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57 ABSTRACT 
A turbine wheel in which the rim and the blades are 
made in one piece; intended breaking places for radial 
heat cracks are provided at the ends of radial slots and 
through-openings are provided which extend through 
the rim portions of the turbine wheel substantially in 
the axial direction and thereby prevent the continua 
tion of the heat cracks in a radially inward direction; 
the through-openings interconnect the high pressure 
side and the low pressure side of the turbine wheel 
while the intended breaking places are located be 
tween the slots and the through-openings. 

25 Claims, 12 Drawing Figures 
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INTEGRALTURBINE WHEEL WITH AXAL 
THROUGHOPENINGS AT THE OUTER RMAND 

WITH CONTROLLED RMCRACKS 

The present invention relates to a turbine wheel in 
which the rim and blades are made of one piece, which 
is provided at the outer rim portion with intended or 
predetermined breaking places for radial heatcracks at 
the ends of radial slots, and additionally with through 
openings or apertures which extend through the rim 
portions in the axial direction and thereby prevent the 
heat cracks in their further radial inwardly direction 
continuation or development. 
With known wheels or rotors of this type, the 

through-openings or apertures are subsequently again 
closed at the narrowest places. As a result thereof, the 
disk and turbine rim cannot be cooled sufficiently, 
whence these turbine wheels are not suited for high tur 
bine inlet temperatures. Additionally, the through 
openings, as partially also the rim cracks and/or slots 
have to be sealed off involving special expenditures in 
order to prevent the penetration and through-flow of 
hot gases and therewith a further overheating. 

It is the object of the present invention to provide a 
turbine wheel which, with the use of an intensive inter 
nal cooling of the rim, enables higher process or oper 
ating temperatures and simultaneously therewith by the 
introduction of controlled rim cracks, a greater flexibil 
ity in the load or power control whereby radial 
through-slots together with their leakage losses and the 
necessity of special separate seals between the high 
pressure side and the low pressure side of the turbine 
wheel are avoided. A further aim of the present inven 
tion is to dampen the blade vibrations with suitable 

23S. 

As solution to the underlying problems, the present 
invention essentially consists in that the through 
openings or apertures connect with each other the high 
pressure and low pressure side and in that the intended 
or predetermined breaking places are located between 
the slots and the through-openings. Consequently, 
whereas in the prior art, the bores were subsequently 
closed, they remain open in the solution according to 
the present invention. 
The essentially axially extending through-openings or 

apertures arranged according to the present invention 
combine in an advantageous manner the intensive in 
ternal cooling of the turbine wheel-outer rim with the 
interception or stoppage of the controlled rim cracks 
whose location they additionally determine in conjunc 
tion with the radial slots. As a result thereof, they en 
able higher process or operating temperatures and re 
duce the danger of wheel breakages or fractures. 
Therebeyond, the rim cracks contribute toward the im 
provement of the temperature-alternate stress strength 
or temperature fatigue strength and to the damping of 
blade vibrations. Additionally, the expenditures re 
quired in the prior art wheels for sealing off the 
through-openings are saved by the connection of the 
high pressure side and low pressure side. 
According to a further feature of the present inven 

tion, the axial through-openings are constructed prism 
shaped in a particularly appropriate manner. They ex 
tend at slight distances in parallel underneath the radial 
slots whereby the narrow remaining web represents the 
intended or predetermined breaking place. Small tubu 
lar members or pipes are inserted into the through 
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2 
openings whose internal cross section is closed at one 
place by a partition wall. Additionally, the small pipes 
are so dimensioned that a sufficient gap remains be 
tween the through-opening and the small pipes in order 
to permit the passage of a sufficient amount of cooling 
air. The through-openings or apertures can be hol 
lowed out already during the casting or can be pro 
duced also subsequently by boring or electro-chemical 
or electro-erosive removal processes of conventional 
type. The slots can be produced in a similar manner. 

In this embodiment, a further increase of the turbine 
inlet temperature is made possible by the concentrated 
guidance of cooling air close to the inner cooling sur 
faces of the wheel rim together with a simple manufac 
ture. The narrow intended breaking place suppresses 
also after the breakage, the penetration of hot gases 
from the outside, in which task it is additionally sup 
ported by the abutment surface of the small pipe. 
According to a further feature of the present inven 

tion, the through-openings and small pipes have a cir 
cular cross section. In that case, the through-openings 
can be bored and the small pipes can be constructed as 
rod stock whereby the manufacturing costs are consid 
erably decreased. 
According to a further embodiment of a turbine 

wheel according to the present invention, the through 
openings have an oval, possibly an eliptical profile 
whereby the major axis is disposed radially to the wheel 
axis. This shape enables a better stress distribution in 
the transition between blade base and solid disk. The 
manufacture takes place appropriately by casting, but 
may also take place by other processes, for example, by 
the erosion process of conventional type. The inserted 
small pipes may have an oval or any other suitable base 
cross section. 
According to a still further feature of the present in 

vention, the small pipes are profiled on the outside 
thereof and more particularly in such a manner that 
three or more webs run along the outer surface thereof 
which serve for the maintenance of the desired radial 
distance between the small tubular member and the 
bore. The channels for the cooling air are located in the 
circumferential direction between the webs. The cool 
ing air is thereby guided very close along the surface to 
be cooled which makes possible a good cooling with ec 
onomically metered cooling air. The manufacture then 
takes place, for example, by milling or remaing out the 
cooling channels between the webs. However, it is also 
possible to make the small pipes from a simple pipe or 
tubular stock with constant wall thickness, for example, 
with the aid of a drawing nozzle. In that case, the webs 
can be readily formed-in, and also base cross sections 
deviating from the round or oval shape can be readily 
manufactured for optimizing the cooling air channel 
cross section. 
According to a still further feature of the present in 

vention, the through-openings and small pipes may be 
so constructed that the webs serving for the mainte 
nance of the radial gaps are not disposed at the pipes 
but at the inner contour of the through-openings. In 
case that in the manufacturing costs of the through 
openings, the shape or form thereof plays no decisive 
role, at least the manufacture of the small pipes can 
thus be simplified. 
According to still another embodiment of the present 

invention, in each through-opening, one of the webs is 
somewhat wider than the other webs and is so arranged 
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that it is located at the place disposed farthest radially 
outwardly in relation to the turbine wheel axis, and 
more particularly at the place where the intended 
breaking place terminates in the through-opening. 
Even though the intended breaking places already as 
sure a good shielding of the cooling channels against 
hot gases entering from the outside by reason of their 
small dimensions and also by reason of the labyrinth ef 
fect of their breaking surfaces, as compared to ma 
chined-in continuous slots, it is additionally achieved 
by the aforementioned measure that the small pipe 
thereby comes to lie at the termination of the rim 
cracks and thereby still better seals the same. It is 
thereby of no importance whether the web belongs to 
the outer contour or to the small pipe; however, in the 
former case, the web must be so wide that the crack ex 
tends therethrough radially. 
According to another feature of the present inven 

tion, the small pipes are provided at both ends with one 
tab or lug each, which after the insertion of the small 
pipes into the through-openings are bent up approxi 
mately in the radially outward direction and thereby 
come to lie in grooves provided therefor on the side of 
the rim. As a result thereof, the small tubular members 
are secured against axial displacement and possibly 
also against rotation. These lugs or tabs, like the al 
ready mentioned wider webs, are also arranged radially 
outwardly so that the abutment of the webs and there 
with their fixation is assisted during the operation by 
the centrifugal forces. 
According to a further feature of the present inven 

tion, the cooling is to be improved by turbulence en 
hancement in the cooling air channels. For that reason, 
the small pipes are provided with bores outside of the 
web areas through which the cooling air is blown out 
of the inside of the pipe directly against the bore walls 
(impingement cooling). In order to enlarge this zone of 
improved cooling, the partition wall may be displaced 
within the small pipe, if so desired, up to the end of the 
small pipe on the low pressure side. 
These and further objects, features and advantages of 

the present invention will become more apparent from 
the following description when taken in connection 
with the accompanying drawing which shows, for pur 
poses of illustration only, several embodiments in ac 
cordance with the present invention, and wherein: 
FIG. 1 is a cross-sectional view of an intergral turbine 
wheel according to the present invention whereby 
the intended breaking place and through-opening 
are indicated only in dash line for purposes of sim 
plification of the drawing; 

FIG. 2 is a cross-sectional view through the turbine 
wheel of FIG. 1, taken along line II-II of FIG. 1; 
FIG. 3 is a cross-sectional view, taken along line III 

--III of FIG. 2; 
FIG. 4 is a cross-sectional view taken along the 

IV-IV of FIG. 1, unwound in the plane of the drawing; 

FIG. 5 is a cross-sectional view, taken along line 
V-V of FIG. 4, of a through-opening according to the 
present invention with inserted small pipes; 
FIG. 6 is a partial elevational view of the end face of 

the through-opening and small pipe, taken in the direc 
tion of arrow VI in FIG. 5; 
FIGS. 7-10 are cross-sectional views through four 

embodiments of through-openings with inserted pipes 
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4 
and with different configurations of the through 
openings; 
FIG. 11 is a partial elevational view of a modified em 

bodiment in accordance with the present invention rep 
resenting an improved cooling system; and 
FIG. 12 is a cross-sectional view taken along line XII 

-XII of FIG. , illustrating the through-opening and 
inserted pipe in accordance with the present invention. 

Referring now to the drawing wherein like reference 
numerals are used throughout the various views to des 
ignate like parts, the turbine wheel illustrated in cross 
section in FIG. 1 consists essentially of the disk 1, of the 
rim 2 and of the blades 3. A through-opening or aper 
ture 4 according to the present invention which is con 
structed in this embodiment as bore, an intended 
breaking place 5 and a radial slot 6 are illustrated in 
FIG. 1 only in dash lines for the sake of simplicity. The 
inserted small tube or pipe was omitted for the sake of 
simplicity. 
The cross section of FIG. 2, taken along line II-II of 

FIG. 1, which lies in the disk plane, illustrates two 
through-openings or apertures 7 with the associated in 
tentional breaking places 5 and the radial slots 6. By 
reason of the fact that the through-openings 7 do not 
extend parallel to the turbine axis, they appear oval in 
this figure. Two narrow webs 9 and a wider web 10 are 
made in one piece with the small pipe 8. The cooling 
channels 12 are thereby disposed-as viewed in the cir 
cumferential direction-between the webs. 
The common direction of the radial slots 6 (accord 

ing to the cross section III-III of FIG. 2) and of the 
through-openings 7 (cross section IV-IV in FIG. 2) 
which deviates from the direction parallel to the tur 
bine axis, are illustrated in FIGS. 3 and 4. Additionally, 
the arrangement of one through-opening 7 each be 
tween two adjacent blade bases can be recognized in 
FIG. 3. The inserted small tubular members or small 
pipes are provided with partition walls 11 as shown in 
FIG. 4. A cross section according to line V-V of FIG. 
4 illustrates in FIG. 5 the same small pipe with the lugs 
or tabs 13 for fixing the same in the installed position. 
The end face of the small pipe equipped with a securing 
lug 13 is illustrated in FIG. 6 representing a partial ele 
vational view taken in the direction of arrow VI of FIG. 
5. 
Four different embodiments for the through 

openings and small pipes are illustrated in FIGS. 7, 8, 
9 and 10. The plane of cross section in each case 
thereby is to be considered as extending along the line 
VII-VII of FIG.S. 
FIGS. 7 and 9 thereby illustrate through-openings 7 

and 14 and small pipes 8 and 15 having a circular base 
shape whereas FIGS. 9 and 10 illustrate similar 
through-openings 18 and 22 and small pipes 19 and 23 
having an eliptical base shape. 
However, in FIGS. 7 and 9, the webs 9, 10 and 20, 

21 are made in one piece with the small pipes 8 and 19, 
respectively, whereas in the embodiments of FIGS. 8 
and 10, the webs 16, 17 and 24, 25 are made in one 
piece with the rim, for example, by hollowing out dur 
ing the casting. 
A further improvement of the cooling results from 

the provision of the small pipes with bores 27 as can be 
seen in FIG. 11. These bores 27 extend through the 
pipe walls intermediate the webs 26 in the part of the 
pipes near the pressure side as delimited by the parti 
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tion walls 28. In order not to restrict unnecessarily 
thereby the area of an intensive cooling, the partition 
wall 28 may be displaced somewhat toward the low 
pressure side. 
While I have shown and described several embodi 

ments in accordance with the present invention, it is 
understood that the same is not limited thereto but is 
susceptible of numerous changes and modifications as 
known to those skilled in the art, and I therefore do not 
wish to be limited to the details shown and described 
herein but intend to cover all such changes and modifi 
cations as are encompassed by the scope of the ap 
pended claims. 

I claim: 
1. A turbine wheel having rim means and blade 

means made in one piece, said rim means including an 
outer rim portion, comprising: radial slot means pro 
vided at said outer rim portion, means forming inten 
tional breaking places for radial heat cracks provided 
at the ends of said radial slot means, aperture means 
disposed in said rim portion in a generally axially direc 
tion for preventing said radial heat cracks from con 
tinuing in a radially inward direction, said aperture 
means including means for communicating the high 
pressure side with the low pressure side of the turbine 
wheel, said intentional breaking places being disposed 
between said slot means and said aperture means. 

2. A turbine wheel according to claim 1, wherein said 
aperture means include prism-shaped apertures and 
said communicating means includes small pipe means 
disposed in said apertures, said pipe means being pro 
vided with a partition wall means in the inner cross sec 
tion thereof for substantially completely closing off said 
cross section, said small pipe means being disposed in 
said aperture means to permit a radial play therein. 
3. A turbine wheel according to claim 2, wherein said 

apertures and said small pipe means have a substan 
tially circular cross section. 

4. A turbine wheel according to claim3, wherein said 
apertures are of oval shape with the major axis of said 
oval shape being directed radially in relation to the tur 
bine wheel axis, and wherein said small pipe means 
have an oval cross section. 

5. A turbine wheel according to claim 4, wherein said 
apertures and said small pipe means have an eliptical 
cross section. 

6. A turbine wheel according to claim 1, wherein the 
outer contour of said small pipe means is profiled and 
is provided with web means extending in the axial di 
rection for the support of said small pipe means in the 
said aperture means, said web means forming therebe 
tween channel means for the guidance of cooling air 
through the turbine wheel. 

7. A turbine wheel according to claim 6, wherein said 
apertures and said small pipe means have a substan 
tially circular cross section. 

8. A turbine wheel according to claim 6, wherein said 
apertures are of oval shape with the major axis of said 
oval shape being directed radially in relation to the tur 
bine wheel axis, and wherein said small pipe means 
have an oval cross section. 

9. A turbine wheel according to claim 8, wherein said 
apertures and said small pipe means have an eliptical 
cross section. 

10. A turbine wheel according to claim 6, wherein 
said aperture means include prism-shaped apertures 
and said communicating means includes small pipe 
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6 
means disposed in said apertures, said pipe means 
being provided with a partition wall means in the inner 
cross section thereof for substantially completely clos 
ing off said cross section, said small pipe means being 
disposed in said aperture means to permit a radial play 
therein. 

11. A turbine wheel according to claim 2, wherein 
said small pipe means is provided with a smooth outer 
contour, and wherein the inner walls of said apertures 
are provided with substantially axially extending ribs 
forming webs. 

12. A turbine wheel according to claim 11, wherein 
said apertures and said small pipe means have a sub 
stantially circular cross section. 

13. A turbine wheel according to claim 11, wherein 
said apertures are of oval shape with the major axis of 
said oval shape being directed radially in relation to the 
turbine wheel axis, and wherein said small pipe means 
have an oval cross section. 

14. A turbine wheel according to claim 12, wherein 
said apertures and said small pipe means have an elipti 
cal cross section. 

15. A turbine wheel according to claim 11, wherein 
said aperture means include prism-shaped apertures 
and said communicating means includes small pipe 
means disposed in said apertures, said pipe means 
being provided with a partition wall means in the inner 
cross section thereof for substantially completely clos 
ing off said cross section, said small pipe means being 
disposed in said aperture means to permit a radial play 
therein. 

16. A turbine wheel according to claim 6, wherein 
one of said web means is somewhat wider than the re 
maining web means, said wider web means being ar 
ranged radially outwardly in relation to the turbine 
wheel axis. 

17. A turbine wheel according to claim 11, wherein 
one of said web means is somewhat wider than the re 
maining web means, said wider web means being ar 
ranged radially outwardly in relation to the turbine 
wheel axis. 

18. A turbine wheel according to claim 2, a lug is pro 
vided at each end of said pipe means and the turbine 
wheel being provided with grooves engageable with 
said lugs, said grooves being disposed on the radially 
outwardly directed side of the apertures in relation to 
the turbine wheel axis. 

19. A turbine wheel according to claim 6, wherein 
said pipe means are provided with bores outside the 
area of said web means. 
20. A turbine wheel according to claim 19, wherein 

said bores are substantially radial bores in relation to 
the axis of said pipe means. 
21. A turbine wheel according to claim 20, wherein 

a lug is provided at each end of said pipe means and the 
turbine wheel is provided with grooves engageable with 
said lugs, said grooves being disposed on the radially 
outwardly directed side of the apertures in relation to 
the turbine wheel axis. 
22. A turbine wheel according to claim 11, wherein 

said pipe means are provided with bores outside the 
area of said web means. 
23. A turbine wheel according to claim 22, wherein 

said bores are substantially radial bores in relation to 
the axis of said pipe means. 
24. A turbine wheel according to claim 2, wherein 

said pipe means are provided with web means and 
bores disposed between said web means, said bores 
being disposed on the side of said partition wall means 
near the pressure side of the turbine wheel. 
25. A turbine wheel according to claim 24, wherein 

said bores are substantially radial bores in relation to 
the axis of the pipe means. 
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