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COOLED TURBINE BLADE 
My invention is directed toward improvements in the 

structureof cooled flow_directing members for turbo~ 
machines working with hot motive ?uids. Such ‘?uid 
directing members commonly are the rotor blades and 
nozzle vanes of turbines such as gas turbines. Hereinaf 
ter they will be referred to as blades ‘for conciseness. 
‘Regardless of ‘the advances in metallurgy which have 

provided‘increasingly high temperature resistance in 
alloys used for turbine'blades, there remains a need for 
improved means for cooling such blades, to increase . 
the‘maximum temperature level of the engine‘ in which 
they ‘are employed. The reason for high temperature 
levels is‘ greater ef?ciency and a lighter weight and 
more compact power plant. 

It is important that cooling'be as effective‘ as possible 
so as to minimize loss of power or efficiency due to the 
provision of cooling air or other‘ medium for cooling 
the blades. ‘ 

My invention is directed to improved structure for 
internally coolingi‘alturbine blade or‘va‘ne of a non~ 
porous wall type. The preferred structure of my inven 
tion involves a liner from ‘which cooling air is spouted 
through small perforations toward the vwall of the blade, 
the liner‘ being spaced from the blade wall by ribs ex-‘ 
tending inward from the 1W3“. ‘ Such ' ‘structures are 
known. According to my invention, however, the ‘liner 
is“made‘ ofi‘a material of-relatively‘high conductivity 
such‘as cuprous nickel material and thus has ‘greater 
than usual ability to conduct‘som‘e heat out of the air 
foil int‘o the blade base. Also, transfer of heat by radia~ 
tion‘ from the blade wall to the ‘liner is improved‘by pro 
viding a rough‘sujrfac‘e on the liner to increase the ther 
mal absorptivity of .the liner. 
1The principal objects of my‘ invention ‘are‘to. provide 

improved means for cooling‘?ow-directing members 
for‘hi‘gh temperature machines, tolprovide a cooled 
blade which is ‘of simple ‘and readily“ fabricated struc 
ture, ‘and to provide ‘a system‘ having maximum effec 
tiveness‘for cooling a ‘blade by internal convection and 
radiation, as distinguished‘from transpiration cooling. 

The‘ nature of my invention and its advantages‘ will ‘be 
clear‘ to those skilled in the art from ‘the succeeding de 
tailed description of preferred‘ embodiments of the‘ in 
vention and the‘accompanying drawings ‘thereof. ' 
‘FIG. ‘1 is‘ an elevation view of .a‘turbin‘e‘ blade. 
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‘ direct contact with the motive ?uid. The'base‘ 6 com 
prises a hollow stalk 7 and a dovetail or serrated root 
8 adapted for mounting in a turbine rotor structure. Re 
ferring particularly to FIG. 2, the hollow blade 3 is de 
?ned by a wall 9 and is illustrated as having a suitable 
cambe'red ‘airfoil con?guration, having a leading edge 
10, a trailing edge 11, a‘ convex face‘ 12, and a‘concave 
face 14. The blade wall defines an internal chamber 15 
of generally airfoil shape, and the tip of the blade at 16 
is open. The blade stalk 7 de?nes an‘entrance 18 for _ 
cooling gas, ordinarily compressor discharge‘ air in a 
gas turbine ‘ engine. A hollow sheet metal liner 19, the 
surface of which maybe considered to be parallel in‘a 
rough‘way to the‘wall 9, is disposed ‘within the chamber 
15. ‘ . 

As illustrated in FIG. 3, the upper end of the liner is 
‘ closed by a junction between the two side walls of the 
‘ liner at 20. The base end of the liner may be disposed 
in slots 22 in the wall of the stalk and suitably ?xed 
‘there. This is bene?cial to conduction of heat from the 
liner into the‘ blade stalk. Since the stalk ?rst receives 

‘ the cooling‘ gas and is not in direct contact‘with the hot 
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FIG. 2 is a‘ much‘ enlarged transverse section of the, ' 
blade taken on the‘ plane indicated by'the lin‘e~2—2 in' 
FIG. 1. 50 

FIG. 3 is a somewhat enlarged longitudinal section of ‘ 
the ‘blade taken in the 
in FIG. ‘2. 
‘F‘IG.“4 is a greatly enlarged fragme‘ntary view of a 

plane ‘indicated by ‘the li‘ne 3—-3 

‘portion of the blade wall and liner taken‘ in a plane ex 
tending‘ spanwise of‘ the blade. . 
‘FIG. 5 is a‘fragmentary cross‘s‘ec‘tion‘taken‘on the 

plane indicated by the line 5—-5 in FIG. ‘4. 
‘FIG. 6 is‘a fragmentary view illustrating a modi?ed 

blade structure. . . 

Referring‘?rst to ‘FIGS. 1 and“2,‘FlG. ‘1 illustrates a 
blade, the "general o‘utline‘of which may b‘e‘conven 
tional. The ?ow-directing member‘or blade ‘2 com 
prises an airfoil or blade portion 3, a platform ‘4, ‘and a 
base 6. The platforms of ‘adjacent blades de?ne one 
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boundary o‘fith‘e‘hot motive'fluid path ‘through a cas- ' 
cade of blades. The platform isolates the base 6 from 

‘motive ?uid,‘ it is normally ‘much cooler than the blade 
wall 9. ‘ 

“The interior of the blade wall 9 bears generally paral~ 
‘lel ribs 23 which extend into contact with the blade 
liner and which, as will be apparent from‘ FIG. ‘3, in 
crease in height toward the tip of the blade."‘As a result, 
spanwise-extending passages 24‘ de?ned between‘ the 
blade wall“9 ‘and the liner 19 and] bounded‘iby the ribs 
‘23 increase in depth and-area towards the“ tip of the 
blade to maintain a more or less constant‘ velocity‘ of 
flow alo‘n‘g the passages as the volume of ?ow increases. 
Cooling air which enters the opening 18 ‘in the open 
blade base end of the liner is discharged through a mul 
tiplicity'of small ‘perforations or spouting holes 26 dis 
tributed along each passage 24. The liner I9 is bonded 
to the ribs 23 by brazing,‘ diffusion bondin'g, or other 
‘suitable process, as in‘dicated at the points‘27 in FIG. 
‘5.. In addition to‘ the outlet at the tip of the blade, the 
trailing edge of the blade‘ may be formed ‘with slots 28 
to discharge, some cooling air at this point to improve 
‘the cooling‘at the‘ narrow trailing edge. 
The airfoil tube apart from the liner may‘ be fo‘rr‘n‘ed 

by casting or ‘forging and normally will be of a high 
nickel alloy such as ordinarily are used in hot‘ situations 
and may be what are commonly called ‘superalloys. 
‘These alloys have relatively low thermal conductivity. 
The liner 19, on the other hand, is preferably made of 
a cuprous nickelalloy having relatively high thermal 
conductivity. _ . 

The interior of the blade wall and the ribs 23 ordi 
narily are left with a relatively smooth ?nish such as re 
sults from the manufacture. The liner, on’the other 
hand,‘ is arti?cially roughened to ‘provide higher heat 
‘absorptivity as shown ‘more clearly in FIGS. 4 and 6. 
Preferably, this roughening is in the form ofi‘contiguous 
parallel V-grooves 30 preferably of about 90° included 
angles. This roughness may be produced by etching or 
by machining or by a process of, rolling the sheet as de— 
sired. The relatively smooth surface of the blade wall 
‘gives it a gray body characteristic, whereas the rough 
su‘rface of the liner ‘gives it more of a black ‘body char 
acteristic. The relatively higher absorptivity of the liner 
and the relatively higher emissivity of the wall improve 
‘the‘transmissionof heat by radiation from the wall to 
the liner. This is not the major means for removal of 
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heat from the wall 9, the principal removal being by 
transfer of heat to the cooling'gas. Nevertheless, any 
improvement in cooling is important. 
Thus, we have a very hot wall, the outer surface of 

'which'may be l,0O0° F. hotter than the cooling air in 
the interior of the liner. The inner surface of the blade 
wall is substantially cooler than its outer surface, the 
ribs cooler yet, and the liner 19 still cooler. Because of 
the high heat transmitting characteristics of the liner, 
it is more effectivein transmitting heat from the ribs to 
the cooling air, providing additional .effective surface 
for convection cooling. In the bonded joint there is 
good transfer of heat from the ribs to the liner. Since 
the liner is a good heat conductor, it also is instrumen 
tal in conducting heat toward the base of the blade into 
the area which is remote from the motive fluid stream 
above the platform 4. Also, because of the greater ab~ 
sorptivity of the ridged or roughened surface of the 
liner, the transfer of heat from the wall by radiation to 
the liner isimproved. The liner, of course, is cooled by 
the cooling air ?owing within the liner and through the 
holes 26 through the liner as well as by the air ?owing 
through the passages 24 which air, of course, receives 
most of its heat from the wall 9. 

It may be helpful vto give an example of preferred di 
mensional values in a blade as described above. The 
blade may be considered to have a chord of about l 115 
inches, with a rib every 50 mils (a mil being a thou 
sandth of an inch), the ribs being 10 mils wide, and the 
air holes 26 about 6 mils in diameter. The distance 
from the liner to the blade wall increases from about 12 
mils to about 40 mils from base to tip of the blade, the 
blade wall is about 40 mils thick, and the liner is about 
10 mils thick. The ridges or grooves 30 on the liner are 
about 3 mils deep. Such dimensions are subject to 
change, of course, depending upon the nature of the 
particular installation and exercise of engineering anal 
ysis. _ 

The blade 2 may be cast integrally in one piece, fol 
lowing, for example, the techniques described in Mc 
Cormick US. Pat. No. 3,192,578, July 6, 1965, or the 
airfoil and base may becast separately and joined by a 
welding or diffusion bonding operation. Or, if desired, 
the structuremay be cast in two parts which are then 
bonded together as illustrated generally in FIG. 6. The 
blade 34 of FIG. 6 is made of two parts 35 and 36, each 
de?ning one side of the blade or airfoil 38,>of the plat 
form 39, of the stalk 40, and of the root 42. These are 
united along a joining surface 43 which ordinarily, in 
practice, might approximately follow the mean camber 
line of the blade. The ribbed interior of the blade and 
other details are not indicated in FIG. 6. 

It should be apparent to those skilled in the art that 
I have conceived a signi?cant improvement in the prin 
ciples of internal cooling of blades, giving greater ef? 
ciency in the use of cooling air and greater uniformity 
of temperature throughout the blade. 7 
The description of preferred embodiments of- the in 

vention for the purpose of explaining the principles 
thereof is not to be considered as limiting or restricting 
the invention, since many modi?cations may be made 
by the exercise of skill in the art. ’ 

I claim: . 

1. An internally-cooled ?ow-directing member for a 
turbomachine comprising, in combination, a hollow 
airfoil having an external wall de?ning an internal 
chamber, a liner disposed in the airfoil and spaced from 
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4 
the wall, the member having an inlet for a cooling gas 
at one end of the airfoil and an outlet for'the cooling 
gas at the other end of the airfoil, the wall bearing inter 
nal ribs extending spanwise of the airfoil and engaging 
the liner, the ribs increasing in height toward the cool 
ing gas outlet so that cooling gas passages diverging 
toward the airfoil outlet are de?ned by the wall and 

, liner between the ribs, the inner surface of the wall hav 
ing a relatively smooth ?nish forhigh heat emissivity 
and the outer surface of the liner having a relatively 
rough ?nish for high heat absorptivity, and the liner 
being made of a material of relatively high coef?cient 
of thermal conductivity as compared to the airfoil. 

2. An internally-cooled ?ow-directing member for a 
turbomachine comprising, in combination, a hollow 
airfoil having 'an external wall de?ning an internal 
chamber, a liner disposed in the airfoil and spaced from 
the wall, the liner'having an inlet for a cooling gas and 
de?ning distributed perforations for discharge of the 
gas toward the wall, the airfoil de?ning an outlet for the 
cooling gas, the wall bearing internal ribs extending 
spanwise of the airfoil and bonded to the liner, the 
inner surface of the wall having a relatively smooth ?n 
ish for high heat emissivity and the outer surface of the 
liner having a relatively rough ?nish for high heat ab 
sorptivity, the liner being made of a material of rela 
tively high coef?cient of thermal conductivity as com 
pared to the airfoil. 

3. An internally-cooled ?ow-directing member for a 
turbomachine comprising, in combination, a hollow 
airfoil having an external .wall de?ning an internal 
chamber, a liner disposed in the airfoil and spaced from 
the wall, the liner having an inlet for a cooling ‘gas and . 
de?ning distributed perforations for discharge of the 
gas toward the wall, the airfoil de?ning an outlet for the 
cooling gas, the ‘inner surface of the wall having a rela 
tivelysmooth ?nish for high heat emissivity and the 
outer surface of the liner having a relatively rough, ?n 
ish for high heat absorptivity, the liner being made of . 
a material of relatively high coef?cient of thermal con 
ductivity as compared to the airfoil; the airfoil having 
a base isolated from the flow passing by the airfoil and 
including an inlet for the cooling gas, the liner extend 
ing into the base. 

4. An internally-cooled ?ow-directing member for a 
turbomachine comprising, in combination, a hollow 
airfoil having an external wall ‘de?ning an internal 
chamber, a liner disposed in the airfoil and spaced from 
the wall, the liner having an inlet for a cooling gas and 
de?ning distributed perforations for discharge of the 
gas toward the wall, the airfoil de?ning an outlet for the 
cooling gas at the tip of the airfoil, the wall bearing in 
ternal ribs extending spanwise of the airfoil and engag 
ing the liner, the ribs increasing in height ‘toward the 
airfoil tip so that cooling gas passages diverging toward 
the airfoil tip are de?ned by the wall and liner between 
the ribs, the inner surface of the wall having a relatively 
smooth ?nish for high heat emissivity and the outer sur 
face of the liner having a relatively rough ?nish for 
high heat absorptivity, the liner being made of a mate 
rial of relatively high coef?cient of thermal conductiv 
ity as compared to the airfoil; the airfoil having a base 
isolated from the flow passing the airfoil and including 
an inlet for the cooling gas, the liner extending into the 
base. 
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