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A wide variety of air-cooled turbine blades have been developed
as a result. They are similar in that each is hollow and
incorporates one or more internal cooling passages. During turbine
operation, a supply of pressurized air is directed from the
compressor section through these passages to provide the desired
cooling effect. The air is directed into the blade through one or



more openings provided in the root. Being under a pressure greater
than that within the turbine casing, the cooling air continues to
travel through the internal passages within the airfoil section and
is then exhausted into the turbine gas stream. In this way, the
airfoil is cooled, and sustained, efficient turbine operation is
made feasible. ]
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lAccordingly, it is a primary object of the present invention is
to provide an air-cooled turbine blade overcoming the limitations
and disadvantages of the prior art.

Another object of the present invention is to provide an air-
cooled turbine blade utilizing multiple cooling passages for
assuring a substantially uniform temperature gradient across the
blade.

Another object of the present invention is to provide an air-
cooled turbine blade including cooling passages disposed so as to
actizgly cool the platform of the turbine blade. |
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[To achieve the foregoing and other objects and in accordance
with the purposes of the present invention as described herein, an
air-cooled turbine blade incorporates multiple internal cooling
passages in the airfoil section of the blade, as well as in the
platform, in order to provide improved cooling. During turbine
operation, a substantially uniform temperature gradient is achieved
enhancing blade reliability and longevity. |
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[Reference is directed to FIGS. 1 and 2, wherein the air—cooled
turbine blade 10 of the present invention is illustrated. The
turbine blade 10 includes a root 12 for mounting the blade to the
turbine wheel (not shown), a platform 14 and an airfoil 16 formed
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integrally with the platform 14. The airfoil 16 includes a concave
side 18 and a convex side 20. During operation of the turbine,
combustion discharge gasses impinge on the concave side 18 of the
airfoil 16. As can be appreciated, the concave side 18 of the
airfoil 16 is subjected to higher temperatures during operation than
the downstream, convex side 20.

Reference is now directed to FIGS. 4 and 5, sectional views of the
airfoil 16. As will be described in move detail below, the airfoil
16 includes two serpentine side cooling passages 22, 24 and a third
middle airfoil cooling passage 26. Additionally, a leading edge
cool ing passage 28, as well as a trailing edge cooling passage 30
are provided to effectively cool those areas (17 and 19
respectively) as well. As shown, various film cooling holes 29 are
located in the leading edge 17, the concave side 18 and the convex
side 20 of the airfoil 16 to exhaust at least some of the air in the
associated passages and to provide a thin film of lower temperature
air on the surfaces of the airfoil 16 for an additional cooling
effect.

As shown in FIGS. 6 and 8, the flow of cooling air, indicated by
the arrows, is admitted into the turbine blade 10 through the root
12. The cooling air continues to travel in each passage within the
airfoil 16 thereby cooling the surrounding metal surfaces. As shown
in FIG. 8, the side cooling passage 22 directs the flow of air to
“double back”, changing direction twice before exiting at orifice
52, thus maximizing the cooling action over a large portion of the
concave side 18 of the airfoil 16. As shown in FIG. 6, the side
cool ing passage 24 cools the convex side 20 of the airfoil 16 in a
similar manner. The air within the leading edge cooling passage 28
is ejected through the film cooling holes 29 providing the dual
benefit of cooling the leading edge 17 as well as providing the film
cooling as heretofore described. The air within the trailing edge
cooling passage 30 is ejected across the height of the blade
trailing edge 19.

Advantageously, a portion of the flow of the cooling air is
utilized to cool the platform 14. Reference is made to FIG. 9 taken
along section line 9—9 of FIG. 1. As shown, three platform cooling
passages 31, 32, and 34 are provided. See also FIGS. 10 and 11,

il lustrating the relative placement of passages 31 and 32 within the
platform 14. As further shown in FIG. 9, orifices 36, 38, and 40 are
in fluid communication with the cooling passages 22, 24, and 28
respectively, to provide the desired diversion of a portion of the
cooling air into the platform cooling passages. Advantageously, a
uniform cooling is maintained within the platform 14 by the
provision of several sets of outlet orifices 42, 44 and 46. Thus a
continuous flow of cooling air is directed into the corners to
assure even cooling. It should be appreciated that the size and
number of these outlet orifices can be readily varied in order to
fit a wide variety of applications.

Advantageously, and according to an important aspect of the
present invention, an additional set of orifices 48, 50 are in
outlet fluid communication with the platform cooling passages 31, 32
respectively. After passing through the platform cooling passages
31, 32 the cooling air (shown by the dashed arrows) enters the
middle airfoil cooling passage 26 via these orifices 48, 50. Refer
also to FIG. 7 wherein the orifice 50 is shown. In a |ike manner
entry of cooling air into the middle airfoil cooling passage 26 is
also provided through the orifice 48. This arrangement has the two



fold advantage of cooling the platform 14, as well as cooling the
middle airfoil area. Moreover, the additional desirable result of
cooling the middle airfoil area without overcooling it is achieved.
More specifically, as the cooling air traverses the platform passage
31, 32 it is warmed. This warmed air is next directed through the
middle airfoil cooling passage 26 via the orifices 48, 50
respectively to provide a lesser degree of cooling to the cooler
middle airfoil area than is provided to the directly cooled concave
18 and convex side 20 of the airfoil 16. The cooling air then
continues upwardly in the cooling passage 26 and ultimately exits
through exit orifices 52. ]
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[The foregoing description of a preferred embodiment of the
invention has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Obvious modifications or
variations are possible in light of the above teachings. For
example, additional orifices can be provided to direct fluid
communication from the trailing edge cooling passage 30 to the
platform cooling passages 31, 32. This would provide for a greater
flow of cooling air within the platform. ]
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