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TURBINE WHEEL OF AN EXHAUST-GAS TURBOCHARGER

DESCRIPTION

The invention relates to a turbine wheel for the supercharging of a combustion
engine, in particular of an internal combustion engine.

A turbine wheel of said type is known from DE 10 2005 050 707 Al. In said
document, it is described that an Ni-based material of the turbine wheel has an adverse
effect on the acceleration of the rotor (assembly formed from the turbine wheel, the
compressor wheel and the shaft) because turbine wheels composed of said material
have a high mass moment of inertia.

As a measure for reducing the mass moment of inertia, said document describes
the use of titanium-aluminum alloys which have a lower density, such that the mass
moment of inertia of a turbine wheel composed of a material of said type can be
reduced.

It is an object of the present invention to provide a turbine wheel composed of
titanium aluminide (TiAl) which is of simple dimensioning and thus construction,
wherein a high level of efficiency of the turbine can be achieved.

This object is achieved by the features of claim 1. The dependent claims relate
to preferred refinements of the invention. These may be combined with one another in
a technologically expedient manner, whereby to some extent effects may be realized
which go beyond the sum total of the individual effects.

By virtue of the wheel back outer diameter being greater than or equal to the
connection region outer diameter of the turbine blades, a closed wheel back is formed,
resulting in lower ventilation losses. In this way, the efficiency of the turbine
composed of a titanium aluminide material can be increased.

In one refinement, the wheel back has, at least adjacent to the connection
region, a wall thickness which is in a ratio of 1.5 : 1 to 2.5 : 1, in particular of 1.7 : 1 to
2.3 : 1, particularly preferably of 1.8 : 1 to 2.2 : 1 with respect to a wall thickness of the
turbine blade.

When the internal combustion engine is in overrun operation, the internal
combustion engine remains in rotation owing to its mass inertia. During this time, no
fuel is injected, and as a result cold exhaust gas or air flows to the turbocharger, such

that the turbine wheel cools down relatively quickly. The cooling of the turbine wheel
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results in internal stresses in the turbine wheel. In the case of turbine wheels composed
of Ni-based materials from the prior art, said internal stresses are non-critical. The
ductility, that is to say the ability of the titanium aluminide material to be deformed
without damage, however decreases with falling temperature in the relevant
temperature range. Furthermore, owing to a coefficient of expansion of titanium
aluminide materials being non-constant with respect to temperature, more intensely
cooled regions cause high internal stresses. In the case of turbine wheels composed of
titanium aluminide materials, a combination of the non-constant cocfficient of
expansion and the decreasing ductility can result in the formation of cracks in the
turbine wheel. It has surprisingly been found that, if the ratio of the wall thickness of
the turbine blades with respect to the wall thickness of the wheel back is the ratio
mentioned in the preceding paragraph, it is ensured that adequate material is provided,
which yields slower and thus more homogeneous cooling in overrun operation.

With the stated ratio, the mass inertia of the turbine wheel is, owing to the low
density of the titanium aluminide material, still low enough that an expedient
acceleration characteristic of the exhaust-gas turbocharger can be achieved.

In one refinement, a wheel hub region extending in the axial direction merges
in continuous fashion, in a chamfer region with radially outwardly increasing
connection radii, into an intermediate region, extending in the radial direction, of the
wheel back.

The configuration of the wheel back as described in the preceding paragraph
yields a turbine wheel of high strength.

In a further refinement, the turbine blades extend from the wheel back and from
the hub of the turbine wheel with a turbine blade connection radius, the turbine blade
connection radius being constant over an entire length of extent of the turbine blade.

Owing to this refinement, a heat transfer rate from the wheel back and the hub
to the turbine blade is achieved which is substantially constant over the length of extent
of the turbine blade. In this way, during the cooling process, the wheel back and the
hub can release the heat stored therein to the turbine blade in uniform fashion, such
that non-uniform temperature distributions along the length of extent, and thus internal
stresses along the line of extent, are reduced to a level tolerable for titanium aluminide

materials.
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In a further refinement, a ratio of the wall thickness of the turbine blades to the
connection region outer diameter lies in the range of up to 0.7 : 40; particularly
preferably between 0.3 : 40 and 0.5 : 40; in particular between 0.35 : 40 and 0.45 : 40.

It has been found that, with the stated ratio, an adequately stable turbine blade
can be formed.

Further details, features and advantages of the invention become apparent from
the following description of exemplary embodiments with reference to the drawing, in
which:

Figure 1 shows a schematically greatly simplified diagrammatic
illustration of an exhaust-gas turbocharger according to the invention,

Figure 2 shows a side view of a first embodiment of a turbine wheel
according to the invention,

Figure 3 is a sectional illustration through a second embodiment of the
turbine wheel according to the invention, wherein only the upper half of the turbine
wheel is illustrated in the illustration selected in figure 3, and

Figure 4 is a sectional illustration of the embodiment of the turbine wheel
according to the invention illustrated in Figure 1.

Figure 1 is a schematically highly simplified illustration of an exhaust-gas
turbocharger 2 according to the invention for the supercharging of an internal
combustion engine (not illustrated), said exhaust-gas turbocharger having a turbine
wheel 1 which is arranged in a turbine housing 12. The turbine wheel 1 is fastened to
one end of a shaft 14, on the other end of which there is mounted a compressor wheel
15 which is arranged in a compressor housing 16. The turbine wheel 1, the shaft 14 and
the compressor wheel 15 form an assembly which is also referred to as rotor. The shaft
14 is mounted in a bearing housing 13 which is arranged between the compressor
housing 16 and the turbine housing 12.

Figure 2 illustrates a first embodiment of the turbine wheel 1 according to the
invention composed of a titanium aluminide (TiAl) material. The turbine wheel 1 may
be cast from a titanium aluminide alloy in a casting process. The turbine wheel 1 may
also be milled from a forged titanium aluminide blank.

The turbine wheel 1 has a circular outer contour 17 and a hub 3 on which there
is arranged a multiplicity of turbine blades, one of which is denoted, as a representative

of all of the turbine blades, by the reference sign 4. The turbine blades 4 extend along a
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length of extent L. Each of the turbine blades 4 has a connection region 5 in which an
imaginary circle drawn around the turbine blades 4 at the radially outer tips thercof has
an outer diameter DAB. The connection region 5 is adjoined by an outlet region 6 of
the turbine blades 4, which in the case of the embodiment of figure 2 has a smaller
outer diameter than the connection region 5.

The turbine wheel 1 also has a wheel back 7 which adjoins the connection
region 5 and which is formed on the hub 3, as can be seen from Figure 2.

The wheel back 7 has, in an outer region 11, an outer diameter DRR which at
least substantially corresponds to the diameter DAB but preferably has the same value
as the diameter DAB.

Furthermore, the wheel back 7 has a wall thickness WRR. The turbine wheel
blades have a wall thickness WTS, wherein Figure 2 shows, by way of example, two
regions of the turbine blades 4 in which the stated wall thickness region WTS is
indicated. The wheel back 7 is thickened slightly and has, at least adjacent to the
connection region 5, a wall thickness WRR which is in aratioof 1.5:1t02.5: 1, in
particular of 1.7 : 1to 2.3 : 1, particularly preferably of 1.8 : 1 to 2.2 : 1 with respect to
a wall thickness WTS of the turbine blade 4. Owing to the slight thickening, it is
ensured that the cooling of the turbine wheel 1 in a period of overrun operation
following a period of normal or elevated engine load of the internal combustion engine
is slowed. The slowed cooling has proven to be advantageous, in the case of turbine
wheels composed of titanium aluminide, for a long service life. The reason for this
may be seen in the fact that high internal stresses in the turbine wheel 1 that may arise
as a result of non-homogeneous cooling when a temperature at which the ductility of
the titanium aluminide material decreases is reached can be eliminated, or at least
reduced to a tolerable level.

Figure 3 illustrates a second embodiment of the turbine wheel 1 according to
the invention, in which all elements that correspond to those in Figure 2 are denoted by
the same reference signs, such that, in this regard, reference may be made to the above
description of Figure 2.

The turbine wheel 1 of the embodiment as per Figure 3 is a so-called "mixed-
flow turbine wheel", the connection region 5 of which has, as in the case of the
embodiment of Figure 2, an outer diameter DAB which corresponds to the outer

diameter DRR of the wheel back 7. The outlet region 6 is, as shown in Figure 3,
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extended upward in a radial direction R, giving rise to the special geometry of the
mixed-flow turbine wheel which can be driven by an exhaust-gas stream impinging on
the turbine wheel 1 obliquely with respect to the axial direction A.

Furthermore, Figures 3 and 4 show, in section, the design of the wheel back 7,
in which a wheel hub region 8 extending in the axial direction A merges, in a rounded
chamfer region 9 with a connection radius A(R), into an intermediate region 10, which
extends in the radial direction R, of the wheel back 7. Here, a connection radius AR(R)
increases continuously with increasing distance outward from the axis of rotation A.
This yields a rigid and thus dimensionally stable turbine wheel 1 which stores heat, and
releases said heat to the outer region 11 of the wheel back 7, over a relatively long
period of time. In this way, both the wheel back 7 in the outer region 11 and also
regions of the turbine blades 4 adjoining said outer region cool down correspondingly
more slowly in overrun operation.

Figure 4 shows the embodiment of the turbine wheel 1 according to the
invention shown in Figure 1, in a sectional illustration, corresponding to Figure 3, of
only the upper region, that is to say the region above the longitudinal axis A. This
embodiment concerns a radial wheel which has, adjoining the connection region 5, an
outlet region 6 which has the same outer diameter as the connection region 5.

In addition to the above written disclosure, reference is hereby explicitly made,
for supplementation thereof, to the diagrammatic illustration of the invention in

Figures 1 to 4.
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List of reference signs

1 Turbine wheel

2 Exhaust-gas turbocharger
3 Hub

4 Turbine blades

5 Connection region

6 Outlet region

7 Wheel back

8 Wheel hub region

9 Chamfer region

10 Intermediate region
11 Outer region

12 Turbine housing

13 Bearing housing

14 Shaft

15 Compressor wheel
16 Compressor housing
17 Outer contour

DAB Connection region outer diameter
DRR Wheel back outer diameter

A Axial direction/longitudinal axis
AR(R) Connection radii

TA  Turbine blade connection radius
R Radial direction

WRR  Wall thickness of the wheel back
WTS Turbine blade wall thickness

PCT/US2014/031724
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CLAIMS

1. A turbine wheel (1) of an exhaust-gas turbocharger (2), formed from a
titanium aluminide material,

¢ having a wheel back (7) which is of closed configuration as viewed from an

axial direction (A) and which has an outer contour (17), and

e having a hub (3) which extends from the wheel back (7) and which tapers

along the axial direction (A),

¢ having a multiplicity of turbine blades (4) which extend from the wheel back

(7) and from the hub (3) and which extend outward in a radial direction (R), as

far as a connection region outer diameter (DAB) at least in a connection region

(),

o the wheel back (7) having, in an outer region (11) adjoining the connection

region (5), a wheel back outer diameter (DRR) which is greater than or equal to

the connection region outer diameter (DAB).

2. The turbine wheel as claimed in claim 1, wherein the wheel back (7) has, at
least adjacent to the connection region (5), a wall thickness (WRR) which is in a ratio
of 1.5:1t02.5: 1, in particular of 1.7 : 1 to 2.3 : 1, particularly preferably of 1.8 : 1 to
2.2 : 1 with respect to a wall thickness (WTS) of the turbine blade (4).

3. The turbine wheel as claimed in either of claims 1 and 2, wherein a wheel
hub region (8) extending in the axial direction (A) merges in continuous fashion, in a
chamfer region (9) with radially outwardly increasing connection radii (AR(R)), into

an intermediate region (10), extending in the radial direction (R), of the wheel back (7).

4. The turbine wheel as claimed in one of claims 1 to 3, wherein the turbine
blades (4) extend from the wheel back (7) and from the hub (3) of the turbine wheel
with a turbine blade connection radius (TA), the turbine blade connection radius (TA)

being substantially constant over an entire length of extent (L) of the turbine blade (4).

5. The turbine wheel as claimed in one of claims 1 to 4, wherein a ratio of the

wall thickness (WTS) of the turbine blades (4) to the connection region outer diameter
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(DAB) lies in the range of up to 0.7 : 40; particularly preferably between 0.3 : 40 and
0.5 : 40; in particular between 0.35 : 40 and 0.45 : 40.

6. The turbine wheel as claimed in one of claims 1 to 5, wherein it is formed

5  asaforged and milled turbine wheel.

7. The turbine wheel as claimed in one of claims 1 to 5, wherein it is formed

as a cast turbine wheel.

10 8. The turbine wheel as claimed in one of claims 1 to 5, wherein it can be

driven by an exhaust-gas stream flowing inward in the radial direction (R).

9. The turbine wheel as claimed in one of claims 1 to 5, wherein it can be
driven by an exhaust-gas stream flowing obliquely both in the radial direction (R) and

15  also in the axial direction (A).

10. An exhaust-gas turbocharger (2) for the supercharging of an internal

combustion engine, having a turbine wheel (1) as claimed in one of claims 1 to 9.
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