilize the advantages 
of cast as against forged blades. 
What is claimed is: 
1. A cooled rotor blade for a gas turbine comprising 
a one~piece rotor blade body having a blade front, a 

trailing edge and a blade tip at one radial end ex 
tending from said blade front to said trailing edge, 
said blade tip having a trough-shaped indentation 
extending longitudinally therein; , 

means de?ning a ?rst ?ow path through said blade 
body extending immediately downstream of and 
parallel to said blade front and terminating in said 
trough-shaped indentation; 

a ?rst coolant exit in said blade body in the zone of 
said trailing edge, said exit being in communication 
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6 
with said trough-shaped indentation 0n the suction 
side of said body for the passage of coolant there 
through; and 

means de?ning a second flow path and a third path 
through said blade body, each of said second and 
third ?ow paths having a portion parallel to said 
?rst ?ow path and including portions for de?ecting 
respective ?ows of coolant 90° therein; a second 
coolant exit in communication with said second 
?ow path and a third coolant exit in communica 
tion with said third ?ow path, each of said second 
and third coolant exits being disposed over a part 
of the height of said blade body in the zone of said 
trailing edge on the pressure side of said body. 

2. A cooled rotor blade as set forth in claim 1 
wherein each of said second and third ?ow paths have 
boundary walls de?ning portions of said respective ?ow 
paths and wherein ?ns are disposed on said walls pro 
jecting into said respective second and third flow paths. 

3. A cooled rotor blade as set forth in claim 1 which 
further comprises means in each of said second and 
third exits for throttling the ?ow of coolant therefrom. 
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