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Abstract

The present 1invention relates to a fan wheel (1) in a
version as a radial or diagonal fan, consisting of a
shroud (2) with an inlet port (4), of a baseplate (6)
and of a plurality of fan blades (8) arranged so as to
be distributed over the circumference of the inlet port
(4) and around an axis of rotation (Z). The shroud (2)
and/or the baseplate (6) have/has 1in this case a
nonrotationally symmetrical geometry which in each case

has a continuous and point-invariable profile, as seen

in the axial or axially parallel direction (Z).
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“"Radial or diagonal fan wheel”

The present inventlion relates to a fan wheel in

~a version as a radial or diagonal fan, consisting of a

shrdud with an inlet port, of a baseplate and of a
plurality of fan Dblades arranged so as to Dbe
distributed over the circumference of the 1nlet port

and around an axis of rotation, the shroud and/or the

‘baseplate ', having a nonrotationally symmetrical

geometry.

In this context, the term “nonrotationally symmetrical”

means that any two different radial sections through
the baseplate and/or the shroud in two planes, which

contain the axis of rotation and form a specific

differential angle in the circumferential direction,

are not congruent at different circumferential angles

- but deviate from one another. A deviation could in this

case be present basically in the directioen of the axis
of rotation (axially) and/or in the radial direction
(radially). In other words, this means that, in the
case of a nonrotational symmetry, a rotation of the

body through specific angles about the axis of rotation

does not map the object or 1its sectional "plane on

' itself.

Such a fan wheel of the generic type described in the
introduction 1is described 1n various versions in the
publication JP 2001-263 294, In this case, the shroud

or" the bé_seplate or each of the two 1s to have a

contour stepped obliquely 1n the circumferenti-al

~direction. As a result of this step shape oblique in

the direction o{:: rotation, a tendency of the flow to
break away 1s to be reduced and the noise and

efficiency are thereby to be influenced positively. The
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result of the step shape 1s that each fan blade has
different (axially measured) outlet widths on 1ts
suction silide and on 1ts delivery side, specifically,
depending on the embodiment, the outlet width on the
suction side may be smaller or greater than the outlet

width on the delivery side.

EP 1 933 039 Al describes a radial fan with ribs,
clearances or 1indentations on the outside of the
shroud. This configuration 1s to lead to a noise

reduction as a result of a specific flow routing.

The further publication EP 1 032 766 Bl describes a fan
wheel, 1n particular for a turbocharger. In this fan
wheel, blades are formed by embossings on at least one
of the two disks (baseplate and/or shroud). These
embossings likewise give rise to a nonrotationally
symmetrical geometry. However, this publication is not
concerned with influencing the flow, but mainly
contains manufacture-related and stability-promoting

aspects.

Numerous further publications describe fotafionally
symmetrical fan wheels. Mention may be made here,
merely by way of example, of the publications
DE 29 40 773 2, DE 199 18 085 Al, EP 1 574 716 Bl and
DE 203 03 443 Ul. Such fans with rotationally
symmetrically designed baseplates and/or shrouds have,
both 1in the direction of the axis of rotation and 1in
the circumferential direction, in part, highly
nonuniform veloclity and pressure distributions, that 1is

to say locally elevated velocity/pressure ranges. This

may lead to flow breakaways and even backflows which,
in turn, cause aerodynamic losses, losses of efficiency

and also an i1ncrease in noise emission.

The object on which the present invention 1s based 1is
to provide a fan wheel of the type described in the

introduction, by means of which, along with good
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mechanical stability, an improved influencing of the

R—

ﬁ

flow for optimization i1n terms of air performance,

f-b

of

o

Flciency and nolse behavior 1s achieved.

o

A first aspect of the 1nvention 1s that the respectively

‘nonrotationally symmetrical

shroud or baseplate additiocnally has a contilinuous

point-invariable profile on the respective outsides. of

15 the baseplate and/or shroud over the entire

circumference (also over the regions of the blades), as
seen 1n the axial or axially parallel direction. This
means that, between two radial sections running through
the axis, there is a critical angle ag > 0° beyond

F

20 which the result of a further approach of the two

radial sections 1s that the dimensional deviations also

decrease 1in the axial direction of the respective

-

outsides of the baseplate and/or shroud. It 1is

therefore a question of an invariable profile in the

25 axial direction, a marked improvement thereby Dbeing

achieved, as compared with the stepped profile, for

example according to JP 2001-263 294 and also according
to EP 1 933 039 Al.

30 In addition to, but, if appropriate, also alternatively

to this first aspect of the invention, 1in a second
aspect there may be provision

whereby the respectively nonrotationally symmetrical

shroud or baseplate is designed without a jump, over

35 the fan blade, between two radial sections containing

— i

the axis of rotation and lying on both sides of each

Ry

=

fan blade. This, too, 1s advantageous with a view to

achieving the basic object.



10

15

20

29

30

33

CA 02692134 2014-11-13

In a further refinement of the invention, the deviation
in geometry of two different sections, containing the
axls of rotation, of the respectively nonrotationally
symmetrical disk (shroud or baseplate) 1in the radial
direction may be arbitrary (in contrast to the always
point—-invarilable profile according to the i1nvention in
the axial direction). This means that selectively a
point—-invariable or else a Jump-like ©profile 1is

possible radially.

While the wvelocity and pressure distribution in the
direction of the axis of rotation can be influenced by
means of the geometric configuration of the fan blades
and the configuration of the flow ducts, formed between
the blades, through a known rotationally symmetrically
designed baseplate and/or shroud, the nonuniformity in
the circumferential dlrection remains as far as
possible uninfluenced by this. In contrast to this, by
means of the nonrotationally symmetrical configuration
according to the invention, an advantageous influence
can additionally be exerted 1n a directed manner upon
the circumferentially occurring nonuniformity of the
velocity and pressure distribution. This results, inter

alia, 1n the following advantages:

- influencing of the outflow from the fan wheel such
that an equalization of the flow, above all in the
circumferential direction, and, as a result of
this, a reduction in the maximum flow velocity
occurring locally takes place, this having a
positive effect on aerodynamic and acoustic
properties of the fan wheel; 1n particular, an
improvement in the efficiency and 1in noilse

emission is thereby achieved.

= Directed influencing of the flow i1n the fan wheel
in order to reduce 1interactions with the blade
duct boundary walls for noise reduction and for

improving the air performance and the efficiency.
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- More degrees of freedom for influencing the flow (above all,

in the circumferential direction) and flow routing; as a

result, stabilization of the flow 1n the blade duct and

therefore a reduction i1n the tendency of the flow to break

away.

- Improvement in mechanical stability; as a result, a saving of

material also possible.

In some embodiments, there 1s provided a fan wheel 1n a version

as a radial or diagonal fan, consisting of a shroud with an

inlet port, of a baseplate and of a plurality of fan blades,

the fan blades being arranged between the baseplate and the

shroud and being arranged so as to be distributed over the

pramy

circumference of the inlet port and around an axis of rotation,

wherein 1n each case 1n the circumferential direction between

two adjacent fan blades blade ducts are formed which lead

radially or diagonally outward from the region of the inlet

port and form blow-out ports on an outer region of the fan
wheel, and wherein the shroud and/or the baseplate haé a
nonrotationally symmetrical geometry, wherein the shroud and/or
the baseplate is designed to be nonrotationally symmetrical 1in
the direction of the axis of rotation, wherein the respectively
nonrotationally symmetrical geometry has a continuous polint-

invariable profile, as seen in the axial or axially parallel

direction, wherein the shroud and/or the base plate has a wavy

configuration in the circumferential direction, and wherein 1n

cach case a convexly outward-curving portion 1s formed between

two fan blades.
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and the shroud 2 or are formed completely or in regions

by a specific shaping of the baseplate 6 and/or of the
shroud 2 (cf. fig. 8), the disks 2, 6 then being

connected directly to one another in these regions. The

fan blades 8 are arranged in a specific circumferential
distribution about the axis of rotation Z and the inlet
port 4. Formed 1n the circumferential direction in each
case petween two adjacent fan blades 8 are blade ducts
10 which lead radially or diagonally outward from the

region of the inlet port 4 and form blow-out ports on

the outer region of the fan wheel 1.

In the fan wheel 1 according to the invention, it 1is
first essential that the shroud 2 or the baseplate 6 or
else each of the two disks 2, © has a nonrotationally

symmetrical geometry.

In this respect, reference may be made at thilis juncture
to fig. 10 where, 1in addition, two radial planes El1 and
E2, that 1s to say planes running 1n a manner
corresponding to a radius r and intersecting in the

axis of rotation Z, are depicted, said planes forming a

specific differential angle o. Nonrotational symmetry

within the meaning of the present invention occurs when
the cross-sectional areas of the respective disk 2

and/or 6, which 1lie in the planes El1 and EZ2, differ
from one another in the case of different

circumferential angles.

In this case, however, additionally, the profile of the
respectively nonrotationally symmetrical disk 2 and/or
6 in the axial direction, on the respective outsides of
the baseplate 6 and/or shroud 2, 1s point-invariable
over the entire circumferential region (also over the
blades), that is to say, with a decreasing differential
angle a, there is a critical angle aG > 0° Dbeyond
which the result of a further approach of the two
radial sections El1 and EZ2 (fig. 10) 1s that the

dimensional deviations 1n the axial direction Z of the
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respective outsides of baseplate 6 and/or shroud 2 also
decrease. Alternatively or additionally to this, there
1is provision whereby two cross sections, which lie 1in

two planes containing the axis of rotation Z and

- consequently intersecting 1n the axis of rotation Z, do

not form any jump in the direction of rotation over the
blade 8 on both sides of each fan blade 8.

In contrast to the point-invariable profile 1in the

axial direction Z, according to the 1nvention the
deviation 1n the geometry of two different sections
containing the axis of rotation Z may be arbiltrary 1n
the radial direction (radius r in fig. 10). This means
that both point-invariable and Jjump-like profiles are
possible here.

The individual exemplary embodiments will be described

briefly in more detail below.

In the version according to fig. 1, the shroud 2 1is
equipped with a wheel inlet 12 1n the region of the
inlet port 4, the shroud 2 being designed in the region
of this wheel 1inlet 12 to be nonrotationally
symmetrical in the direction of the axis of rotation Z.
In the example illustrated, the wheel inlet 12 extends,

web-like, away from the shroud 2 axially and 1in the
circumferential direction has a wavy contour with axial

elevations and with depressions running between them.

The fan wheel 1 is in this case designed as a radial

fan.

The version according to fig. 2, in addition, 1s also a
radial fan, in this case only the shroud 2 beilng
designed to be nonrotationally symmetrical 1n the
direction of the axis of rotation Z. In this example,
for this purpose, the shroud 2 is designed to be wavy
in the circumferential direction, in each case a
convexly outward-curving portion being formed between

two fan blades 8. These portions merge 1invariably one
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into the other in the region of each fan blade 8.

Fig. 3 1llustrates a version és a radial fan in which
only the baseplate 6 1s designed to be nonrotationally
symmetrical 1n the axial direction Z. This may be, in
concrete terms, a configuration identical to that

provided in the case of the shroud 2 according to fig.
2.

The version according to fig. 4 combines virtually both
versions according to figs 2 and 3. This means that
this radial fan 1is designed to be nonrotationally
symmetrical both in the region of the shroud 2 and in
the region of the baseplate 6.

Fig. 5 illustrates a version of the fan wheel 1 as a
diagonal fan, the shroud 2 being designed to be
nonrotationally symmetrical 1n the radilial direction r,
specifically, in this case, not 1nvariably, but 1in a
jump—-like manner. This 1s achieved by means of a non-
invariable profile of an outer circumferential edge 14
of the shroud 2, which profile, 1instead, jumps across

corners 1in the radius.

Fig. 6 shows a version as a radial fan, the shroud 2

being designed to be nonrotationally symmetrical in the
radial direction r, specifically to be point-

invariable.

This means that the shroud 2 has an invariable
circumferential profile here without corners or other

Jumps.

The same also applies correspondingly to the very
similar version according to fig. 7, in which, however,

in each case a corner or a bend occurs at points P.

Fig. 8 shows a version as a radial fan, the two disks,

both the shroud 2 and the baseplate 6, being desilgned
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to be nonrotationally symmetrical in the direction of
the axis of rotation Z by means of a contour profile
which is wave-like in the circumferential direction. In
addition, there i1s provision, here, whereby the shroud
2 and the baseplate 6 are connected to one ancther
directly in the outer circumferentlial region of the fan
wheel 1 and thus together form at least one part region
of the fan blades 8. For the sake of clarity, a part
region of the shroud 2 is cut away 1n the region of one
of the blade ducts 10 in the additional figure 8c.
Basically, the fan blades 8 could be formed completely
in that the correspondingly shaped baseplates and/or
shrouds 6, 2 are connected to one another directly over
the entire profile of the blades 8. In the version
illustrated, however, the disks 2, 6 are connected to
one another only in the outer circumferential region,
conventional blade portions being formed as separate

parts in the inner inflow region of the blade ducts 10.

In all the embodiments described hitherto, the
nonrotationally symmetrical configuration gives rise to
geometric structures which are designed to recur
periodically in the c¢ircumferential direction. It
likewise comes within the scope o©f the 1invention,
however, to select the geometric structures so that

they are irregular in form or arrangement.

In this respect, an exemplary embodiment is illustrated
in fig. 9. Here, once again, there 1is a radial fan with
a nonrotationally symmetrical shroud 2. The latter has
a radius r changing abruptly at a circumferential point
16, and the outer circumferential edge 14 of the shroud
2 runs beginning from the circumferential point 16 with
a continuously changing radius over the circumference
and ends again after 360° at the radius Jjump 1n the
circumferential point 16. In this example, therefore,

the circumferential edge 14 has a spiral-like profile.

Of course, other versions are also possible, which
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result 1in a circumferentially irregular geometry of

shroud and/or baseplate 2, 6.

What applies to all the embodiments 1s that the fan
blades 8 may have any desired profile. For example,
they may be curved forwards or backwards with regard to

the direction of rotation.

Moreover, any desired combinations of all the

individual features described hitherto are possible.

The invention 1s not restricted to the exemplary
embodiments 11llustrated and described, but also
embraces all versions acting identically within the
meaning of the invention. Furthermore, the invention
has also not vyet been restricted hitherto to the
feature combination defined in the respective
independent claim, but may also be defined by any other
desired combination of specific features of all the
individual features disclosed overall. Thils means that
basically virtually any individual feature of the
respective independent claim may be omitted or be
replaced by at least one individual feature disclosed
elsewhere in the application. The clalims are to that
extent to be understood merely as a first attempt at a

formulation of an invention.
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CLAIMS:
1. Fan wheel 1n a version as a radial or diagonal

fan,

consisting of a shroud with an inlet port, of a baseplate and

H
—

of a plurality of fan blades, the fan blades being arranged

between the baseplate and the shroud and being arranged so as

to be distributed over the circumference of the inlet port and

r ol

around an axis of rotation, wherein 1n each case 1n the

circumferential direction between two adjacent fan blades blade-

ducts are formed which lead radially or diagonally outward from

the region of the inlet port and form blow-out ports on an

outer region of the fan wheel, and wherein

the shroud and/or the baseplate has a nonrotationally

symmetrical geometry, whereiln

the shroud and/or the baseplate 1s designed to be

nonrotationally symmetrical in the direction of the axis

rotation, wherein

of

the respectively nonrotationally symmetrical geometry

has a continuous point-invariable profile, as seen in the axial

or axially parallel direction, whereiln

the shroud and/or the baseplate has a wavy

configuration in the circumferential direction, and whereiln

in each case a convexly outward-curving portion 1S

formed between two fan blades,

2 . Fan wheel according to claim 1, wherein the

respectively nonrotationally symmetrical geometry 1s designed

without a jump, over the fan blade, between two radial sections
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_

contalning the axis of rotation and lying on both sides of each

fan blade.

3. Fan wheel according to claim 1 or 2, wherein the
respectively non rotationally symmetrical geometry has, as seen

in the radial direction, a continuous polnt-invariable profile

or a non continous jump-like profile.

q . ~ Fan wheel according to any one of claims 1 to 3,
wherein the shroud 1s designed to be nonrotationally
symmetrical in the direction of the axis of rotation in the
region of an axially projecting wheel inlet surrounding the

inlet port.

5. FFan wheel according to claim 4, wherein the wheel
inlet has a wavy profile contour with alternating projections

and depressions.

0. Fan wheel according to any one of claims 1 to 5,
wherein the shroud is designed to be nonrotationally

symmetrical 1n the radial direction.

-

7. Fan wheel according to any one of claims 1 to o,

wherein the baseplate 1is designed to be nonrotatilionally

symmetrical in the radial direction.

3 . Fan wheel according to any one of claims 1 to 7,
wherein the respectively non rotationally symmetrical geometry

is designed to recur periodically or to be irreqular 1n the

circumferential direction with regard to form and/or

arrangement.
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