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Description

[0001] The present invention relates to an impeller of
a turbocharger, to a bluff body element for an impeller
and to a turbocharger.

[0002] A turbocharger compressorimpeller is typically
made of aluminium. This material is relatively cheap, it
is easy to machine and it is light enough so that turbo lag
is not a major problem. The life and geometry of such an
impeller tends to be restricted by the material property
of aluminium. The specific flow of an impeller is deter-
mined by the inlet area and the velocity at the leading
edge of the impeller vane. Too high velocities per mach
numbers, particularly at the outer radius of the flow pas-
sage, may cause difficulties for the performance of the
turbocharger. At the same time high velocities means
small dimensions for a given flow. Small dimensions of
the turbocharger means that costs and space can be
saved.

[0003] In order to achieve a good performance, the
outer corner of the impeller vane is often swept in the
tangential direction. This increases the load to be trans-
ferred through the vane to the hub. As a result of the
interacting factors a bluff body, in particular a so-called
bullet-nose, is used in the centre of the impeller. This
bluff body or bullet-nose does not take part in the com-
pression work. A turbocharger compressor impeller
which is equipped with such a bluff body is, for instance,
shown in figure 2 of US 5,461,860. Furthermore, in US
1,931,692 and US 2,941,780 compressor impellers with
a separate nose piece which comprises vanes are dis-
closed.

[0004] In US 1,959,703, US 1,097,729 and US
2,664,240 impellers are described which comprises inlet
vanes separate from the main impeller vanes. The inlet
vanes are connected to the main impeller vanes.
[0005] Itis an objective of the present invention to pro-
vide an improved impeller. It is another objective of the
presentinvention is to provide animproved turbocharger.
The first objective is solved by an impeller, as claimed in
claim 1. The second objective is solved by a turbocharg-
er, as claimed in claim 15. The depending claims define
further developments of the invention.

[0006] The inventive impeller comprises a hub and a
number of vanes. The vanes are connected to the hub.
Each vane comprises a leading edge and a trailing edge.
The impeller further comprises long vanes and short
vanes where the long vanes have a longer distance be-
tween the centre of the leading edge and the centre of
the trailing edge. The inventive impeller comprises a bluff
body portion. At least the long vanes extend onto the bluff
body portion. The bluff body portion may have in up-
stream direction an aerodynamical shape, like a bullet-
nose curve.

[0007] The use of at least two different lengths of im-
peller vanes makes it possible to extend the impeller
vanes in upstream direction further towards the cen-
treline of the rotor. This increases the efficiency of the
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impeller because nearly the whole cross section of the
inventive impeller may take part in the compression work.
[0008] The bluff body portion may be an integral part
of the impeller. Alternatively, the impeller may comprise
an impeller base element and a separate bluff body ele-
ment. In this case the bluff body element can be fixed to
the impeller base element to form a bluff body portion.
The bluff body element can preferably be fixed to the
impellerbase elementin upstream direction nearthe cen-
treline of the impeller base element. For instance, the
bluff body element can be connected to a flat portion of
the hub of the impeller base element. Especially, the bluff
body element may be bolted onto the impeller base ele-
ment or shrunk onto a stub protruding from the impeller
base element. The bluff body element may, for example,
be bolted onto the impeller base element by means of a
centre bolt arrangement or by radial screws.

[0009] Moreover, the bluff body element may comprise
at least one bluff body vane which is connected to an
impeller base vane and elongates this impeller base
vane. In this case, the elongated impeller base vane and
the elongating bluff body vane can be regarded as one
vane. This vane has alonger distance between the centre
of its leading edge and the centre of its trailing edge than
other vanes of the impeller base element, which are not
elongated by bluff body vanes.

[0010] The bluff body vane may comprise a trailing
edge and the impeller base vanes may each comprise a
leading edge. Preferably, the trailing edge of the bluff
body vane is connected to the leading edge of the impel-
ler base vane. The bluff body vane may be connected to
the impeller base vane by means of a positive connexion.
The positive connexion may especially be a plug-and-
socket connexion. The trailing edge of the bluff body vane
may comprise a slot into which the leading edge of the
impeller base vane can be inserted. Furthermore, the
trailing edge of the bluff body vane may comprise a re-
inforced portion extending along the slot to strengthen
the trailing edge of the bluff body vane. This arrangement
allows for using a slot with a larger width without com-
promising the stability of the connexion.

[0011] At least one vane, especially the bluff body
vane, may comprise in upstream direction a step-wise or
conically increasing span width. This increases the effi-
ciency of the impeller because also the bluff body vanes
take effectively part in the compression work.

[0012] Generally, the impeller can be made of alumin-
ium. Preferably, the bluff body element or the bluff body
portion can be made of a different material than the im-
peller base element. In particular, the bluff body element
or the bluff body portion may made of a material stronger
than and/or cheaper than aluminium, like for example
titanium, a fibre-reinforced composite or steel. Generally,
the bluff body element or the bluff body portion can be
made of aluminium, titanium, a fibre-reinforced compos-
ite, or steel.

[0013] The inventive turbocharger comprises an im-
peller as previously described.
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[0014] Extending the impeller towards the centreline
of the rotor using the inventive bluff body element or the
described bluff body portion provides the possibility to
utilize the advantages of stronger than aluminium mate-
rials to obtain a higher specific flow. Furthermore, com-
pared to the case if the entire impeller is made of another
material than aluminium, increasing costs and weight can
at least partially be avoided.

[0015] Further features, properties and advantages of
the presentinvention will become clear from the following
description of an embodiment in conjunction with the ac-
companying drawings.

[0016] Fig. 1 schematically shows a turbocharger in a
sectional view.
[0017] Fig. 2 schematically shows part of a turbocharg-

er compressor impeller in sectional view.

[0018] Fig. 3 schematically shows a conventional im-
peller in a perspective view.

[0019] Fig. 4 schematically shows an alternative con-
ventional impeller in a perspective view.

[0020] Fig. 5 schematically shows part of a conven-
tional compressor of a turbocharger in a sectional view.
[0021] Fig. 6 schematically shows part of an inventive
turbocharger compressor in a sectional view.

[0022] Fig. 7 schematically shows a connexion be-
tween an impeller vane and a bluff body vane in a sec-
tional view.

[0023] Fig. 8 schematically shows an alternative con-
nexion between an impeller vane and a bluff body vane
in a sectional view.

[0024] Fig. 9 schematically shows a further alternative
connexion between an impeller vane and a bluff body
vane in a sectional view.

[0025] Fig. 10 schematically shows a still further alter-
native connexion between an impeller vane and a bluff
body vane in a sectional view.

[0026] Fig. 11 schematically shows a still further alter-
native connexion between an impeller vane and a bluff
body vane in a sectional view.

[0027] Fig. 12 schematically shows a still further alter-
native connexion between an impeller vane and a bluff
body vane in a sectional view.

[0028] At first a conventional turbocharger and a con-
ventional impeller will be described with reference to fig-
ures 1to 4. Figure 1 schematically shows a turbocharger
in a sectional view while figure 2 shows a sectional part
of the turbocharger shown in figure 1. The turbocharger
comprises a turbine 11 and a compressor 10 which are
connected to each other by a shaft 20.

[0029] The turbine 11 comprises a rotor 4 which is lo-
cated inside a turbine casing 3. The turbine casing 3 has
an exhaust inlet 5 which leads to the rotor 4 so that the
exhaust entering the exhaust inlet 5 activates the rotor
4. Further, the turbine casing 3 has an exhaust outlet 6
through which the exhaust coming from the rotor 4 leaves
the turbine casing 3. The arrows 18A indicate the exhaust
stream entering the turbine casing 3 through the exhaust
inlet 5 and activating the rotor 4. The exhaust stream
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leaving the turbine casing 3 through the exhaust outlet 6
is indicated by arrows 18B.

[0030] The compressor 10 comprises an impeller 12
which is located inside a compressor casing 1. Moreover,
the compressor 10 has an air inlet 7 which leads air to
the impeller 12 and an air outlet 8 through which the air
coming from the impeller 12 leaves the compressor cas-
ing 1. The arrows 19A indicate the air stream entering
the compressor casing 1 through the air inlet 7 and being
compressed by the impeller 12. The compressed air then
leaves the compressor casing 1 through the air outlet 8,
as indicated by arrows 19B.

[0031] The rotor 4 of the turbine 11 is connected to the
shaft 20 so that the activated rotor 4 activates the shaft
20 in an operating turbocharger. The shaft 20 is further
connected to the impeller 12 inside the compressor 10.
Hence, the rotor activates the impeller 12 by means of
the shaft 20.

[0032] Intheturbine 11 the exhaust stream 18A enter-
ing the exhaust inlet 5 activates the rotor 4 and leaves
the turbine through the exhaust outlet 6. Meanwhile, the
impeller 12 in the compressor 10 driven by the rotor 4
sucks atmospherically fresh air into the air inlet 7 and
compresses it to compressed fresh air, which enters the
airoutlet8. The compressed airis then used, forexample,
in a motor. The arrows 19A, 19B indicate the air stream
direction.

[0033] The impeller 12 comprises an impeller base el-
ement 26 and a bluff body element 13. The impeller base
element 26 comprises a hub 2 and vanes 9, 25. The bluff
body element 13 is connected to the hub 2 of the impeller
base element 26 in upstream direction by means of a
screw 14. It has an aerodynamical shape, comparable
to a bullet-nose curve.

[0034] The hub 2 of the impeller base element 26 is
connected to the shaft 20. Further, the hub 2 is generally
conical in shape and a plurality of circumferentially
spaced, arcuate vanes 9, 25 are formed about its periph-
ery. Each vane 9, 25 comprises a leading edge 16 and
a trailing edge 17. The air coming from the air inlet 7
arrives the vanes 9, 25 at their leading edges 16, flows
along the vanes 9, 25 and leaves the vanes 9, 25 at their
trailing edges 17.

[0035] Figure 2 schematically shows a sectional view
of part of the impeller base element 26 including the hub
2 and the vanes 9, 25. The centreline of the impeller base
element 26 is indicated by reference numeral 15.
[0036] A centre 33 of a leading edge 16 of a vane 9,
25 is defined as a position at the leading edge 16 at half
of the length of the leading edge 16. In the same way a
centre 34 of a trailing edge 17 is defined as a position at
half of the length of the trailing edge 17. The distance 35
between the centre of the leading edge 33 and the centre
of the trailing edge 34 of the vane 9 along the flow path
is longer than the distance 36 between the centre of the
leading edge 33 and the centre of the trailing edge 34 of
the vane 25. Hence, the vane 9 can be regarded as a
long vane and the vane 25 can be regarded as a short
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vane. The use of vanes of at least two different lengths,
which means different distances between the centre of
the leading edge 33 and the centre of the trailing edge
34, increases the efficiency of the impeller 12, because
an increased part of the cross section of the impeller in
flow direction can take part in the compression work. Of
course, also vanes 9, 25 of more than two different
lengths can be used.

[0037] Figures 3 and 4 schematically show two alter-
native conventional impellers 112, 212 in a perspective
view. In both figures the impeller 112, 212 comprises a
hub 2. The hub 2 comprises in upstream direction a bluff
body portion 27. This bluff body portion 27 has the same
characteristics as the bluff body element 13, which was
described in conjunction with figure 1. The impeller 12 in
the figures 3 and 4 further comprises vanes 9, 25 of two
different lengths, namely are long vanes 9, and short
vanes 25, where the long vanes 9 have a longer distance
from their leading edge to their trailing edge along the
flow path.

[0038] The vanes 9, 25 are arranged circumferentially
at the hub 2 such that the long vanes 9 and the short
vanes 25 alternate. This means that a long vane 9 is
followed by a short vane 25, which is followed again by
a long vane 9, and so on. All vanes 9, 25 are rotated
around the radial direction of the impeller axis 15 so that
they are inclined in circumferential direction of the impel-
ler 112, 212.

[0039] Theimpeller212whichisshowninfigure4 com-
prises more vanes 9, 25 than the impeller 112 which is
shown in figure 3. Furthermore, all vanes 9, 25 of the
impeller 212 shown in figure 4 are rotated around the
radial direction of the impeller axis 15 to a greater extent
than the vanes 9, 25 of the impeller 112 shown in figure
3. Moreover, the difference in the lengths between the
long vanes 9 and the short vanes 25 is higher in figure 4
than the difference in figure 3. Length again means the
distance between the centre of the leading edge 33 and
the centre of the trailing edge 34 of the particular vane
9, 25 along the flow path.

[0040] In the following, an embodiment of the present
invention will be described with reference to figures 5 to
12. Elements corresponding to elements of the previous-
ly described figures will be designated with the same ref-
erence numerals and will not be described again.
[0041] Figure 5 schematically shows part of a standard
turbocharger compressor 100 in a sectional view. The
figure shows the compressor casing 1 and the impeller
312. The impeller axis is indicated by reference numeral
15. The impeller 312 comprises a hub 2 and a vane 28,
which corresponds to a vane of the impeller base element
26 of an inventive impeller 12. The leading edge 16 of
the vane 28 covers only a fraction of the cross section of
the air inlet 7. The fraction which is not covered by the
leading edge 16 is occupied by the front end of the hub
2 in upstream direction. This means that this fraction,
which is occupied by the surface of the hub 2, does not
take part in the compression work of the impeller 12.
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[0042] Figure 6 schematically shows part of an inven-
tive impeller 412 inside a turbocharger compressor 10 in
a sectional view. The impeller 412 comprises a bluff body
element 113 and an impeller base element 126. The im-
peller base element 126 corresponds to the standard im-
peller 312, which is shown in figure 5. The impeller 412
is located inside a compressor casing 1.

[0043] The bluff body element 113 comprises vanes
21, which have a leading edge 22 and a trailing edge 23.
The span width of the vanes 21 is indicated by reference
numeral 24. The span width 24, which defines the dimen-
sion of the vane 21 in radial direction, increases from the
trailing edge 23 to the leading edge 22, where the span
width reaches its maximum value. At the leading edge
22 the vane 21 covers nearly the whole cross section of
the air inlet 7. This means that nearly the whole cross
section of the air inlet 7 takes part in the compression
work of the compressor 100. The bluff body element 113
is connected to the impeller base element 126 in up-
stream direction. The bluff body element 113 can, for
instance, be bolted onto the hub 2 of the impeller base
element 126 or it can be shrunk onto a stub protruding
from the hub 2 of the impeller base element 126. For
example, a centre bolt arrangement or radial screws can
be used to fix the bluff body element 113 to the impeller
base element 126.

[0044] The vanes 21 of the bluff body element 113 can
be connected to some of the vanes 28 of the impeller
base element 126 by different means. Preferably the trail-
ing edge 23 of a bluff body vane 21 is connected to the
leading edge 16 of an impeller base vane 28. In this case
the bluff body vane 21 elongates the impeller base vane
28 resulting in a long vane, as has been described, for
example, with reference to figure 2. Impeller base vanes
28 which are not elongated by a bluff body vane 21 are
short vanes (as described with reference to figure 2) of
this arrangement.

[0045] Generally the bluff body element 13, 113 can
be made of a different material than the impeller base
element 26, 126, which is typically made of aluminium.
Preferably, the bluff body element 13, 113 is made of
titanium, fibre-reinforced composite, or steel.

[0046] The figures 7 to 12 show different possibilities
for a connexion between a bluff body vane 21 and a vane
28 of the impeller base element 126 in a sectional view.
In figure 7 the trailing edge 23 of the bluff body vane 21
is connected to the leading edge 16 of the impeller base
vane 28 at a face which is perpendicular to the direction
of the air stream 19.

[0047] Figure 8 shows an alternative arrangement for
a connexion between a bluff body vane 21 and an impel-
ler base vane 28 in a sectional view. The arrow 29 in
figure 8 indicates the direction of rotation of the impeller
412. In figure 8 the leading edge 16 of the impeller base
vane 28 overlaps the trailing edge 23 of the bluff body
vane 21 in upstream direction. The contact face 37 where
the bluff body vane 21 and the impeller base vane 28 are
in contact is orientated such that the angle 39 between
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the orientation 38 of the contact face 37 and the direction
of the rotation 29 or the air stream direction 19 has a
value between 0° and 90°. Preferably, the angle 39 be-
tween the orientation 38 of the contact face 37 and the
direction of the rotation 29 has a value of 45°, as it is
shown in figure 8.

[0048] In figure 9 the bluff body vane 21 is thicker than
the impeller base vane 28. The bluff body vane 21 com-
prises a slot 30 at its trailing edge 23. The slot 30 has a
width so that at least the leading edge 16 of the impeller
base vane 28 can be inserted into the slot 30, as it is
shown in figure 9.

[0049] In figure 10 a reinforced portion 31 is present
in the bluff body vane 21. This reinforced portion 31 ex-
tends along the trailing edge 23 of the bluff body vane
21. Compared to figure 9, the bluff body vane 21 shown
in figure 10 is only a little thicker than the impeller base
vane 28. Nevertheless, the reinforced portion 31 which
extends along the slot 30 makes it possible to use a slot
30 of a width that corresponds to the thickness of the
leading edge 16 of the impeller base vane 28. The use
of a reinforced portion 31 increases the stability around
the slot 30, while the rest of the vane 21 can be relatively
thin.

[0050] An alternative is shown in figure 11. In this al-
ternative, the bluff body vane 21 has a conically increas-
ing thickness from its leading edge 22 towards its trailing
edge 23. Figure 12 shows an alternative arrangement to
figure 11. In figure 12 also the impeller base vane 28 has
a conically increasing width from its trailing edge 17 to-
wards its leading edge 16. The leading edge 16 of the
impeller base vane 28 comprises a stub 32, which fits
into the slot 33 extending along the trailing edge 23 of
the bluff body vane 21.

[0051] Generally the connexion between the bluff body
vane 21 and the impeller base vane 28 can be any type
of positive connexion, for instance a plug-and-socket
connexion.

[0052] In summary, elongating some of the vanes of
animpeller, for example by means of a bluff body element
or a bluff body portion which comprises vanes, increases
the efficiency of the impeller, because the cross section
of the air inlet can optimally be exploited.

Claims

1. Animpeller(412), comprising a hub (2) and anumber
of vanes (21, 28), which are connected to the hub
(2), each vane (21, 28) comprising a leading edge
(16, 22) and a trailing edge (17, 23), the impeller
(412) comprising long vanes and short vanes where
the long vanes have a longer distance between the
centre of the leading edge and the centre of the trail-
ing edge,
characterised in that
the impeller (412) comprises a bluff body portion,
and atleast the long vanes extend onto the bluff body
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10.

portion.

The impeller (412) as claimed in claim 1,
characterised in that

the bluff body portionis an integral part of the impeller
(412).

The impeller (412) as claimed in claim 1,
characterised in that

the impeller (412) comprises an impeller base ele-
ment (126) and a separate bluff body element (113)
fixed to the impeller base element (126) to form a
bluff body portion.

The impeller (412) as claimed in claim 3,
characterised in that

the bluff body element (113) is bolted onto the im-
peller base element (126) or shrunk onto a stub pro-
truding from the impeller base element (126).

The impeller (412) as claimed in claim 4,
characterised in that

the bluff body element (113) is bolted onto the im-
peller base element (126) by means of a centre bolt
arrangement or by radial screws.

The impeller (412) as claimed in any of the claims 3
to 5,

characterised in that

the bluff body element (113) comprises at least one
bluff body vane (21) which is connected to an impel-
ler base vane (28) and elongates this impeller base
vane (28).

The impeller (412) as claimed in claim 6,
characterised in that

the bluff body vane (21) comprises a trailing edge
(23) and the impeller base vanes (28) each comprise
a leading edge (16), and the trailing edge (23) of the
bluffbody vane (21) is connected to the leading edge
(16) of an impeller base vane (28).

The impeller (412) as claimed in claim 6 or 7,
characterised in that

the bluff body vane (21) is connected to the impeller
base vane (28) by means of a positive connexion.

The impeller (412) as claimed in claim 8,
characterised in that

the bluff body vane (21) is connected to the impeller
base vane (28) by means of a plug-and-socket con-
nexion.

The impeller (412) as claimed in claim 9,
characterised in that

the trailing edge (23) of the bluff body vane (21) com-
prises a slot (30) into which the leading edge (16) of
the impeller base vane (28) is inserted.
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The impeller (412) as claimed in claim 10,
characterised in that

the trailing edge (23) of the bluff body vane (21) com-
prises a reinforced portion (31) extending along the
slot (30).

The impeller (412) as claimed in any of the claims 1
to 11,

characterised in that

at least one vane (21, 28) comprises in upstream
direction a stepwise or conically increasing span
width (24).

The impeller (412) as claimed in any of the claims 1
to 12,

characterised in that

the bluff body element (113) or the bluff body portion
(27) is made of a different material than the impeller
base element (126).

The impeller (412) as claimed in claim 13,
characterised in that

the bluff body element (113) or the bluff body portion
(27) is made of aluminium, titanium, a fibre reinforced
composite or steel.

A turbocharger, comprising an impeller (412) as
claimed in any of the claims 1 to 14.
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