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3 Claims. 

The invention described herein may be manu 
factured by or for the United States Government 
for governmental purposes without payment to 
me of any royalty thereon. 
The present invention relates to air cooled 

turbine blade constructions, particularly for use 
in combustion turbines where the blades operate 
at very high temperatures. 
The primary object of the invention is to pro 

vide an improved air cooled turbine blade in 
cluding a hollow sheet metal blade enclosing a 
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porous or channeled metallic core to afford a 
multiplicity of cooling air passages and a maxi 
mum of heated surface exposed to the cooling 
medium in heat exchange relation. 
A further object of the invention is to provide 

an improved air cooled turbine blade including 
a hollow sheet metal blade exposed to the hot 
gases flowing from a combustion chamber and 
enclosing a central core member anchored to 
the turbine wheel and also secured to the sheet 
metal blade in such a way as to provide a multi 
plicity of channels for the passage cooling air 
between the sheet metal blade and the central 
core member, so that the core member being 
maintained at a lower temperature than the 
sheet metal blade is able to withstand higher unit 
stresses and strengthen the whole blade struc 
ture accordingly. 
A further object of the invention is to provide 

an air cooled turbine blade having a longitudi 
nally extending core member within a sheet 
metal outer blade member with Securing means 
connecting the core member and sheet metal 
outer blade member together. 
A further object of the invention is to gen 

erally improve the mechanical strength and cool 
ing efficiency of air cooled turbine blades. 
The above and other objects of the invention 

will become apparent upon reading the follow 
ing detailed description in conjunction with the 
accompanying drawing, in which: 

Fig. 1 is a cross sectional view of portions of a 
turbine wheel and an associated bearing. 

Fig. 2 is a fragmentary view of a turbine wheel 
looking at the face of the wheel and showing 
three adjacent blades, one of which is in longi 
tudinal cross section. 

Fig. 3 is a longitudinal cross Sectional view Of 
a turbine blade like that shown in Fig. 2 but 
taken across the width of the blade. 

Fig. 4 is a longitudinal cross sectional view of 
a turbine blade similar to that of Fig. 3 but 
omitting the solid centralblade core. 

Fig. 5 is a transverse cross sectional View taken 
through a modified turbine blade having an open 
trailing edge to permit cooling air foW acroSS 
the width of the blade. 

Fig. 6 is a longitudinal cross Sectional WieW 
taken through a turbine blade having a finned 
core member therein. 
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Fig. 7 is a cross sectional view taken on line 

7-7 of Fig. 6. 
In gas turbines it is imperative that the tur 

bine blades be capable of Withstanding very high 
temperatures for long periods of time. While it 
is Common practice to use solid blades made of 
heat resisting alloy steels, it is also possible to 
use hollow blades having a cooling medium cir 
culating therethrough. Such hollow blades may 
be constructed of steels containing smaller quan 
tities of scarce alloying elements. Being held 
at lower and more uniform temperatures, these 
hollow blades have less tendency to warp and 
twist. Also there is less danger of the blades 
failing under stress because the temperature 
of the metal is held down by the circulating cool 
ing medium. 

In Fig. 1 there is shown a portion of a turbine 
Wheel as found in a gas turbine, such as that 
shown in complete cross sectional form on page 
393 of "Gas Turbine Construction' (1947) by R. 
Tom Sawyer. The wheel is secured to a flanged 
main shaft 2 by bolts 3 and one bearing 4 is 
shown to rotatably journal the shaft 2. The 
wheel f carries on its periphery a continuous 
Series of blades, as at 5, which are made hollow 
to receive cooling air entering at 6 and leaving 
the open ends of the blades for passage rear 
Wardly with the turbine exhaust gases. Cooling 
air may be diverted from the engine compressor 
and passed through an annular conduit coaxial 
with respect to the shaft 2. The bearing Sup 
porting flange is apertured at a number of 
points to provide air flow ports 8 for passing the 
cooling air to the Space around the forward side 
of the wheel . The wheel carries a thin mani 
fold plate 9 to confine the cooling air and chan 
nel it to the passages 6 extending into each blade 
5. The plate is formed outwardly into a cylin 
drical flange 0 having adjacent thereto another 
cylindrical flange f l carried on the bearing 
flange 7. The flange also carries a series of 
ring-like flanges in spaced relation to form 
a labyrinth seal for preventing loss of cooling 
air. Thus it is seen that high pressure air is free 
to flow into the space between the wheel and 
the manifold plate or disk 9 to feed air through 
the passages 6 and thence into each turbine 
blade. 
Considering a preferred form of turbine blade 

construction as shown in Figs. 2 and 3, it will be 
seen that the wheel carries a Series of radially 
extending blades 5. Each blade includes a shell 
2, a combined core and root member 3 and a 

porous filler 4. The member 3 has a thick 
block-like root portion f3a having tongues 5 
interfitting with respect to annular flanges 6 
on the wheel , and secured by means of trans 
verse pins 7 driven into place or otherwise fas 
tened securely. Along the central plane of the 
wheel there is provided an annular groove 8 
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to receive cooling air by way of the passages 6. 
Communicating with the groove 8 is an air pas 
sage 9 in each blade opening into a plurality of 
narrower passages 20 Which extend to the Outer 
surface of member 3 outwardly of the point 
where the core member begins tapering down. 
The tapered core portion 3b is spaced from the 
blade shell on all sides to provide cooling air 
spaces. These spaces are filled with metallic 
spheres or particles bonded to each other and 
to the blade shell and blade core. Such bonding 
may be accomplished by brazing and by using 
just the right amount of brazing material the 
bond is such as to provide an almost infinite 
member of passages or channels for the flow of 
cooling air toward the outer end of the blade. 
When the bonded particles are of Spherical type 
the bonding is accomplished in such a Way as to 
bond the balls or beads only at their points of 
tangency or over Small areas adjacent to their 
points of tangency. The one piece tubular blade 
is welded or otherwise secured at its root end to 
the core member 3 adjacent to the inner end of 
the tapered core portion 3b. Furthermore the 
bonded filling material 4 is bonded both to the 
core portion 3b and to the sheet metal blade 
and thus provides further rigid connecting means 
between the well anchored member 3 and the 
Shell 2. The bonding or brazing material may 
be a copper base material but for heat resisting 
steel it is much preferred to use a silver-man 
ganese material proportioned about 80 per cent 
silver and 20 per cent manganese. This alloy 
has a higher melting point than common copper 
brazing material and has the further advantage 
of reduced capillary action in the liquid State. 
Thus it will not penetrate the grain boundaries 
of the coarse structure usually found in heat re 
sisting steel alloys. Such penetration by copper 
base brazes has been found to cause ultimate fa 
tigue failure of metals under alternating stress 
or vibration. However for steels having fine 
grain structure, the copper brazes commonly used 
will be very Satisfactory. 
The outer blade shell 2 is exposed to very hot 

gases which flow to the turbine from the ad 
jacent combustion chambers of the engine. Thus 
the shell soon reaches a high temperature and 
Some of the heat is conducted through the shell 
material, thence into the filler material of 
foraminous or porous structure and also into the 
metallic core member 3. Of the heat reaching 
the filler material, a major portion is picked up 
by the cooling air flowing through the in 
testices of the metallic filler. Thus only a minor 
portion of the heat conducted into the filler ma 
terial from the blade shell ever reaches the core 
member 3. Therefore the core will be main 
tained at a much lower temperature than the 
blade shell and can thus withstand a much higher 
unit stress than the material of the blade shell. 
The cooler core will function as an effective blade 
anchor for this reason and the filler material be 
ing bonded both to the core and to the blade shell 
will form a stress transferring means to hold the 
hot blade shell securely onto the cooler core or 
buttress 3. Even though the blade shell is at 
very high temperature and can withstand com 
paratively low unit stress, it will be effectively 
held in place by the cooler core and the bonded 
filler material. The latter will chiefly resist Sheer 
stress and will always be maintained at a low 
enough temperature, to successfully resist such 
stress. The stresses which develop in the blades 
are of course due to the high centrifugal forces 
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4. 
encountered at shaft speeds in the vicinity of 
10,000 R. P. M. or higher. This centrifugal ac 
tion which places the blade shell and the core 
member in tension also assists in promoting flow 
of cooling air outwardly through the foraminous 
blade filler to the open end of the blade. InSO 
far as possible the filler material is Selected to 
have good heat conductivity, in order to permit 
heat to flow freely through the filler Where the 
cooling air can have its effect in extracting heat 
from the blade interior. The filler particles or 
elements may take many geometrical shapes as 
tests prove most effective, but perfect cubes Would 
probably be the least desirable shape. Warious 
polygonal or spherical Solid shapes may be en 
ployed or even crumpled and compacted sheet 
metal strips may be used in Some cases. AS ex 
plained above the tapered core portion 3b func 
tions to rigidify the turbine blade, and to retain 
the filler particles by providing a central anchor 
therethrough and to transfer stress from the hot 
blade shell to the core and root member 3. 
In Fig. 4 there is illustrated a slightly different 

and less complicated blade structure. In this 
form of the blade the porous core or filler 30 en 
tirely fills the shell 3 except for a small empty 
space at the outer end of the blade. The shell 
3 may be brazed or welded at its inner end to 
the turbine wheel. 32. The Wheel is annularly 
grooved as at 33 to provide a cooling air channel 
around the wheel, which channel is Supplied with 
flowing air under pressure by a multiplicity of 
passages 34 extending to the forward side of the 
wheel. Cooling air is confined by means of a 
circular metal plate 35 arranged in a manner 
similar to the plate 9 of Fig. 1. The metallic 
particles bonded to each other and to the shell 
3 to form the filler 30 are confined to a Space 
outwardly of the channel or groove 33 by means 
of a Screen 36 welded or brazed inside the Shell. 
As in the first described form of the invention 
the filler material of bonded balls Or beads is 
porous enough to permit the free flow of cooling 
air outwardly for ultimate discharge from the 
open end of the shell 3. The filler material 
is not necessarily extended all the Way to the 
open end of the shell, since the unit stress in 
the shell material decreases toward the tip end 
of the blade thus permitting higher shell tem 
peratures. Sufficient heat transfer may be ob 
tained by filling the shell only two-thirds to 
three-fourths full of bonded metal particles. 
Since the blade of Fig. 4 does not include the 
core member as in the first described form, it 
will not stand as high Stresses but it will be very 
satisfactory for stationary blades or blades which 
rotate at noderate speeds. 
In a third form of the turbine blade as ShOWn 

in Fig. 5 the blade includes a shell 40, a quantity 
of bonded filler particles 4 and a solid metallic 
core or anchor member 42, as in the first de 
scribed form of the invention. However in this 
modification the shell 40 of sheet metal is left 
open at the trailing edge 43, so that cooling air 
can flow across the Width of the blade from an 
air supply channel 44 in the leading edge of 
the blade. In this blade it is also noted that 
the tip end of the blade is completely closed 
off So that Cooling air can only flow across the 
blade interior, not lengthwise thereof except in 
the air Supply channel 44. Other than these dif 
ferences, the construction of the blade shown in 
Fig. 5 is quite similar to that of Figs. 2 and 3. 
The cooling air discharged from the trailing edge 
of the blade is heated and expanded considerably 



2,648,520 
5 

in passing through the filler material and Will 
cause a force reaction on the blade to Speed up 
its rotation. Thus the cooling air diverted from 
the engine compressor will not represent a direct 
power loss with this type of air cooled blade. 
Furthermore because of the rigidifying and 
strengthening effect of the core and filler, the 
use of a blade open along the trailing edge is more 
feasible and practical. 
A fourth and final form of the present inven 

tion is illustrated in Figs. 6 and 7. As seen in 
Fig. 6 the turbine wheel 50 carries a series of 
ribbed extensions 5 extending radially out 
Wardly with respect to the wheel. For each such 
extension there is a surrounding metal shell 52 
slightly longer than the extension and Secured 
as at 53 to the turbine Wheel 5). A manifold 
plate 54 secured to the wheel 50 provides a cool 
ing air confining space opening into passage 55, 
chamber 56 and transverse passages 57 extend 
ing to opposite sides of the core or extension 
5f. The ribs 58 begin a short distance outwardly 
of the passages 57 to thus provide spaces ex 
tending across the blade to carry the cooling 
air to each of the channels or grooves between 
ribs 58. The edge faces of the ribs 58 are bond 
ed to the metal shell 52 as by brazing or Weld 
ing, in order to conduct heat from the shell to 
the ribbed core member. The cooling air pass 
ing outwardly between the ribs 58 washes over 
the surfaces of the core member as well as over 
the inside surfaces of the shell 52, thus carrying 
heat away from the inside of the blade at a 
steady rate. Here again the longitudinally ex 
tending core member will be cooler than the out 
er shell and better able to withstand tensile 
stresses than the shell. The brazed connections 
between the core ribs and the shell will be under 
shear stress but the total brazed area, will be quite 
large and the unit shear stress will be small. By 
this arrangement the shell can Successfully oper 
ate at higher temperatures than Would be per 
missible without the stress carrying central core 
which is maintained at a lower temperature 
than the outer shell. 
In describing the turbine blades it was assumed 

for purpose of illustration that they would be 
mounted on turbine Wheels rotating at high 
speeds. However any or all of the described blades 
are adapted for use as Stationary guides or vanes 
and will function in this application just as well 
on turbine Wheels. The relative size of the metal 
filler particles may vary considerably. However 
if made too small there may be too high a resist 
ance to flow of air and if made too large there 
may be too small a total cooling area, for real 
resultS. If ball Or spherical beads are used it 
is suggested that for average aircraft gas turbine 
blades the particles may range in diameter from 
one-sixteenth up to three-sixteenths of an inch. 
The embodiments of the invention herein 

shown and described are to be regarded as illus 
trative only and it is to be understood that the 
invention is Susceptible of variations, modifica 
tions and changes Within the scope of the 
appended claims. 
I claim: 
1. In a gas turbine power plant including a 

source of high pressure air, a turbine blade con 
struction comprising a metallic shell having a 
typical blade shape on its outer surface, means 
to retain said shell on a turbine wheel aSSociated 
therewith including a longitudinally extending 
central metallic core member inside said shell 
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and Spaced from the inner surface of said shell, 
means on Said core member to retain said men 
ber on the turbine wheel, means provided in Said 
core member to conduct a minor portion of said 
high pressure air into one end of said metallic 
shell for passage between the shell wall and the 
core member, means providing at least one air 
escape opening from said metallic shell, and 
foraminous metallic means rigidly attached to 
the shell and the core member to support the 
shell on the core member at the same time pro 
viding an extensive heat transfer area, exposed to 
Said high pressure air circulating through said 
shell. 

2. In a gas turbine power plant including a 
Source of high pressure air, a turbine blade con 
Struction comprising a metallic shell having a 
typical blade shape on its outer surface, means 
to retain said shell on a turbine wheel including 
a longitudinally extending central metallic core 
member inside said shell and spaced from the 
inner surface of Said shell, means connected to 
said core member to retain said member on the 
turbine wheel, means provided in said member 
to conduct a minor portion of Said high pressure 
air into one end of said metallic shell for passage 
between the shell Wall and the core member, 
means providing at least one air escape opening 
from said metallic shell, and metallic spheres 
inside said shell bonded to each other, to said 
shell and to said core member at points of tan 
gency to increase the heat transfer area exposed 
to Said high pressure air circulating through Said 
shell. 

3. In a gas turbine power plant including a 
Source of high pressure air, a turbine blade con 
struction comprising a metallic shell having a 
typical blade shape on its outer face, a central 
metallic core member extending within the shell 
and spaced from the inner surface thereof, means 
securing said shell to said core member, means 
On Said core member constructed and arranged 
for engagement with a turbine Wheel in radi 
ally extending relation thereto, passage means in 
said core member to conduct part of Said high 
pressure air into the inner end of said metallic 
shell, means providing an air escape opening in 
Said shell, and said means securing the shell to 
the core member including a multiplicity of me 
tallic spheres arranged. Within the shell bonded 
to each other, to the shell, and to the core mem 
ber whereby a filling is provided in said shell 
porous to the flow of air therethrough to greatly 
increase the heat transfer area, therein. 

HEINZ E. SCHMITT. 
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